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Summary. This article presents the results of a
numerical study on the performance of various
configurations of lightweight monolithic slabs of
the BubbleDeck system, which use hollow plastic
ball inserts to eliminate inefficient concrete from the
slab's neutral zone. This approach makes it possible
to significantly reduce the weight of the structure
without compromising its load-bearing capacity.

The aim of the study was to investigate the
influence of geometric parameters of the slab—
namely, the diameter of the plastic balls, slab height,
and span—on the stress-strain behavior and techno-
economic indicators of BubbleDeck-type slabs.

To achieve this goal, nine design variants of
lightweight slabs were modeled using plastic balls
with diameters of 180 mm, 315 mm, and 500 mm,
embedded in slabs sized 6x6 m, 7x7 m, and 8x8 m,
respectively. The slab height varied depending on
the ball diameter, ranging from 230 mm to 600 mm.
All variants were modeled in the LIRA structural
analysis software. The models accounted for actual
loading conditions, including self-weight, service
load, and snow load.

The analysis showed that the use of plastic
inserts can reduce the weight of the slab by up to
36% compared to conventional solid slabs. At the
same time, deflections in all variants remained
within the permissible limits. The best overall
techno-economic performance was observed in the
variant with 315 mm diameter balls and a 7x7 m
span. In this case, the volume of concrete was
reduced by 28%, and reinforcement consumption by
10-12%.
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The article also provides deformation diagrams
and comparative tables of characteristics for all slab
variants.

Conclusions are drawn regarding the feasibility
of using the BubbleDeck system in civil building
design, especially in conditions with limited
foundation load capacity or when material and
logistics costs need to be minimized.
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PROBLEM STATEMENT

One of the pressing issues in modern
construction is the excessive weight of
monolithic reinforced concrete structures,
particularly monolithic floor slabs. Traditional
solid monolithic slabs contain a significant
volume of concrete in the central part of the
cross-section, which does not actively
contribute to the slab's strength and stiffness.
This inefficient material distribution leads to
resource overuse and increases the load on the
structural frame and building foundations. As a
result, additional costs are incurred during
construction.

At the same time, the modern construction
industry is influenced by environmental,
economic, and technical factors. The growing
demand for energy efficiency, reduction of
carbon emissions, the need for waste recycling,
and lower construction costs are driving the
search for new structural solutions that can
ensure a balance between reliability, cost-
effectiveness, and sustainability. In this
context, the BubbleDeck system has attracted
considerable scientific and practical interest.
This modern technology lightens monolithic
slabs by inserting hollow plastic elements
(typically spherical in shape) into the neutral
zone of the reinforced concrete slab body.

As shown in the work of Tina Lai [1] and
S.0. Buhaievskyi [2], the use of such solutions
allows for a significant reduction in the self-
weight of the slab (up to 40%) without
compromising its strength characteristics. This
creates favorable conditions for more
economical design of the load-bearing frame
elements and building foundations. Moreover,
the possibility of manufacturing plastic balls
from recycled polyethylene helps to reduce the
environmental impact of the construction
industry.

However, despite the obvious advantages of
the BubbleDeck system, several issues remain
unresolved regarding its adoption in design
practice. Primarily, this concerns the lack of
standardized approaches for selecting the
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optimal diameter of the ball inserts, depending
on the slab span, its height, and the type of
loading.

Often, an excessive slab thickness caused by
a large ball diameter leads to inefficient use of
such a structural system. In addition, engineers
frequently lack sufficient information about the
actual impact of the geometry of the ball inserts
on deflections, crack resistance, and slab
deformability.

There is a lack of systematic comparative
studies in the literature that would allow for an
accurate assessment of how slab stiffness and
strength vary depending on its geometric
parameters.

