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The purpose of this review is The choice of materials for the manufacture of a non-removable
void former is made on the basis of a comparison of the energy consumption for their production,
optimization of the shape, manufacturing technology and use of a non-removable void former, and
an analysis of calculations proving the effectiveness of this technology.

Void Formers are used to fill in empty areas beneath a ground concrete slab pour to reduce the
volume of concrete required whilst maintaining the overall strength of the slab. They are also used
to create void areas where conventional formed areas are not possible. They are not popular in
Kazakhstan and just starting couple of experimental projects in country.

On the issue of the construction of such slabs with void formers, the latest scientific articles
from the site scopus.com were reviewed.

The results of the review showed that these problems are still insufficiently developed and are
very poorly covered, including in the normative literature. And the use of this technology in our
climate and in domestic construction has not been studied anywhere.

In this regard, the best materials and forms of void formers and calculations for the
construction of this technology were analyzed and selected.

Overall analysis. In order to reduce the amount of concrete and self-weight of flat slabs,
plastic void formers are used in slabs. The most critical areas of flat slabs are slab—column junctions
and the zones where huge concentrated loads act. This area is more prone to punching shear failure.
The cross section of concrete in reinforced concrete slabs with plastic void formers is significantly
smaller, and hence the punching shear capacity of such junctions is insufficient. This article
discusses the results of an experimental and theoretical study that investigated the punching shear
capacity of reinforced concrete biaxial voided slabs. In order to increase the punching shear
capacity of flat slabs, shear reinforcement is provided between voids in the concrete ribs. Slabs with
void-forming inserts placed in the entire slab area, voided slabs with solid cross shapes and voided
slabs with solid heads were analyzed in this study. A method to calculate punching shear capacity
based on EC2 methodology has been proposed. The results obtained for the punching shear capacity
of the experimental slabs were verified with the EC2 methodology, and a method to calculate the
length of the punching shear perimeter has been proposed [1].

The numerous advantages of solid slabs, including adequate rigidity, appropriate fire
resistance, and sound insulation, have further extended the system’s applications. The main
disadvantage of this system is, however, its extreme weight, especially in long spans. Since concrete
is not involved in bearing in the tensile zone, its removal can lower the weight without affecting the
load bearing of the slab. In a number of systems, named biaxial voided slabs, ellipsoidal or

5739



mailto:enzhzhen@gmail.com
mailto:gulshattleulenova23@mail.ru
https://www.sciencedirect.com/topics/engineering/solid-slab
https://www.sciencedirect.com/topics/engineering/sound-insulation
https://www.sciencedirect.com/topics/engineering/main-disadvantage
https://www.sciencedirect.com/topics/engineering/main-disadvantage

spherical sacrificial plastic balls are used to create voids within the concrete. As this system has just
been introduced, considerable uncertainties have been raised about one-way and two-way shear
behaviors of the system. Accordingly, four full-scale specimens were built in order to investigate
these behaviors. Two one-way and two two-way full-scale shear specimens with dimensions of
3500 x 1200 x 200 mm and 2300 x 2300 x 200 mm (length x width x height) were constructed,
respectively. These specimens were used to compare the shear capacity, cracking distribution, and
deflection in solid and biaxial voided specimens. Also, the effect of vertical rods of steel cages on
the shear behavior was investigated. The results show the steel cages clearly contributed to shear
bearing; and although the shear capacity of voided specimens was less than solid ones, the failure
mode of all specimens was shear. Finally, a new method was proposed to predict the ratio of shear
capacity of biaxial voided slabs to solid slabs. Hence, the proposed method can predict the ratio of
biaxial voided capacity to solid slab capacity with an adequate precision [2].

Biaxial voided slab is an emerging slab system which reduces its self-weight up to 50% in
comparison with the conventional reinforced concrete solid slab. The reduction in the concrete
volume does not affect its flexural capacity significantly, however, it reduces both one-way and
two-way (punching) shear capacity about 40%. Therefore, an effective way of predicting the
punching shear capacity is investigated as the presence of voids alters the critical failure section.
The applicability of conventional methods for solid slabs in the design standards, such as ACI 318
(2014), EN 1992-1-1 (2004) and IS 456 (2000) to predict the punching shear capacity of the voided
slab is examined. In addition, eight full-scale specimens were tested with the sphere and cuboid
shape of voids. Finally, experimental results of present study and test data collected from literature
(33 specimens) were compared with predictions by the relevant code provisions. The estimation of
punching shear capacity of biaxial voided slab by existing provisions for solid slabs in standards
does not lead to satisfactory results. Hence, the presence of voids is considered by modifying the
critical section depending on the void location. Further, only the effective concrete area is
considered to predict the punching shear capacity. After the modifications, the predictions by all
three building standards lead to satisfactory results [3].

