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Flat plate voided biaxial slab systems or Bubble deck
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wiadanflaldlunisaisvedlasluneunin Aenislagnueananadin (plastic voided former)
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HDPE plastic ball (High Density recycled PolyEthylene) Imaﬁ@mﬁuummﬁ
Material: HDPE
Compressive strength: 30,000 kN/m2
Young Modulus: 8.00x105 kN/m2

Poisson’s Ratio: 0.42
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Thermal Expansion: 2.0x10-5

Density: 10.01 kN/m3
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1. 93UUVUDY Bubble Deck
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1.1 Semi-precast system Jusyuuivaefiudiuarananlssnuiisliidunuurasiiiofng
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Semi-precast module variant

Auxiliary-support preparation
Edge formwork preparation
Laying the semi-precast modules
Laying the edge reinforcement
Laying the upper reinforcement
Pouring the top concrete layer

1.2 Cast-in-place system fndunaniasuiazgnuaaniusmwniafissylunuuneasiad
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In-situ concrete variant

Formwork preparation

Laying the lower reinforcement
Installation of the basic modules
Laying the upper reinforcement
Pouring the bottom concrete layer
Pouring the top concrete layer
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2. 52UV Cobiax CObiax®
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Slim-Line 4 s . Eco-Line
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Cobiax Slim-Line cage modules, Cobiax Eco-Line cage modules,
designated CBCM-S-xxx (identified by a designated CBCM-E-xxx (identified by
number [xxx] which is the respective void a number [xxx] which is the respective
former’s height in mm). void former’s height in mm).

For slab depths 200 mm to 340 cm For slab depths 350 mm to 600" mm
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3. S2UUVDY U-boot Beton (U-boot) u-bootpeion
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u-bootbeton
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N1599NWUUNU Post tension @1%5U Voided slab
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sumaud 1 1donvfinves Plastic ball
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FuApUf 5 AauaU3as Solid slab uay Voided slab
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sunaud 7 Anszilaseadnadie Finite Element

Sunawudl 8 fmuauw design strip
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BubbleDeck® Design Guide

Ball diameter [em] 18.00 2250 27.00 31.50 36.00 40.50 45.00
Minimum axis spacing [em] 20.00 25.00 30.00 35.00 40.00 4500 50.00
Maximum number of balls [1/m?] 2500 1600 11.11 8.16 6.25 4.94 4.00
Recommended minimum slab thickness [em] 23.00 28.00 34.00 40.00 4500 52.00 58.00
Load reduction per ball [kN] 0.08 0.15 0.26 0.41 0.61 0.87 1.19
Maximum load reduction per sq. metre [kN/m?] 1.91 2.39 2.86 3.34 3.82 4.29 4.77
Rigidity factor [ 0.88 0.87 0.87 0.88 0.87 0.88 0.88
Shear factor [-] 0.60 0.60 0.60 0.60 0.60 0.60 0.60

Main parameter of cobiax cage modules

a o <@ A =3 Y o w
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[slab depth | immi | 200 | 225 | 250 | 275 | 300 | 325 | 350 | 400 | 450 | 500 | 550 | 600 |

+ + + + + + + + + + + +

S|/ )8/ 8 /8 8 8 8|8 8|8
Ihurmnded H “ “w “ w “» @ @ w w w w
Cobiax cage module type g |8 |8 | 3|8 |8 |8 (8 (38|83

s|8|8|8 |8 |8 |8 |88 |8 |88
Dead load reduction* per m |[kNim’]| -1.40 | -1.64 | -1.88 | -2.10 | -2.32 | -2.56 | -2.80 | -2.86 | -3.34 | -3.82 | -4.29 | -4.77
Stiffness correction factor I1 |092(0.92)|092)]|092|0910.91|0.91 092|091 | 0.90 | 0.90 | 0.89
Shear reduction factor I1 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.50 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55
Cage module support height | [mm] | 110 | 130 | 150 | 170 | 190 | 210 | 230 | 275 | 320 | 366 | 411 | 457
Void former height [mm] 100 120 140 160 180 200 220 270 315 360 405 450
Void former horizontal diameter [mm] 315 315 315 315 315 315 315 270 315 360 405 450
Spacing between void formers [mm] EL] 35 35 35 35 35 35 30 35 40 45 50
Vioid former centre line spacing [mm] 350 350 350 350 350 350 350 300 350 400 450 500
Number ofvoidfnnnmperm’ - 8.16 8.1 816 Bl16 816 816 Bl1e | 1. 816 625 494 4.00
(Concrete displacement per m’ |mim?]| 0.056 | 0.066 | 0.075 | 0.084 | 0.093 | 0.102 | 0.112 | 0.114 | 0.134 | 0.153 | 0.172 | 0.19
Void formers per cage module®* Il 7 7 7 7 7 7 7 8 7 [ 5 5
Equivalent area per cage module [m?] 086 | 0.86 086 | 086 | 0.86 086 | 08 | 072 086 0.96 1.01 1.25

