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In the evolution of modern structural engineering, the quest for optimizing the weight-to-stiffness ratio of concrete
floor systems has led to the widespread adoption of voided slab technology. As urban structures reach greater
heights and demand larger clear spans, the inherent dead weight of traditional solid reinforced concrete slabs
becomes a primary constraint. The voided slab system, also known as a biaxial hollow slab, addresses this by
strategically removing non-structural concrete from the tension zone, thereby reducing mass without significantly
compromising structural integrity. However, the design of these systems requires a nuanced understanding of
rigidity calculations, particularly how the presence of circular or spherical voids alters the mechanical properties
of the section compared to conventional solid plates.

Understanding the Theoretical Framework of Voided Slabs

The fundamental principle of a voided slab is the removal of concrete from the center of the cross-section, where
its contribution to flexural strength is minimal. In a typical bending scenario, the concrete near the neutral axis
experiences relatively low stress. By replacing this concrete with high-density polyethylene (HDPE) or
polypropylene (PP) void formers, engineers can reduce the self-weight of the slab by up to 35%. This reduction has
a cascading effect on the entire structural chain, reducing loads on columns, shear walls, and foundations.

From a mechanical perspective, voided slabs occupy a middle ground between solid flat plates and joist/waffle
slabs. While they appear solid from the exterior, their internal geometry creates a complex distribution of stiffness.
The rigiditiesof these slabs—specifically bending rigidity (D) and torsional rigidity (G)—are not uniform. They
depend heavily on the geometry of the voids (spherical, ellipsoidal, or cubic) and their spatial arrangement within
the concrete matrix.

The Calculation of Bending and Torsional Rigidities

Accurate modeling of a voided slab in Finite Element Analysis (FEA) software requires the determination of
equivalent section properties. Because the cross-section is non-homogeneous, designers often use stiffness
reduction factors or equivalent thickness methods to represent the slab as an isotropic or orthotropic plate.

Longitudinal and Transverse Bending Rigidity

In slabs where voids are oriented in a specific direction (longitudinal), the rigidity varies along the different axes.

The longitudinal bending rigidity (D_x) is calculated by determining the moment of inertia of the net concrete
section. For circular voids, the reduction in the moment of inertia (l) is calculated by subtracting the inertia of the
void area from the gross inertia of the rectangular section, adjusted by the parallel axis theorem if the voids are not
centered on the neutral axis.

The transverse rigidity (D_y), however, is often lower because the load-path must travel through the narrow "ribs"
or "webs" between the voids. Research indicates that for slabs with circular voids, the equivalent bending rigidity
can be approximated using the following relationship:

e Effective Inertia (I_eff): |_solid &times; (1 - &eta;), where &eta; is a factor based on the ratio of the void



diameter to the slab thickness.
e Neutral Axis Shift: If the voids are displaced toward the top or bottom, the neutral axis shifts, necessitating a
recalculation of the first moment of area to ensure accurate flexural capacity predictions.

Torsional Rigidity Considerations

Torsional rigidity (C) in voided slabs is significantly more complex than in solid slabs. The presence of voids
interrupts the continuous shear flow required for torsion. Studies have shown that circular voids reduce torsional
stiffness more than they reduce bending stiffness. Engineering models often apply a reduction factor, typically
ranging from 0.6 to 0.9, to the gross torsional constant of a solid slab of the same depth, depending on the void-to-
depth ratio.

Analytical Comparison: Conventional Solid Slab vs. Voided Slab

To understand the practical implications of these rigidity variations, a comparative analysis is essential. Below is a
structured comparison of the performance metrics between a standard 300mm solid flat slab and a 300mm biaxial
voided slab (using 180mm diameter spherical voids).



Feature / Metric

Self-Weight

Moment of Inertia (1)

Flexural Capacity

Punching Shear Resistance

Maximum Span Range

Concrete Consumption

Solid Flat Slab (300mm)

7.5 KN/m&supz2;

100% (Baseline)

High

100%

8m - 10m

100%

Voided Slab (300mm)

~5.2 KN/m&sup2;

~85% - 90%

~90-95% of Solid

~80-90%

10m - 15m+

~65% - 75%

Structural Impact

Reduces foundation load
by ~30%

Slight increase in deflection

Maintains primary strength

May require solid zones
around columns

Enables larger open-plan
spaces

Significant material cost
savings

Technical Mechanics: Punching Shear and Flexural Behavior

One of the most critical aspects of voided slab design is the punching shearat column connections. Since the

voids reduce the volume of concrete available to resist diagonal tension, the punching shear capacity is inherently
lower than that of a solid slab. In technical practice, a "solid zone" is maintained around columns. The radius of this
solid zone is typically determined by the shear perimeter where the concrete stress falls below the allowable limit
defined by codes like ACI 318 or Eurocode 2.