Regarding the punching shear strength of voided slabs, several studies have been performed
in which different shapes of the inserts were used. The results found that the punching shear
strength of the voided slabs was remarkably lower than that of the conventional solid slabs because
of a reduction in the critical concrete section owing to placing the voids near columns. Also, the
shape of voids was found to have a considerable influence on the punching strength. On the other
hand, the studies stated that the bubbled slabs could achieve the same punching strength of solid
ones when a solid area (without inserts) was introduced around columns. Generally, there is no
consensus on the dimensions and shape of the solid zone [4].

Concerning the flexure strength of two-way voided slabs, the results reported by
Coreyshowed that the flexural strengths of slabs with voids, placed under the compression zone,
were similar to that of control (solid) slab. The same conclusion was addressed by Chung et al.
However, another investigatioindicated an 11.0% drop in the flexure strength of bubbled slabs.
Also, the presence of voids led to decay in the flexural stiffness, nearly 20%, in comparison with an
identical solid slab. The differences in the results were due to using various shapes of voids in these
investigations. Nimnim and Zain Alabdeendemonstrated that the void shape significantly influenced
the two-way flexural strength of voided slabs, and spherical voids gave better results than the
cubical ones. Fatma and Chandrakar stated that the arrangement of balls inside slabs also affected
their load-carrying capacity. The use of reactive powder concrete in manufacturing the voided slabs
was found to remarkably improve the flexure strength, around 109%, compared to slabs made of
normal concrete.

Four specimens were fabricated, representing a one-way slab with dimensions of
2000 mm x 500 mm x 120 mm. One slab (SOL) was solid without voids and assigned as a control
slab. The others had a voided cross-sectional area by introducing 68 polystyrene balls inside them;
the properties of these balls are listed in Table 1. To inspect the impact of the voids’ size on the
behavior of slabs, three diameters of balls were chosen: 60 mm, 70 mm, and 90 mm. Accordingly,
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the ratio of ball diameter to the slab depth (D/H) was 50%, 58.3%, and 75%, respectively. The
bubbled specimens were identified according to the ball diameter as BA60, BA70, and BA90,
respectively.

The voids were fixed in their positions, in addition to using binding wires, by bounding them
with four steel bars from all sides at the top and bottom. Accordingly, the top and bottom steel
meshes were identical for all slabs. These meshes consisted of 8010 and 34 @10 deformed steel
bars in the transverse and longitudinal directions, respectively. It is essential to state that the spacing
between reinforcing bars varied, depending on the size and distribution of balls, as shown in figures
below.

The location of the bottom mesh was constant for all specimens, 20 mm above the bottom
face of the slab. In contrast, the position of the top mesh was different, according to the balls’ size,
ranging from 20 mm to 40 mm. The yield and ultimate strengths of reinforcing bars were 577 MPa
and 670 MPa, respectively. The ratio of tensile reinforcement was 1.20%. This ratio is 29% lower
than the maximum ratio required by ACI 318M-19 code to ensure the tension-controlled behavior
for slabs (ductile behavior) [5].

The four slabs were fabricated using the self-compacting concrete. Several trial mixes were
made, the target compressive strength was 45 MPa. In addition to this strength, the criteria for
adopting the mix design was to fulfill the requirements. Accordingly, four tests were performed for
evaluating the fresh properties of each trial mix, which were slump flow, T50, V-funnel, and L-
box. In this mixture, all components were primarily mixed in a dry situation for five minutes. Then,
nearly 70% of the required water was added to fluidize the mix for three minutes. Finally, the
remaining water with a superplasticizer was added. The process of mixing then continued for an
extra five minutes. Each slab was cast from one concrete batch; six standard cylinders with
dimensions of 150 x 300 mm were taken from each batch for determining the compressive
and splitting tensile strengths of concrete. All slabs and associated cylinders were kept wet at room
temperature for 28 days after casting. Table 1 outlines the properties of test slabs.
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Figure 1. Details of BAG0 specimen.
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Figure 2. Details of BA70 specimen.
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Figure 3. Details of BA90 specimen.

Table 1. Properties of test specimens

Specimen Ball  diameter Cylindrical Splitting tensile
(mm) compressive strength, strength, f, (MPa)
fo (MPa)
SOL 47.3 4.5
BAG0 60 48.8 4.9
BA70 70 47.6 4.6
BA90 90 455 4.2

All samples, except the BA9O slab, failed in the flexural mode; the BA90 collapsed owing to
the brittle shear mode. This result means that introducing balls with a diameter equivalent to 75% of
the slab depth led to changing the failure mode from flexural to shear, although the slabs were
designed to fail in flexure.

