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ABSTRACT

The invention of a new type of hollow core slabs was a
breakthrough at the turn of 20" and 21% centuries. During
the first decade there have been many studies on the
feasibility of using the new technology.

This article presents the different types of hollow core
slabs technology that have appeared over the last 15
years. As a result of the review the advantages of a new
kind of hollow slab over a solid slab were summed up.

In this article the most famous of present examples of the
new technology are also demonstrated.

All the experiments and studies carried out, mainly by
manufacturer companies, are supported by regulations
and local/international codes.
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1. Introduction

Hollow biaxial slabs, also known as biaxial voided slabs, are reinforced concrete slabs in which voids allow
to reduce the amount (volume) of concrete.

The main disadvantage of concrete constructions, in case of horizontal slabs, is the high weight which
limits the span. For this reason, basic research in the field of reinforced concrete structures have focused on
enhancing the span, either by reducing the weight or overcoming concrete's natural weakness in tension.

The Pantheon in Rome, build 125 AD, is one of the most prominent examples in ancient history. Coffers,
although not reinforced, were employed to lighten the weight of the dome [1].

The invention of the hollow slab was in 1950s. The hollow slabs are prefabricated, one-way spanning,
concrete elements with hollow cylinders. Due to the prefabrication, these are inexpensive, and reduce building
time, but can be used only in one-way spanning constructions, and must be supported by beams and/or fixed
walls. The slab has been especially popular in countries where the emphasis of home construction has been on
precast concrete, including Northern Europe and socialist countries of Eastern Europe. Precast concrete
popularity is linked with low-seismic zones and more economical constructions because of fast building assembly,
lower self-weight (less material), etc. In this article several types of the new innovative technology of production
hollow slab is introduced.

2. Literature review

The relevance of this technology has been repeatedly noted in the articles [8, 15, 24]. The idea was to
create a hollow biaxial slab with the same capabilities as a solid slab, but with considerably less weight due to the
elimination of excess concrete. To date, the technology of structure of the slab is used in several companies [2, 5
- 7]. Also, what can we say of the analysis of the available literature, it is that the main difference between a solid
slab and a hollow biaxial slab refers to shear resistance [18-37]. To view the structural behavior of this slab can
be by reading the [9, 10, 11, 15, 20, 21, 23].

3. Purposes and objectives

An assumption has been made about the necessity of further research of modern technologies for creating
hollow slabs. Various producer organizations of this kind of slab and the main differences between them should
be reviewed and summarized. Also it is necessary to allocate the available advantages and disadvantages of the
new technology, and in the future to compare with the currently known methods. On this basis, we should
determine the feasibility of new technologies.

4. Technology review

4.1 Various examples

Various types of hollow slab systems existing over the world are reviewed and summarized below:

Airdeck

The Airdeck concept was patented in 2003 and comprises an inverted plastic injection moulded element
which is vibrated into the lower slab during the production process by a robotic arm (figures 1,2). The advantage
of this system is that no retaining mesh is required to hold down the voiding elements during on site pouring of the
second layer. As the boxes can be nested there are clear transport advantages versus other voiding systems.
The static calculations are performed according to standard Eurocode 2 norms [3].
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Figure 1. Geometry of the Airdeck slab [2] Figure 2. Example of Airdeck slab construction [2]
Cobiax

The Cobiax system makes use of the same hollow slab principles of creating voids within the concrete
slabs to lighten the building structures (figures 3, 4). Elliptical & torus shaped hollow plastic members, termed as
hollow formers, are held in place by a light metal mesh for easy installation between the top and bottom
reinforcement layers of a concrete slab [12].

Figure 3. Prefabrication of Cobiax slab [6] Figure 4. Example of installation of Cobiax slab [7]

U-boot

In 2001 an Italian engineer, Roberto Il Grande, developed and patented a new system of hollow formers, in
order to decrease the transportation costs (and CO, production). The U-Boot formwork is a modular element
made of re-cycled plastic for use in building lighter structures in reinforced concrete cast at the work-site (figures
5-9). The biggest advantage of U-boot is that it is stackable. A truck of U-boot® means approximately 5000 m? of
slab, once hollow formers are laid down at building site. The second innovation is the shape: U-boot® creates a
grid of orthogonal "I" beams, so the calculation of the reinforcement can be effected by any static engineer
according to Eurocode, British Standards or any local standard.

U-boot® earliest projects were executed in 2002 and since that time it has been used all over the world [7].

U-boot® system can be combined with other technologies like pre-fabricated slabs and post tensioned
steel. The technology of hollow slabs with post tensioned steel reduces the weight of slab and its thickness.
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Figure 8. U-boot® voiding Figure 9. Constructing U-boot® slab on a site [7]
element [7]

Polystyrene voiding blocks

The classical method for reducing weight of
structural decks is the use of polystyrene blocks to
reduce the amount of concrete poured on site. This
requires large expenditures of human labor (figure 10).

BubbleDeck

In the middle of 1990s, a new system was
invented, eliminating the above (groblems (figures 11,
12). The so called BubbleDeck™ technology invented
by Jargen Breuning, locks ellipsoids between the top
and bottom reinforcement meshes, thereby creating a Figure10. Examples of Voiding blocks technology
natural cell structure, acting like a solid slab. For the
first time a hollow biaxial slab is created with the same
capabilities as a solid slab, but with considerably less weight due to the elimination of superfluous concrete.
Design of this type of the slab is based on the euro and the British codes.

Consider the composition, structural behavior in theory, advantages and the fields of application in the
example of BubbleDeck technology to find out benefits of the new kind of hollow slab over the common solid slab.

4.2 Composition of the system

The geometry of the BubbleDeck slab is a certain size ellipsoids, disposed at a certain distance from each
other, fixed by reinforcing top, bottom and side meshes. All geometric parameters of the slab can be described by
a single parameter, the modulus named “A”. Modulus and corresponding deck heights are manufactured in steps
(modulus in steps of 25 mm, and effective heights in steps of 50 mm) [5].

