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Anoranis. PosrisHyTo Bizomi 3apy6ikHi Ta BITYN3HAHI PIlIEHHS 3BEI€HHS MOJIETIIEHNX MOHOMITHUX Tepe-
KPUTTIB B yMOBax OyiBesqbHOrO Malmandnka. HaBemneHo anasis iHHOBAIIWHIX TEXHOIOTIN OO 3BEIEHHS
TIEPEKPUTTIB 3 JIETKUMU BKJIAANIIAMH B HeWTpaslbHIN 30HI MOHOIITHOTO mucka. [lo koxxHOMY 3 HaBemeHHMX
pillleHb OMKMCAHO 0COOMMBOCTI GETOHYBAaHHS | KOHTPOJIIO 3aXMCHOTO 11apy apMaTypu. BeraHoBsieHi ocHOBHI
BUMOTH LIO/I0 BUTOTOBJIEHHSI TIOJIETIIEHUX MOHOJITHUX IIUT Ha OyAiBeJbHOMY MaiinaHuuky. OnucaHa TeXHO-
JIOTiYHA TIOCTiIOBHICTD 3Be/IeHHS TTEPEeKPUTTIB 3 JIETKUMI BKJAJUIIAMU. Y CTaTTi HaBeJeHO JaHi MO0 /10-
CJTIKEHHST BUTPAT Ha MOHTAXK Ta JEMOHTa)XK OManyOHUX eneMeHTiB. IIpemcTaBieni OCHOBHI TOPiBHSAIbHI
TTOKA3HUKH TIO/I0 TIPAIIEMICTKOCTI 6ETOHYBAHHSI CYIIJIBHOTO Ta MOJIETIIEHOTO TEPEKPHUTTIB.

KiouoBi cioBa: miepekputTsi, GeTOHYBaHH, JIETKi BKJIANIIN, TOPOKHUHOY TBOPIOBAYi, TEXHOIOTIUHICT,
BUTPATH MpAIli.
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AHHOTa].lHH. PaCCMOTpeHbI MN3BECTHBIE 3apy6e>KHbIe " OTE€YECTBEHHbIC DEIICHWA BO3BEIECHUA 00JIETICHHBIX
MOHOJIMTHBIX l'[eperI)ITI/Iﬁ B YCJIOBUAX CTpOHTeJIbHOﬁ TJIoutaiku. HpeI[CTaBJIeH aHa/IN3 MHHOBallMOHHbBIX
TEXHOJIOTUH 110 BO3BEJIEHUIO HeperbITHfI C JIETKMMMU BKJIQ/IbllIIaMU B HeﬁTpZLHbHOﬁ 30HE€ MOHOJIMTHOTO U CKa.
Ilo KaKZIOMY M3 ITPpUBEICHHBIX peHIeHPII;,I OIKMCAHBI 0COOEHHOCTH 6eTOHI/IpOBaHI/IH 1 KOHTPOJIA 3alllUTHOTI'O
CJIOA apMaTypbl. YcTaHOBJIEHBI OCHOBHBIE Tpe6OBaHI/I$I 10 MBrOTOBJIEHHIO OOJIETYEHHBIX MOHOIUTHBIX TLIUT
Ha CTpOHTeJIbHOﬁ IIomaake. OmucaHa TEXHOJIOTUYECKAS 110CJ1e/1I0BATEJIbHOCTD BO3BEJAEHUA HeperI)ITI/Iﬁ C
JIETKUMU BKJIaJbpIaMu. B cratbe IIpUBEAEHDbI JlaHHbIE ITO UCCJIEOBAHUIO 3aTpaT Ha MOHTAX W JE€MOHTaX
OHa]Iy60‘-IHI)IX JJIEMEHTOB. HpeZlCTaBJIeHbI OCHOBHbBIE CPaBHUTEJIbHbIE TIOKA3aTEJJIN 110 TPYJAOEMKOCTU 6eToHM-
PoOBaHUA CIVIONTHOIO U 006JIeTYEHHOTO IIEPEKPDbITUA.