Thus, a scientific and practical task arises: to
determine the optimal parameters of
BubbleDeck-type lightweight monolithic slabs
(insert  diameter, slab thickness, span
dimensions) while considering the regulatory
requirements for stiffness, strength, and
economic efficiency. To achieve this, it is
necessary to conduct a comparative numerical
analysis of several slab variants with different
geometries, identify the key factors influencing
the stress—strain behavior, select rational
reinforcement schemes, and assess the potential
material savings.

REVIEW OF PREVIOUS RESEARCH

The issue of reducing the weight of
reinforced concrete slabs through the use of
various types of hollow inserts, particularly
plastic balls, occupies a prominent place in
contemporary scientific research. Over the past
decade, there has been active investigation into
the efficiency of BubbleDeck-type systems,
driven by both engineering advantages and the
relevance of resource-saving technologies.

A number of sources (in particular, [3-5])
highlight the relevance of the issue of excessive
weight in traditional reinforced concrete floor
slabs. In his textbook [6], A.M. Pavlikov
emphasizes the rationality of removing
concrete from the neutral zone of structural
elements in order to reduce the load on the
foundations.

Among Ukrainian researchers, a significant
contribution to the development of this topic
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was made by S.O. Buhaievskyi, who, in his
work [2], provides a detailed classification of
modern reinforced concrete lightweight slab
systems with void formers, analyzes their
structural behavior and technical advantages.
Particular attention is paid to the various
geometric shapes of inserts, especially
spherical balls, as an effective way to reduce the
volume of non-structural concrete.

The study by Kripak, Kolyakova, and Gaidai
[7] complements the theoretical framework
with a practical analysis of the effectiveness of
reinforced concrete slabs with hollow inserts.
The authors demonstrate that, with proper
design, the weight of the structure can be
reduced by up to 30% without compromising
the slab's strength characteristics.

The study by Kripak, Kolyakova, and
Skopets [8] is devoted to the analysis of
calculation methods for such slabs. The authors
compare different approaches to accounting for
voids in the slab body and propose
improvements to the models by considering
stiffness distribution irregularities. Similar
modeling challenges are addressed in the
publication by Basiuk and Vylotnyk [9], who
used the finite element method to develop
computational models of hollow slabs. Their
work confirms the feasibility and value of
numerical analysis in the design of such
structures.

In article [10], a flat slab with plastic spheres
in the neutral axis was modeled, the stress-
strain state was analyzed, and relationships
between the geometry of the inserts and the
distribution of bending moments were
obtained.

Interest in the topic of slabs with void
formers is also observed in international
research. In particular, the study by Ibrahim,
Ali, and Salman [11] experimentally
investigated the bending capacity of two-way
slabs with plastic inserts. The results confirm
that the studied structure can withstand loads at
the level of 80-95% compared to solid slabs,
while significantly reducing weight. Similar
conclusions were reported by Surendar and
Ranjitham [12], where numerical and
experimental modeling were combined with
good agreement of results.
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The study by Shetkar and Hanche [13] is
devoted to the use of not only spherical but also
elliptical inserts. The authors concluded that the
shape of the void has a minor impact on
strength but affects the overall thickness of the
slab. These results may be useful for further
optimization of the structural depth of the slab.

The research by Neeraj Tiwari and Sana
Zafar [14] provides an analysis of the
implementation of BubbleDeck slabs in high-
rise construction practice. The study by
Harishma and Reshmi [15] also highlights the
advantages in reducing loads on foundations,
particularly for large spans.

Based on the analysis of technical manuals
from BubbleDeck UK [16, 17], it can be
concluded that the system demonstrates high
technological adaptability: it allows for the
implementation of both fully monolithic and
combined  (prefabricated-monolithic) slab
options, while providing standard solutions for
reinforcement and installation.

Thus, previous studies demonstrate:

a consistent trend towards the use of plastic
sphere inserts as a rational solution for reducing
the weight of floor slabs;

confirmed effectiveness of the BubbleDeck
technology based on both numerical modeling
and laboratory testing results;

existing gaps in the standardization of insert
geometry selection, particularly in relation to
span length, load type, and concrete grade.

