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Abstract: Reducing material usage via geometrically optimised void forming systems in concrete structures
provides the opportunity to significantly lower CO2 emissions and thus, such methods are an important
means for achieving decarbonisation of the concrete industry. The significant mass reductions which can
be achieved via the use of void formers also provide logistic advantages with respect to the handling and
transport of precast elements. In this respect, a recently patented recycled plastic void forming solution
(ROBOVOID) has been developed which has the versatility to be deployed in a wide range of structural
applications. This paper presents highlights of load and fire testing and addresses some key design
considerations for a range of applications, including for suspended slabs, ground slabs, and facades.
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1. Introduction

Voided concrete slabs are becoming increasingly popular, driven by the need to reduce raw material
consumption and optimising weight savings and performance. A new void former system made from
recycled plastic as shown in Figure 1 is used to create voids in concrete panels. The void system is
particularly unique in its ability to provide a continuous void in two directions and this feature makes it
suitable for fagade applications whereby the void is filled with insulation.

This paper presents experimental highlights of an extensive research program, including results of: bending
tests for slab panels, compression tests on blocks, point load test for a voided slab on ground, a floor fire
test and a fagade fire spread test.
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Figure 1: Typical void former assembly

2, Bending tests on un-ribbed slab panels with voids

21 Specimen details

Two slab panels (refer Figure 2) measuring 3050mm long, 850mm wide, and 300mm deep (50mm
concrete biscuits separated by 200mm void former) were cast with the ROBOVOID assembly with RL818
top and bottom mesh reinforcement, and 12mm diameter double headed studs were provided to reinforce



the cones. The ‘self-compacting’ concrete specification required high flow with a 700mm spread for a
standard slump test, and thus no vibration was required (as was the case for all test presented in this
paper except for ground slabs).
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Figure 2: Photo a

2.2 Test setup

The slab panels were tested in 3-point bending test (Panel A) and 4-point bending test arrangement (Panel
B). The span was set to 2800mm. Figure 3 a schematic of the test setup and Figure 4 shows a typical test
setup in 5SMN MTS actuator.
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Figure 3: Schematic of the test setup, top image: 3-pont bending test (Panel A), bottom image: 4-
point bending test (Panel B)

Figure 4: Test setup in SMN actuator



2.3 Test results

Table 1 shows the results from bending tests. Both panels were loaded beyond failure until reaching 100mm
actuator displacement. As load was applied, cracking started at the bottom biscuit layer for both panels near
the mid span where high moments were generated. Panel A has predominantly flexural failure (refer Figure
5) whilst Panel B had a shear dominated failure mode (Figure 6) with cones cracking due to the Vierendeel
action. The presence of steel studs in the cones contributed significantly to the cones’ strength and ductility,
however where a high shear ratio was experienced in Panel B, the full flexural moment capacity of the
specimen (excluding Vierendeel effects) was not reached.

Table 1: Summary of bending tests on unribbed specimens

Concrete Maximum Estimated | Proportion
strength Actuator applied flexural of moment
Specimen | at time of | maximum | displacement moment capacity
test, f., load (kN) | (mm, &/L, (%)) | capacity attained
(MPa) (kNm)
Panel A 18.9 64.93 100 (3.6%) 46.2 104%
Panel B 49.1 84.77 100 (3.6%) 46.9 89%

a) Cracking near supports b) éracking in cones
Figure 6. Cracking near the supports post peak & cracking in cones (Panel B).
3. Bending tests on ribbed and jointed slab panels with voids

31 Specimen details

To explore the influence of ribs and joints with regards to flexural performance, two tests were conducted
on ribbed specimens incorporating a central rib, and a joint located at mid-span in Panel C and quarter



span in Panel D. The panels were tested in 3-point bending with a span of 1662.5mm. The central rib was
50mm wide and the joint was reinforced with N12 bars, with the joint infill concrete placed in a secondary
pour operation to simulate site practice. The biscuits of the panels were heavily reinforced to ensure the
joint strength was fully tested. The joint arrangement was based on Eurocode lap design requirements
(BSI, 2004) and has been proven to provide adequate anchorage to tensile forces (Pokharel and Lee,
2021).
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Figure 7: Panel C detail (Panel D similar — with joint at mid-span)

3.3 Test results

Figure 8 shows that the failure mode of the specimens was predominantly due to flexural cracking at the
joints. The cracking in panel C showed an extension of the crack diagonally in the joint concrete toward
midspan, suggesting a shear component of failure. Nevertheless, the results shown in Table 2 indicate
that the full moment strength of the joint was easily attained in both tests. No cracking in the ribs was
observed.

