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Abstract. The blockouts and inserts in lightweight monolithic overlap setting are being
analyzed in the article. The basic idea of using blackouts and inserts is reducing the mass of the
construction through the removal of its concrete which does not engaged in construction work. This
helps to reduce expenses on material without decreasing the bearing ability of overlap. The
determination of the most effective overlap for the shopping and entertainment center “Gagarin
Plaza” in the Odessa city through the multi-criteria analysis filtration. Different types of blockouts
were compared such as permanent formwork in the rectangular, square, spherical shape and
polystyrene foam inserts. Basic criteria are labor intensity, cost, weight of finished product.
Showing results grouping and filtration of the main criteria are completed, score of each decision
and the analysis of the diagrams according to the main criteria. According to the analysis results, the
option of a lightweight overlap with inserts of polystyrene foam liners was chosen.
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AHoTauis. B craTTi npoBeseHuii aHali3 MyCTOTOYTBOPIOBAYIB 1 BKJIQAMIIIIB JJIsl BIAIUTYBAHHS
MOHOJITHUX TIOJIETTIIEHUX MepeKpuTTiB. OCHOBHA 1€l 3aCTOCYBaHHS IyCTOTOYTBOPIOBAYiB Ta
BKJIQJIMIIIB IOJISIra€ B 3MEHIIEHHI Bard KOHCTPYKIII, IIJSIXOM BHUJAJICHHS 3 Hei OeToHy, SKUH He
npuiiMae yyacti B poOoTi KOHCTpyKii. Lle fae MOXIMBICTh 3MEHIIMTH 3aTpaTd Ha Marepiaiu, He
MOTIPIIYIOYM TpPU LIbOMY HECy4Oi 37aTHOCTI NMEpPeKpUTTs. Bu3HadeHHs HaiOUIbII e(eKTUBHOro
pIMIEHHST TIEPEKPUTTS ISl TOPrOBO-po3BakasibHOTO 1EeHTpY «[ arapin Ilmaza» B M. Omeci BUKOHAHO
HUISIXOM OaraTOKpUTEpialbHOIO aHalli3y BapiaHTiB. [loka3zaHo pe3ynabTaTH IpylyBaHHS Ta (QuIbTparii
TOJIOBHUX KPUTEPIiB Ta TEXHOJIOT1H, OanbHa OIIHKA KOXKHOTO PILIEHHS 1 aHalli3 JiarpaM 1o roJOBHUM
kputepisim. [lo  pesynaprataMm aHamily BHUOpaHMM BapiaHT —IOJIETIIEHOTO TEPEKPUTTS 3
MHOMOJICTUPOJILHUMHU BKJIa/IUIIAMHU.

KiawuoBi  cioBa: MOHOJIITHE  TEPEeKPUTTS,  IYCTOTOYTBOpPIOBaui,  BKJIAJMIII,
OaraTokpuTepiaJIbHUN aHai3.
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AHHoTanus. B cTarbe npoBeieH aHanu3 MycTOTO00pa3oBaTesiell U BKJIAAbIIIEH i1 yCTPOUCTBA
MOHOJIUTHBIX OOJIETUYEHHBIX NepeKpbITuid. OCHOBHAs Hes MPUMEHEHHs MyCTOTOOOpa3zoBarenell U
BKJIQ/IBIIIEI COCTOUT B YMEHBILIEHUH Beca KOHCTPYKIIUH, ITyTEM yAaleHus U3 Hee OeTOHa, KOTOPBIN He
MPUHUMAET YYacTHsl B Pa0OTe KOHCTPYKIMH. DTO JaeT BO3MOXKHOCTh YMEHBIIUTH 3aTpaThl Ha
MaTepHualibl, He yXyAllas MpH 3TOM Hecyllei crocoOHocTu mnepekpbiTua. OnpesencHue Haubomee
3¢ GEKTUBHOTO PEIICHHs MEPEKPBITUS TSI TOPTOBO-pa3BiieKaTebHOTO meHTpa «larapun Ilmaza» B
r. Onecce BBITIOJIHEHO IMyTEM MHOTOKPHUTEPHAIILHOTO aHajin3a BapuaHTOB. [loka3aHbl pe3ysbTaThbl
TPYIIUPOBKU U (PUIBTPAIIMM TJIABHBIX KPUTEPHEB, OallbHAsl OLIEHKA KAXKJAOTO PELCHHUS W aHaJM3
JIUarpaMM I0 TJIaBHBIM KpurepusM. [lo pesynpratam aHaiM3a BBIOpAaH BAapHAHT OOJICTYCHHOTO
MIEPEKPBITHSI C TIEHOMOIUCTUPOIBHBIMU BKJIA IbIIIIAMHU.

