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Abstract: A key tectonic component in the construction of houses and buildings is the beam.
In essence, the concrete in the centre of the beam, which has no structural value, is removed,
considerably reducing the structural dead load. A beam that has spheres of various sizes and
shapes in place of its centre is referred to as a bubble beam. The advantages of factory-made
materials and components are typically combined with controlled environments, on- and off-
site finishing, and the hollow Bubble Deck technology. Numerous advantages are offered, such
as reduced total costs, reduced material utilization, increased structural efficiency, quicker
construction, and environmental friendliness. In this project, high density polyethylene balls
are used in place of the concrete in the beam's middle. The substance most often used globally.
This study focuses on the impact of the bubble deck system on the concrete's performance with
regard to durability characteristics for structures made of concrete that use bubble deck
technology. In order to promote the safe and sustainable use of this cutting-edge technology in
the construction sector, the research seeks to give a better knowledge of the long-term durability
of bubble deck concrete structures and to identify any possible durability concerns related with
1ts usage.

1.Primary Introduction: The horizontal beam is a kind of structural element for buildings that
can withstand loads applied to its axis. It initially deflects, then bends. The loads applied to the
beam cause reaction forces to be generated at its support points. Shear forces and bending
moments are produced inside the beam when all forces acting on it are combined, leading to
internal stresses, strains, and deflections. Beams can be recognised by their composition, length,
cross-sectional profile, and weight-bearing capacity. Based on how they are supported, beams
can be categorized as simply supported, fixed, overhanging, continuous, cantilever, etc. The
weight of a beam is passed to surrounding compression structural members, such as columns,
walls, or girders, which in turn bear. The building structure is made lighter using the bubble
deck technology, which allows for the removal of several columns and beams and overall time
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savings. Due to its utilization of recycled materials, lower energy consumption, usage of less

building materials overall, lower carbon emissions, and lower transportation and crane lifts,
bubble deck are more ecologically friendly than conventional concrete construction methods.

2. Bubble deck Technology: The most recent technique that lengthens spans to make the depth
of the beam lean lowers the self-weight of the beam while preserving the performance of R/f
concrete beams is called Hollow Bubble-Deck. The "bubble deck method," a novel construction
technique, employs recycled real estate in slabs; by substituting bubbles for portion of the
concrete, the structure's self-weight is reduced. When these hollow balls or bubbles are used to
fill the spaces in the centre of a beam, the beam's strength is Concrete is the most widely used
material worldwide, and RCC projects must be created and constructed correctly to hold the
load over the course of their full lives. Customers desire longer slabs for improved aesthetics
and space. This method mostly works with intricate, gap-filled, two-directional reinforced
concrete slabs. It ensures concrete and energy savings during building construction. This
unique, patent-protected technique was created. Air and steel are in close proximity to one
another. The bubble deck technique reduces the amount of concrete and cement by 30-50%.The
same build-up area significantly decreases carbon emissions when compared to ordinary panels.
There is no risk when working since the gaped bubble deck panels
are connected.Bubble decks come with a lot of advantages, but
they also demand less material, have less effort, cost more, and
require lesser expenses. It is also an eco-friendly technology.
Punching shear resistance is the last requirement.

I”'”l“v”m

Fig 1. Polyethylene Hollow Sphere Ball
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3. Objectives of Research:

*  The usage of a hollow plastic sphere (HDPE, high density polypropylene) in a reinforced
concrete structure is the major goal of this test.

=  Calculation of the quantity of concrete that can be saved by putting balls inside the
structure's core.

=  Getting the Bubble Deck framework ready.

» To compare the bubble deck structure's characteristics to those of the traditional
construction.

* To examine the flexural strength of the bubble-deck construction to determine its
durability.

=  Examine the results of incorporating hollow plastic polypropylene balls into a reinforced
concrete construction.

4. Methodology:
. Create a mix design using grades M 30 and M 35.

. Create a standard concrete cube as well as cubes using 50 mm polypropylene balls.