Table 2: Summary of bending tests on ribbed/jointed specimens

Concrete Maximum Estimated | Proportion
strength Actuator applied flexural of moment
Specimen | at time of | maximum | displacement moment capacity
test, ., load (kN) | (mm, &/L4 (%)) | capacity at attained
(MPa) joint (kNm)
Panel C 55.0 120 27 (1.6%) 20.9 121%
Panel D 55.0 75 52 (3.1%) 20.9 152%




4. Floor fire test on ribbed and jointed slab panel with voids
4.1 Specimen details

To explore the fire performance of a voided panel incorporating ribs and joints, a full-scale standard floor
fire test was conducted, with specimen detail shown in Figure 9. Longitudinal joints were designed to provide
a nominal load sharing capability, while the lateral joint was designed to provide full bending moment and
shear transfer. The perimeter of the specimen was solid and thus acted as a rib, as did the longitudinal and
lateral joints once the joint infill concrete had gained strength. The test specimen was design to represent a
portion of a larger 2-way spanning flat slab construction with an 8m by 8m grid.

Longitudinal joint

Lateral joint

275
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Figure 9: Floor fire test specimen details
4.2 Test setup

A 15 kPa equivalent load was applied via 20 point loads throughout the test using a hydraulic jacking device
to simulate the bending moment and shear forces representative of those in a typical 8m by 8m flat slab.
The fire heat was exposed to the underside of the slab construction in accordance with AS1530.4, with the
temperature progressively increasing to almost 1200 degrees Celsius over a 4 hour duration.

4.3 Test results

The slab construction maintained it structural adequacy, integrity and insulation performance for the 4
hour fire test despite mid-span deflections of up to 180mm occurring. Some spalling to the underside of
the slab was observed after the test but it was not of sufficient degree to compromise the specimen’s
performance.




5. Facade fire spread test on wall panels with insulated voids
5.1 Specimen details

In recent years a number of tall buildings have experienced massive fires due to the passage of fire
through the building’s fagade envelope. To minimise the risk of such a catastrophic occurrence when the
system consists of combustible materials, a large scale fire spread test has been conducted . The void
formers, consisting of recycled polypropylene, are flammable, however the fagade panels are detailed with
fibre cement board cavity barriers to prevent fire spread. A typical joint detail of the test specimen is
provided in Figure 11. To prevent thermal bridging between the concrete biscuits and in order to achieve
excellent thermal insulation (Loh et al, 2022), polyurethane insulation disks are installed in each cone
during concrete operations.
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Figure 11: Typical joint detail between insulated panels (left) and test setup (right)
5.2 Test setup

The test method and setup is in accordance with AS 5113:2016 Amendment 1 and involves the
construction of a 3 storey fagade configuration including a corner, as shown in Figure 11.

5.3 Test results

During and after the fire test there was no sign observed of fire spread to any adjacent panels. Soon after
removal of the fire source the facade self-extinguished. The test shows that the system meets most of the
criteria that fire does not show additional spread beyond the usual flame height of the crib, except one on
falling debris. A small amount (3.3kg in total) of debris, including a small amount of flaming debris, fell off
during the test from the area directly above the fire crib. However, these issues have been addressed and
certified via minor adjustments to the design detail above the panel opening, and a certified solution has
now been achieved without any requirement for further testing.
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6. Slab on ground load test

6.1 Specimen details

A ground slab with void formers was cast with plan dimensions of 1600mm x 2800mm. The cast was done
without excavation of topsoil and no sand layer required according to the detail shown in Figure 13, and
was designed to suit domestic garden shed and garage applications.
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Figure 14: Ground slab construction pour (left) and post-pour (right)

6.2 Load test and results

According to AS/NZS 1170.1:2002, a concentrated load of up to 13kN is to be considered for light vehicle
applications. A point load of 1350kg was applied close to edge of the ground slab (800mm each way from
the corner) as a serviceability check. After 24 hours, the load was further increased to 2025kg as an ultimate
limit state check. No cracks were observed during the test period of 24 hours for both the serviceability and
ultimate limit state. Deflection on the ground slab was observed to be minimal during the test.
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Figure 15: Point loading of 2025 kg (left) and deformation at jacking point (right)

7. Conclusions

The test results presented in this report demonstrate that structural elements incorporating ROBVOID void
formers can achieve significant strength when designed and detailed appropriately. In particular, the
beneficial use of ribs in flexural elements, the ability to transfer flexural loads through joints, and the ability
for ground slabs to resist high point loads, has been demonstrated. Furthermore, the excellent fire
performance of slab and fagade constructions has been proven. The ROBOVOID design guide should be
consulted in conjunction with all relevant code requirements to enable project specific specification.
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