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Abstract 
 
The Europe developed system works with replacement of the ineffective 

concrete in the center of the slab. High-density polyethylene hollow spheres 

were used for creating the void and their arch action provides sufficient 

strength. This concept of linking results in 35% effective decrease in the dead 

weight of the slab with increased capacity of same thickness. The total 

material cost, structural efficiency and the dead weight can be significantly 

cut down using this biaxial concept of slab construction. As the amount of 

ineffective concrete is saved all the unnatural emission of gasses in 

production and transportation are reduced making this a green technology as 

well. These slabs are henceforth thinner, lighter and stronger as well as 

comparison with conventional slab. Ascrupulous review of bubble deck slab 

and its properties was being carried out in this paper. The main objective of 

this paper is to study the structural behavior of bubble deck slab under 

various conditions in order to gain an understanding on this new technique 

and to compare it to the current slab systems. 

 

Keywords: Bubble deck slab, High-density polyethylene spheres, biaxial 

slab, voided slabs, light weight structures. 

 

1 Introduction 
 

The principle of providing voids within the concrete slabs to work out 

the dead weight of the structures was termed as hollow core slab system.  

 
Journal of Green Engineering, Vol. 10_10, 8896-8905. 

© 2020 Alpha Publishers. All rights reserved 



 
 

 

 

 

 
8897   Aditya Kumar Tiwary   

 

In the middle 20
th
, the removal of ineffectual concrete from the slab to 

reduce the overall structural weight to strength ratio developed a drawback in 

maintaining the resistance of the slab from shear and fire and this overall 

affected the structural integrity. Jorgen breuning in the 90’s came up with an 

idea which almost overcame the weak links of the previously followed 

system. The concept was to replace the ineffective concrete within the slab 

using high density spherical balls. The spherical balls allowed the slabs to 

maintain its dead weight at the same time the spheres provide strength using 

their arch action as well, which intern helps the slab to maintain their weight 

to strength ratio. The hollow spheres have a gentle graduated force flow and 

a three dimensional structure because of which it doesn’t affect the structural 

strength of the slab; this in turn helps the bubble decks to possess better force 

distribution than the hollow decks. Different brands have adopted the plastic 

voided slab system with slight differences in design between them. Majorly it 

includes U-BOOT Beton,Cobiax and The Bubble Deck Slab[1], [2].  

The bubble deck slabs can be produced in three different forms that are: 

 Filigree Elements which comes in a combination of constructed and 

unconstructed elements. Unattached reinforcement, a precast finished 

part of particular depth is transported on site with bubbles. 

 Reinforcement Modules comes in sandwiched pre assembled steel mesh 

with plastic spherical balls lay on site; form worked and concreted using 

traditional methods. 

 Finished Planksun like the previous methods include the high density 

spheres, the reinforcement mesh and the concrete in its finished form is 

brought onsite after manufacturing to its final depth. They however are 

restricted for shorter spansA4 size page layout with margin 1‖ along top, 

bottom, left & right respectively[3], [4]. 

 

2  Research Background 

Various tests have been carried out revealing the familiarity of the solid 

slab system in relation to the bubble deck. Some of the tests results show 

increased shear strength than presumed, indicating a positive influence of the 

balls on the proposed system[5], [6]. The high density spheres further act 

similarly as plasticizer additives proving to be an additional effect in the 

concrete process.An office floor in SAP 2000 using finite element method. 

After verifying the system of bubble deck for the same, modeling for a 

pedestrian bridge was carried out. The author concluded that the bubble deck 

system is more efficient in office flooring when compared against 

conventional slabs but the traditional system turned out to be better for the 

2
nd

 case of pedestrian bridge i.e. the conventional slab case. The author 

concluded with the requirement of further studies in the bubble deck system 

for bridge layouts in order to gain more understanding. It was discussed 

various properties of the bubble deck system, majorly commenting on the  
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bending moment, shear resistance, deflection and the weight reduction of 