In principle, the fixing of the ellipsoids can be done in various ways, but only the reinforcement meshes
reduces unnecessary material consumption and ensures optimal geometric ratio between concrete, reinforcement
and voids.
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Figure 11. Prefabrication of BubbleDeck slab [5] Figure 12. Concreting slab on site [5]

Voids are located in the middle of the cross section where the concrete has a limited effect, while retaining
the solid sections of the top and bottom parts, where high stresses may exist. Thus, the slab is fully functional
with respect to both positive and negative bending.
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Figure 14. Structure of BubbleDeck slab by layers [64]

4.3 Behavior of the slab

In principle, BubbleDeck slabs acts like solid slabs. Designing as a result can be obtained as solid slabs,
just with a smaller load, corresponding to the reduced amount of concrete. Extensive studies in accordance
with Eurocodes are made at universities in Germany, Netherlands and Denmark, concluding that Bubbledeck slab
behaves like a solid slab. [8-16]

It is important to emphasize the differences in static calculations between different hollow slabs. While a
true biaxial slab as the BubbleDeck system must be calculated as a solid slab, ribbed slab systems, like the U-
boot system, consisting of a grid of orthogonal "I" beams, must be calculated as beams.

The BubbleDeck® technology is directly incorporated in national standards, such as the CUR [17] in the
Netherlands.
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4.4 Carrying capacity

A solid slab can only carry approximately one third of its own weight, and have problems with long spans
due to its high weight. The investigations of BubbleDeck’s biaxial deck allow to solve this problem by eliminating
35% of concrete, while maintaining strength [38]. Test have shown that for a BubbleDeck slab with the same
load-carrying capacity can be used only 50% of the concrete required for a solid slab, or with the same thickness
of a BubbleDeck slab the load-carrying capacity can be increased up two times by using 65% of concrete [39].

4.5 Shear resistance

The main difference between a solid slab and a hollow biaxial slab is a shear resistance. Due to the
reduced concrete volume, the shear resistance will also be reduced.

For a BubbleDeck slab the shear resistance is proportional to the amount of concrete, as the special
geometry shaped by the ellipsoidal voids acts like the famous Roman arch, hence enabling all concrete to be
effective. Notice, this is only valid when considering the BubbleDeck technology. Other types of hollow biaxial
slabs have reduced resistances towards shear, local punching and fire.

In practice, according to [18-24] the reduced shear resistance will not lead to problems, as balls are simply
left out where the shear is high, at columns and walls. The recommendations made as a result of the studies on
punching shear capacity can be read in [25-36].

Figure 15. Top and cross-section view of crack Figure 16. Floor to Column Connection [23].
pattern after the punching failure [23].

4.6 Fireresistance

As a BubbleDeck slab acts like a solid slab, the fire resistance is just a matter of the amount of concrete
layer. The fire resistance is dependent on the temperature in the rebars and hence the transport of heat [37]. As
the top and bottom of the BubbleDeck slab is solid, and the rebars are placed in this solid part, the fire resistance
can be designed according to demands. According to [38] examinations carried out in accordance with ISO 834
and showed that fire resistance lasts 60 to 180 minutes and smoke resistance is 1.5 times the fire resistance. The
studies on fire resistance of hollow slab can be read in [40-42].
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4.7 Tests on sound resistance

Tests have been carried out in Germany [43], UK [44] and the Netherlands [45] according to ISO 140-
4:1998, ISO 140-7:1998, ISO 717-1:1997 and I1SO 717-2:1997 measuring impact and airborne sound. These
tests show that 230 mm and thicker BubbleDeck® slabs can meet the national rules.

4.8 Qualities
There exist different approaches and opinions of design methods - but some general guiding principles are:

— Low weight/stiffness ratio — influence of impact is proportional with weight;
— Simplicity and symmetry and uniform extent — Lessen the impact effect Uniform and continuous
distribution/flow of forces;
— Monolithic, continuous and ductile structure.
—  The BubbleDeck® system fulfil these principles:
e Saves 35% weight compared to a corresponding solid slab — equal stiffnes;
e Simple, monolithic behaviour, uniform and continuous distribution of Forces;
e Max ductile structure - increased ductility due to increased strength/weight ratio;

The studies on seismic behavior can be read in [46, 47].

4.9 General benefits of the system
Different building types have different advantages, but general benefits in contrast to solid slabs are:

— Design Freedom — flexible design easily adapts to irregular and curved plan layouts, longer spans and
fewer supports [38];
— Downstand beams and bearing walls eliminated — quicker and cheaper erection of walls and services
[48];
— Reducing overall costs — the material consumption is reduced and construction is faster [38];
— Reduced Dead Weight — 35% removed allowing smaller foundation sizes;
— Longer spans between columns — up to 50% further than traditional structures;
— Construction is less weather dependent — there is no need of erection load-bearing blockwork to support
floor slabs, which is taken of the critical path [48];
— Reduced foundation sizes — there is up to 50% less structural dead-weight;
— Reduced concrete usage — 1 kg of recycled plastic replaces 100 kg of concrete [48];
— Environmentally Green and Sustainable — reduced energy & carbon emissions. 8% of global
CO, emissions are due to cement production. 1 ton of cement:
¢ Emits 1 ton of carbon dioxide (CO,) [49-52];
e Consumes 5 million BTU of energy [53];
e Uses 2 tons of raw materials [54].

Due to the BubbleDeck technology's green credentials, the use of the BubbleDeck system qualifies for
LEED points in North America [55, 56].

4.10 Applicability of the slab
The Biaxial BubbleDeck® can be implemented in three versions according to degree of prefabrication:

“Reinforcement modules”: Comprising prefabricated “bubble-lattice” sandwich elements to be placed on
traditional formwork. Building time is reduced compared to conventional on site construction.
Suitable for the majority of new-build projects, also suspended ground floor slabs and
alteration/refurbishing projects.

— “Filigree elements”: Where the bottom side of the 'bubble-Ilattice’ unit is furnished with a pre-cast concrete
layer which replaces the horizontal part of the formwork on the building site, optimizing both building time
and quality by prefabrication.

Acts directly like a seamless ceiling. Suitable for the majority of new-build projects.
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Figures 17, 18. Example of “filigree element” prefabrication [65].

“Finished elements”: Finished panels, complete precast slab elements. These can be used for limited areas
such as balconies or staircases (figures 17, 18).