This provides a basis for further research,
which should focus on the comparative analysis
of slab variants with different insert diameters,
optimization of reinforcement, and ensuring
compliance  with  regulatory  stiffness
requirements.

MAIN RESEARCH

Modern approaches to the design of
reinforced concrete slabs increasingly rely on
economical solutions for efficient material use
and reduction of loads on structural building
elements. One of the promising solutions in the
construction sector is the BubbleDeck system,
which involves the introduction of hollow
plastic sphere inserts made from recycled
polymer materials into the concrete volume.
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This approach enables a reduction in slab
weight without compromising load-bearing
capacity by removing concrete from the neutral
axis of the cross-section.

The study examined nine design variants of
lightweight monolithic floor slabs
incorporating plastic sphere inserts. The main
objective was to establish the relationship
between the diameter of the plastic spheres,
panel geometry (spans and slab thickness),
load-bearing  capacity, and  economic
efficiency. The research included: numerical
modeling using the Lira software package;
determination of the stress-strain state of the
slabs; analysis of deflections and bending
moments;  reinforcement  design;  and
comparative evaluation of variants based on
techno-economic criteria such as concrete and
reinforcement consumption, and the cost per 1
m?2 of the floor slab.

The study considered slabs with dimensions
of 6x6 m, 7x7 m, and 8x8 m, with three varying
diameters of plastic sphere inserts—180 mm,
315 mm, and 500 mm. The slab thickness
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ranged from 230 mm to 600 mm depending on
the size of the sphere inserts, which was
calculated based on the placement of the inserts
between the top and bottom flanges of the floor
slab. For all variants, concrete of class C20/25
[18] and reinforcement of classes A400c and
Bp-1 were used. The slab is supported on all
four edges by monolithic beams, ensuring a
two-way slab behavior (see Fig. 1).

For each of the nine variants, loads were
modeled in accordance with the DBN *“Loads
and Effects” [19]. The loads included:
permanent actions (self-weight of the slab,
finishing, thermal insulation); variable loads
(service loads for a residential building); and
snow loads (as applicable for the city of
Dnipro).

Finite element modeling of slabs with sphere
inserts [20, 21] enabled the determination of the
main performance characteristics of the slabs:
bending moment distribution in two directions;
maximum deflections; and stress concentration
zones (see Fig. 2).
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Fig.1. Structural diagram of a floor slab with voids made of plastic balls:
— layout plan of structural elements with an insert ball diameter of 315 mm;
b — section of a floor slab with an insert ball diameter of 315 mm.
Puc.1. KoHCTpyKTHBHA CXeMa ILTUTH MIEPEKPUTTS 3 IOPOKHEUAMH 13 TUIACTHKOBHX KYJIb!
a — TJIaH po3TanTyBaHHSI KOHCTPYKTUBHHX €IEMEHTIB IPH JiaMeTpPi KyJIb-BCTaBOK 315 MM,
6 — mepepi3 IUTHTH MEPEKPUTTS TIPH JiaMeTpi KyJib-BCTaBOK 315 MM.

The slab with sphere inserts of 180 mm
diameter and a thickness of 230 mm exhibited
a maximum deflection of up to 9.2 mmata 6 m
span, which is within the allowable deflection
limit (the limit according to regulatory
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documents [22] is 24 mm). For the 8x8 m slabs
with 500 mm diameter sphere inserts and an
overall thickness of 600 mm, deflections
reached 15.1 mm, also within permissible
limits. However, these cases require increased
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reinforcement in the support zones. Deflections inserts. As the span length and the diameter of
of the slab variants are presented in Table 1. the sphere inserts increase, the load on the slab

Figure 3 presents a comparative chart of the also increases, which is reflected in the rise of
maximum bending moments (M_max) for nine the bending moment values.