bubble deck slabs in comparison with the conventional slabs. They also gave 

the requirement and need of changing the following massive flooring system 

and replacing it with the new modern innovation i.e. the bubble deck 

system[7], [8]. They concluded with the analyzed finite element models in 

SAP 2000 proving the efficiency of bubble deck slab system over the 

traditional ones. Thoroughly commenting on the structural behavior 

including the bending moment, shear resistance, deflection and the weight 

reduction.[9]in their following paper presented a detailed study over the 

properties of the bubble deck slab. They thoroughly investigated the concrete 

eliminating property, void forming bubbles, the reduction of weight and the 

ability to achieve larger spans by maintaining similar structural behavior as 

that of the conventional slab. They further commented on the advantages of 

bubble deck slab which comes along with the combination of factory made 

elements and onsite finalization. They experimentally tried achieving the 

results using hollow elliptical balls for the replacement of ineffective 

concrete. They concluded with statements proving better performance of this 

system under the factors of flexural capacity, shear failure and stiffness.It 

was presented a detailed report enlisting various achievements of the bubble 

deck slab[10], [11]. The paper clearly made a comparison on load carrying 

capacities and concrete utility values between the solid and the bubble deck 

slab. It further explained the types of deck system, their entire production 

process and the drew a clear image of benefits of using bubble deck in 

commercial projects. The author in very interesting and conspicuous manner 

commented over the factor like safety, transportation, environmental 

improvements and also discussed practically successful projects carried using 

the same system. It was used special framed loading conditions in order to 

determine the flexural behavior of the bubble deck slab. They worked out the 

factors like ultimate load, deflection, concrete strain and crack patterns. Four 

different samples of bubble deck slabs were tested having different slab 

thickness ratios. They further tried connecting the crack patterns and flexural 

capacities with the void diameter and different slab thickness ratios. They 

concluded by stating similarities between solid slabs and two-way bubble 

decks under flexural capacities. However, they found little higher deflections 

under service load for the bubble deck slab systems than solid slabs. A 

comparative study on bubble deck and solid slab system was made. The 

modeling of the samples was done using sap2000. They tried working out 

reactions, moments, deflections and the requirement of steel for the modeled 

samples. They further concluded with their observations that the design of 

the decks was optimal as the deflection results for both the types of slabs 

were identical (after applying the stiffness multiplication factor). They also 

observed a reduction in moments for about 10% in the case of bubble deck 

slab. They ended with suggesting similar design methods of traditional solid 

slabs for bubble deck as well after substituting stiffness multiplication factor 

and self-weight.A detailed study was performed over hollow core technology  
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for flooring systems developing since the last 15 years. The paper reviewed 

the advantages of voided slabs over solid slabs. It further demonstrated the 

latest practical projects based on the same system as well. It finally 

concluded with stating the similarities between the solid and voided slabs 

except the edge-column connections. Marked the bubble deck system as 

sustainable and environmentally green technology[12], [13]. It also stated 

that the bubble deck slab system qualifies the LEED points in North 

America.An elaborative amalgamation was given over the history of voided 

slabs, their design provisions and various case studies. He briefly stated the 

points to why this voided slab system will be a major breakthrough in the 

construction industry, stating all its major advantages like flexural abilities, 

cost savings, material consumption, speeding up the construction process, 

larger spans. They conglomerated experimental results from various 

prestigious laboratories of Romania, Denmark, Netherlands and Germany. 

They concluded with their study that the bubble deck slabs with similar steel 

and thickness can give better flexural results and improve upon the shear 

capacity as well. They even commented on the cost savings which can be 

obtained using this system.[14]thoroughly investigated spherical void former 

slabs and tried commenting on the facts like shear resistance, short term 

elastic deflections and economic values attached with the SVF slab system. 

