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Abstract— In buildings, slab is one of the important structural member as well as the largest member consuming concrete. Therefore by using high
density polyethylene balls the consumption of concrete can be optimized. The advantages of bubble deck slab are less energy consumption both in
production, transport and less emission of exhaust gases. The main aim is to study the practicality of hollow plastic balls in a reinforced concrete slab.
The range of the study involves evaluating the flexural strength and behavior of light weight slab and conventional slab by analytical and experimental
work. The slab specimen casted were of three types namely, conventional slab, B.D.S of 50 mm diameter and B.D.S of 100 mm diameter having
dimensions of 750 mm X 500 mm X 150 mm. The testing of slab specimen was done on universal testing machine by giving one point line loading. Finite
element analysis on slab specimen is also done by using ANSYS WORKBENCH 16.0. From the results it can be concluded that Bubble deck slab of 50
mm and 100 mm diameter can be used in practice, as the deflection values of the particular slabs are within the permissible limit as stated in IS Code.

Index Terms— ANSYS WORKBENCH, Bubble Deck Slab, Finite Element Analysis, , Flexural Strength, High Density
Polyethylene, Light Weight Slab
——————————  ——————————

1 INTRODUCTION
Voided slabs are R.C.C slabs which decrease the amount of
concrete with the help of voids. Concrete has been used for
many years and has played a chief role in creating vast
infrastructure as well as residential projects. The utilization of
R.C.C is accredited by Joseph-Louis in the year 1848 and then
in 1868 by a French gardener, Joseph Monier who patented
R.C.C beams and posts for railway and road guardrails. [1]
The significant obstacle in horizontal slab concrete structures i
s the elevated weight, which restricts the span and this is why
significant advances in R.C.C have concentrated on improving
the span, reducing the heaviness or overcoming the natural
stress defects of concrete. The Pantheon in Rome, built in 125
AD, is an early example of this. [1]
In buildings, slab is one of the chief structural member as well
as the major member consuming concrete. Nowadays, people
have great interest in building long span structures because of
which the slab thickness also increases. The rise in the depth of
slab makes the plate heavier and increases the size of the
column and base. This in context increases the use of concrete
and steel in the construction. Several efforts have been
produced from many years to produce two way slabs with
unoccupied cavities to reduce slab’s weight.
Hence to lessen the self-weight and boost the stability of slab
we use bubbles in slab. This is a technique of almost
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eliminating concrete from the tension zone, which does not
play any structural purpose, thus reducing the structural
dead weight. The balls are made up from waste plastic
material and referred as High density polyethylene balls. They
are hollow and lighter in weight.
The light weight slab is an inventive bi-axial flooring scheme
created by Jorgen in Europe in the 1990s (Bubble deck – UK
2008). The light weight deck knowledge utilizes spheres
prepared of plastic to produce the space voids while at the
same time offering arch action authority. The Bubble Deck
therefore has any benefits compared to standard concrete
slabs, such as: reduced overall price, material reduction,
enhanced structural skills, reduced building time, and is a
green technology. It has attracted a lot of attention from the
world's technicians and scientists. For example, Paul (2004)
evaluated the Bubble Deck's significant highlights and
proposed to contractors this new framework. Marais et al.
(2010) examined the cost-effective value of South Africa's
inner spherical void formers (SVF) plates and contrasted the
immediate building costs with those of two other big span slab
structures that is coffers. They found that the rigidity of S.V.F
plate regions must be decreased by about ten % compared to a
strong slab of the same depth. Tina in 2010 studied light deck
slabs structural behaviors and proposed applying to light
weight bridge decks. Calin and Asavoaie (2010) submitted the
investigational scheme referring to R.C.C plates with gaps and
involving the creation of 1:1 scale rigid slab component. The
findings showed the features of cracking, deformation and
failures of slabs undergoing static gravitational loading.
Unluckily, all the above trials have to do with Bubble Deck
research using simply unfilled balls.
Slabs, functions as the primary members used for berthing
purposes in any structure and also for transferring the loads to
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other structural members. The concrete in the slab is not
completely used as per the research conducted. The concrete
which is placed in tension zone is unspecified to carry no load
and hence is idle. The unused concrete accounts for up to 80%
of the complete concrete quantity. This unused concrete
cannot be removed completely as it decreases the ability of
load carrying and also improves deflection etc. So a partial
volume of this unused concrete can be replaced by any way
possible such as void formers, which merely create voids. The
void formers can be of any shape and material. Using recycled
plastic as void formers will lessen the impact on the
environment.

