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Abstract

The revolutionary technology of flat slab constroietby using hollow sphere to replace the inefiextoncrete
in the center of the slab (Bubble Beck) has maiwaatages, beside it is reduce the material, the, llower the
coast and increasing the span length it is alseeangtechnology, And Since the punching sheardigpa one
of the most interesting properties of flat slalg thfluence of the cavities due to using the ptabtlls on the
punching behavior of self compacted concrete wadysin this paper. also the effect of strengtherting
punching zone by using different percentage ofldtber ( 0.8%, 1%) on the maximum punching loadl an
deflection were included.

L.Introduction

In building, the slab is very important structuraémber to make a space and it is one of the largestber
consuming concrete. As the people getting intesésing span buildings the slab thickness is onitlceease.
The increasing of slab thickness makes slab heaaret it leads to increase column and base sizes,Tih
makes building consume more materials such as etand steel.

For decades, several attempts have been madedi® draxial slabs with hollow cavities in order to
reduce the weight. Most attempts have consistethyihg blocks of a less heavy material like expahde
polystyrene between the bottom and top reinforcepwvenile other types including waffle slabs / gslbs. Of
these types, only waffle slabs can be regardedye h certain use in the market. But the use Wihgs be very
limited due to reduced resistances towards sheeal punching and fire.

In the 1990ies, a new system was invented by JoBgeuing, eliminating the above problems, the so
called BubbleDeck technology. The Bubble Deck tetbgy uses spheres made of recycled industriatiples
create air voids while providing strength througbhaaction. As a result, this allows the hollowbsta act as a
normal monolithic two-way spanning concrete slabe§e bubbles can decrease the dead weight up t@B88%
can increase the capacity by almost 100% with éimesthickness. As a result, bubble deck slabs edighter,
stronger, and thinner than regular reinforced cetecslabs (3).

Through the tests, models and analysis from varniétynstitution, bubble deck was proven to be
superior to the traditional solid concrete slabeTieduced dead load makes the long-term response mo
economical for the building while offsetting thégsitly increased deflection of the slab. Howevke shear and
punching shear resistance of the bubble deck fieaignificantly less than a solid deck since tasise is
directly related to the depth of concrete. Desiggiuction factors have been suggested to compefusateese
differences in strength. This system is certified the Netherlands, the United Kingdom, Denmark and
Germany(4).

The main objective of this study is to investigat@erimentally punching shear strengths of voided
slab with self compacted concrete, and the efféstrengthening zone with using two different \edwf steel
fiber ( 1% , 0.8%) by volume friction at distancé&dm the face of the column.

2.Experimental work

To investigate the punching shear capacity of t8€ Soided slabs five slabs of dimension (1000mmdam
*80mm) were produced and tested. one of normahgtheconcrete and the rest are of SCC. Three o$ltes
had plastic spheres of 40mm in diameter with 18 lrmeach slab. Two of these slabs were stremgttheising
two different values of steel fiber (1%, 0.8%) glume friction at distance d from the face of tisdun. The
dimensions and the details of the tested slabs shawable (1) and Fig (1) respectively. Three culod
150*150*150 mm were casting with each group; thg proportions and the compressive strength are shiow
Table (2).
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Table (1) : Details of slabs

Figure (1): The Slabs Details and Dimension
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welded wire fabric mesh was used as flexural reagg@ment placed in the tension face of the slab. vines

were 6 mm in diameter at 100 mm c/c spacing each Avalear cover of 20 mm was provided below thesme
A steel mesh was used to fix the balls in theicelduring the poring of concrete. The reinforcenustails of

slabs and steel mish are shown in table (3) agdr€&i(2) respectively.

Table (3): steel reinforcement and steel mesh ptigge

fy 495
fu 677
E 10%

Figure (2): The Steel Reinforcement Details

The commercially available high strength steel, bodked, steel fibers (1000 MPa) are added in the
desired volume percentage. Dramix® ZC 50/50 typd bBooked steel fibers manufactured by Bekaert
Corporation which is of Belgium origin are usedthis study, as shown in Figure (3). The steel fbeave a
length of 50 mm and a diameter of 0.5 mm with aspest@ of 100 and density of 7850 kg/m3. The fibetails
and dimensions are presented in Figure (4).

