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Abstract: Slab is largest member which consumes concrete and when load acting on the slab is large or clear span between
columns is more, the slab thickness is increasing. It leads to consume more material such as concrete and steel due to that, self-
weight of slab is increased. To avoid these disadvantages various studies are carried out and researchers suggest voided slab
system [1]. To reduce the concrete in center of the slab by using hollow recycled plastic balls. High density polyethylene (HDPE)
hollow balls replace the ineffective concrete in the center of the slab, thus decreasing the dead weight and increasing the
efficiency of the floor. The advantages are less energy consumption both in production, transport and carrying out, less emission
exhaust gases from production and transport, especially CO; [2]. The aim of this paper is to discuss about the comparison of
conventional slab and voided slab and also conventional beam and voided beam by using ANSYS software.

Keywords: Bubble deck, Total Deformation, Voids High density polyethylene balls, ANSYS.

L INTRODUCTION
Concrete has been used for many years and has played a chief role in creating vast infrastructure as well as residential projects.
Voided beams are R.C.C beams which decrease the amount of concrete with the help of voids. Hollow core slab, also known as a
voided slab. They are pre stressed concrete elements that have a constant cross section. 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. Void forms in the middle of a slab eliminates 35% of a slabs self-weight removing
constraints of high dead loads and short spans. Hollow cores are manufactured using high tensile strength pre stressed strands or
single wire which are embedded within the element. Bubble deck eliminates up to 35% of the structural concrete when coupled with
the reduced ground thickness and facade, smaller foundations and columns, construction fees may be reduced by as lots as 10%.0n
most tasks this technique gets rid of over 95% of highly-priced formwork as compared with conventional concrete structures.
Regardless of project size, shape or complexity; simply shore, area, and pour to quickly deploy concrete decks. Off-site
manufacturing, fewer vehicle trips and crane lifts in addition to simple installation all integrate to limit working risks, in addition to
decrease health & safety risks.
The objectives of this project are,
1) To study the effects of voided beams and voided slabs and their properties.
2) To simulate the behaviour of voided beams and voided slabs in different shapes using ANSYS.
3) Reduced concrete usage — 1 Kg recycled plastic replaces 100 Kg of concrete.
4) Environmentally Green and Sustainable — reduced energy & carbon emission.

IL. LITERATURE REVIEW

1) Slab is largest member which consumes concrete and when load acting on the slab is large or clear span between columns is
more, the slab thickness is increasing. It leads to consume more material such as concrete and steel due to that, self-weight of
slab is increased. To avoid these disadvantages various studies are carried out and researchers suggest voided slab system. In
this study the design process for plastic voided slab is compared with reinforced concrete solid flat slab through a design
comparison of typical bays of 4.54 m by 4.54 m (15 feet by 15 feet), 6.05 m by 6.05 m (20 feet by 20 feet), 7.57 m by 7.57 m
(25 feet by 25 feet) and 9.08 m by 9.08 m (30 feet by 30 feet) with the same thickness of 0.25 m (10 inch). The solid flat slab
design process follows the provisions made in the ACI 318-11 and the plastic voided slab design process is modified from the
Bubble Deck Design Guide for compliance with BCA using AS3600 and Euro code 2. Also, the finite element analysis of the
slab panels has been carried out by using ANSYS Workbench 14.5 to find out the deformation. The obtained results of
deformation should be checked for live load and long-term deformation as per ACI 318-11.
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Concrete plays a major role in the construction field. In building construction slab is one of the largest and important structural
member consuming concrete. Concrete slab use more concrete than requirement, hence has to be optimized. So reduce the
concrete in center of the slab by using hollow recycled plastic balls. High density polyethylene (HDPE) hollow balls replace the
ineffective concrete in the center of the slab, thus decreasing the dead weight and increasing the efficiency of the floor. Voids in
the middle of a flat slab eliminate 35% of a slab’s self-weight removing constraints of high dead loads and short spans.
Combination of recycled plastic bubbles permits 50% longer spans between columns without any beams. This provides a wide
range of cost and construction benefits. In this paper, Finite element analysis (FEA) was carried out by using ANSYS software
to study the structural behavior of bubble deck slab with different arrangements of elliptical balls.