KioueBble cjI0Ba: MOHOJIUTHOE TMEPEKPBITUE, IYCTOTOOOPAa30BATEN, BKJIABIIIH,
MHOTOKPHUTEpPUATLHBIN aHAIU3.

Introduction. In construction practice the solid reinforced concrete overlapping in different
buildings types are more often in use. According to the analysis of construction level in 2017,
residential construction increased by 16.5%, non-residential — by 27.3%. This is why during the
designing of heavy load slabs or spans it is needed to solve the important problem — the reduction of
solid reinforced concrete overlapping own weight and material savings. This can be achieved
through the insert introduction into the solid monolithic plate or using special formwork with
blockouts.

The recent research analysis. In modern Ukrainian monolithic construction mentioned
solutions almost not used which is connected with the lack of lightweight solid slabs (with inserts)
construction technologies researches. There was no recommendation found about the informed
choice of lightweight slabs construction and technological solutions choosing.

The thickness of “Gagarin Plaza” trade and entertainment center is 26 cm and in the capital and
slab junction area — 40 cm. Savings from blackouts utilization — 3116 m° of concrete 5 608 800 UAH.

Therefore, the investigation of the most effective solution of lightweight slabs placement in
the frame-monolithic building (based on the trade and entertainment “Gagarin Plaza” example) is
very important and actual task.

Objective. The solution of the most effective version of lightweight slab for the trade and
entertainment center “Gagarin Plaza” in Odessa city.

Tasks:

1. Choice of solution options for comparison.

2. Filtration of evaluation criteria.

3. Multi-criteria analysis of construction and technological solution.

4. The choice of the most effective slab solution for the trade and entertainment center
“Gagarin Plaza” in Odessa city.

Results of the study. Nowadays in residential and industrial buildings construction, the
utilization of frame schema made of monolithic reinforced concrete is mostly in use. The most
massive constructions in modern buildings are flat slabs without beam. One of the main advantages
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of reinforced concrete is its comparatively low price, comparatively ecological compatibility,
comparatively ease of use, the possibility of complex forms arrangement of frame elements and
practically unlimited material base. One of the main disadvantages of this material is its large
carcass structures weight [1]. In this case, there is a possibility to reduce monolithic slab mass
through the creation of inserts in them.

The use of non-removable blockouts reduces the weight of the structure by removing the
material that are not engaged in the work. Reinforced concrete slabs with inserts may have a bigger
bearing capacity and bending stiffness, and a weight 20-40% less than solid elements. Moreover,
there is the possibility of creating spans of a larger size, reducing the overall weight of the building
structure that effects on the foundation. In addition, savings are achieved by delivering fewer
concrete mixes to concrete structures [2].

The trade and entertainment center “Gagarin Plaza” in Odessa is a monolithic frame
construction with a beamless slab. That means that the construction and technological solution is
typical nowadays. In any of these buildings, which have a significant pressure, it is advisable to
consider the possibility of lightweight slabs placement.

In this work, using the multi-criteria analysis [3, 4], the technology of placement of different
types of slabs with liners is compared. In Fig. 1 you can see different types of constructional and
technological solutions for the installation of slabs with the liners formation using inserts and
blockouts.

Fig. 1. Slab Liners:

a — U-BootBeton; b — U-BahnBeton; ¢ — Buble Deck; d — Airdeck; e — cardboard tubes;
f — polystyrene foam inserts

Formwork U-Boot Beton (Fig. 1, a), produced by Italian company Daliform Group, made of
recycled polypropylene and was designed to create lightweight bidirectional slabs and foundations
of reinforced concrete [5].

U-Bahn Beton (Fig. 1, a), is a modular formwork made of recycled polypropylene, specially
developed for the implementation of unidirectional slabs with monolithic reinforced concrete. The
liner created by U-Bahn Beton can be used for wiring cables or other engineering systems [5].

Solving the mass reduction problem of the monolithic slab and simultaneous flat ceiling
surface while its setting, Swiss firm “Cobiax”, developed the system “Bublle Deck” (Fig.1, c).
Ceiling of this system consists in armature frame, inside which hollow balls are placed, made of the
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recycled secondary raw material — polyethylene. Monolithic concrete filled up all the space between
balls and forms a leveled layer above them [6].

According to the Airdeck technology (Fig.1, d) the factory produces the lower edging of the slab
in the form of prefabricated reinforced concrete structure with recessed plastic elements (airboxes).
The slab bottom has standart sizes: thickness — 60 mm, length — 9 m and width up to 4 m [7].

For the slab’s mass reduction, it is possible to make cardboard tubes (Fig. 1, e) which are
soaked with hydrophobic solution. The external diameter of tubes — 150 mm. The tubes’ knuckles
are pressurized with plugs in the form of a special device made of a grid [8].