Fig.1. Bubble deck technology

2 LITERATURE REVIEW
Jasna Jamal et.al (2017) [2]:
The document outlines the analytical job performed on the
bubble cover plate using finite element package, ANSYS, with
spherical and elliptical spheres of M25 and M30 grade. ANSYS
models with dimensions 1250x1250x230 was made for
dimensional bubble deck plates with spherical balls.
 Elliptical ball bubble deck plate with greater load
capability than spherical ball deck plate.
 The spherical and elliptical ball of M30 grader concrete
bubble deck plate demonstrates a better result than the
M25 grade bubble deck plate
 Bubble deck slab saves a single spherical ball by weight
up to 33.15 percent, and an elliptical ball by 34.90 percent.
Sonal R. Naik et.al (2017) [9]:
The article discusses the analysis done by means of a final
element assessment and a direct design estimate using
IS456:2000 to compare the bubble deck void slab scheme with
standard flat slab scheme, in order to study the behaviour of
bending moment, shear force, deflections and responses
owing to modification in length of multiple load
circumstances. The analysis of G+12 structure size for 6mx 7
m, 7 m x 8 m, 8mx 9 m grid systems was conducted to study
the seismic compliance of the structure because of reduced
weight of the structure. The findings achieved afterwards
were-
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The deflection results are almost the same as those of solid
flat plate with the same load at the same point for all
voided platform cases.
 Similarly, for a number of cases of voided and solid flat
plate, the results of moment are also observed. The
findings may show that the slabs momentum is
condensed by 7 to 10 percent of the strong flat slab at the
same stage under equal charging situation owing to a
decrease in the own weight of the voided plate.
 The conclusion is that the base structure and its shear is
lowered by 12 to 14 per cent by a decreased concrete
weight, using a voided flat slab scheme.
Neeraj Tiwari et.al (2016) [4]:
The document discusses the tests performed for comparing
the plate with the plate of the bubble deck. The solid slab
dimensions are: 0.5 m x 0.5 m x 0.18 m. This assessment
demonstrates that the Bubble Deck technology in the office
floor scheme is more effective than a strong standard deck.
The findings were as follows:
 Bubble Deck is better than standard strong plates.
 Inner strength & peak stresses inside the deck with the
use of HDPE spheres are up to 40 percent less than the
strong lab.
 The deflection of bubbles was less than 10 percent because
of the reduction in rigidity.
 These findings suggest that this sort of sheet gives better
durable floor covering under the dominant gravity and
uniform charges, with enhanced lengthy term outcomes.
L.V.Hai1, V.D.Hung et.al (2015) [5]:
This article examines the behaviour of light weight deck by
using spherical balls and modified elliptical balls. Total 5
samples from the Bubble Deck were cast 1900x800x230 mm
dimension. The document concludes that enhanced loadbearing capability in the lightweight deck can be obtained
through the use of the hollow elliptical balls. The Bubble Deck
therefore offers a promising perspective of the advanced
design and can be effectively implemented both in the
Vietnamese construction industry and in different nations.
Adel A. Al- Azzawiand Ali Omar et.al (2018) (6):
This article examined various researches on the voided slab
scheme. Each specialist factor of an empty plate system on
which the author performs an exploratory examination is
systematically tabled in this document. The knowledge of the
suggested objectives involves documentation and theoretical
research of the entire job performed by a number of designers
on a void sectional concept. The preceding research was Waffles have greater bending rigidity than strong plates,
it was noted.
 Deviation was reduced by decreasing the void diameters
and by increasing the strengthening.
 Dropping the percentage of void depth increases the load
distribution on the empty plates.
 Results from the experiment showed that, according to
prior research, the best per cent of the decrease in the
cross-section of empty layers was 30% to 40%.
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Results have stated that, rather than circular, square and
rectangular solids decrease the final ability of the hollow
core plates by 2.8% and by 14.7% in relation to linear
vacuums.
 The rises in hollow core diameter to double result in a rise
of 14% in torsional rigidity.
 The failure mode of hollow-centre plates altered for plates
with a depth ratio above 200 mm. The reduced shear span
to an efficient depth relation for light weight strong plates
adds up to a maximum cracking strength. The fault mode
shifts from bending to shear flexure.
 The shear capability is considerably improved with the
minimum shear enhancement.
 The greatest percentage weight reductions for voided
plates (19percent to 35 percent) acquired during these
research.
Devang M. Sarvaiya et.al (2017) [7]:
The document defines the behavior of empty sheets subject to
the bubble diameter / platform thickness proportion. Based on
a single loading frame, two dimensional flexure tests have
been evaluated. Two voids with a diameter of 37 and 45 mm
were used. A 5-point loading system tests for ball diameter to
plate thickness ratios for voided plate (0.47 and 0.57) was
carried out. The findings were that the rigidity values of the
spherical void plate were not very different from the
traditional plate. Taking into consideration the outcomes so
far obtained, two-way round void plate act basically as
generally strong R.C plate. In comparison with references of
solid plates, (without plastic spheres), voided plates have
(100%) a final load of similar reference solid plates, but only
(84%, 69%) the cement volume because of the plastic spheres,
the result was the application of plastic balls in R.C.C plate (B /
H=0.47 and 0.57, respectively).