Bubble deck slab is a method of virtually eliminating all concrete from the middle of a floor slab, which is not performing any
structural function, thereby dramatically reducing structural dead weight. High density polyethylene hollow spheres replace the
in-effective concrete in the centre of the slab, thus decreasing the dead weight and increasing the efficiency of the floor. By
introducing the gaps leads to a 30 To 50% lighter slab which reduces the loads on the columns, walls and foundations, and of
course of the entire building. The advantages are less energy consumption - both in production, transport and carrying out, less
emission - exhaust gases from production and transport, especially CO2 .The aim of this paper is to discuss about various
properties of Bubble deck slab based on the various studies done abroad. Moment, deflection and stress distributions are
verified using Finite Element Method (FEM) in SAP2000.

A structural system of Tremendous importance in constructions are slabs or floor systems, it is called two dimensional slab
structural elements, where the third dimension is small compared with the other two basic dimensions. Loads acting
perpendicular slabs, to the flat principal, may be from different shapes Y configurations relying on the need for which apply at
all times seeks to make them lighter but covering the greatest possible distances and always seeking to improve productivity
and energy savings in construction. These systems reduce or change the concrete within the middle of the slab by a lighter
material to from reduce the weight own from the structure. But nevertheless these relieved as in slabs reduce the strength
thereof before exposure to shear forces and fire. BD is a biaxial technology that will increase span lengths and makes floors
thinner by means of lowering the weight at the same time as keeping the performance of reinforced concrete slabs. This paper
gives some of the reviews related to bubble Deck slab.

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 main aim is to study the practicality of
hollow plastic balls in a reinforced concrete slab. 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.

The objective of this study is to perform the behavioral analysis of conventional slab and bubble deck slab using ansys
workbench 14.0. This comparative study includes the study of normal slab and slab with HDPE spherical ball at center to form
voids. High Density polyethylene (HDPE) empty sphere replaces the ineffective concrete at neutral axis of the slab section, in
this way diminishing the dead weight. Simply supported End conditions are assumed for both slabs under Static (udl) loads.
The analysis result showed the total deflection , Von-mises Stress of both slab under uniformaly distributed load for different
end conditions. This paper moreover displays a review on the properties and preferences of Bubble Deck section over
conventional slab.

Biaxial voided slab is an emerging slab system which reduces its self-weight up to 50% in comparison with the conventional
reinforced concrete solid slab. It reduces both one-way and two-way (punching) shear capacity about 40%. Therefore, an
effective way of predicting the punching shear capacity is investigated as the presence of voids alters the critical failure section.
In addition, eight full-scale specimens were tested with the sphere and cuboid shape of voids. Finally, experimental results of
present study and test data collected from literature (33 specimens) were compared with predictions by the relevant code
provisions. Hence, the presence of voids is considered by modifying the critical section depending on the void location. Further,
only the effective concrete area is considered to predict the punching shear capacity. After the modifications, the predictions by
all three building standards lead to satisfactory results.
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Voided slab is used in the construction of floor slabs, roof slabs and short, medium span slab bridges. Voids of circular shape
are simpler for construction and the stress concentration around these voids is less critical than any other shape. The presented
study is concerned with the experimentation general deformational behavior of the reinforced concrete voided slab under
unsymmetrical case of loading. The voided reinforced concrete slab of dimensions 1.8 m x 1.04 m x 0.12 m having void
diameters of 50 mm was modelLed and tested under eccentric loading. The slab was tested as simply supported on span of 1.60
m. The main focus of proposed work on comparative study of experimentation on voided slab using ANSYS Workbench 14.5.
Slab is largest member which consumes concrete. If the load acting on the slab is large or clear span between columns is more,
the thickness of slab increases. It leads to consume more material such as concrete and steel due to this, self-weight of slab is
avoid these disadvantages voided slab system is used. Reinforced concrete slab with plastic voids is a new and innovative type
of construction. High density polyethylene (HDPE) hollow spheres replace the ineffective concrete from the centre of the slab
and decrease the dead load. The advantages are less energy consumption both in production and transport, less emission of
exhaust gases from production and transport, especially CO,and reduce the material, the load, lower the cost and it is also a
Green Technology. The effect is to decrease the overall weight by as much as 15% when compared to a solid slab of the same
bearing capacity.
In recent modern buildings, voided slabs have been extensively employed because of the high reduction in their self-weight up
to 35%. Five half-scale specimens were fabricated. They contained 96 spherical voids distributed uniformly throughout the slab
area, three of them were strengthened by six embedded steel sheets, three sheets in each direction. The sheets were orthogonally
configured and intersected below the column stub. The variable of the study was the sheet thickness (0.8 mm, 1.0 mm, and
1.2 mm). The specimens were subjected to a gradually concentrated load through the column up to collapse. The test results
revealed that significant losses were recorded in the strength, stiffness, ductility, and energy absorption of the voided slab
without sheets compared with the reference one.