Kiouessie cioBa: IiepexkpbiTHE, 66TOHI/IpOBaHI/Ie, JIETKKE BKJIA/IbIIIH, HycTOTOO6paSOBaTeJII/I,
TEXHOJIOTMYHOCTD, 3aTPaTbl TPYy/a.
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Abstract. The known foreign and domestic construction solutions of lightweight solid slabs in the
construction site were studied. An analysis of innovative technologies for the construction of slabs with
light inserts in the neutral zone of solid disk was presented. For each of the solutions features of concrete and
control of reinforcement protection layer were described. The basic requirements for the production of
lightweight solid slabs on site were determined. Technological sequence of construction technology of slabs
with light inserts was described. The article presents data on the study of costs for installation and dismantling
of formwork elements. The main comparative figures on labor input and solid lightweight concrete floors

have been presented.

Keywords: slab, concrete, light inserts, blackouts, labor costs.

Currently, solid slab are massively used in the
construction of buildings and structures. Most often
they are made of heavy concrete and have a solid
cross-section. Using inserts of different shapes to
form voids is and essential reserve of concrete saving.
However, with the current regulations of Ukraine
there is no indication on the slab installation with
voids at the construction site.

Therefore, the goal of the presented work is to
provide results of the analysis of modern technology
of installation of lightweight monolithic slabs and
coatings, to identify their characteristics and basic
requirements that must be followed in the
implementation of these technologies.

Introduction

During their construction, there is a task to facilitate
the solid slabs and coatings. The problem of weight
reduction of monolithic slabs can be solved — the
device voids in the middle of the thickness of a solid
reinforced concrete disk.

The first advantage of the slabs with voidsis the
increase of stiffness by increasing the thickness.
Stiffening of the slabs makes them suitable for large
spans overlapping.

Solid slabs' own weight reduction with voids
makes their use for reconstruction of buildings with
superstructure possible.

Third advantage of monolithic slabs with voids
isthe reduction of the material consumption of main
components: the concrete and reinforcing steel.

The main part

In recent years, new construction and technological
solutions of such slabs have appeared. Installation
technology of lightweight solid slabs implies the
use of special formwork with blockouts orinserts in
the form of caps, balls, tubes and prisms. Each
solution hasits own features [8].

U-Boot Beton formwork (Fig. 1) (www.dali-
form.com) is used for the manufacture of solid slabs
with voids. It is a product of an Ttalian company
Daliform Group, which holds a leading position in
the creation and production of plastic products for
construction. It ismade of recycled polypropylene
and was designed to create lightweight bidirectional
slabs and foundations of reinforced concrete. Using
U-Boot Beton formwork allows to install plates with
holes in the slab thickness. In fact, due to conical
lifting leg, immersing U-Boot Beton formwork in
concrete, a grid of orthogonal beams comes out
(closed at the top and bottom sides with a flat sheet)
completed with a uniform filling. This formwork
helps to significantly save concrete and steel.

U-Boot Beton allows toinstall slabs in buildings
with large openings or carrying heavy loads, without
beams.
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Figure 1. Installation of solid slab using the U-Boot beton system.

Such formwork with blockouts s easy to install
and requires small labor costs. Due toits modularity,
it allows the designer to modify at will the geometric
parameters to adapt to different situations with great
architectural freedom.

Structural system U-Boot Beton is especially
well suited for tower constructions, shopping
centers, parking lots, administrative and residential
buildings, industrial facilities.

Second representative of Daliform Grou is
modular formwork made of polypropylene U-Bahn
Beton (Fig. 2) (www.daliform.com). This system is
an ideal solution for the implementation of
lightweight unidirectional slabs for all types of
structures: residential, commercial, administrative
and industrial buildings.

Overlap joint of the elements is a construction
feature of this system, which provides creation of
beams of any length. Due to the conical lifting legs,

beams of equal thickness and height, which are
parallel to each other, closed at both sides by flat
plates, are created during concreting; all of this
contributes to a significant economy of concrete and
steel, as well as protection against fire in comparison
to other lightweight elements of expanded
polystyrene.

U-Bahn Beton formwork is convenient to install,
rational in usage, resistant to bad weather and easy
for storage on the construction site with minimal
dimensions. Contrary to what happens with the
classic hollow blocks made of ceramics, the space
created by the U-Bahn Beton, can be used for wiring
cables and pipelines.