variants of lightweight slabs with plastic sphere
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Fig.2. Lightweight reinforced concrete floor with plastic-ball void formers:
a — Calculated model with an insert ball diameter of 315 mm;
b — Deformed floor plan with an insert ball diameter of 315 mm.
Puc.2. Tlonermene 3ami300€TOHHE MEPEKPUTTS 3 TIOPOKHEUAMH 13 TUIACTHKOBUX KYJIb:
a — po3paxyHKOBa cXeMa IPH JIiaMeTpi KyIb-BCTABOK 315 mwm,
0 — nehopMoBaHa cxeMa MpH JiaMeTpi KyJIb-BCTaBOK 315 MM.

Table 1. Results of deflection determination in various slab configurations
Tao.. 1. Pe3ynpTatu BU3HaUCHHS POTHHIB B PI3HUX BapiaHTaX MEPEKPUTTS

Maximum slab deflections, mm
Span length, m Diameter of sphere inserts, mm
180 315 500
6 9,2 10,9 12,0
7 10,3 11,2 13,6
8 11,5 13,3 15,1
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Bending moments (Mmax) for slabs with different parameters

Gx6m, Dm 180 MM h=2 30 m|

GxEMm, D=318mm h=390mm

GxGm, D=500MM h=&00mm

Tx7M, D=180MM h=230m

TxTM, D=315MM h=330mm

TxTm, D=500 MM h=600mm

BxEm, D=180MM h=230Mm

BxEm, =315 MM h=390mm

BxEM, D=500MM h=&00 M

1.3

5.8

M2

o 5 10

20 75 30 35 a0

Maximum bending moment, kHm

Fig.3. Maximum bending moments in various slab configurations
Puc.3. MakcumanbHi 3riHAIEHI MOMEHTH B Pi3HUX BapiaHTax IUTHT MTEPEKPUTTS

Based on the calculations of concrete
consumption per 1 m? of slab with voids in the
form of sphere inserts for each variant, it was
established that concrete savings can range
from 20.9% to 39% compared to a solid
monolithic slab of the same thickness (see
Table 2). The calculated concrete savings

indicate significant potential for material
volume reduction when using plastic inserts. As
shown in the table, the maximum concrete
savings (up to 39%) can be achieved with the
use of sphere inserts; however, this requires
careful control of deflections and reinforcement
[23]..

Table 2. Comparative table of concrete usage for different design options
Tabmn. 2. [TopiBHsUTbHA TaOIUIIS BapiaHTIB BUTPAT OETOHY

Slab size, D, h, Concrete Solid slab Concrete

Ne o e o consumption m? savings,
' ' m3/m? %

1 6x6 180 230 0.182 0.230 209
2 7x7 180 230 0171 m0.230 257
3 8x8 180 230 0.169 0.230 265
4 6x6 315 390 0.246 0.390 36.9
5 7x7 315 390 0.238 0.390 39.0
3 8x8 315 390 0.246 0.390 36.0
7 6x6 500 600 0.454 0.600 243
8 7x7 500 600 0.439 0.600 26.8
9 8x8 500 600 0.428 0.600 28.7
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Reinforcement selection was carried out in
accordance with current regulatory documents
[24, 25]. The calculation considered both the
tensile and compressive zones in the upper and
lower parts of the slab. Particular attention was
paid to: densification of reinforcement in the
support zones; ensuring the protective concrete
cover (>25 mm). The analysis showed that the
size and spacing of the reinforcement mesh
depend on the location within the slab. In the
column zones (support areas), the peak moment
concentrations required strengthened
reinforcement.

Based on the reinforcement results, the
reinforcement consumption for slabs of
different variants was calculated. Taking into

account the consumption of both concrete and
reinforcement for the various slab options, the
cost per 1 m? of slabs with sphere inserts was
determined.

The cost diagram of the different slab
variants is presented in Figure 4.