II1. FORMULATION

Deflection due to Live Load
(ACI 318-11 Table 9.5 b) AL.L=Aumax X L.L/(1.2D.L+ 1.6 L.L) < (L/360) Long-term Deflection:
(ACI318-119.5.2.5) A(3D.L+ L.L) = Aumax X 3D.L+ L.L)/ (1.2 D.L + 1.6 L.L) <« (L/180)

A.

Benefits of BDS

According to representatives of technology in Brazil, many benefits can be cited for BDT, such as:

1)
2)
3)

4)
5)
0)
7)

Elimination of beams - formwork economy, cheaper and faster execution of masonry and facilities.

Reducing the volume of concrete - 3.5 kg of recyclable plastic balls 14,31kg replace concrete.

Carbon energy and emission reduction - because of the utilisation of reusable plastic, reducing the consumption of raw
materials.

Freedom in the projects - versatile layouts that adapt easily to curvilineal and irregular layouts.

Increasing gaps in either direction - slab affiliation on to the pillars with no beam through concrete in-situ.

Reduced own weight - 35% smaller, allowing reduction in the foundations.

Increased interior pillar - up to 50% more than traditional structures.

Iv. ANALYSIS

S.NO Name of material Property Value
1. Steel Modulus of Elasticity (E) 200000 MPa
Density (p) 7850 kg/m’
Poisson’s Ratio(u) 0.3
2. Concrete Modulus of Elasticity (E) 22361 MPa
Density (p) 2308 kg/m’
Poisson’s Ratio(u) 0.18
3. HDPE balls Modulus of Elasticity (E) 1035 MPa
Density (p) 970 kg/m’
Poisson’s Ratio(u) 0.4

Table 1 Material properties
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Fig 1 Reinforcement detail given for conventional slab
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Fig 2 Four side fixed support given in slab
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Fig 3 load given for conventional slab
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Fig 4 Total deformation

= e

| o Context A Static Structural - Mechanical [ANSYS Mechanical Enterprise]
I vonc  Rewr  Oipim  Sciecion  Automstion ~8 o
Cut X Delete My Computer - g =l = x B Commands (@)images~ [= ] E ] D rags (EDManage Views &' Pt Preview FManage~
I S Qe | & owmuens Cicomment CHsectionpane | MIE L= Owana  [seiea ton 4 Report Preview [Huser Definea~
: Anatysi 3 ram: "
Duplicate 0 p.cte Satree~ | Cores|2 Sove | Ansbiis g memotepomt  giChat  EPAnnotation | U7 JKestrame £ snow Emors Bl Unit Converter Ekey Assignments  sbroen (I Reset Layout
Outiine. Sowe t u

EEEEIEE oo e y Q@ @ @ Select W Mode- 3T M MEW®® ™ 5 [Cipbosrd- [Empty] DExtend- 9 SelectBy~ @ Convert~