The BubbleDeck technology can benefit most buildings. However, as it is a biaxial deck technology, the
use will focus on biaxial slab designs.

Functional applicability: Residential living, offices, utility and industrial buildings.
Environmental applicability:

— Substantial reduction in materials and transportation;

— Less emission and energy consumption;

— Every component can be recycled. Easy demoalition.

4.11 Installation of the system

The BubbleDeck concept simplifies the placement of installations like ducts and heating/cooling systems
directly in the slab. This enhances the nature of the slim flat slab structure. The tubes can either be placed in the
bubble-lattice as prefab, or onsite before concreting. Thermal heating/cooling in slabs can substantial reduce the
energy consumption (figures 19, 20). The studies can be read in [58-63].

= ==
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4,12 Examples

The possibilities of the technology are shown in the following examples of constructions:

Figure 21. Altra Sede, Milan, Itlay. Cobiax technology [66].

Architects: Caputo Partnership, Milan and Pei Cobb Freed & Partn. New York;
Structural Eng.: Prof. Ing. Franco Mola, Bari and Thornton Tomasetti, New York;
Contractor: Consorzio Torre;

380,000 sf on 39 floors; 33 ft spans with 13.75" slabs.

[ 8 -

Figures 22-24. City Hall and Offices, Glostrup in Denmark. BubbleDeck technology [67]

Figures 25, 26. City Life, Italy - Lightened biaxial slabs in reinforced concrete. U-boot technology [68]

78

YypakoB A.I'. [IByxocHas nMycTOTHas nfiuTa ¢ MHHOBALMOHHbBIMY BuAamMu nycToT. /
Churakov A.G. Biaxial hollow slab with innovative types of voids. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U coopyxeHunn, 2014, Ne6 (21)
Construction of Unique Building_;s and Structures, 2014, Ne6 (21)

G

Figure 27. Hospital, Italy. U-boot [68] Figure 28. Multi-storey cinema, Figure 29. Quom, Iran. U-boot [68]
Korolev, Russia. U-boot [68]

VAR \VAWRW
o \\7 \

Figures 30-33. The Curve, Amsterdam, Netherlands. BubbleDeck [69]
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Figure 36. LaBahn Arena, Figure 37. LaBahn Arena, Wisconsin,
Wisconsin, USA. BubbleDeck [71] USA - Concrete pour into precast
bed complete [71]
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Figure 38. LaBahn Arena,
Wisconsin, USA - Construction
workers pouring concrete over the
bubbles to form the reinforced slab
of steel, air, and concrete [71]

Figures 39, 40. The Millenium Tower, Rotterdam, Netherlands — One
of the first structures to use BubbleDeck. 35-storey, 130.8 m height
[72]
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4.13 Prizes and awards
BubbleDeck as the oldest producer received more prizes and recognitions:
— The Industrial Environmental Prize, the Netherlands 1999
— The Stubeco Building Prize for Execution, the Netherlands 2000
— Innovation Award, the Netherlands 2000
— RIO Award, Germany 2003
— “Building of the Year” for Office buildings, Denmark 2004
— Jersey Construction Awards: “Best Use of Innovation”, Jersey 2005
— “Best New Product” Award at Design/Form&Function, Australia 2009
—  “Eco Product Award”, Malaysia 2013.

Cobiax technology has won such prizes:
— Swiss Environmental Prize for Technical Innovation, Switzerland 2010;
— German Material Efficiency Prize, Germany 2011.

5. Conclusion

According to the analysis such conclusion can be drawn:

1. Due to the fact, that the structural behavior of this new kind of monolithic flat slab is the same as for solid
slab, excluding slab-edge column connection, we surely can talk about appropriateness of use and advantages of
the new technology.

2. Concrete usage is reduced — 1 kg of recycled plastic replaces 100 kg of concrete. Reducing material
consumption made it possible to make the construction time faster, to reduce the overall costs. Besides that, it
has led to reduce dead weight up to 50%, which allow creating foundation sizes smaller.

3. The technology is environmentally green and sustainable. Avoiding the cement production allows to
reduce global CO, emissions. The use of the BubbleDeck system qualifies for LEED points in North America.

4. This technology is very prospective in modern construction and perhaps future of civil engineering
belongs to this new kind of hollow slab.

81

YypakoB A.I'. [IByxocHas nMycTOTHas nfiuTa ¢ MHHOBALMOHHbBIMY BuAamMu nycToT. /
Churakov A.G. Biaxial hollow slab with innovative types of voids. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U coopyxeHunn, 2014, Ne6 (21)
Construction of Unique Building_;s and Structures, 2014, Ne6 (21)

References

1. Lancaster L. C. (2005). Concrete Vaulted Construction in Imperial Rome: Innovations in Context // Cambridge
University Press. 2005. Pp. 6-10.

2. AirDeck [web source] URL: http://www.airdeck.be (date of reference: 18.09.2013).

3. EN 1992 Eurocode 2 [web source] URL: http://eurocodes.jrc.ec.europa.eu/showpage.php?id=132 (date of
reference: 22.09.2013).

4. Bond A. J., Brooker O., Harris A. J. et. al. (2006). How to Design Concrete Structures using Eurocode 2. 2006.
104 p.

5. BubbleDeck [web source] URL: http://www.BubbleDeck.com (date of reference: 28.09.2013).

6. Cobiax [web source] URL: http://www.cobiax.com/en (date of reference: 28.09.2013).

7. U-boot [web source] URL: http://www.daliform.info/lUSB/download/referenze/Uboot_reference.pdf (date of
reference: 28.09.2013).

8. Schnellenbach-Held M., Ehmann S., Pfeffer K. (1998). BubbleDeck - New Ways in Concrete Building.
Technische Universitat Darmstadt, DACON. 1998. Vol. 13. Pp. 93-100.

9. Schnellenbach-Held M., Ehmann S., Pfeffer K. (1999). BubbleDeck Design of Biaxial Hollow Slabs. Technische
Universitat Darmstadt, DACON. 1999. Vol. 14. Pp. 145-152.

10. Prof. Kleinman. (1999). BubbleDeck Report from A+U Research Institute. Eindhoven University of Technology.
1999. Pp. 14-15.