0.5 mm Diameter

43 mm .1. 2.5

50 mm

Figure (3): Hooked Steel Fiber Figure (4): Steel Filldmension

For the production of the self-compacting concreted high strength conventional concrete,
superplasticizer (high water reducing agent HWRA¥ddl on polycarboxylic ether is used. One of a new
generation of copolymer-based superplasticizergtiesi for the production of self-compacting concilist¢he
Glenium 51. Glenium 51 is free of chlorides and pties with ASTM C494, type A and type F. It is coatiple
with all Portland cements that meet the recognintetnational standards. The typical propertieSkeium 51
are shown in table (4).
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Table (4): Typical Properties of Glenium 51

Form Viscous Liquid

Colour Light Brown

Relative Density 1.1 @ 200C

PH 6.6

viscosity 128+/-30 cps @ 20 0C
Transport Not Classified as Dangerous
L abeling No Hazard Label Required

In this work, crushed limestone brought from locarket is used and the fineness of the gained
material is (3100 cm2/gm). The limestone powdesipassieve No. 0.075mm is used in this work. Thencical
composition of the limestone powder is shown inl&4b).

Table (5): Chemical Analysis of the Limestone Porvde

Oxide Content %
CaO 56.10
Si02 1.38
Fe203 0.12
Al,O4 0.72

MgO 0.13

SO, 0.21

L.O.l 4,56

3.Test Procedure

Setup of tested specimens is shown in Figure (bslab specimens were tested using universaingstiachine
(MFL system) with monotonic loading to ultimateteta The tested slabs were simply supported ardetba
with a single-point load. The slabs have been desteges of (28) days. The slab specimens weceglan the
testing machine and adjusted so that the centesdimgports, point load and dial gauge were in tbeirect or
best locations.

Figure(5): Test Setup

Loading was applied slowly in successive incremetite applied load is transformed from testing niraeh
through a central column of dimensions (100x100m#t)the end of each load increment, observatiords an
measurements were recorded for the mid-span defteand crack development and propagation on thie sl
surface. When the slab reached advanced stagadihfp smaller increments were applied until fa|uvhere
the load indicator stopped recording anymore amddéflections increased very fast without any iasesin
applied load.

4.Results and discussions
4.1l oad_ deflection relationships
Deflection was measured at the center of testedirseas by means of (0.01 mm) dial gauge, and rgadiom
this gauge were recorded for each load increment.
There are three main stages can be seen in lobttief curve, first linear zone shows that thera i
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linear relationship between load and deflectioniaipppearing first crack at the tension face aetkspecimens,
second linear zone can be seen after appearingrask, at the advanced stages of loading apjditahere are
rapid increase in deflection with small incremeint$oad, at the failure the deflection increaseidpwithout
any increment in load.

Figure (6) show the load-deflection relationships iormal concrete slab (SN) and (SS) slab. inethes
figure there is a clear difference between two sypeslab, there are difference in stiffness areddbflection
values during the stages of load applications.dnegal, the self-compacted concrete slab seems stiffreess
than the slab with normal concrete this leads thatdeflection of self-compacted concrete is lésstthe
deflection of normal concrete slab. This behavielbhg to good bond characteristics between coneredesteel
in self-compacted concrete make the concrete amel ftehave to some extent as homogeneous mass in
comparison with the normal strength slab thereléss bond.