They further carried out laboratory test in order to briefly study the effect of 

different factors like weight reduction, deflection and stiffness on both the 

slabs i.e. SVF and the solid ones, also they carried out a direct comparison of 

construction cost for the same. [15]modeled and analyzed bubble deck slab 

using finite element analysis and made a comparative study with 

conventional slab. The results were validated using laboratory experiments 

over similar models. They analyzed both the slabs with their deflections and 

shear resistance and thoroughly gave the observations. They further studied 

the ultimate load carrying capacity of both the slabs. The end conclusions 

were made stating the need of bubble deck slabs in residential as well as 

commercial buildings as it proved itself better in all the above comparison 

factors.[16]tried to propose all the possible approaches to strike down the 

limitations of the hollow core slabs, which lead to the study of the bubble 

deck slab system which can provide the same structural strength by 

simultaneously working out the weight of the floor slabs. The authors in the 

end concluded with emphasizing the need of bubble deck slabs in flooring 

systems so that the total structural cost, project hours and the structural 

complications could be restrained under certain limits. [17]stated in their 

work that in the conventional slab only a top most percent is what the 

compression zone is all about and rest is the tension zone. They further stated 

that the concrete utilizing the tension zone can be replaced by air voids which 

can be made using high density spherical balls. They stood by the core idea 

of Jorgen and worked out the importance of the removal of ineffective 

concrete from the middle zone of the slab without any noticeable changes in 

the structural  
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behavior.[18]presented a direct comparison between the design procedures 

of conventional R.C.C slab and the bubble deck slab.The conventional R.C.C 

slab was designed using ACI 318-11 building code requirements for 

structural concrete whereas the bubble deck followed BCA using AS3600 

and EC2. This objective helped the author to conclude that conventional 

slabs can go thick and heavy when compared against the bubble deck slabs. 

He further stated that bubble decks can be used for greater spans with 

minimal impact on the structural behavior in totality, the design process 

however requires more number of steps but aren’t that much complicated. 

Bridge layouts in order to gain more understanding.[19]conducted a study of 

the bubble deck system under static loading keeping in mind the various 

other factors affecting the beck slab system (such that the concrete strength, 

reinforcement meshing, diameter of balls etc.). Further they improvised the 

design by replacing the spherical balls with the elliptical ones and a thorough 

comparison was made. The authors gave practical as well as software 

analyzed comparisons and concluded that the elliptical balls have a better 

effect on the deck than the previously used spherical balls. 

 

3 Design Achievements 

The bubble deck system due their inner voids is light in weight. The 

reduction in the weight of the structure brings many advantages along.  

1) Firstly, larger spans can be provided through reduced usage of 

concrete which allows slabs to be less heavy. 

2) These slabs are thicker than the conventional ones but are identical in 

their bending capacities. 

3) Fewer column requirements allowing a good and maximum use of 

space. 

4) They do not usually require beam support which helps in reducing 

the floor to floor height.  

5) The reduced weight of the slabs allows a structure with smaller 

column dimensions; this majorly affects the overall cost of the 

project by reducing the total concrete and steel usage. 

6) The major breakthrough comes with the seismic performance of the 

structures made up using this system. The seismic design of the 

structures is correlated with their weight. Higher the weight of the 

structure the higher will be the applied seismic forces on it which 

increase the requirement for lateral force resisting system. However, 

these factors can be controlled with a lighter design. 
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4 Advantages of Bubble Deck 

The bubble deck system carries many advantages within which some are 

directly a derivative of its light weight and minimized dead load. Some of the 

major advantages can be given as; 

 

4.1 Weight and Material Reduction 

The spherical balls used inside the deck for void creation helps in the 

removal of the ineffectual concrete from the slab. The compressive zone of 

the conventional slab is mostly its top most percentage and the rest falls 

within the tensile zone. The concrete laid in this region is approximately of 

no use and is termed as ineffective. The spherical balls help in the removal of 

the same. The percentage of the removed concrete is what makes the bubble 

deck a light weight concept. The reduced weight affects the column 

dimensions, beams and the lateral resistance for seismic forces. Overall this 

helps in cutting the material usage and the total cost as well. 

 

4.2 Construction and Time Savings 

The slabs casted using this system are much easier and require less 

amount of hours then the conventional slab. The bubble deck slabs in precast 

form may be used to save additional Onsite hours. The curing time is also 

less due to the reduced concrete usage. The bubble deck slabs also cut the 

requirement of beams and helps in the reduction of column size making it 

less laborious to work upon.  