The use of modern thermal insulating materials with a low volume mass as a blockouts,
including the polystyrene foam (Fig. 1, f) allows not only to reduce the weight of a slab but also to
improve the heat and sound insulation properties of a slab. The technological process provides
multilayer slab’s concreter, the blocks’ decomposition on the bottom layer of laid concrete and the
subsequent slab concreting [8].

For making decision on blockouts choice next criteria were considered (Table 1).

Table 1 — The comparison of setting slabs technology of trade and entertainment center

160

(riteria’s Concrete | Weight of , Labor The Length of | Sound
A Inserts . . number of i .
expenses, | the finished cost UAH intensity inserts working | insula-
m?® product, t ' hum-hour days, days | tion, dB
Technology (thousands)
Traditional solid| 15,5 | 7508 - 11822 i 383 46
overlap
Overlap with
U-Bahn Beton 7488 17971 4928 9759 69,12 325 41
inserts
Overlap with
U-Boot Beton 7612 18269 5504 8694 41,60 295 42
inserts
Overlap with
Airdeck spherical | 9299 22318 5280 10694 352,0 356 39
inserts
Overlap with
Bublle Deck 7900 18960 5056 9464 800,0 315 38
inserts
Cardboard tubes | 8476 20342 1280 8900 64,0 298 40
P
O'ysmirr‘ti foam| 509 | 19749 | 1760 | 9172 38,40 306 38

The technology evaluation through the quantitative criteria based on a scale of 1 to 10 which
means that 1 is a minimal scale and 10 is a maximum scale value. The rest of scores is calculated
with the aid of interpolation. Structural and technological decisions, criteria and the assigned scores
are set out in Table 2.
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Table 2 — Scored technology evaluation

Criterias c Weight of , The Length of | Sound
oncrete he finished Inserts Labor number of | workin insula-
expenses the cost | intensity | . g .
product, inserts days, tion,
Technology (score) (score) (score) | (score) (score) (score) (score)
Traditional solid
overlap (Nel) ! 1 ! 1 1 1 !
Overlap with
U-Bahn Beton 10 10 7 4 6 4 3
inserts (Ne2)
Overlap with
U-Boot Beton 9 9 3 10 9 10 4
inserts (Ne3)
Overlap with
Airdeck spherical 3 3 4 3 5 3 8
inserts (Ne4)
Overlap with
Bublle Deck 7 7 5 6 3 6 10
inserts (Ne5)
Cardboard tubes
(Ne6) 5 5 10 9 7 9 6
Polystyrene foam
inserts (Ne7) 6 6 ; ! 10 ! 10

To get results in the chart format (Fig. 2, 3, 4, 5), the MS Excel program is used.

Nol Nod Nog No7

1

=]

R VS B I s L =

No5
[ ] welght of the Fnlshed product Hinserts' cost
labor intensity the number of inserts
H length of working days M sound insulation

H concrete expenses

Fig. 2. Technology comparison based on 7 criterias in summary chart

The chart analysis allowed to find out the basic criteria. They are: weight, cost, concrete
expenses and labor intensity. On the fig. 3 the construction and technological solutions comparison
based on these criteria is showed.
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Fig. 3. The technology filtering based on main criterias

Analyzing the resulting data, it is obviously that technologies Ne 1 and 4 are far below the
others, so they will not be considered in further (Fig. 4).
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Fig. 4. Technology comparison based on main criterias

Based on received data, further we will compare two technologies which have the best
ratings, they are cardboard tubes and polystyrene foam inserts (Fig. 5).

In cost-effective terms, more profitable technology is an overlapping with polystyrene foam
inserts, as they have less concrete charge than in overlapping production with cardboard tubes. And
the price difference in concrete use is more, than in blockouts.

Although the labor intensity of polystyrene foam inserts is higher, and cardboard tubes have a
lower cost, but it is necessary to take into consideration that polystyrene foam is produced in
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Ukraine, and the tubes should be ordered abroad. Analyzing the resulting data, we accept the variant
of monolithic overlapping setting with blockouts made of polystyrene foam inserts.

mweight of the finished

10 product
8 M inserts' cost
6
a labor intensity
2
M concrete expenses
0

No6 Moy
Fig. 5. The comparison of cardboard tubes and polystyrene foam inserts technology setting

Conclusions:

1. The technology of a lightweight slab with a foam polystyrene inserts setting is the most
effective option.

2. Comparing with a traditional solid overlap, its utilization during slab setting in the trade
and entertainment center “Gagarin Plaza” in Odessa allows:

— to reduce concrete costs by 27% (3116 m®) which are 5 608 800 UAH considering average
market prices;

— to reduce the construction’s labor intensity by 22%;

— to improve the slab’s heat and sound insulation properties.
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