3.

3 OBJECTIVES



1.
2.
3.
4.
5.

The main aim is to study the practicality of hollow plastic
balls in a reinforced concrete slab.
Present a method to compare every single parameter
between strong standard plate and light weight slab.
To study standard slab and B.D.S bending (deflection)
behaviour.
To investigate the comportment of a standard deck.
Effects in the light weight concrete slab when hollow
plastic balls are used (HDPE-High polyethylene Density).

ISSN 2277-8616

Designing and modelling of conventional slab and bubble
deck slab by using ANSYS WORKBENCH.
A comparative study of conventional slab with bubble
deck slab.
To study ultimate load carrying capacity, bending
strength and deflection behaviour.

4.
5.

5 MATERIAL DESCRIPTION AND PROPERTIES
TABLE 1
MATERIAL PROPERTIES
MATERIALS

CONCRETE
(M25)

STEEL

HIGH DENSITY
POLYETHELYNE
BALLS

PROPERTIES
Modulus of
Elasticity in
MPa
Compressive
ultimate strength
in MPa
Poisson’s ratio
Modulus of
Elasticity in
MPa
Tensile yield
strength in
MPa
Poisson’s ratio
Modulus of
Elasticity in
MPa
Poisson’s ratio
Density in kg/m3

VALUE
2500
25
0.2
200000
500
0.3
1030
0.4
950

6 EXPERIMENTAL INVESTIGATION


Firstly, design procedure and calculations of B.D.S 50 mm,
B.D.S 100 mm and conventional slab was prepared having
common dimensions of 750 mm X 500 mm X 150 mm.
Secondly, testing of materials like cement, fine aggregates
and coarse aggregates was done.
Preparation of concrete mix design. (For M25 grade).
After obtaining the design procedure of conventional slab,
voided slab and concrete design mix, the next procedure
was the casting of specimen for testing purpose.




TABLE 2

DESCRIPTIONS OF SPECIMENS
SPECIMEN

SIZE

NO.

CUBES

0.15 m X 0.15 m X 0.15 m

3

C.S

0.75 m X 0.5 m X 0.15 m

5

B.D.S 50

0.75 m X 0.5 m X 0.15 m

5

B.D.S 100

0.75 X 0.5 m X 0.15 m

5

4 METHODOLOGY
To achieve the objectives of this research, the following tasks
will be executed:
1. Review previous research related to the subject of voided
slab designing and modelling.
2. Conducting an experimental analysis by casting
conventional slab and bubble deck slab using HDPE
spherical balls of different diameters.
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(b)
Fig.2. Setup for Testing



:

After casting, the testing of slab specimens was simply
supported placed on universal testing machine and
adjusted to the centre line, supports, and point load.
The slab was simply supported at all edges by two steel
beams, two rods were provided in the upper surface to
minimize fixed end moments and other error from
support condition during the test.
Specimens were tested under one point load system using
steel rod to satisfy the actual loading condition
The deflection of the specimens was measured from CHT
VS load graph which is generated at computer.