. Put the concrete cubes to the test and compare their compressive strength to bubble deck
cubes.

. Now, using polypropylene balls, construct a conventional beam and a bubble deck
beam. Use the balls underneath the slab's and the beam's neutral axis.

. Compare the bubble deck beam and slab with conventional beam and slab by testing
the beam for flexural strength and the slab for pulse velocity test and rebound hammer test.

. Calculate how much concrete you can save by utilizing polypropylene balls in step six.
. Calculate the decreased self-weight of the beam and slab without significantly changing

their strength values.
5. Literature Review:

Review of Bubble Deck Structures Technology and Their Application by Samantha
Konuri and Dr. T.V.S. Varalakshmi, Vol. 8, Issue 10, Oct. 2019.

An overview of bubble deck technology and its numerous uses is given in the publication
"Review on Bubble Deck Structures Technology and Their Application". The authors explain
how to build bubble deck constructions, which include employing plastic spheres to make a
hole in the concrete slab, resulting in a lighter and more useful structure. The advantages of
adopting bubble deck constructions are also covered in the report, including less material use,
longer spans, better thermal insulation, and lower carbon emissions. The authors give case
studies of bubble deck constructions used in several applications, including residential,
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commercial, and industrial buildings, and they compare the costs of construction.

Performance of Structural Behavior of Bubble Deck Structure Vol. 7, No. 6C2, April
2019, ISSN: 2277-3878 by P. Poluraju and L. Lakshmikanth.

The experimental investigation described in the publication "Performance of Structural
Behavior of Bubble Deck Structure" investigates the structural behavior of Bubble Deck
constructions. The purpose of the study is to assess the Bubble Deck structure's performance
under various loading scenarios and contrast it with more conventional solid slab constructions.
Two alternative Bubble Deck constructions, one with spherical voids and the other with
elliptical spaces, were used in the studies by the authors. In the investigation, both Bubble Deck
and solid slab constructions were subjected to a variety of loadings, such as point loads,
dispersed loads, and concentrated loads. The deflection, strain, and stress of the constructions
under load were measured by the researchers, and the findings were compared.

Workbench: Analysis of Conventional Slab and Bubble Deck Slab under Various Support
and Loading Conditions by Sameer Ali and Mr. Manoj Kumar.

The main objective of the study was to perform a behavioral analysis of conventional slab and
bubble slab. Both the conventional slab and the slab with a spherical ball in the centre to create
voids are evaluated in this comparison study. This research investigated the applicability of
traditional slabs vs bubble deck slabs in various locations as distinct components (beam slab,
bridge deck slab, etc.). An experiment with a bubble deck slab This study's three primary goals
were to compare a bubble deck slab to a conventional slab with a variable b/h ratio and to
quantify the amount of concrete that was saved due to the presence of spheres in the slab's core.
The aforementioned experiments shown that, despite the bubble deck slabs' reduced load
bearing capacity, which rendered them less efficient than conventional slabs, they are
nevertheless excellent for slab construction despite the little difference in load bearing
capacities between them and conventional slabs. It was advantageous for the bubble deck
because the slabs used were between 10.50% and 18% lighter than the typical slab.

Taguchi Method Application for Concrete Mix Design 2249-8958 Written by Felix K Regi,
Philo Mariya, Merin K Varghese, and Abel Antony Johns. Prince Arulraj.

The application of the Taguchi technique for the design of concrete mixes is discussed in the
research article "Application of Taguchi Method for the Design of Concrete Mixes" by Prince
Arulraj, Felix K Regi, Philo Mariya, Merin K Varghese, and Abel Antony Johns. The Taguchi
approach is a statistical method that has been effectively utilized in many sectors, including
engineering, to optimize the design of goods and processes. Using various mix ratios of cement,
fine aggregate, coarse aggregate, and water, the authors of this study performed tests to
determine how these mixtures affected the compressive strength of concrete.
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6. Special Materials:

Hollow Spherical Balls: High density polypropylene is used to make bubbles. Typically, they

are constructed of a non-porous substance that won't chemically react with the rebar or concrete.
The 180mm to 450mm range may be supported by the strength and stiffness of bubbles. The
slab's depth might range from 100 mm to 600 mm depending on this. More than 1/9 of the
bubble's diameter should separate the bubbles. The bubble may be elliptical or spherical in
form.