SYS
2021 M
ACADEMIC

<

Details of “Total Deformation” *3oOx
i[Seope ~
Scoping Method |Geometry Selecion
AliBodies
& Graph - B x
Total Detormation Animation |4 b [@]0] [M]M 20fremes  ~[25ectaute) ~[ D Q> mE | -
Time .
tast Ew
I ]
10 5]

Suppressed No
= Results

« Tabular Data | Graph

Fig 5 Directional deformation in slab

a o Context A Static Structural - Mechanical [ANSYS Mechanical Enterprise]
BEEE  rome  Reur  Oipiay  Selecion  Automation ~D o
D ACut X Delete My Computer - g =l % ect [ Commands (M) images~ o-‘ E m ® Tags D Manage Views & Prnt Prevew M Manage ™
I e Qrms | 0 owmacs B Cicomment  CWsection pane | MY = Owewa  [i] 1 47 Report Preview [11User Definea~
OUPHEAE |0 paste SaTree~ | Cores|2 ol K a7 afcnen Bannotation | UM Animation EYshow trrors Blunt Converter Elkey Assignments | strean CJReset Layout
Outine Sotve 3 nsert Layout

TR o o (v & v ¢ Q@ @ @ Select % Mode- T [HH MW@ ME® P & ECkboud- [Empty) @extend= . Select by~ @ Convent=
Name - v.
ANSYS

5 o8 Comectors -
& ) Contacts 2021 R

W, Bonded - Mue To 50
ACADEMIC

S vesh
5 21 Static Structursl (A5)
I Analyss Setsngs
79 Poce
@ Fed Support
@ Pued Support 2
@, Ped Support 3

b
§
]
§

o c
7 Mamum Shear Stress
7 Mavamum Shear Elastc | v

< >
Details of "Directional Deformation” v § 0 X
| scope L)

Scoping Method | Geometry Selection

Geom A Bodies

[Type Drectional Detorm. Animation |« b (@] +] (] M 20Fames  v[25eciame) B QIS =W “ |

Orientation XA _

Time Ea
Oisplay Time Lt
(s

Coordinate System  Global Coordinate
Calculate Time History Yes

Identitier

« Tabular Data | Graph

Fig 6 Reinforcement given for voided slab

=)

|2 Context A Static Structural - Mechanical JANSYS Mechanical Enterprise]
BEZE orc  Geomey  Oipiay  Seection  Automation ~D o
o X Deiete | My Computer - a} Bl Srsmed sele [F commands @images~ 0—‘ = E ® Tags EDManage Views & Print Preview AiManage -
B0 Qfing | v Datributed B : CIcomment CHsectionpiane  MA¢ | Owisd  [selection information 17 Report Preview [TJuser Defined~
2 falree~ | Cores 2 Sowe| || Aneleie gy i cnart Bannotation | U7 " e ED show Emors SR unit Converter Clkey Assignments | sirsen (I Reset Layout
Outtine Sotve = Insert Took Layout
Outline ~*30Ox & | C -+ QA Q@ Select KMode- T HE DB EH M W ' = & [MCipboard~ [Empty] @Extend~ 9 SelectBy~ @Convet~ _
Name - ¥
B project- - ANSYS
= (@ Model (A1) 2021 1
B Geometry
«® Sokd ACADEMIC

@
w
9
i
£
§

23 Coordinate Systems
5 orz
& - Contacts

« W, Bonded - Multiple To So +

< >
Details of “Solid” v3oOx
+ Graphics Properties ~
= Deinition
Suppressed No

Stiffness Behavior Flexible

Coordinate System | Default Coordinat...