11. Koning B. (1998). BubbleDeck Test Report. The Netherlands. 1998. Pp. 3-9.

12. Report of BubbleDeck from Technische Universitaet in Cottbus. 1999. Pp. 10-12.

13. Report from the Eindhoven University of Technology. Broad comparison of concrete floor systems. 1997. Pp. 13-
14,

14. BubbleDeck Report from Technical University of Denmark. 2003. Pp. 9-11.

15. Report from Adviesbureau Peutz & Associes b.v. Comparison of BubbleDeck vs. Hollow core. Netherlands.
1997. Pp. 5-11.

16. Optimising of Concrete Constructions. The Engineering School in Horsens / Denmark. 2000. Pp. 18-19

17. Centre for Civil Engineering Research and Codes (CUR), Recommendation 86. Pp. 4-12

18. Schnellenbach-Held M., Denk H. (1999). BubbleDeck Time-Dependent Behaviour, Local Punching Additional
Experimental Tests. Technische Universitat Darmstadt, DACON. 1999. Vol. 14. Pp. 137-144

19. Schnellenbach-Held M., Pfeffer K. (2001). Tragverhalten zweiachsiger Hohlkérperdecken. Beton- und
Stahlbetonbau. 2001. Vol. 96. Issue 9. Pp. 573-578.

20. Pfeffer K. (2002). Untersuchung zum Biege- und Durchstanztragverhalten von zweiachsigen Hohlkdrperdecken.
Fortschritt-Berichte VDI, VDI-Verlag, Disseldorf. 2002. Pp. 144-150.

21. Punching Shear Strength of BubbleDeck. The Technical University of Denmark. 2002. Pp. 5-8.

22. Aldejohann M., Schnellenbach-Held M. (2003). BubbleDeck Test report from University of Darmstad., 2003. Pp.
3-7.

23. Schnellenbach-Held M., Pfeffer K. (2002). Punching behavior of biaxial hollow slabs. Cement and Concrete
Composites. 2002. Vol. 24. Issue 6. Pp. 551-556.

24. Professor Nielsen M. P. (1993). BubbleDeck Report from AEC Consulting Engineers Ltd. The Technical
University of Denmark. 1993. Pp. 4-5.

25. Samokhvalova Ye. O., Ivanov A. D. (2009). Styk kolonny s bezbalochnym beskapitelnym perekrytiyem v
monolithom zdanii [Flat slab-column connection in monolithic building]. Magazine of Civil Engineering. 2009. Vol.
5. Issue 3. Pp. 33-37 (rus)

26. Vatin N. I, Ivanov A. D. (2006). Sopryazheniye kolonny i bezrebristoy beckapitelnoy plity perekrytiya
monolitnogo zhelezobetonnogo karkasnogo zdaniya [Butt joint capitals girderless reinforced concrete slab with a
column in monolithic RC building]. 1zd-vo SPbODZPP. 2006. 83 p. (rus)

27. Klovanich S.F., Shekhovtsov V.I. (2011). Prodavlivaniye zhelezobetonnykh plit. Naturnyy i chislennyy

eksperimenty [Punching in RC slabs. Natural and computational experiments]. 1zd-vo ONMU. 2011. 119 p. (rus)

82

YypakoB A.I'. [IByxocHas nMycTOTHas nfiuTa ¢ MHHOBALMOHHbBIMY BuAamMu nycToT. /
Churakov A.G. Biaxial hollow slab with innovative types of voids. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U coopyxeHunn, 2014, Ne6 (21)
Construction of Unique Building_;s and Structures, 2014, Ne6 (21)

28.

29.

30.
31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,
45,
46.
47.

48.
49.

50.

51.

52.

53.

54.

Filatov V. B. (2012). Silovoye soprotivleniye zhelezobetonnykh monolitnykh ploskikh plit perekrytiy pri
prodavlivanii kolonnami pryamougolnogo secheniya [Power resistance of the ferroconcrete monolithic flat plates
of floorings at punching by rectangular columns]. Samarskiy nauchnyy tsentr RAN. 2012. Vol. 5 Issue 4. Pp.
1322-1324 (rus).

Chung J.H., Choi H.K., Lee S.C. et. al. (2011). Shear Capacity of Biaxial Hollow Slab with Donut Type Hollow
Sphere. Procedia Engineering. 2011. Vol. 14. Pp. 2219-2222.

FIB. Punching of Structural Concrete Slabs. FIB Bulletin. Lausanne, Switzerland. 2001. Vol. 12. Pp. 307

Polak M. A. (2005). Punching Shear in Reinforced Concrete Slabs. American Concrete Institute, Farmington
Hills, MI. 2005. Pp. 302

Kinnunen S., Nylander H. (1960). Punching of Concrete Slabs Without Shear Reinforcement. Transactions of the
Royal Institute of Technology, Stockholm, Sweden. 1960. Vol. 158. Pp. 112

Alexander S. D. B., Hawkins N. M. (2005) A Design Perspective on Punching Shear. American Concrete
Institute, Farmington Hills, MI. 2005. Pp. 97-108.

Hallgren M. (1996) Punching Shear Capacity of Reinforced High Strength Concrete Slabs. Royal Institute of
Technology, Stockholm, Sweden. 1996. 206 p.

Broms C. E. (2006) Concrete Flat Slabs and Footings: Design Method for Punching and Detailing for Ductility.
Royal Institute of Technology, Stockholm, Sweden. 2006. 114 p.

Muttoni A., Schwartz J. (1991). Behaviour of Beams and Punching in Slabs without Shear Reinforcement. IABSE
Colloquium, Zurich, Switzerland. 1991. Vol. 62. Pp. 703-708.

Zhukov V.V., Molchadskiy 1.S., Lavrov V.N. (2006). Raschet predelov ognestoykosti bezbalochnykh perekrytiy
[Calculation of Fire Resistance Limits of Girderless Floors]. Izd-vo FGU VNIIPO MChS Rossii. 2006. Issue 1. Pp.
36-41. (rus).