“) assuming a concrete density of 25 kN/m? “*) made to fit the 2.50 m long cages

ATUIUATDNSIEIUVDINUNULNAA Sectional area ratio

AR spacing YBIRNUDR KAYAIUNUIVDINY KA IHAIIUAIBATIAIUVBINUNNTGA
fatl 1w denldgnueansinauvwInduruALgNas 100mm clear spacing S¥%INegNUa 30mm

AUALINUINAY 210mm

faiu Area = 210x(100+30) = 27,300 mm?

Ball Area = %DZ = 7,854 mm?

Area-Ball Area 27,300-7,854
= = =0.71
Area 27,300

Sectional area ratio

N A o = o A P = \ = A
Iuﬂ?mw L@@ﬂjﬂ]@]ﬂ‘u’ﬂ@ﬂ?ﬁ? @‘ﬂ‘u@@@ﬂ'ﬂmzuLNﬂN@\?Q’]ﬂ@’]uuuqzﬂgﬂ?’]\jLﬂu’Nﬂ@N 183 pAYN{APNIAN]

v o o = o
pudeaziansuzivileunalga fagyl

anflaen9 IignueansEruadusuAudna1e 170mm AUgIasgnuea 110mm clear spacing

521I9gNUBA 30mm AR 210mm
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pail Area =210x(170+30) =42,000 mm?

Ball Area = E 110%4+110x(170-110) = 16,103 mm?

_ Area- Ball Area _ 42,000-16,103 _ 0.62
- Area T 42000

Sectional area ratio

ANUIATDAIIEIUVBIUNNUN Weight ratio

Wiemuruannumniiy iewaedmiindensaunsvesiuasunsaan 91ntuguIning

M lURoMISINUATIINAITIY

WU FeN#iuvun 0.23m Umitinsen1s1aunsiviniy 552 kg/m? lienld gnueatduniy

AUONA1Y 18cm NAITN @usaanintinla 1.91 kN/m? %38 1.91x101.97 = 194.76 kg/m?

(552-194.76)

52 =0.65

Weight ratio =

A19M31682U Rigidity factor %38 Stiffness correction factor

d‘ d’ll dl ¥ a1 1 1 o Y 1 . dy ISP = v IS Q. Y1
LiJ’EJWU‘I/IL'ﬁﬂ?N’]UZ‘J‘U@QIﬁ\T@EUJﬂ’]EJeLuf\]SVIﬂMF’ﬂ stiffness YDINULAIANAY JINDIUNITUITUKAAN

| Tngagdirszyliilumnsng Sand1@7 Rigidity factor %i3e Stiffness correction factor {ua

|pvs/ Islab

Tned Ipvs = A" | 194 plastic voided slab

Islab = A" | 999 solid slab

dwiunsdildlaldenainess ansaldgasedisdelunsdmnn loys denflaneay

¥ ] (% | gj 14 D3
N9 dmsugnueakuunsinauintulaeldgns los = T 0.124a3

Iﬂ&lﬁ D = Overall thickness of slab

a = distance from the center of one void to the center of a solid section

USTW Loadun Iwa Wit 3179 WWW.SNP-POST.COM




seuUiulSmuTDaUTauLUUNAI Flat plate voided biaxial slab systems or Bubble deck 16

[ i A$(

26 I As!

Basic Bubbledeck Geometry
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4.1 One way shear or Beam shear
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WuuAukazfiuidu voided slab nsAnuniinazdosaninutinidiosin voided slab aie d1u