Reference Temperature | By Environment

Treatment None
= Materiat )

Assignment TConarete

Nonlinear Effects es
Thermal Strain Effects | Yes

© IJRASET: All Rights are Reserved | SJImpact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 792



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue XI Nov 2024- Available at www.ijraset.com

Fig 7 Four side fixed support given for voided slab

o = Context A: Static Structural - Mechanical [ANSYS Mechanical Enterprise] - & x
BEZE  rorc  Envionment  Display  Seiection ~ 2 o
[] =cut Xoeuete | mycomputer - [ con @ images - B B @ Tags EDManage Views & Print Preview FiManage -
Bcopy QFina | v Distibuted g CIcomment  CHSection Plane | 10 — = Owizara [Elselection information . Report Preview [Huser Definea~
2 p Cores|2 Sobve . . Remote il Cnart B Annotation Hokts; et [ Show Erors E Unit Converter EdKey Assignments | seann CJ Reset Layout
Soive = insert Loyo
QQ [O]w @ Fi] O+ Q& & @ seect = Mode- FI[B]0 0 @ @ B 8 ¢ P 5 [ Chpbonrd- [Empry] | @Extend~ S SelectBy~ @ Comver= -
Name B ~ .
&L Conacts - ANSYS
A B -tage oS0 2021 R
77, Sonded - Mutiple To So ;
D Mesh ACADEMIC

& I Static Structural (AS)

Fixed Support 4
o
¥ Maximum Shear Elastic : «
< >
Details of "Multiple Selection” ~RoOx L
= scope o .
Scoping Method | Geometry Seiection F
Geometry
i et Graph -8 x
e Fixed Support 1
Suppresied |No |

Tabular Data | Graph

n = Metric (m, kg,

Fig 8 Load given for voided slab

Context A Static Structural - Mechanical [ANSYS Mechanical Enterprise] - & x
File Home  Envionment  Display  Selection  Automation ~8 o
D “Cut X Delete | My Computer > g B Suame ecti E nands (@Images~ 41 |:: E DTags EDManage Views &' Print Preview #FManage~
Bcopy QFing | v Distributed . Cicomment  Clsection pane | M = Owizara  [Eselection information 4 Report Preview [T User Defined~
at . Solve " . . Units e o Keytrame Full
i B raste %o, Tree~ | Cores 2 = @ @, Remote P il Chart [ annotation oy Animation L9 Show Errors it Unit Converter EKey Assignments  screen (J Reset Layout
Outline Sotve o Insert Layout
Outline v § O X QQ @ we T~ QA @ @ Select kMode- FTHIE B @ W ® " % & [EClipboard~ [Empty] @Extend~ 9 SelectBy~ @ Convert~ _
Name - Y~
5/ Contacs - ANSYS
P, Bonded - Muitiple To So 2021 R1
¥, Bonded - Muitiple To So
® ACADEMIC

Mesh
= [ Static Structural (AS)

pport
= )
5 soluton Information
/& Total Deformation
~®B Directional Deformation
B Maximum Shear Stress
/% Maximum Shear Elastic
< >
Details of “Multiple Selection” ~31ox Y-
=[scope
Scoping Method | Geometry Selection z
Geomet 1 Vertex
= nennm:; Sevgiy - px
Type Fixed Support 1.
Suppressed No I

Tabular Data | Graph

Fig 9 Voids arrangement in main rod
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V. RESULT AND DISCUSSION
The deformations developed in the solid slab are comparatively less than the bubble deck slab the variations are shown in table 2
whereas the stresses developed in the solid slab are comparatively higher in case of solid slab. The moments developed in xx
direction (M11), in yy direction (M22), in xy direction (M12), the shear forces developed in xz direction (V13), in yz direction
(V23), the maximum stresses that are developed in the slab (SMAX), and the deflections (U3).

Table 2 Comparison of conventional slab and voided slab

Slab Load (KN) Deflection (mm) Weight (Kg)
Conventional slab 260 8.70 321
Voided slab 320 9.20 242

VL MODELLING OF BEAMS

Four beams are modelled and analyzed in the study, a solid concrete beam, and three voided beams with varying rib size. The beams
are 1800mm in length and 150mm by 200mm in cross section. All the beams are modelled with identical reinforcement pattern. The
reinforcement is made of 2 numbers of 12mm diameter rod and 2 numbers of 16mm diameter rod with 8mm stirrups at 125mm
centre-to-centre. The shape of void former is taken as cylinder with 30mm radius and 100mm height placed at the centre of the
beam which gives a symmetrical cross-section. For the first voided beam, the rib size is provided as per Indian standards as 65 mm
and for the second, the rib size is reduced to 60mm and by doing so, number of void formers is increased by 1, and for the last
voided beam, the rib size is reduced to 55mm and again the number of void formers is further increased by 1.
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Designation Rib Size No. of. voids Dimensions

