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ABSTRACT:- This paper presents the flexural capacities of &€ way hollow slabs
of plastic spherical voids, also known as BubbldD&lab system. Recently, various types of
slab systems which can reduce the self-weightalisshave been studied as the height and
width of building structures rapidly increa$® A biaxial hollow slab system is widely
known as one of the effective slab systems whichreduce the self-weight of slaBs A
BubbleDeck slab has a two-dimensional arrangemievbids within the slabs to reduce self-
weight®. The behavior of BubbleDeck slabs is influencedH®yratio of bubble diameter to
slab thickness. To verify the flexural behaviottlnit BubbleDeck slab such as ultimate load,
deflection, concrete compressive strain and crattep, two-dimensional flexural tests were
tested by using special loading frame. Six testspécimens were used. Two were a
conventional RC slab and four were BubbleDeck shatysng void diameter to slab thickness
ratios of (0.51, 0.64 and 0.80). Results have shtwat the crack pattern and flexural
behavior depend on the void diameter to slab tlaskmatio. The ultimate load capacities for
BubbleDeck slabs having bubble diameter to slatktigss of (&1 and 0.64) were the same
of solid slabs, while when bubble diameter to tlabkness of (0.80) the ultimate capacities
were reduced by about (10%).

Keywords:- : BubbleDeck slab, Flexural test of two-way slalasBc sphere.

1. INTRODUCTION

In building constructions, the slabaiwvery important structural member to make a
space. And the slab is one of the largest membesurning concret®. In a general way, the
slab was designed only to resist vertical load. Elav, as people are getting more interest of

residential environment recently, noise and vilbratf slab are getting more importéfit In
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addition, as the span is increased, the deflecifdahe slab is also increased. Therefore, the
slab thickness should be increase. IncreasinglétetBickness makes the slabs heavier, and
will increased column and foundations size. Thasmakes buildings consuming more
materials such as concrete and steel reinforceffient

To avoid these disadvantages which vweaesed by increasing of self-weight of
slabs, the BubbleDeck slab system, also known &b slab, was suggeste@his system
consists of hollow plastic spheres cast into thecoete to create a grid of void forms inside

the slab and have a major contribution to the dhjeof sustainable building, by:-

¢ Saving on the use of primary raw materials, thgilbiéity offered in the layout of the
building and the making of passages and recesskediaally: in the event of demolition
a substantially smaller amount of concrete graewad recyclable plastic spheres which

do not adhere to the concréte

e Smaller amounts of concrete have to be transpdrjedoad and smaller amounts of

cement, sand and gravel have to be transportedayand by wate?..

e Saving on energy and emissions concerning the ptmetuand transport of primary and

secondary building materials for the constructibfiamrs in buildings®.

This slab system could optimize the gizbearing walls and columns by reducingthe
weight of slabs. Most slab are two-way membersuitdings. Thus, it is important whether
the BubbleDeck slab with plastic sphere voids &késgeneral reinforced concrete two-way
slab or not®. To verify the flexural behaviors of this two-w@ubbleDeck slab such as
ultimate load capacity, service load deflectiomaete compressive strain and crack pattern,
two-way flexural tests were performed by using ecsgl loading frame.

2- EXPERIMENTAL PROGRAM
2.1 Materials

For the slab specimens, the design cesspre strength of 33MPa was used. The
concrete mixture proportions are presented in Tdb)e For each series of casting, the
specified compressive strength is measured byntgdtiree concrete cylinders. Different
sizes of reinforcing bars, 4 and 5mm were usedch@éspecimens. For each bar size, three
samples were tested under tension. The yield aidaié strength of different bars are given
in Table (2).
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The plastic spheres used in this progret manufactured in Iraq (at AL-SABAH
factory), from recycled plastic with different diaters of (64mm and 80mm). The purpose of
using recycled material is to curb consumptiorfimte natural resources such as oil and
minimize the burden on the environment throughdyaical use of resources, therefore the
recycling martial reduces inputs of new resouragas lanits the burden on the environment

and reduces the risks to human health.

2.2 Test Specimens

Test specimens were designed of siggygd slabs, two were a conventional two-way
R.C slab and the others were two-way BubbleDeckssldahe test parameters included the
ratio of bubble diameter (B) to slab thickness (({BYH). The parameters were as follows, the
ratio of bubble diameter to slab thickness wer81(00.64 and 0.80). Details and dimensions
of the test specimens are illustrated in Tablea(®) Figure (1).

The slab was simply supported at allesdigy four steel beams which had a hinge in
the upper surface to minimize fixed end moment atieér errors from support condition
during the test.

Specimens were tested under a five-goad system using a five hydraulic jack and a
five loading plate to satisfy the actual loadinghdion (Figure (2)). The reasons of using
special loading system which has five loading moiwith bearing were as follows. The
loading condition of two-way slabs is distributezhdl in general buildings. And one point
loading might cause punching failure at the loagiomt.

The deflection of the specimens was meakat their mid-span beneath the lower face
of the tested slabs and the strain of the comymessde of the specimens was measured
using DEMEC Strain Gages at nine points as showrigare (3). The load was increased

gradually at increments of (10kN) to record thdetgfon up to failure.

3- EXPERIMENTAL RESULTS

3.1 Ultimate L oad Capacity

The ultimate load capacity and the oftfesults are tabulated in Table (4). The two-
way BubbleDeck slab with the plastic sphere showedd ultimate load and ductility
compared with the solid specimen. The ultimatel fo&d of solid slabs (SD2 and SD3) were
(552kN and 707kN) with the deflections of (25.4mnmd&1.1mm). (BD2-bu64, BD2-bu80,
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BD3-bu64 and BD3-bul00) specimens showed (550kNkM9 704kN and 634kN) with
(27.0mm, 24.3mm, 23.0 and 20.5mm).