 

4.3 Cost Savings 

Bubble deck cost analysis against the solid deck varies with 

arrangement/placements of columns with bubble deck. The cost reduction 

with appropriate arrangements can move up to 15 to 20%.Similar amount of 

concrete and steel for solid slab costs around 40% more than the bubble deck 

slab.Other miscellaneous savings can be expected in various respects. It 

reduces the percentage use of cranes which becomes beneficial in high rise 

buildings also it causes a reduction in erection cycle. 

 

4.4 Green Design 

The reduction in the materials of construction itself helps this system to 

become environmentally friendly. It also helps in sustainable use of 

materials. The spherical balls used for the void formation are of recycled 

plastic. The steel can be made using recycled steel and also the concrete can 

be  
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manufactured using recycled aggregates. This overall affects the system of 

bubble decks to become more sustainable and environmental friendly. 

 

5 Significant Projects Using Bubble Deck 
 

 Airport Yerevan, Armenia 

 Bamberg physical fitness center in Germany 

 Car park built with bubble deck in Frankfurt, Germany 

 City hall centre, glostrup, Denmark. 

 Dalhousie university, nova Scotia, Canada 

 Fairlanes, Adelaide, Perth 

 Harvey mudd - tlc 

 Labuan arena in Madison, Wisconsin 

 Le coie hotel, jersey, united kingdom. 

 Millennium tower Rotterdam, Netherlands 

 Palazzo lombardia Milan, Italy 

 The curve, Amsterdam, Netherlands. Bubble deck 

 

6 Material Properties 

Bubble Deck is composed of three main materials- plastic spheres, steel 

and concrete, as discussed below; 

 Plastic spheres: Generally recycled plastic balls are used, because to 

reduce wastage of plastics instead of burning the plastics and also to reduce 

the environmental pollution. The cost of plastic balls is low when compared 

to the HDPE. This makes Bubble Deck slabs entirely recyclable. The 

recycled plastic spheres are chemically unreactive in nature with steel and 

concrete. The spheres provide better force flow due to arch action. 

 Steel Reinforcement: Generally high grade steel is used for better 

structural performance. A uniform grade is to be maintained both in top and 

`bottom steel reinforcement. Here 10mm diameter steel bar is used for main 

reinforcement and 8mm diameter steel bar is used for distributor 

reinforcement. Reinforcement provided in both transverse and longitudinal 

direction in the form of welded mesh. 

 Concrete: The concrete is made of standard Portland cement with a 

maximum aggregate size of 3/4 in. No plasticizer is needed. Mix design 

procedure based on the grade used. The concrete used for the precast layer 

can be of common concrete or Self compacting concrete. Minimum grade 

used for concreting should be kept as M30. 

 For simply supported single span: L/d ratio is kept less than 30. 

 For continuously supported multiple span: L/d is kept less than 40. 

 For cantilevers: it is kept less than 10.5 
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The Bubble deck slab can be cast using different slab thickness varying 

from 230mm to 450mm.The part from 510mm to 600mm still requires 

KOMO certification. Different Bubble deck systems can be enlisted asshown 

in table 1. 
Table 1 Different bubble deck systems[18] 

 
 

 

 

 

 

 

 

 

 
 

 

7 Conclusion  

i. The bubble deck slab showcases a better force distribution when 

compared against the conventional slab. 

ii. 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 allows creating foundation 

sizes smaller. 

iii. The technology is environmentally green and sustainable. 

These systems under practical experiences showcase a positive effect of 

spherical balls on the design. It gives higher shear strength than 

presumed. 

iv. The high density spherical balls affect positively on the entire system of 

slab. 

v. Bubble deck cost analysis against the solid deck varies with 

arrangement/placements of columns with bubble deck. The cost 

reduction with appropriate arrangements can move up to 15 to 20%. 

vi. Similar amount of concrete and steel for solid slab costs around 40% 

more than the bubble deck slab. 

vii. Mechanical, Electrical and plumbing (MEP) lines can be easily installed 

by the use of Bubble deck. 

 

 

 

 

Specimens 
Bubble 

diameter(mm) 

Thickness 

of (mm) 

Minimum c/c 

spacing(mm) 

BD230 180 230 200 

BD280 225 280 250 

BD340 270 340 300 

BD390 315 390 350 

BD450 360 450 400 

BD510 405 510 450 

BD600 450 600 500 
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