Solid beam - - 150mm*200mm*1800mm
Voided beam (65) 65mm 13

Voided beam (60) 60mm 14

Voided beam (55) 55mm 15

Fig 12 Meshing of Solid Beam

Fig 13 Meshing of Voided Beam

A. Loading and Boundary Conditions

The Flexure test or two point loading test is done on the beams to study the flexural behaviour. The beam is simply supported on
two ends and two point loads are subjected on the beams at one third of the span from each end of the beam. The length of the beam
between two point loads is subjected to pure flexure and failure takes place by bending. The displacement is arrested on all the three

directions on one end and only on Y-direction on the other end, achieving the simply supported conditions. A load of 80kN is
applied on the beam element and the analysis is carried out.

Fig 14 Modelled Voided Beam
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Fig 15 Loading and boundary conditions of solid beam

The modelled beams are meshed and loading and support conditions are given. The modelled beams are run by the ANSYS
software. T results are obtained from the analysis run from the software.

—-4397s53 274263

Fig 16 Displacement of Solid beam

Fig 18 Displacement of Voided Beam65
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Fig 20 Displacement of Voided Beam60
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Fig 21 Stress distribution of Voided beam 60
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Fig 22 Displacement of Voided Beam 55
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Fig 23 Stress distribution of Voided Beam 55

VIIL RESULT AND DISCUSSION

The beams are modelled and analyzed in the ANSYS software and the results are arrived. From the results of the software, the
following conclusions were made.

1)

2)

3)

4)

The displacement of the VB65 is marginally higher than the specimen SB in the elastic region of loading. This is due to
reduction in moment of inertia of the section due to the presence of voids.

The displacements of VB60 and VBS5S5 are greater than VB65 beam. The presence of more voids in the specimens VB60 and
VBS55 may be the reason for higher displacement.

The displacement of VBS55 is greater than VB65 but it is smaller than VB60 beam. The displacement is reduced by reducing the
rib size from 60mm to 55mm. The arrangement of voids is similar in VB65 and VB55 and different from VB60.

Stress distribution of the beams VB65 and VB55 are similar to each other but differ with VB60 beam.

Behaviour of the VB65 beam and the VB55 beam are similar. It is also to be compared with the solid reinforced concrete beam to
study the effect of size of the rib on the flexural behaviour. A lot of savings in concrete can be ensured in major projects like
bridges, multi storey structures, pre-fabrication units etc. The self-weight of the structures can be reduced by up to 35 percent and
leads to an economical project scheme.

1)
2)
3)
4)
5)
0)
1)

2)

3)

VIII. CONCLUSION
Voided Slab And Conventional Slab
Voided slabs are more economical than conventional slabs because they require less reinforcement and smaller members for the
columns, beams, and footings.
Voided slabs are lighter than conventional slabs, which can reduce the overall weight of a building and the amount of concrete
and steel use.
Voided slabs are also precast and manufactured in a factory, which reduces the time it takes to erect a building.
Voided slabs can reduce concrete consumption by up to 40% without significantly affecting load capacity.
Voided slabs can reduce the CO2 emissions and embodied energy of a construction.
The stiffness of a voided flat plate slab decreases as the thickness of the slab increases.

Voided Beam And Solid Beam

Voided beams are lighter than solid beams because they are not completely filled with concrete. For example, a conventional
reinforced concrete beam that weighs 75.55 kg can be reduced to 43.30 kg by using a voided square beam.

Voided beams can have similar load carrying capacity to solid beams. For example, a voided beam with a concrete strength of
33.2 MPa can have about 98% of the moment capacity of a solid beam with the same concrete strength.

Voided beams can have less deflection than solid beams. For example, voided slabs can have up to 16% less deflection at the
design load than solid slabs.
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