MATULTAROUVDINY ATLINAINGRS

@Vc = 00.53f,./fc’.b.d lned fs = Voided shear reduction factor
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fiAnUszanas 0.50-0.60 Fevzseyulilunsstayaainduan

4.2 Two way shear or Punching shear

N13057980U Two way shear 9$ATIVFBUNNINFAINGR 2 Funusfe Nszey d/2 9Inntn

LAY Warfsees d/2 NVOUNULAL N1sAnUIMInIz@Iantintniiledann voided slab e

dufmdefunsuleuvesiiu Nissey d/2 NuE AMUIMIINgAsUNR Ao
01.06./fc’b,d
1.06 :
@Vc = minimum of 4 (0'53 + B ) Vfeb,d

00.265 (2 + “;;d) Jfcb,d

daumdssunsudouvesiu Nssee d/2 nnuthveuiudy Fagluanegluuiion voided

slab AWIUAINERS

91.06f,.\/fc'b,d
1.06 )
@®Vc = minimum of 0 (0' 53 + T) fsrVfc'bod
$0.265 (2 + M)f fc'b,d
: B sr 0

lneil fgr = Voided shear reduction factor idnUsganas 0.50-0.60 Favzszylilumssdaya

NLHER

YUABUN 5 NMuUAUSLI Solid slab wag Voided slab
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< Void Slab >
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| Span 1 Span 2 Spun 3
1 L850 L=7.00 L=0 S0
Uplift (XN/m)

2448 | 4008 | 2448

YUNDUN 7 IATIEMLATIAS19A78 Finite Element
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Togusnaduiudulrlge wistwesund dwluusinundu voided slab TruSunaen

A199 eunAnul lutunaui 2

Yunaun 8 ANUUALLI design strip
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< Void Slab >
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< Design Strip 1 >

YUADUN 9 HSIADU stress NRIVULALRIAS

P P.e.c , Mc
y= N + e + T < Allowable stress

Ima‘ﬁ A’ = Sectional area ratio x Solid sectional area
I” = Rigidity factor x ls1ab

@msuA Allowable stress A7LULLNANUBNE1TD19D99E L0IBS 90% Y89A1 Allowable stress

a

Una
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At transfer

Allowable compression stress = 0.90x0.60fc’;

Allowable tensile stress = 0.90x0.795\[f;

fc’l = compressive stress at transfer

At service
Allowable compression stress = 0.90x0.45fc’
Allowable tensile stress = O.9OXO.1.59\/;{

fc’= compressive stress at 28 days
UADUN 10 MFIVFBUNITDDNLUUNAISULITIAR
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Compres-
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Neutral axis
Tension

Stress distribution trough BubbleDeck under normal loading

o0 o w

A o % ad a a = As
Adsfuliuudvasiudualdanisund M, = Asf), (d — E) Tnedi a = 2

0.85fc’b

witusiesSudmiinunn dlenanuuiinuagiiuazamnfsgnueaiily compression

zone fuwdiaeadivlugedas mnnnsfnwuaznismeaedulssmeaessiu awnsaasudu
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voided slab AUlauddnSUN AL (Mpar/My) azdaeliiiy 0.20 szezvad stress block kagaiy

ADMNAADIUDIANULASEAIIIENTEANET100n LU @usaeaulRlin1sAWIN stress block wuuUNRLA
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Zhall

Compression zone can encroach on bubble zone for heavily reinforced slabs

M,1.96D , . .
Mms= ?T <0.20 Tag#l D = LHUNIUAUINANUDIRNUDA
C
h = ATVLIYaLHY
M. = Tuudiiesnuuy
Anlaf8E19

1. 33UUYDY Bubble Deck

% 2012 NOVA Award Winner -- Bubble Filled
Concrete Deck (BubbleDeck)
Construction Innovation Forum 2012 NOVA Award Winner

YOUTUBE.COM

Cobiax Installation and Concrete pouring

TERE - Installation of the Cobiax modules on the slab formwork -
P  Simple cutting to length of the modules in lengths -....

§ YOUTUBE.COM

3. J¥UUYRY U-boot Beton (U-boot)

UBoot Beton® Disposable formworks for
lightened structures in reinforced concrete
¥ cast on site

YOUTUBE.COM
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