The first crack was observed in the flexural span for all specimens, where the maximum
moment occurred at loads of 23-48 kN. As expected, the bubbled specimens cracked at forces
lower than that of the control slab because of the direct reduction in their moment of inertia due to
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eliminating the substantial volume of concrete by voids. The decline in the cracking load became
more evident as the size of balls increased, as listed in table 2.

For specimens failed in flexure, more vertical cracks grew and spread over the flexural span
with increasing the applied loads. Then with further load, these cracks augmented, enlarged, and
propagated upward. The flexure-shear cracks also appeared in the shear span next to the loading
points in the BA60 and BA70 specimens. Nevertheless, these cracks did not propagate and widen
enough to cause failure. In these slabs, the flexural failure was distinguished by the arrival of
flexural cracks nearly to the upper third of the specimen depth as well as the crushing of concrete on
the top surface of specimens at the mid-span.

Conclusion. Though plastic voided slabs can be compared to conventional one-way slabs,
plastic voided slabs are most efficient when designed similar to two-way slabs without support
beams. For this reason, the parametric study compares interior bays of a flat plate system to interior
bays of a plastic voided slab system. The primary goal of the study was to compare the relative
weight of a plastic voided slab to the relative weight of a flat plate. Many parameters must be
considered when designing a concrete slab. For a comprehensive comparison between two-way
slabs and plastic voided slabs, a study must consider not only different bay sizes, but also span
conditions and different weights and strengths of concrete. However, the purpose of this study was
to provide a quick, illustrative comparison between flat plate slabs and plastic voided slabs. As a
result, the two slab systems were compared by designing each for four different bay sizes

Although the primary financial benefit of using a plastic voided slab system rather than using
a traditional two-way flat plate slab is the reduced amount of concrete, the amount of steel used for
reinforcement is an item that must be considered. A design may reduce the amount of concrete, but
if it greatly adds to the amount of reinforcement needed, the cost savings will not be as significant
since material and labor costs for the steel will be greater. Therefore, the most important design
consideration after slab thickness is the size and amount of reinforcement used in the section.
Selections were made by choosing the smallest bar not requiring spacing that was judged to be too
close. If a close spacing was required, a larger bar was examined. For a given section, a larger size
of reinforcing bar requires the use of fewer bars and allows for wider spacing of the bars. Table 7-2
shows the type and amount of reinforcement that was used for each slab as well as the weight of the
reinforcement. The percentage of reinforcement by weight for each plastic voided slab compared to
the corresponding flat plate is also shown. Table 7-3 also shows the maximum moment and the
moment capacity for each bay, as well as the percent utilization.

Reinforced concrete slabs are used in many modern buildings. As architects attempt to use
more open layouts by utilizing larger column-to-column spans, concrete slabs can become thick and
heavy when designing a traditional flat plate. As illustrated in the parametric study, plastic voided
slab systems can be used to reduce the structure weight with minimal impact to the overall building
design. The benefits of using plastic voided slabs rather than solid slabs are greater for larger spans.
Smaller spans do not require substantially thick slabs, therefore only small voids can be utilized and
minimal savings are achieved. Larger spans are capable of using larger voids that greatly reduce the
overall weight of the slab while meeting load capacity requirements. Construction of plastic voided
slabs requires more steps than solid slabs, but the construction process is not significantly more
complicated. For bays of the same size, plastic voided slabs typically require less reinforcement.
The only major change is placement of the plastic void formers. The void formers are placed above
the bottom layer of reinforcement and are usually contained in a cage of very thin steel bars. The
cage of void formers is typically constructed at the manufacturer’s facility and shipped to the
construction site, allowing for quick placement of the void formers and minimal changes to the
construction schedule compared to solid slab systems. Architectural freedom can also be achieved
by utilizing plastic voided slabs. Plastic voided slabs make it possible to achieve longer spans with
the same amount of concrete in the slab, allowing for less columns and a more open interior space.
Overall, plastic voided slab systems provide an excellent alternative to solid concrete slabs for
many applications. Weight and cost savings as well as architectural flexibility can be achieved with
plastic voided slabs.
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NMHHOBAIIMOHHBIE METO/bI OIIEPATUBHOI'O INTAHUPOBAHMUS B
CTPOUTEJIBCTBE
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Maructpant 1-xkypca OIl 7M07329-«CtpoutenscTBoy, kadeapa «CTpOUTETHCTBOY,
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Beenenne. CrpoutenbHas oOTpacib aKTHUBHO MBITACTCAd pPEIIUTb NPOOIEeMbl HU3KOU
MPOM3BOAUTEIILHOCTH, BO3HUKAIOIINE M3-32 HEA(P()EKTUBHOIO IMJIAHUPOBAHUS CTPOHUTENLCTBA [1].
Ha nyanupoBaHue CTpPOUTENbCTBA CYLIECTBEHHO BIIUSET MHOXKECTBO HEOIpPENEIEHHBIX (aKTOPOB,
CBA3AHHBIX C 3aJa4aMM CTPOMTENIbCTBA, OKPYKAIOIIEW CpEeAOH, pecypcamMu, TEXHOJIOTUSMH,
HepCOHAIOM M MHOTMM JpyruMm [2]. OgHMM U3 T[JIAaBHBIX 4YacTeil HCCIIEHOBAHMS SBISCTCS
noBblIeHNE 3P (HEKTUBHOCTH CTPOUTENBHOIO MPOU3BO/ICTBA IIyTEM MUHUMU3ALIMY 3aTPaT BPEMEHU
U COINYTCTBYIOIIUX PECYpPCOB Ha o0ecreyeHne CBOEBPEMEHHOCTH U HETIPEPBIBHOCTU CTPOUTEIbHBIX
TEXHOJIOTHYECKUX IPOLECCOB 3a CYET COBEPUICHCTBOBAHUS ONEPATHBHOIO IUIAHUPOBAHUS HA
OCHOBE MCIOJIb30BaHUSI MHHOBALIMOHHBIX METO/IOB.