The diagram shows a comparison of the
manufacturing cost per 1 m2 of slab variants
using plastic sphere inserts with different insert
diameters and spans. A trend of increasing cost
with larger insert diameters is observed, which
is associated with the need to increase slab
thickness and the corresponding volume of
work.

Cost per 1 m? of slab for different voided slab options with plastic ball inserts

1200

1000

800

600+

Slab cost per 1 m*® UAH

400

200}

1167.90

1113.30

1081.05 1088.10

@180mm, &m @180mm,7m @180mm, EM @315 Mmem S315mm,7m @315mm,&8m @500mm,&m @500mm,7m @500mm.am

Fig.4. Unit cost per square meter for various BubbleDeck slab options
Puc.4. Bapricts | M? mepeKpuTTs I pi3HUX BapiaHTIB KT epekputts Tumy BubbleDeck

The slab design using plastic sphere inserts
as void formers allows for the use of recycled
polyethylene, significantly reducing the
environmental impact of  construction.
Additionally, the lightweight structure:

- decreases transportation costs;
- educes the overall load on the supporting
frame elements and foundation structures;
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- shortens concreting durations due to smaller
concrete volumes.

CONCLUSIONS AND PROSPECTS FOR
FURTHER RESEARCH

During this study, a comprehensive analysis
was carried out on nine variants of lightweight
monolithic slabs incorporating plastic sphere
inserts, which involve the use of hollow plastic
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spheres in the neutral axis of reinforced
concrete slabs.

As a result of the conducted study, a clear
relationship was established between the
geometric parameters of slabs with plastic
sphere inserts as void formers (diameter of
plastic spheres, slab thickness, span) and their
key techno-economic indicators: weight,
stiffness, concrete and  reinforcement
consumption, and overall cost-efficiency
metrics.

The numerical modeling conducted
demonstrated that this system allows a
significant reduction in slab weight (by 20-
40%) without critically affecting the stiffness
and load-bearing capacity of the structure. It
was found that the optimal variant in terms of
the “weight—deflection—cost” ratio is the slab
with a sphere diameter of 315 mm, a thickness
of 390 mm, and a span of 7x7 m.

The obtained results confirm the
effectiveness of slabs with plastic sphere
inserts for use in multi-storey residential and
public buildings, especially under conditions
where foundation load limitations apply. The
reduction in the slab’s self-weight positively
influences the reduction of reinforcement
volumes, simplifies installation, lowers
transportation costs, and improves the
environmental aspect (due to the use of
recycled polyethylene).

Prospects for further research include
studying the effects of temporary loads
(seismic, thermal) on the behavior of slabs
with plastic sphere inserts; and assessing the
durability and fire resistance of such slabs
considering their long-term service life.

Thus, the structural design of slabs using
plastic sphere inserts represents a promising
approach to the rational design of slab
constructions, combining economic efficiency,
environmental friendliness, and structural
effectiveness.
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BIIJIMB TEOMETPUYHUX
ITAPAMETPIB IIEPEKPUTTS HA
TEXHIKO-EKOHOMIYHI
IHOKA3HHUKU ITOJIEI'INEHUX ITIVIMT