(a)

TABLE 3

SPECIMEN
B.D.S 50 1
B.D.S 50 2
B.D.S 50 3
B.D.S 50 4
B.D.S 50 5
B.D.S 100 1
B.D.S 100 2
B.D.S 100 3
B.D.S 100 4
B.D.S 100 5
C.S 1
C.S 2
C.S 3
C.S 4
C.S 5

(EXPERIMENTAL)
LOAD(kN) DEFLECTION(mm)
115
9.947
125
10.81
130
11.25
131
11.33
140
12.11
107
10.62
115
11.41
119
11.814
120
11.91
125
12.41
150
7.33
165
8.07
168
8.21
170
8.45
175
8.56

Fig.3. Testing of B.D.S 50
mm

Fig.4. Cracking of B.D.S 50
mm

Fig.5. Testing of B.D.S 100
mm

Fig.6. Cracking of B.D.S
100 mm

7 ANALYTICAL INVESTIGATION

The results obtained of slab specimen were as follows:
1) Slab specimens of B.D.S 50 mm, B.D.S 100 mm and
Conventional slab:

RESULTS OF SLAB SPECIMENS

ISSN 2277-8616

Three dimensional bubble deck slabs with spherical balls are
modeled in ANSYS WORKBENCH with dimension of
(750x500x150).
 The voids are of two types in spherical shape with
diameter of 50 mm and 100 mm respectively which is
same as that of experimental work.
 They are assumed to be made of High Density
Polyethylene (HDPE) provided with centre to centre
spacing of 100mm for both the sizes.
 The reinforcements are placed in two meshes one at the
bottom part and one at the upper part that can be tided or
welded. Upper meshed layer having diameter of 3 mm
and lower meshed layer having diameter of 6 mm.
 The results like total deformation, directional deformation
and normal stresses are carried out in FE analysis of slabs.

6.1 Geometry.

Fig.7. Modeling of B.D.S 50 mm
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2.

ISSN 2277-8616

Bubble deck slab 100 mm:

TABLE 5
RESULTS OF B. D. S 100 MM
(Analytical)
SPECIMEN
B.D.S 100 1
B.D.S 100 2
B.D.S 100 3
B.D.S 100 4
B.D.S 100 5

Fig.8. Modeling of B.D.S 100 mm

6.2 Modelling.
3.

LOAD
(kN)
107
115
119
120
125

DEF.
(mm)
9.9499
10.688
11.06
11.153
11.618

STRESS
(MPa)
7.4315
7.9871
8.2649
8.3344
8.6816

STRAIN
2.97E-04
3.19E-04
3.31E-04
3.33E-04
3.47E-04

Conventional slab:

TABLE 6
RESULTS OF CONVENTIONAL SLAB
(Analytical)
SPECIMEN
C.S 1
C.S 2
C.S 3
C.S 4
C.S 5

Fig.9. Meshed model of B.D.S 50 &100 mm

6.3 Boundary Conditions and loading

LOAD
(kN)
150
165
168
170
175

DEF.
(mm)
6.6994
7.3694
7.5033
7.5927
7.816

STRESS
(MPa)
10.421
11.463
11.671
11.81
12.158

STRAIN
4.17E-04
4.59E-04
4.67E-04
4.72E-04
4.86E-04

Fig.10. Boundary Conditions and Loading
Fig.11. Total Deformation of B.D.S 50 mm
Fig.11. Total Deformation of B.D.S 50 mm

The results obtained of slab specimen were as follows:
1.

Bubble deck slab 50 mm:

TABLE 4
RESULTS OF B. D. S 50MM
(Analytical)
SPECIMEN
B.D.S 50 1
B.D.S 50 2
B.D.S 50 3
B.D.S 50 4
B.D.S 50 5

LOAD
(kN)
115
125
130
131
140

DEF.
(mm)
9.00063
9.7867
10.173
10.248
10.952

STRESS
(MPa)
7.9838
8.678
9.0251
9.0946
9.7194

STRAIN

Fig.12. Total Deformation of B.D.S 100 mm

3.19E-04
3.47E-04
3.61E-04
3.64E-04
3.89E-04

Fig.13. Total Deformation of C.S
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7 RESULTS AND DISCUSSIONS
TABLE 7
RESULTS OF B. D. S 50MM
(Experimental)
LOAD
(kN)

AVG.
LOAD
(kN)

115

DEF.
(mm)

AVG.
DEF.
(mm)