Nasvik J. (2011). On the bubble: Placing concrete around plastic voids increases efficiency and reduces costs.
Concrete Construction - World of Concrete. 2011. Vol. 56. Issuel2. Pp. 20-22

BubbleDeck, The Lightweight Biaxial Slab [web source] URL:
http://www.bubbledeck.com/download/BubbleDeck_Presentation.pdf (date of reference: 28.09.2013)

BubbleDeck Test report from University of Darmstadt by Markus Aldejohann and Martina Schnellenbach-Held,
2002. Pp. 3-6

TNO-Report for 230 mm BubbleDeck. Fire-safe in 120 minutes. The Netherlands. 1999. 11 p.

Aguado J.V., Espinos A. et. al. (2012). Romero. Influence of reinforcement arrangement in flexural fire behavior
of hollow core slabs. Fire Safety Journal. 2012. Vol. 53. Pp. 72-84.

German Test Certificate Number P-SAC 02/IV-065 according to DIN 4102-2 concerning BubbleDeck slabs.
2001. 6 p.

BubbleDeck Test Report from lan Sharland Ltd. Airborne and Impact Sound Insulation. 2005. 6 p.
BubbleDeck Test Report from Adviesbureau Peutz & Associes b.v. Sound Resistance. 2004. 5 p.
Report on building systems in relation to seismic behaviour. 2005. 6 p.

Adlparvar M.R., et al. (2006). Investigation of seismic behaviour of hollow-core slabs by various methods.
University Tehran South Unit. 2006. 13 p.

Harding P. (2004). BubbleDeck — Advanced Structure Engineering. BubbleDeck article. 2004. Pp. 4-7.

Gartner E. (2004) Industrially interesting approaches to "low-CO2" cements. Cement and Concrete Research.
2004. Vol. 34(9). Pp. 1489-1498.

Worrell E., et al. (2001). Carbon dioxide emissions from the global cement industry. Annual Review of Energy
and the Environment. 2001. Vol. 26. Pp. 303-329.

Guimaraes C. P. (2007). The CO2 uptake of concrete in 100 year perspective. Cement and Concrete Research.
2007. Vol. 37. Pp. 1348-1356.

Van Oss H. G., Padovani A. C. Cement manufacture and the environment, Part II: Environmental challenges and
opportunities. 2003. Vol. 7. Pp. 93-126.

Efficient use of energy utilizing high technology: An assessment of energy use in industry and building. World
Energy Council: London. 1995. Pp. 12-20.

Klein D. Report from American Society of Civil Engineers. Structural engineers, sustainability and LEED. 2007.
33 p. [web source] URL: http://content.asce.org/files/pdf/SEICongressStructuralengineersandLEEDQO7Apr29.pdf
(date of reference: 10.10.2013)

83

YypakoB A.I'. [IByxocHas nMycTOTHas nfiuTa ¢ MHHOBALMOHHbBIMY BuAamMu nycToT. /
Churakov A.G. Biaxial hollow slab with innovative types of voids. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U coopyxeHunn, 2014, Ne6 (21)
Construction of Unique Building_;s and Structures, 2014, Ne6 (21)

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Read J., Read Ch. (2007). BubbleDeck LEED points in North America. 2007. 35 p.

Klein D. (2007). Report from American Society of Civil Engineers. Structural engineers, sustainability and LEED.
2007. p. 39 [web source] URL:
http://content.asce.org/files/pdf/SEICongressStructuralengineersandLEEDO7Apr29.pdf  (date of reference:
10.10.2013)

Frey H., Kuhn V., Lindau D. et. al. (2012). Bautechnik nach Lernfeldern Gesamtband. Formeln und Tabellen.
2012.91 p.

Reports from European Concrete Platform. Concrete for energy-efficient buildings - The benefits of thermal
mass. 2008. Pp. 24-29

Bjarne W. Ol, Liedelt D. F. (2007). Cooling and heating of buildings by activating their thermal mass with
embedded hydronic pipe systems. Technical University of Denmark. 2007. Pp. 13-18

Article from Concretethinkerz. Radiant Floors. [web source] URL:
http://www.concretethinker.com/Papers.aspx?Docld=8 (date of reference: 10.10.2013)

Bjarne W. Ol. (1998). Radiant heating and cooling by embedded water-based systems. Technical University of
Denmark. 1998. Pp. 8-11 [web source] URL: http://www.ashrae.org.sg/Olesen-radiant heating and
cooling.pdf (date of reference: 10.10.2013)

Damtoft J. S. (2006). Thermal advantages of concrete - a European study. Report from Teknologisk Institut,
2006. 13 Pp. [web source] URL: http://www.teknologisk.dk/_root/media/22766_14 Bedre termisk komfort med
beton_JSD.pdf (date of reference: 10.10.2013)

Khairuddin A., Ghasemi M., Fermer. M. (2010). b Ja4 2w 383 Sal scagmagh Jb il va pad w5y 2 54w s
.narl ,dahhsaM .0l e o 340 Aws K3 S aad 3,5 35 32010. Pp. 4-5 (in Persian).

Perth Precast BubbleDeck promises to cut cost and construction time [web source] URL:
http://www.perthprecast.com.au/products/bubble-deck (date of reference: 10.10.2013)

Ceilings - walls - facades [web source] URL: http://nemetschek-
engineering.com/english/solutions/allplan_precast/ceiling-walls-facades.php (date of reference: 10.10.2013)
CobiaxUSA [web source] URL: http://www.cobiaxusa.com/Cobiax_Voided_Flat_Slab_Products.html (date of
reference: 10.10.2013)

Céng nghé san rdng bubble deck [web source] URL: http://xaydung360.vn/diendan/thread/cong-nghe-san-rong-
bubble-deck-3116-1-1.html (date of reference: 10.10.2013)

Daliform group [web source] URL: http://ru.daliform.com/productsru/construction-division/systems-for-lightening-

slabs/u-boot-beton-photo-gallery.php (date of reference: 10.10.2013)

The Curve by Oever Zaaijer [web source] URL: http://www.aasarchitecture.com/2013/07/The-Curve-Oever-
Zaaijer.html (date of reference: 10.10.2013)

LaBahn Arena [web source] URL: http://www.cpd.fpm.wisc.edu/LaBahn-Arena.htm (date of reference:
10.10.2013)

BubbleDeck Eliminates Dead Weight Concrete on University Project [web source] URL:
http://www.forconstructionpros.com/article/10415905/bubbledeck-technology-eliminates-dead-weight-concrete-
on-university-project (date of reference: 10.10.2013)

Andrea Sammut. Saving on cost, time, space. [web source] URL:

http://www.timesofmalta.com/articles/view/20100509/environment/saving-on-cost-time-space.306427 (date of
reference: 10.10.2013).