Special type of U-Bahn Beton use corresponds
to structures made using so-called «top-down»
technology (with compartments or layers), where
work was carried out from top to bottom instead
from bottom to top: at first a slab is created, and
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then excavation is conducted. For the construction
of parking lots in the city's historical centers this
technology is often used due to many limitations
associated with the buildings, as well as the need to
quickly restore traffic. In such cases, the critical role
is played by the possibility to provide easy and small-
volume material to the construction site.

Slab concreting with U-Boot Betonand U-Bahn
Beton systems is made in two stages in order to
prevent a possible «float» of lightweight elements:
the first layer of concrete is poured to fill the
thickness equal to the height of the lifting legs.
Filling of the first part of the slab is performed prior
to the concrete setting. After reaching the
appropriate setting level you can complete the
filling, completely covering the U-Boot Beton.
Next, alignment and smoothing is done in the
traditional way (Fig. 3).

Forms for the cap-shaped voidsinstallation are
widely used in construction, wherein floors look like
honeycombs. Plastic hemispheres (caps) with the
dome up are installed in the body of a solid slab —
Beeplate (Fig. 4) (www.beeplate.com). With this
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structure slab spans (the distance between columns
or walls) may beincreased to 10...16 m by increasing
the plate thickness to 35...60 cm, reducing the
specific consumption of concrete and reinforcement
by 30 % compared to solid cross-section slabs.
When concreting flat slabs with holes in the form
of inverted caps, concrete mixture fills the space
inside the plastic shell, forming a protective layer
up to 80 mm. For control of intrusion and fill of
bottom plate area with the mixture, holes are
provided at the top of the caps that using a special
«probe» allow you to check the level of the
protective layer of the lower reinforcement (Fig. 5).
There is an experience of voids installation in
slabs using hollow plastic balls as forms — Bubble
Deck (Fig. 6) (www.BubbleDeck-UK.com).
Structurally balls are located between the upper and
lower mesh of reinforcement. Sizes of balls are
selected in accordance with the size of cells of
longitudinal and transverse reinforcement bars
considering thickness of the slab so that the balls
are fixed with reinforcement mesh and thus the
normal protective layers of concrete are ensured.

U-Bahn Beton® formwork module

Figure 3. Two stages of lightweight slabs concreting using polypropylene systems.
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Figure 6. Flat slabs with ball-shaped inserts — Bubble Deck.

Other innovative solutions for lightweight slabs
installation were developed in Ukraine.

With the erection of 17-storey building in Kiev
on the 59 Zhylyanskaya street, field experiments of
construction of solid slabs with tube-shaped voids
were conducted (Fig. 7) [1].

Concreting technology of flat plates with voids
in the form of pipes and balls is identical. Filling
with concrete mixture under light inserts is carried
out by the ascent of light material filled with air.
Formation of a protective layer for the top
reinforcement on account of additional fixation
inserts with reinforcing frame.

During the reconstruction of a house with a
superstructure in Donetsk on Dzerzhinsky Ave in
2008, an installation process of monolithic slabs with
voidsin the form of prisms of expanded polystyrene
was proposed and implemented (Fig. 8) [6].

As studies have shown [6], not only material
consumption, but also the complexity of its
installation change with the formation of voids in
the slabs using modern systems.

Installation and fixing of the light inserts,
control of concrete mixture penetration in the lower
zone of reinforcement, providing a protective layer
for the upper reinforcement involve an increase in
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labor costs or the duration of the work. At the same
time, due to the formation of voids in solid slabs up
to 40 % of the material is saved, which greatly
reduces the overall cost of the slab.

Researches were made on labor costs of slab
concreting with light inserts in the form of expanded
polystyrene prisms which determined the duration
of the integrated process at work sectors of different
expanded polystyrene prism sizes: 0,8 x0,8 m,
09 x 09m,1,0 x1,0 m, 1,1 x1,1m, 1,2 x1,2m [6].