INEPEKPUTTSA TUITY BUBBLEDECK

Onena BYIIPKA,
Muxona MAXIHBKO
Kocmanmun LLIJIAXOB

AHoTamisi. Y crTaTTi HagaHO pe3yJabTaTH
YUCIIOBOTO JOCTIKEHHS POOOTH BapiaHTIB IUIHT
MOJICTIIIEHOT'O0 MOHOJITHOTO MEPEKPUTTSI CHCTEMHU
tunry  BubbleDeck, sxi  BupoOmsaootre 3
BUKOPHUCTaHHSM  IUIACTUKOBUX  TMOPOKHUCTUX
KyJb-BCTABOK JUISI BWJIYICHHS HESPEKTHBHOTO
0CTOHY 3 HEHTPANBHOT 30HU TUIMTH. Takuil miAXif
JIOTTYCKAa€ CyTTEBO 3MEH-IITUTH Macy KOHCTPYKIIii,
HE 3HWKYIOUM TMPH 1IbOMY ii Hecydy 3HaTHiCTb.
Meroto mociipkeHHS OyI0 BHBYCHHS BIUIHBY
FCOMETPUYHHX MapaMeTPiB MEPEKPUTTS, 30KpeMa,
JiaMeTpa IUIACTUKOBUX KYyJib, BHCOTH IUIMTH Ta
MPOJIBOTY — Ha HANPYKEHO-/Ic(hOPMOBAHUMN CTaH
Ta TEXHIKO-€KOHOMIYHHX IIOKa3HUKH IUIMTH
MEPEKPUTTS 3 BUKOPUCTAHHSM BCTaBOK 13
IJIACTUKOBUX KYJIb.
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Jlnst TocsATHEHHST METH 0YyJI0 CTBOPEHO JIeB’ATh
BapiaHTIB  MoOJleNie  IUIMT  TOJICTHICHOTO
TIePEKPUTTS 3 miaMeTrpamMu Kyiab 180 MM, 315 MM i
500 MM, K1 pO3MIIIEH] B TUTUTAX PO3MIPOM 6X6 M,
7x7 M Ta 8X8 M BimmosigHo. Bwucora mimT
3MIHIOBAJIACH B 3aJIEKHOCTI BiJ| IiaMeTpy KyJIb BiJ
230 MM mo 600 mm. VYci Bapiantm Oyio
3MO/IENbOBaHI B IporpaMHoMy Komiuiekci Jlipa. Y
MOJIENIIX BPaxOBaHO peaibHI HABAHTAXCHHS,
BKJIFOYHO 3 BJIACHOIO Baroro, eKCIUIyaTalliiHuM 1
CHIFOBHM HaBaHTa)KCHHSIM.

VY pesynbTari aHamily Mojelel BCTaHOBIICHO,

II0  BUKOPHCTaHHS  IUIACTUKOBUX  BCTaBOK
JIO3BOJISIE 3MEHIIUTH Macy ImiuT 10 39% vy
MNOpIBHSHHI 3  TPAAWUIMHMMHU  CYUIIbHUMH
mepekpuTTsiMA. [Ipy 1[bOMY TMPOTMHH Yy BCIiX
BapiaHTIB HE TEPEBUIIYIOTh HOPMATHBHUX MEX.
Hatikpami pe3ysibraTé 3 TOYKH 30py 3arajibHUX
TEXHIKO-€KOHOMIYHHUX TOKa3HUKIB OTPUMAaHO IS
BapiaHTa 3 JiaMeTpoM Kyib 315 MM i IPOILOTOM
7x7 M. JIns mporo TUMy IUTUTH OOCST OeToHy
3MeHumBes Ha 39%, a BUTpaTH apMaTypud — Ha
10-12%.
VY cTarTi TakoX HaBeIEHO cxeMu Aedopmartiit
Ta MOPIBHSUIbHI TAONHIIl XapaKTEPUCTUK YCIX
BapiaHTIB IUIMT. 3pOO0JIEHO BUCHOBKHU UIOJ0
JOLTFHOCTI BUKOPHUCTAaHHS CHUCTEMHU THUITY
BubbleDeck mnpu mnpoekTyBanHi OymiBesb
LMBUIFHOTO MIPU3HAYEHHS, 30KpEMa B YMOBaxX
00MEKEHOTO HAaBaHTA)XCHHS Ha (QyHIAMEHTH
ab0o 3a HEeOOXIAHOCTI 3HIKEHHS BHUTpPAT Ha
MaTepiaid Ta JOTiCTUKY.

KuarouoBi cioBa: TOJETTICHI TEPEKPUTTS;

MOHOJITHA  IJIUTA;  IUIACTUKOBI  KYJIi,
BubbleDeck; yncnose MomentoBaHHs.
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