84

YypakoB A.I'. [IByxocHas nMycTOTHas nfiuTa ¢ MHHOBALMOHHbBIMY BuAamMu nycToT. /
Churakov A.G. Biaxial hollow slab with innovative types of voids. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U coopyxeHunn, 2014, Ne6 (21)
Construction of Unique Building_;s and Structures, 2014, Ne6 (21)

D,BYXOCHaFI nycToTHAasA nnnta ¢ UHHOBaUlMOHHbLIMM BUaamMmm nycTtoT

Yypakos A.l". *

®rAQY BO «CaHkm-lNemepbypackull nonumexHudeckul yHueepcumemy», 195251, Poccusi, CaHkm-lNemepbype,

yn. MNonumexHuyeckas, 29.

UHdopmauums o ctatbe Uctopusna KnroueBble cnosa
CraTtbsa 0 HOBOM 060pyAOBaHMU, MopaHa B pepakumio 29 aHeapsa 2014 nycToTHasa nnuTa,
mMaTepuanax, TeXHUKe U TEXHONOrmAX MpuHaTa 28 masa 2014 Ny3blpbKOBbIE NEPEKPbITUS,
LEED,
Y[K: 691.328.1, 691.327-478 bubbledeck,
cobiax,
u-boot.

AHHOTALINA

KoHmakmHbIl asmop:

M306peTeHune HOBOIO BUAa MYCTOTHbIX nnAuT,
paboTalowmx He No OAHOMY, a ABYM HanpalieHuAM,
cTano HactosiLMMm npopbIBOM Ha pybexe 20 n 21 Bekos.
B TeyeHne nepBoro pecAtTuneTuss ObiIo NpoBeAeHO
MHOXECTBO  WUCCNeAOBaHUA Mo  LenecoobpasHocTu
NPUMEHEHNsT HOBOW TexHonormi. B pgaHHoM cTaTbe
npeacTaBneHbl pasnuyHblie BUAbl OBYXOCHbIX MYCTOTHbIX
NAUT, TEXHONMOrMM CO34aHUA KOTOpbIX MNOSABMASMWCH B
TeyeHne nocnegHux 15 net. B pesynbTate o0630pa
BbiSIBNEHbI MpPeMMyLLecTBa HOBbIX BWOOB MYCTOTHOW
NNUTbl Nepen o6bIYHON LenbHOW NANTON. Takke, B CTaTbe
NPOAEMOHCTPUPOBAHbI Hanbonee  M3BeCTHble  Ha
CErofHsAILLHUA  AeHb NpuMepbl  MPUMEHEHUS  HOBOW
TexHonormn. Bce onbIThbl 1 MccnegoBaHusl, NPOBEAEHHbIE,
B OCHOBHOM, KOMMNaHUSIMU-NPON3BOANTENSIMM,
NoAKpeneHbl HOPMATUBHLIMU akTaMU 1 AOKYMEHTaMM.

+7 (981) 104 6421, temachll@gmail.com (MypakoB Aptemuii leoprueBny, bakanasp)

85

YypakoB A.I'. [IByxocHas nMycTOTHas nfiuTa ¢ MHHOBALMOHHbBIMY BuAamMu nycToT. /

Churakov A.G. Biaxial hollow slab with innovative types of voids. ©



CTpouTenbCTBO YHUKaNbHbIX 34aHUN U coopyxeHun, 2014, Ne6 (21)
Construction of Unique Building_;s and Structures, 2014, Ne6 (21)

TNutepartypa

1. Lancaster L. C. (2005). Concrete Vaulted Construction in Imperial Rome: Innovations in Context // Cambridge
University Press. 2005. Pp. 6-10.

2. AirDeck [web source] URL: http://www.airdeck.be (date of reference: 18.09.2013).

3. EN 1992 Eurocode 2 [web source] URL: http://eurocodes.jrc.ec.europa.eu/showpage.php?id=132 (date of
reference: 22.09.2013).

4. Bond A. J., Brooker O., Harris A. J. et. al. (2006). How to Design Concrete Structures using Eurocode 2. 2006.
104 p.

5. BubbleDeck [web source] URL: http://www.BubbleDeck.com (date of reference: 28.09.2013).

6. Cobiax [web source] URL: http://www.cobiax.com/en (date of reference: 28.09.2013).

7. U-boot [web source] URL: http://www.daliform.info/lUSB/download/referenze/Uboot_reference.pdf (date of
reference: 28.09.2013).

8. Schnellenbach-Held M., Ehmann S., Pfeffer K. (1998). BubbleDeck - New Ways in Concrete Building.
Technische Universitat Darmstadt, DACON. 1998. Vol. 13. Pp. 93-100.

9. Schnellenbach-Held M., Enmann S., Pfeffer K. (1999). BubbleDeck Design of Biaxial Hollow Slabs. Technische
Universitat Darmstadt, DACON. 1999. Vol. 14. Pp. 145-152.

10. Prof. Kleinman. (1999). BubbleDeck Report from A+U Research Institute. Eindhoven University of Technology.
1999. Pp. 14-15.

11. Koning B. (1998). BubbleDeck Test Report. The Netherlands. 1998. Pp. 3-9.

12. Report of BubbleDeck from Technische Universitaet in Cottbus. 1999. Pp. 10-12.

13. Report from the Eindhoven University of Technology. Broad comparison of concrete floor systems. 1997. Pp. 13-
14.

14. BubbleDeck Report from Technical University of Denmark. 2003. Pp. 9-11.

15. Report from Adviesbureau Peutz & Associes b.v. Comparison of BubbleDeck vs. Hollow core. Netherlands.
1997. Pp. 5-11.