The important difference between sdadidd BubbleDeck slabs is stiffness. The
stiffness of BubbleDeck slabs was slightly chanbgdthe diameter of plastic sphere. As
expected, BubbleDeck slab showed lower stiffneas 8olid specimen due to its lower cross
section area. On the other hand (BD2-bu80 and BIO®®) showed a lower ultimate load
than the solid specimen by about(10%) and (BD2-bafd BD3-bu64) give the same
ultimate load of the solid specimen, this due ttuce of concrete volume by (30% and 25%)
due to plastic sphere in BubbleDeck slab specini®b2-bu80 and BD3-bul00) and (BD2-
bu64 and BD3-bu64), respectively.

3-2 Load Versus Deflection Relationship

Figures (4) and (5) shows the load wemnid-span deflection relationship of the
slabs. It should be noted that the effect of tHewgeight of the test slabs is not included in
the calculation of the test loads as it has ndgkgeffect on the results. According to these, at
earlier stages (i.e. before flexural cracking), tbad—deflection curves are close to each
other. With increasing load, the BubbleDeck speasnexhibited smaller stiffness. After
yielding of reinforcing bars, the strength andfséts of the BubbleDeck specimens were
smaller compared to the control specimen (solid)sla

3.3 Concrete Compressive Strain
As shown in Figures (6) and (7), the BleDeck specimens give an increase in the
concrete compressive strain over that of the raferesolid specimen. This is due reduced

concrete volume in the compression zone due tadipigsheres in BubbleDeck specimens.

3.4 Crack Patterns

Figures (8) and (Yustrates the specimens’ crack patterns and railmode under
ultimate load. All specimen showed flexural failumode with diagonal flexural cracks.
Some small longitudinal cracks appeared in (BD26ba8d BD3-bul00) specimens. This
may be due to relatively thin bottom cover thiclségtween bottom of slab to bottom of
void. As the thin part of the bottom cover concreteler the void was detached from the

plastic sphere, small longitudinal crack occurred.
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4- CONCLUSIONS

Two-way BubbleDeck slabs with plastphere voids were tested in two-

dimensional flexural experiments, the following clusions can be drawn:-

1.

The stiffness values of BubbleDeck slabs were whffe from solid slab’. Especially,
(BD2-bu80 and BD3-bul00) specimens which showedesome-way flexural cracks
and lower stiffness. In view of the results sodahieved, two-way BubbleDeck slabs act
like general solid R.C slabs basically and thesxtiral capacities were good enough to
use.

The use of plastic spheres in reinforced concretesgB/H=0.51, 0.64 and 0.80), had a
result in comparison with reference solid slabsHuwit plastic spheres), bubbled slabs
has (100%, 100% and 90%) of the ultimate load sifralar reference solid slab but only
(76%, 75% and 70%) of the concrete volume duedstjal spheres, respectively.

The deflections under service load of BubbleDeokcspens were a little higher than
those of an equivalent solid slab.

The concrete compressive strain of BubbleDeck spews is greater than that of an

equivalent solid specimen.
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Table (1):- Concrete Mixture Design.

w/c Ratio to Give
Designation Cemes?t Aggregate (kg/ Water (kg/m) Slump
(kg/m _ .
Sand Coarse 140+10%
C33 425 735 1015 225 0.53

* Maximum size of aggregate was 10mm

Table (2):- Test Result of Reinforcing Bars

Nominal Diameter | Measured Diameter Area fy fu
(mm) (mm) (mn?) (MPa) (MPa)
4 4 12.566 557 835
5 4.994 19.588 663 817

Table (3): Properties of Slab Specimens

. . Slab Bubble No. of
No. Specimen Length | Width thickness | diameter | B/H plastic | f'. (MPa) | p (%)
name (mm) (mm)
H (mm) B (mm) spheres
1 SD2 - - - 33.13
2 BD2-bu 64 100 64 0.64 144 34.66 | 0.443
3 BD2-bu 80 1000 1000 80 0.80 100 33.34
4 SD3 - - - 32.14
5 BD3-bu 64 125 64 0.51 144 34.66 | 0.285
6 BD3-bul00 100 0.80 64 33.34
Table (4): Test Results.
% Pu (kN 9
Weight . . 0 Ao.7pu. o Au(mm) Fu g
Slab name Decrease in | Ultimate Increase | Ultimate —%
(kg) ; (mm) in A Deflecti Pu solid
Weight Load IN Ao.7pu. eflection
SD2 253 552 9.8 25.4 100
BD2-bu64 190 25 550 11.5 17 27.0 100
BD2-bu80 179 29 491 12,5 28 24.3 89
SD3 314 707 9.1 21.1 100
BD3-bu64 240 24 704 10.3 13 23.0 100
BD3-bul00 221 30 634 12 32 20.5 90
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Fig.(1): Details and Dimensions of Test Slab Specimens
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Fig. (3):- Positions of Dial Gages and Demec Discs.
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Fig. (4):- Load Versus Deflection Relationship (H=100mm).
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Fig.(5):- Load Versus Deflection Relationship (H=125mm).
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Fig.(6):- Load-Maximum Concrete Compressive Strain Curve @0rmim).
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Fig. (7):- Load-Maximum Concrete Compressive Strain Curve @bmim).
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(a) SD2 (b) BD2-bu64

(c) BD2-bug0

Fig.(8):- Crack Patterns (H=100mm).
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Fig. (9):- Crack Patterns (H=125mm).
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