9.947

125

DEFORMATION

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 08, AUGUST 2019

14
12
10
8
6
4
2
0

128.2

11.33

140

12.11

Def 2
Def 3
Def 4
Def 5
50

11.08

TABLE 9
RESULTS OF C.S
(Experimental)

10

Def 2
Def 3

5

Def 4
0

LOAD

100

150

AVG.
LOAD
(kN)

7.33

165

8.07
165.6

AVG.
DEF.
(mm)

DEF.
(mm)

150

168

Def 5

8.124

8.21

170

8.45

175

8.56

Fig.14. Load V/S Deformation of B.D.S 50 mm (Exp)

TABLE 8
RESULTS OF B. D. S 100MM
(Experimental)
LOAD
(kN)

AVG.
LOAD
(kN)

107

AVG.
DEF.
(mm)

11.814

120

11.91

125

12.41

Def 1

6

Def 2

4

Def 3

2

Def 4
Def 5
0

11.41
117.2

8

0

10.62

115
119

DEF.
(mm)

10
DEFORMATION

DEFORMATION

LOAD
(kN)

Def 1

50

150

Fig.15. Load V/S Deformation of B.D.S 100 mm (Exp)

15

0

100
LOAD

11.25

131

Def 1

0

10.81

130

ISSN 2277-8616

11.63

100
LOAD

200

Fig.16. Load V/S Deformation of C.S (Exp)
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TABLE 10
RESULTS OF B. D. S 50MM
(Analytical)
LOAD
(kN)

AVG.
LOAD
(kN)

DEF.
(mm)

ISSN 2277-8616

TABLE 12
RESULTS OF C.S
(Analytical)
AVG.
DEF.
(mm)

LOAD
(kN)

AVG.
LOAD
(kN)

DEF.
(mm)

115

9.00063

150

6.6994

125

9.7867

165

7.3694

130

128.2

10.173

131

10.248

140

10.952

10.03

168

165.6

7.5033

170

7.5927

175

7.816

AVG.
DEF.
(mm)

7.45

DEFORMATION

10
8

Def 1

6

Def 2

4

Def 3

2

Def 4

0
0
Fig.17. Load V/S Deformation of B.D.S 50 mm (Analytical)

100

200

Def 5

LOAD


TABLE 11
RESULTS OF B. D. S 100MM (ANALYTICAL)

Fig.19. Load V/S Deformation of C.S (Analytical)

8 CONCLUSION
LOAD
(kN)

AVG.
LOAD
(kN)

DEF.
(mm)

107

9.9499

115

10.688

119

117.2

11.06

120

11.153

125

11.618

1.

AVG.
DEF.
(mm)

2.
3.
10.89

4.
5.
6.

7.

8.

Fig.18. Load V/S Deformation of B.D.S 100 mm (Analytical)

The ultimate load carrying capacity of B.D.S 50 mm is less
than conventional slab by 22.58% and higher than B.D.S 100
mm by 8.5%.
The dead weight of B.D.S 50 mm is less than conventional
slab by 2.85% and higher than B.D.S 100 mm by 23.52%.
The deflection of B.D.S 50 mm is higher than conventional
slab by 26.71% and less than B.D.S 100 mm by 4.72% for
experimental investigation. The deflection of B.D.S 50 mm is
higher than conventional slab by 25.72% and less than B.D.S
100 mm by 7.89% for analytical investigation.
The ultimate load carrying capacity of B.D.S 100 mm is less
than conventional slab by 29.22%.
The dead weight of B.D.S 100 mm is less than conventional
slab by 25.71%.
The deflection of B.D.S 100 mm is higher than conventional
slab by 30.18% for experimental investigation. The deflection
of B.D.S 100 mm is higher than conventional slab by 31.58%
for analytical investigation.
From the above conclusions we can draw that Bubble deck
slab of 50 mm and 100 mm diameter can be used in practice,
as the deflection values of the particular slabs are within the
permissible limit which are stated in the slab design section.
It is recommended to use B.D.S of 100 mm in practice as it is
more beneficial in saving the concrete because,

Weight reduction is 23.52% more than B.D.S of 50 mm
(in both experimental and analytical analysis).
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Though load carrying capacity is 8.5% less than B.D.S of
50 mm (in both experimental and analytical analysis)
and deflection is 4.72% (experimental analysis) and
7.89% (analytical analysis) higher than B.D.S of 50 mm,
these values are less and significant. Where light weight
is also a major concern and shows significance.
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