16. Optimising of Concrete Constructions. The Engineering School in Horsens / Denmark. 2000. Pp. 18-19

17. Centre for Civil Engineering Research and Codes (CUR), Recommendation 86. Pp. 4-12

18. Schnellenbach-Held M., Denk H. (1999). BubbleDeck Time-Dependent Behaviour, Local Punching Additional
Experimental Tests. Technische Universitat Darmstadt, DACON. 1999. Vol. 14. Pp. 137-144

19. Schnellenbach-Held M., Pfeffer K. (2001). Tragverhalten zweiachsiger Hohlkérperdecken. Beton- und
Stahlbetonbau. 2001. Vol. 96. Issue 9. Pp. 573-578.

20. Pfeffer K. (2002). Untersuchung zum Biege- und Durchstanztragverhalten von zweiachsigen Hohlkdrperdecken.
Fortschritt-Berichte VDI, VDI-Verlag, Disseldorf. 2002. Pp. 144-150.

21. Punching Shear Strength of BubbleDeck. The Technical University of Denmark. 2002. Pp. 5-8.

22. Aldejohann M., Schnellenbach-Held M. (2003). BubbleDeck Test report from University of Darmstad., 2003. Pp.
3-7.

23. Schnellenbach-Held M., Pfeffer K. (2002). Punching behavior of biaxial hollow slabs. Cement and Concrete
Composites. 2002. Vol. 24. Issue 6. Pp. 551-556.

24. Professor Nielsen M. P. (1993). BubbleDeck Report from AEC Consulting Engineers Ltd. The Technical
University of Denmark. 1993. Pp. 4-5.

25. Camoxeanosa E. O., MeaHoB A. [I. CTbik KOMOHHbI C 6e36anoyHbivM GeckanuTenbHbIM MepekpbiTUeEM B
MOHONUTHOM 3aaHuK // ixxeHepHo-cTpouTenbHbIn XypHan. 2009. Ne3(5). C. 33-37

26. Batnd H. U., MBaHoB A. [. ConpsikeHune KOMoHHbl M Ge3pebpucToit GeckanuTenbHON NMAWUTbI NepeKpbITUS
MOHOINNTHOrO Xene306eTOHHOro KapkacHoro 3gaHus. Maa-so CMeO43Ir1, 2006. 83 c.

27. Knoeanuy C.®., LllexoBuoe B.WU. TpogaenueaHue xenes3obeTOHHbIX MNAUT. HaTypHbIl U YUCNEHHbIN
akcnepumenThl. M3g-80 OHMY, 2011. 119 c.

28. dunatoB B. b. CunoBoe conpoTUBNEHNE Xerne3obeTOHHbIX MOHOMUTHBLIX MAOCKUX MAWT MepeKpbITUA npu

NpPOAaBNNBaHUN KONTIOHHAMMK MPSIMOYronibHOro ceveHust // Camapckuin HayyHbin ueHTp PAH. 2012. Ne4(5). C.
1322-1324.

86

YypakoB A.I'. [IByxocHas nMycTOTHas nfiuTa ¢ MHHOBALMOHHbBIMY BuAamMu nycToT. /
Churakov A.G. Biaxial hollow slab with innovative types of voids. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U coopyxeHunn, 2014, Ne6 (21)
Construction of Unique Building_;s and Structures, 2014, Ne6 (21)

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,
45,
46.
47.

48.
49.

50.

51.

52.

53.

54.

55.
56.

Chung J.H., Choi HK., Lee S.C. et. al. (2011). Shear Capacity of Biaxial Hollow Slab with Donut Type Hollow
Sphere. Procedia Engineering. 2011. Vol. 14. Pp. 2219-2222.

FIB. Punching of Structural Concrete Slabs. FIB Bulletin. Lausanne, Switzerland. 2001. Vol. 12. Pp. 307

Polak M. A. (2005). Punching Shear in Reinforced Concrete Slabs. American Concrete Institute, Farmington
Hills, MI. 2005. Pp. 302

Kinnunen S., Nylander H. (1960). Punching of Concrete Slabs Without Shear Reinforcement. Transactions of the
Royal Institute of Technology, Stockholm, Sweden. 1960. Vol. 158. Pp. 112

Alexander S. D. B., Hawkins N. M. (2005) A Design Perspective on Punching Shear. American Concrete
Institute, Farmington Hills, MI. 2005. Pp. 97-108.

Hallgren M. (1996) Punching Shear Capacity of Reinforced High Strength Concrete Slabs. Royal Institute of
Technology, Stockholm, Sweden. 1996. 206 p.

Broms C. E. (2006) Concrete Flat Slabs and Footings: Design Method for Punching and Detailing for Ductility.
Royal Institute of Technology, Stockholm, Sweden. 2006. 114 p.

Muttoni A., Schwartz J. (1991). Behaviour of Beams and Punching in Slabs without Shear Reinforcement. IABSE
Colloquium, Zurich, Switzerland. 1991. Vol. 62. Pp. 703-708.

Kykos B.B., Monuyaackuii W.C., NaBpoB B.H. PacyeT npenenos orHectonkocT 6e36anoyHbix nepekpbitnid. N3a-
Bo ®I'Y BHAMIMO MYC Poccuun. 2006. Ne1. C. 36-41.

Nasvik J. (2011). On the bubble: Placing concrete around plastic voids increases efficiency and reduces costs.
Concrete Construction - World of Concrete. 2011. Vol. 56. Issuel2. Pp. 20-22

BubbleDeck, The Lightweight Biaxial Slab [web source] URL:
http://www.bubbledeck.com/download/BubbleDeck_Presentation.pdf (date of reference: 28.09.2013)

BubbleDeck Test report from University of Darmstadt by Markus Aldejohann and Martina Schnellenbach-Held,
2002. Pp. 3-6

TNO-Report for 230 mm BubbleDeck. Fire-safe in 120 minutes. The Netherlands. 1999. 11 p.

Aguado J.V., Espinos A. et. al. (2012). Romero. Influence of reinforcement arrangement in flexural fire behavior
of hollow core slabs. Fire Safety Journal. 2012. Vol. 53. Pp. 72-84.