Fig 2. Hollow Spherical Balls
7. Reinforcement Bar:
Two meshes, one in the lower section and one in the top half of the panel, which can be knotted
or welded, make up the reinforcement. Meshed layers for lateral support and diagonal girders
for vertical support of the bubbles are the two forms in which the steel is produced. The spacing
between the bars is determined by the size of the bubbles to be employed and the tensile strength
of the slab's transverse rib reinforcement. It uses weapons of strength Fe-500 or greater.
8. Fine Aggregates:
The grains of the fine aggregate (sand) must be clean, strong, robust, and lasting. Aggregate
having a size of 4.75 mm or less is referred to as fine aggregate. The maximum size of a particle
is 4.75 mm (3/16 in) and it must be graded down. Anything that might harm concrete or the
reinforcement in reinforced concrete construction, such as iron, pyrites, coal, mica, silt, clay,
alkali, seashells, organic contaminants, loam, etc., must not be present in the sand. Utilising
aggregate that chemically interacts with the alkalis in cement is prohibited. The maximum
amount of dangerous substances cannot exceed the limit permitted by the relevant 1.5
Specifications. The amount of silt cannot be more than 8%. Whether it be manufactured,
crushed, or natural sand.

The design criteria taken from IS 10262:2009 are as follows.

Sr.No. Parameter Data
1 Specific Gravity 2.34
2 Water Absorption 1.0
3 Fineness Modulus 2.49

Table 1: Design Criteria
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9. Concrete Mix Design as per IS Code 10262 -2009:

A certain proportion of cement, sand, coarse aggregate, and water is used to create the
heterogeneous, hardened mass known as concrete. The grade varies significantly due to the
irregular distribution of the components that go into making concrete. The quantity and ratio in
which the components should be blended to create concrete of a specific grade are previously
specified in IS 456:2000. The limitation of the regulation is that it only defines material ratios
up to grade M25, above which no specific ratio has been approved by industry.In the age of
industrial and infrastructural development, a range of high strength concrete that goes far
beyond M100 has been created to satisfy the need for high strength concrete and to enhance the
general attributes of concrete. The constraints of 1S:456 require a fresh approach.

10. Test Result:

Compressive Strength of Concrete of Grade M30

The cube's crash test is determined by this test. By dividing the load applied to the concrete
cube at the fracture point by the loaded cube's cross-sectional area (15 x 15 x 15 cm), it is
possible to determine the compressive strength of concrete. Concrete samples are tested for
their capacity to bear compressive loads using the compressive strength test. A cylindrical or
cubical concrete specimen is loaded during the test until it fails or fractures. The compressive
strength of the concrete is measured as the highest load that the specimen can support before
failing. The compressive strength test findings are used to assess the concrete's quality and
make sure it complies with the necessary requirements and standards for strength and durability.
Typically, concrete's compressive strength is expressed in mega-Pascals (MPa) or pounds per
square inch (psi) units. Concrete’s compressive strength is measured to see whether there have
been any changes in strength with the addition of polypropylene balls.

No. of cubes O () Conventional Bubble deck cube (50 mm
Casted cube(N/mm?) size) (N/mm?)

3 7 23.46 20.31

3 14 32.50 29.8

3 28 34.68 33.74

3 56 34.87 34.13

Table 2: Compressive Strength of Cubes
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11. A Screening for Flexure Strength:
On beams with PP balls, referred to as bubble deck beams and conventional beams, the flexural
strength test is conducted. The test is performed at the labs of Becquerel Industries Private

56
-III

Age of concrete (days)

M Seriesl M Series2 M Series3 M Seriesd

Limited, and the results are as follows.