Numerical Studies on Flexural Behavior

Recent numerical studies utilizing non-linear finite element models have explored the ultimate limit state (ULS) of
biaxial voided slabs. These studies confirm that if the neutral axis remains within the compression flange (the
concrete above the voids), the flexural behavior mimics that of a T-beam. However, if the neutral axis drops into the
voided zone, the compression block area is reduced, leading to a decrease in the moment of resistance (M_Rd).
Therefore, the optimization of the "top flange" thickness is vital for ensuring high rigidity and ductility.

The Practical Implementation of Voided Systems

Implementing a voided slab system like Volimax or Geoplastrequires a specific construction sequence to ensure
the rigidities calculated during the design phase are realized in the field. The following procedure outlines the
integration of these systems:

1. Formwork Installation: Standard flat formwork is erected to the required floor elevation.

2. Lower Reinforcement Mesh: A bottom steel mesh is laid out. The size of the steel mesh (e.g., 12mm or
16mm bars) is determined based on the tensile requirements calculated from the equivalent plate model.

3. Void Former Placement: Plastic void formers are positioned according to a strict grid. Spacers are used to
ensure the void formers are elevated, allowing concrete to flow beneath them to form the bottom soffit.

4. Upper Reinforcement Mesh: A top mesh is placed over the void formers. This mesh is often tied to the
bottom mesh using "stools" or shear links to prevent the void formers from floating during the concrete pour
(buoyancy control).

5. Concrete Pouring: Concrete is poured in two stages or in a single stage with high-slump (flowable) concrete
to ensure full encapsulation of the voids.



Mesh Sizing and Reinforcement Density

A common question in voided slab design is: "What size steel mesh do | need?"Unlike solid slabs, where
reinforcement is distributed evenly, voided slabs often require concentrated reinforcement in the "ribs" between
voids. The mesh must be sized not only for flexure but also to control crack widths at the thin sections of concrete
above and below the voids. Typically, a higher density of smaller diameter bars is preferred over fewer large-
diameter bars to improve the distribution of stresses.

Cost Analysis and Economic Viability

While the material cost of plastic void formers is an additional expense, the total project costoften decreases due
to several factors. The reduction in concrete volume (up to 0.15 m&sup3; per m&sup2; of floor area) and the
corresponding reduction in reinforcing steel (due to lower dead loads) typically offset the cost of the void formers.
Furthermore, the reduction in overall building weight can lead to smaller column sizes and less complex foundation
systems (e.g., switching from pile foundations to raft foundations).

Life Cycle and Sustainability

From an environmental standpoint, voided slabs significantly reduce the embodied carbonof a structure. By
consuming less cement—a major source of CO2 emissions—and utilizing recycled plastic for the void formers, this
system aligns with Green Building certifications (LEED/BREEAM). The increased span capability also allows for
greater architectural flexibility, extending the functional lifespan of the building as interior layouts can be modified
without structural interference.

Case Studies: Troubleshooting and Solutions

In real-world applications, several challenges can arise that affect the calculated rigidities of the system.
Understanding these failure modes is essential for senior technical designers.

Issue 1: Buoyancy and Displacement

During the pouring process, the upward force of the wet concrete can cause void formers to float or shift. This
displacement alters the effective section, moving the voids into the compression or tension zones where they

were not intended to be. Solution:Engineers must specify a robust tying system, securing the void formers to the
formwork or the bottom reinforcement grid. Buoyancy calculations should be performed as part of the construction
methodology statement.

Issue 2: Shear Failures in Thin Webs

In biaxial slabs, the concrete webs between the voids are susceptible to shear failure. Solution:If the calculated
shear stress exceeds the concrete's capacity, designers must either increase the spacing between voids
(thickening the webs) or integrate internal shear reinforcement (stirrups or headed studs).

Issue 3: Deflection Miscalculations

Because the moment of inertia is lower than that of a solid slab, long-term deflection (creep and shrinkage) can be
more pronounced. Solution: Using a Stiffness Reduction Factor (SRF)in the FEA model ensures that the
predicted deflections match real-world performance. Designers should typically use a cracked-section analysis for
serviceability limit state (SLS) checks.

The Future of Slab Rigidities: Computational Optimization



The calculation of voided slab rigidities is moving toward high-fidelity computational optimization. Modern software
allows for the generative design of void shapes—moving away from standard spheres toward topology-optimized
internal geometries. These custom voids maximize the stiffness-to-weight ratioby placing concrete only along
the principal stress paths. As 3D printing and advanced molding technologies evolve, we can expect voided slabs
to become even more efficient, pushing the boundaries of what is possible in reinforced concrete architecture.

Ultimately, the successful design of a voided slab system hinges on a rigorous approach to calculating rigidities. By
acknowledging the orthotropic nature of the system and carefully managing the trade-offs between weight
reduction and stiffness, engineers can produce structures that are both economically viable and environmentally
responsible. The transition from solid to voided systems is not merely a change in geometry; it is a fundamental
shift in how we approach the mechanics of the modern built environment.
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