OcHoBHasi yacTb. CTpouTenbHylo WH(OpPMAIMIO U3 OOJBIIMHCTBA MPOEKTOB Yallle BCEro
TPYAHO WM3BJIE€Yb, OHA yCTApEBIIAs U HEIOJIHAS M3-3a XapaKTepa CUCTEMBI, UCIIOJIB3YEMON IJIs €
co3anusi Wik XpaHeHus [3]. DTo MoxeT OBITh CBSI3aHO C TPAAUIMOHHBIMUA WM PYYHBIMH
UHCTPYMEHTAaMH, UCIIOJIb3YEMBbIMH B CTPOHUTENbHOM oTpaciu [4]. B To BpeMsi Kak HMCIOJIb30BaHHE
MH(OPMALIMOHHO - KOMMYHUKalMOHHBIX TexHojorui (MKT) mokaszamo moTeHnuan B pelIeHUU
pOOJIEMbI CIIO)KHOCTH CTPOUTEIILHON ISSITEIbHOCTH U MOBBIIICHUH TIPOM3BOAUTEIBHOCTH [5].

OnepatuBHOE IUIAaHMPOBAaHHE B CTPOUTENBCTBE MIPENIOJaracT BbIABIEHUE Hanbosee
3G GEKTUBHBIX U PALMOHAIBHBIX CIIOCOOOB BBIMIOJHEHHUS CTPOUTENBHOro Mpoekta. OAHUM U3
TPaJULIMOHHBIX METOJIOB ONEPATUBHOIO IUIAHUPOBAHUS CTPOUTEIBLHOTO IMPOU3BOJICTBA SIBIISIETCA
HE/EIbHO - CYyTOUYHbIE MIaHbI-rpaduku. McXOMHBIMU TaHHBIMHU CIyXaT ONEpaTUBHBIE MECSYHbIE
IUIaHbl, KaJleHAapHble (cereBble) Tpaduku cTpoutenscTBa, [P 1 KOMIUIEKTOBOUYHBIE BEIOMOCTH
[6]. HeoOx0aMMO OTMETHTE, YTO METOJ HEJeIbHO-CYTOYHOTO TUIAHMPOBAHHS OTJIMYACTCS] BBICOKOM
JIOCTOBEPHOCTHIO MH(OPMAIIH, TTOJIOKEHHON B €r0 OCHOBY M TOYHOCTBIO PAaCU€TOB, UTO MO3BOJISET
COCTaBHUTb CTPOro 0OOCHOBAHHOE 33/1aHUE, HAIAUTH CTPOTHI KOHTPOJIb 32 €T0 BHIOJIHEHHEM.

B mocnenHune roapl MOSBHIOCH HECKOJIBKO HHHOBAIMOHHBIX METOJOB, KOTOPBIE MOTYT
MIOMOYb CTPOUTENBHBIM KOMIAHHUSM YIPOCTUTH MPOLECC IUIAHUPOBAHUA M OOECIEUYHUTh YCIeX
npoekta. BoT HekoTopsle M3 HMHHOBALMOHHBIX METOJOB OIEPaTUBHOIO IUIAHUPOBAHUS B
CTPOUTEIILCTBE:
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