The load-deflection curves of the voided and selab is approximately same at the first stages of
loading application, then after reach the yieldaigsteel reinforcement the deflection of solid st&ems more
than the voided slab because the main variable wbantrol the deflection is the stiffness of slaid ghe
stiffness of solid slab is more than the stiffnesgoided slab. See Figure (7).
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Figure (6): load-deflection relationships for notroancrete slab and self-compacted slab
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Figure ( 7 ): load-deflection relationships forfssimpacted concrete slab and voided slab
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For figure (8) the relationships between voided sempacting concrete slabs SST without steel fiber
SST+1% with adding steel fiber by 1% by volume fi@t at the zone (250*250 mm) in the middle of Sadul
SST+0.8% with adding steel fiber by 0.8% by volufraction at the same zone ,the figure shows tHahal
three curves have the similar behavior especidliye first stage of loading and the little diffeteappeared at
the final stage of loading at punching strengthMeein them, the punching strength of voided SCC wliti
steel fiber 0.8% increased by 2.56% and for voif€d slab with steel fiber 1% the punching stremgtheased
by 7.7% compared by voided SCC slab without stibel f,also the deflection increased by 3.153% &nd43%
respectively. These percentages occurred becaube effect of adding the steel fiber especially dtab with
1% by volume fraction .The punching strength depandn the concrete compressive strength mainlytaad
fy of steel reinforcement ,the steel fiber was meféect at the tensile strength and little incragsof
compressive strength.
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Figure (8): load-deflection relationships for setfmpacted concrete vided slab and sables withrdiffepercent
of steel fiber

4.2Ultimate load capacity
The observed failure load of the tested slabs dasvehin Table (6). Test results show that the slath welf-
compacted concrete has punching strength capacidge nthan the slab with normal strength concrete,
compressive strength is more control parametectedie punching sheatr.

There is a little difference in ultimate streng#itween the solid and voided slabs because the iajds
at the mid depth of section in which the minimumess$ at this position. This is a good benefit torelasing the
weight of slab in same time maintain the ultimaterggth.

Table (6): the max. load and max deflection ofgdlads

Slab NO. Max. Load Kn M ax. deflection *10 mm
=) 190 795
S 230 785
S 195 761
S, 210 877
S, 200 785

4.3Crack pattern and failure mode

The initial cracking of all the tested slabs wastfobserved in the tension zone of the slab nearoo more of

the corners of the column. In general, the initi@ck was observed in the corners of the columin atong the

line of the tension reinforcement on the tensioriage in the form of flexural cracks. The first cka opened
parallel to the line of tension reinforcement aftérich new cracks appeared parallel to the diagaxs and
extended towards the slab edge. See figures below.

The first flexural crack initiated at (40 kN) in moal and self-compacted concrete slabs. as shown in

Table (7), and at this stage of loading the tensiifess in concrete reached the modulus of ruptaiee and
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cracking started in the zone of maximum tensilesstr

In case of steel fiber self-compacted slab themnimprovement in appearing the first crackinglloa
(70 kN for 0.8% steel fiber and 80kN for 1% steibkf ratio). This increasing because of that tleelsfiber
work as a bridge connects the two sides of crag&tter and delay opening of cracks towards the rjiper of
slab section.

Also ,use the SCC slab decrease the critical zayre than that at the normal concrete slab, andiske
of the SCC voided slab appeared the same case &G slab ,but the voided SCC slab with steel fébehe
critical zone increased the critical crack espécfalr voided SCC slab with steel ratio 1%by volufrection .

Table (7): the first and the max deflections aratllmof the slabs

Slab NO. first crack Load | first crack | Max. Load M ax. deflection
at Deflection Kn mm
SN 40 58 190 795
Sq 40 39 230 785
S; 40 47 195 761
S, 80 106 210 877
S 70 93 200 785

5.Conclusions

1.Voided slabs eliminate concrete where it isngded , the reduced weight of the slab allows fagérw slabs
between columns without beams and a reduction icrede and steel in floors, columns, and footirsgs,ing
money and reducing the total building weight, allagvlighter foundation also using recycled material

2.The use of SCC increase the punching shear #itrang reduce the mid span deflection.
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3.At voided SCC slab the punching shear strengtteased and the mid deflection decreased also eddhe

slab weight.

4.Adding steel fiber at the critical zone increaskd punching strength and reduced the angle o€hpog
failure.

5.The steel fiber ratio 1% by volume fraction wagre effect than ratio 0.8% by volume fraction .

6.The crack pattern of punching shear reduced leytiie SCC and voided SCC ,but increased by used the
voided SCC strengthened by steel fiber especi&fyby volume fraction.
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