German Test Certificate Number P-SAC 02/IV-065 according to DIN 4102-2 concerning BubbleDeck slabs.
2001. 6 p.

BubbleDeck Test Report from lan Sharland Ltd. Airborne and Impact Sound Insulation. 2005. 6 p.
BubbleDeck Test Report from Adviesbureau Peutz & Associes b.v. Sound Resistance. 2004. 5 p.
Report on building systems in relation to seismic behaviour. 2005. 6 p.

Adlparvar M.R., et al. (2006). Investigation of seismic behaviour of hollow-core slabs by various methods.
University Tehran South Unit. 2006. 13 p.

Harding P. (2004). BubbleDeck — Advanced Structure Engineering. BubbleDeck article. 2004. Pp. 4-7.

Gartner E. (2004) Industrially interesting approaches to "low-CO2" cements. Cement and Concrete Research.
2004. Vol. 34(9). Pp. 1489-1498.

Worrell E., et al. (2001). Carbon dioxide emissions from the global cement industry. Annual Review of Energy
and the Environment. 2001. Vol. 26. Pp. 303-329.

Guimaraes C. P. (2007). The CO2 uptake of concrete in 100 year perspective. Cement and Concrete Research.
2007. Vol. 37. Pp. 1348-1356.

Van Oss H. G., Padovani A. C. Cement manufacture and the environment, Part |I: Environmental challenges and
opportunities. 2003. Vol. 7. Pp. 93-126.

Efficient use of energy utilizing high technology: An assessment of energy use in industry and building. World
Energy Council: London. 1995. Pp. 12-20.

Klein D. Report from American Society of Civil Engineers. Structural engineers, sustainability and LEED. 2007.
33 p. [web source] URL: http://content.asce.org/files/pdf/SEICongressStructuralengineersandLEEDO7Apr29.pdf
(date of reference: 10.10.2013)

Read J., Read Ch. (2007). BubbleDeck LEED points in North America. 2007. 35 p.
Klein D. (2007). Report from American Society of Civil Engineers. Structural engineers, sustainability and LEED.
2007. p. 39 [web source] URL:

87

YypakoB A.I'. [IByxocHas nMycTOTHas nfiuTa ¢ MHHOBALMOHHbBIMY BuAamMu nycToT. /
Churakov A.G. Biaxial hollow slab with innovative types of voids. ©



CTpouTenbCTBO YHUKaNbHbLIX 34aHUM U coopyxeHunn, 2014, Ne6 (21)
Construction of Unique Building_;s and Structures, 2014, Ne6 (21)

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

http://content.asce.org/files/pdf/SEICongressStructuralengineersandLEEDO7Apr29.pdf  (date of reference:
10.10.2013)

Frey H., Kuhn V., Lindau D. et. al. (2012). Bautechnik nach Lernfeldern Gesamtband. Formeln und Tabellen.
2012. 91 p.

Reports from European Concrete Platform. Concrete for energy-efficient buildings - The benefits of thermal
mass. 2008. Pp. 24-29

Bjarne W. Ol, Liedelt D. F. (2007). Cooling and heating of buildings by activating their thermal mass with
embedded hydronic pipe systems. Technical University of Denmark. 2007. Pp. 13-18

Article from Concretethinkerz. Radiant Floors. [web source] URL:
http://www.concretethinker.com/Papers.aspx?Docld=8 (date of reference: 10.10.2013)

Bjarne W. Ol. (1998). Radiant heating and cooling by embedded water-based systems. Technical University of
Denmark. 1998. Pp. 8-11 [web source] URL: http://www.ashrae.org.sg/Olesen-radiant heating and
cooling.pdf (date of reference: 10.10.2013)

Damtoft J. S. (2006). Thermal advantages of concrete - a European study. Report from Teknologisk Institut,
2006. 13 Pp. [web source] URL: http://www.teknologisk.dk/_root/media/22766_14_ Bedre termisk komfort med
beton_JSD.pdf (date of reference: 10.10.2013)

Khairuddin A., Ghasemi M., Fermer. M. (2010). allias 0o 2 56 vasa 3l S Sal o Gisaa g Jag (b Jaa oy
px 3,0 25 560 des K3 Ss uwigas 4 .pP .0102 .narl ,dahhsaM .ol -5 (in Persian).

Perth Precast BubbleDeck promises to cut cost and construction time [web source] URL:
http://www.perthprecast.com.au/products/bubble-deck (date of reference: 10.10.2013)

Ceilings - walls - facades [web source] URL: http://nemetschek-
engineering.com/english/solutions/allplan_precast/ceiling-walls-facades.php (date of reference: 10.10.2013)

CobiaxUSA [web source] URL: http://www.cobiaxusa.com/Cobiax_Voided_Flat_Slab_Products.html (date of
reference: 10.10.2013)

Coéng nghé san réng bubble deck [web source] URL: http://xaydung360.vn/diendan/thread/cong-nghe-san-rong-
bubble-deck-3116-1-1.html (date of reference: 10.10.2013)

Daliform group [web source] URL: http://ru.daliform.com/productsru/construction-division/systems-for-lightening-
slabs/u-boot-beton-photo-gallery.php (date of reference: 10.10.2013)

The Curve by Oever Zaaijer [web source] URL: http://www.aasarchitecture.com/2013/07/The-Curve-Oever-
Zaaijer.html (date of reference: 10.10.2013)

LaBahn Arena [web source] URL: http://www.cpd.fom.wisc.edu/LaBahn-Arena.htm (date of reference:
10.10.2013)

BubbleDeck Eliminates Dead Weight Concrete on University Project [web source] URL:
http://www.forconstructionpros.com/article/10415905/bubbledeck-technology-eliminates-dead-weight-concrete-
on-university-project (date of reference: 10.10.2013)

Andrea Sammut. Saving on cost, time, space. [web source] URL:
http://www.timesofmalta.com/articles/view/20100509/environment/saving-on-cost-time-space.306427 (date of
reference: 10.10.2013).

88

YypakoB A.I'. [IByxocHas nMycTOTHas nfiuTa ¢ MHHOBALMOHHbBIMY BuAamMu nycToT. /
Churakov A.G. Biaxial hollow slab with innovative types of voids. ©