Asin the reviewed above lightweight solid slabs,
concrete mixture with slump of 10...13 c¢m, P3
mobility was put directly to the place of installation,
leveled and compacted. Simultaneously, control was
carried out to ensure of the protective layer of
bottom reinforcing mesh (Fig. 9). Air was going out
through the openings in the void prisms displaced
by the concrete mix from the side of the formwork.
Fasteners of the upper protective layers of
reinforcement prevented surfacing of the light
inserts, thereby providing a protective layer of upper
reinforcement.

For a comprehensive evaluation of the
effectiveness of overlapping lightweight slab
installation its comparison with the construction of
a solid section slab must be performed. For this we
use the standard document [3], which takes into
account the resources for a full range of work:
unloading and transportation of materials and
products from an on-site warehouse to the place of
construction or installation; installation and
dismantling of scaffolding; installation, lubrication
and removing of formwork taking into account its
turnover; installation of fittings and reinforcing
products for concrete structures, concrete mixes
with gasket; curing, installation of temporary
shrinkage, working and expansion joints.

Slab weight changes with the insertion of
lightweight inserts. This factor affects the process
of installation of the formwork. It affects the process
of shuttering. In particular, the number of elements
of formwork and their construction change, time and
labor content of installation and removal of the
formwork processes performance change [7]. Not
the whole construction of formwork changes, for
example, deck area does not change, while step of
the main beams and pillars of the formwork increases.

When installing lightweight covering of
100 m?the number of main beams is reduced by
9..20 %, the number of racks by 30...50 % in
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comparison with the full-bodied stove. This, in turn,
affects the cost reduction in the procurement and
transportation of formwork system for the
construction of the building asa whole.

Formwork elements, fittings and reinforcing
products, light inserts lightweight slabs installation
are delivered and stored at the construction site for
slab installation. The concrete mix is delivered and
fed directly to the place of installation. Conditions
of concrete mixture delivery for lightweight slabs
and solid cross-section are the same. In the first case
the number of vehiclesis reduced due to the decrease
in volume of the concrete structure. In this case light
inserts must be brought and stored at the
construction site.

Accordingto [3],labor expenses of construction
workers per 100 m? of reinforced concrete make up
t0 833.75 man hours, during the installation of slabs
of athickness exceeding 200 mm, at the height from
the reference site up to 6m. The labor content of the
installation of alightweight slab generally increases
with respect to a solid slab in 1.03...1.13 times.

Concrete consumption decreased by 4.3 m® or
by 21.5 % for 100 m? of a solid slab with such voids;
weight of the reinforcement decreased by 0.28 tones
or13.6 %.

The total economic impact of the introduction
of the new construction technology of lightweight
slabs with prisms of expanded polystyrene compared
to solid slab was 260.34 UAH /m? considering the
cost, transportation and storage of light inserts,
reducing reinforcement expenses, concrete pillars
and formwork beams. Herewith labor content is
increased by 3—13 %.

Figure 7. Solid slab installation with pipe-shaped voids.
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Technology analysis shows that with the
introduction of voids in the solid slab body, certain
requirements should be met within their
manufacture:

— Ensuring collaboration of reinforcement and slab
concrete — § 4.4.2.3 [2]. The protective layer of
reinforcement should be smaller than the diameter
of the working reinforcement, both from the side
of outer plate and the side of the insert;

— Dimensions of embedded material (voids), their
position relative to the reinforcement and the
formwork, the mobility of the concrete mix must
provide final penetration across the bottom of
plates, as well as for inserts;

— Location of embedded materials (voids) must
provide strength of oblique section of a slab in
areas of bearing on a wall or column. Therefore,
voids should not be located in the bearing zone
of slabs. During the layout of voids, beams can
be formed in the body of the slab, to which local
increased load can be applied,;

— Unrestricted air removal from the bottom slab
area and the ability to control the penetration of
the concrete mix;

— Fixing light inserts (voids) and reinforcement
products from floating during concreting.
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Conclusion

1. World experience of the construction of
monolithic reinforced concrete slabs with voids
showed their advantages and prospects for
development of this direction [5,9—-11].

2. Installation technology of lightweight solid
slabs involves the use of special formwork with
light inserts in the form of caps, balls, tubes, or
prisms.