Chart Title

https://seyboldreport.net/

34.87

Conventional cube(N/mm2) Bubble deck cube (50 mm size)
(N/mm?2)

No of Beam Age of Load of Failure in KN Flexures Strength N/mm?2
casted for concrete in
CC CC |CCB CC CC CCB
Test days
23.10 | 22.50 | 22.20 4.10 |4.00 3.94
03 bt 23.54 1 23.02 | 2296 4.18 |4.09 4.07
days (28) | 24.10 | 23.96 | 23.16 427 |4.25 4.10

Table 3: Flexure Strength of Cubes
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12. Test of ultrasonic pulse Velocity:

The ultrasonic pulse velocity test is a non-destructive method of evaluating the quality of the
concrete on the project site. In essence, this test gauges how quickly an electrical pulse moves
through concrete from a sending transducer to a receiving transducer. The core tenet of the
ultrasonic pulse velocity test is that the speed of sound in an object is determined by the square
root of the relationship between its density and elastic modulus, or E/P. The material's strength
and quality are influenced by its density and elastic properties, respectively. Electrical pulses
typically travel between 3 and 5 km/h. The electronic pulse that is created ranges in frequency
from 15 kHz to 175 kHz.
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Fig 3. UPV Test Machine Working

Ultra Sonic Pulse Velocity Km/s Quality Of Concrete
Below 3.0 Doubtful

3.0to 3.5 Medium

3.5to0 4.5 Good

Above 4.5 Excellent

The following Mesh has been prepared for Ultrasonic Pulse Velocity Test Dimension
(1000mm*700mm*130mm size with clear cover included)
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Bubble deck mesh

Test Result of ultrasonic pulse Velocity:

Sr. No. Point ID Velocity (Km/sec) Method

1 1 4.114

2 2 4.290

3 3 4.167 Using the Direct Method of
4 4 4.180 Ultrasonic Pulse Velocity.
5 5 4.063

6 6 4.333

7 7 4.180

8 8 4.180

9 9 4.012

10 10 4.127

11 11 4.276

12 12 4.483

Table 4 UPV Test Results
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a5 Velocity(Km/sec)
s s Velocity (Km/sec) 83
4.2
.
3.8
3.6
1 2 3 4 5 6 7 8 9 10 11 12

Result: Ultrsonic pulse velocity test indicated that the tested specimen having Good
Quality of Concrete

13.Rebound Hammer Test:

Rebound Hammer testing is a non-destructive technique that provides a rapid and simple
assessment of the compressive strength of concrete. The rebound hammer, often referred to as
a Schmidt hammer, is composed of a mass that is moved along a plunger inside a tubular casing
by a spring under the control of the plunger. When the plunger of the rebound hammer is forced
on the surface of the concrete, a spring-controlled mass with constant energy is made to impact
the surface. The amount of rebound, which gauges surface hardness, is measured on a scale.
The measurement is called the Rebound Number, often referred to as the Rebound Index.
Concrete with low strength and stiffness will absorb more energy and have a lower rebound
value.
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15. Conclusion and Future Scope
> Conventional and bubble deck cubes have roughly equal compressive strengths.
> The flexural strengths of bubble deck beams and conventional beams are essentially
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equal

> Concrete Has A Reduction Of Around 17% From Conventional.

> Concrete has a self-weight reduction of around 17% compared to conventional.

> Cost savings of up to 8% against conventional methods are possible.

> The strength of concrete may be substituted in 1:6 ratios with little loss.

> Despite these difficulties, research on bubble deck technology has shed light on the

potential advantages of this novel building technique. The future of sustainable building may
be significantly impacted by bubble deck technology since it offers a variety of benefits in terms
of weight reduction, energy efficiency, and design flexibility.

> Future study in this area should concentrate on overcoming the remaining difficulties
and restrictions of bubble deck technology, as well as looking into new uses and design options.
This can entail more testing and research in the lab, longer-term case studies, and practical
applications in various environments and climates. The technological viability, economic
viability, and commercial potential of bubble deck technology will ultimately determine its
success.
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