3. Efficiency of the developed in Ukraine
technology of solid slabs installation with inserts
of expanded polystyrene prisms compared to full-
bodied slab makes up to 260.34 UAH/m>

This decreases:

— concrete consumption by 21.5 %;

— the weight of the reinforcement by 13.6 %;

— the weight of lightweight solid slab by 20...25 %;

— the number of elements of formwork — the main
beams by 9...20 %;

— rack number by 30...50 %.

Increases:

— laborexpenses by 3...13 %;

— storage costs by 2.5 %.

4. When installing lightweight solid slabs, the
requirements laid down in the article must be
complied.

Figure 9. Control of filling the lower zone of a slab with voids in the form of expanded polystyrene prisms with
concrete mixture.
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Meneiimok Onexcanap Isanoeuy — 1. T. H., ipodecop; 3aBiayBad Kadeapu TEXHOJIOTIi OyAiBeIbHOIO BUPOOHUI[TBA
OunecbKoi nepxkaBHOi akaneMii OyaiBHUITBA i apxiTekTypu. Haykosi intepecu: iHHOBaliliiHi 3apyOisKHi TeXHOJIOTII B
Gy i BHUIITEI.

IllasBa Kysbma IganoBuY — 1. T. H., podecop; kadenpa texHomorii 6yaiseabHoro BupobHuirsa OechKol 1epkaBHOI
akaneMmii OyaiBHUIITBA i apxiTekTypu. HayKoBi iHTepecH: BIOCKOHAIEHHS TEXHOJIOTI I OyAiBeIbHUX i TiApOMeTiopaTuB-
HUX POOGIT.

Tapan Banentuna BosogumupiBaa — K. T. H., f0leHT Kadeapu TexHOJIOri i opraHizauii OyaiBaunTBa JJoHO6achKOI
HalloHaIbHOI akajeMii OyniBHUITBA i apxiTekTypu. HaykoBi iHTepecu: migsuiieHHs e(heKTUBHOCTI KOHCTPYKTHBHO-
TEXHOJIOTIYHUX PillleHb [IPU 3Be/IeHHI MOHOJITHUX KaPKACHUX HUBLIBHUX Oy /IiBeJb IIJISIXOM 3MEHIIEHHSI eHeProMicT-
KOCTI, TPYIOMICTKOCTI, MaTepialoMicTKOCTI i BapToCTi Oy AiBeIbHOI NPOAYKILI.

Meneiimok Anekcanap MBanoBHY — 1. T. H., Tpodeccop; 3aBeAyIONui Kadeapsl TEXHOTIOTHN CTPOUTENTBHOTO TIPOU3-
BozicTBa OJIECCKOI TOCYIAPCTBEHHOI aKaleMUH CTPOUTENBCTBA U aPXUTEKTYPhl. HayuHble WHTEPeChl: MHHOBAI[MOH-
Hble 3apyOesKHbIe TEXHOJIOTHN B CTPOUTENHCTBE.

IllapBa Kysbma UBanoBuY — 1. T. H., npodeccop; Kadeapa TEXHOJOTHU CTPOUTETBHOTO MpousBozicTBa Onecckoit
TOCY/IAaPCTBEHHOI aKa/JleMUH CTPOUTEIbCTBA U APXUTEKTYPhI. HayuHble MHTEPECHI: COBEPIIEHCTBOBAHUE TEXHOIOTHIA
CTPOMTENBHBIX U THAPOMETNOPATUBHBIX PaboT.

Tapaun Barentuna BragumMupoBHa — K. T. H., IOTIeHT Kabeapbl TEXHOJOTHU 1 OPTaHU3AIINN CTPOUTENhcTBa JloHnbac-
CKOH HAIMOHAJBHOW aKaJleMU! CTPOWTENBCTBA M apxXuTeKTypsl. HayuHble mHTepecs: ToBbIeHNe 3(DGEKTUBHOCTHI
KOHCTPYKTHBHO-TEXHOJOTMUECKUX PEIeHNH P BO3BEICHUI MOHOJIMTHBIX KAPKACHBIX TPAKIAHCKIX 3/[aHUH IyTeM
CHUIKEHUS 9HEPTOEMKOCTH, MaTePHAJIOEMKOCTH, TPYJOEMKOCT! I CTOMMOCTU CTPOUTEJIbHON MPOAYKIINN.
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