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Abstract

This paper presents a broad summary of the experimental work that has been performed to
validate the performance of the Qubit 360 low-damage plasterboard wall system, which
includes: system level testing to assess the overall effectiveness at isolating the partition walls
from inter-storey drift in the building; component level testing that consisted of an out-of-plane
assessment of a wall stud assembly and fatigue testing of the innovative top bracket; and a
building level assessment via five-storey shake table test on the NCREE shake table in Taiwan.
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1 Qubit 360 low-damage plasterboard wall system

Multi-storey buildings utilise many different non-structural elements and components to make
these buildings habitable and functionable for occupants. In particular, non-structural
plasterboard partition walls are used as fire-rated and acoustic-rated separating walls between
different occupancies (i.e., units) and within individual occupancies to create the different
spaces. Non-structural partition walls typically consist of light gauge steel stud walls that span
between floor slabs of the building and are lined with plasterboard sheets that are screwed
fixed (or glued) on one or both faces. Despite the partition walls being designed as non-
structural elements, when the building moves under lateral load (i.e., inter-storey drift occurs),
the walls move with building and are subject to racking deformations. Under relatively small
amounts of inter-storey drift less than around 0.2%, e.g., from serviceability wind actions,
reports of these walls creaking have become commonplace in tall buildings; whereas under
moderate to high amounts of inter-storey drift of around 0.5% to 1.0%, e.g., from moderate to
large intensity earthquake actions, moderate to severe damage of these walls is often
observed and reported.

The Qubit 360 plasterboard wall system is a light gauge steel stud framed non-load bearing
non-structural partition wall system, which can be constructed as a fire-rated and acoustic-
rated wall. The system was developed as an alternative to traditional steel stud plasterboard
walls. The system isolates the walls from inter-storey drift in the structure to eliminate creaking
noises under service winds and prevent damage under moderate earthquakes.
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The system relies on the innovative Qubit 360 bracket inside the top track, which isolates the
walls from inter-storey drift in the structure. The Qubit 360 backet moves vertically down in the
head track to account for gravity deflection of the floor slab at the top, and concurrently, the
bracket can slide along the head track and flex out-of-plane to account for inter-storey drift in
the structure. The typical head track detail is presented in Figure 1.

In-plane inter-storey drift

Slides in head track —l

‘————Floor slab

>

Traxx Seal Fire
Protection Tape

=N 1
T S Plasterboard fixed |

Gap (reduces with
vertical movement)

to head track In-plane movement

QUF: brgd(et e E‘ — Out-of-plane flex
© pes cow to Qubit bracket) v P
with vertical % 5 |
S
movement) i ¢
[ Traxx concrete o
i : g
Plasterboard —= - screw with <
5 enlarged shaft =
A, through bracket o
I
5
0

Typical head track section Out-of-plane movement

Figure 1. Head track connection of the Qubit 360 system (Menegon, Hashemi and Gad, 2024b).

2 System level testing

The system level testing was performed in the Smart Structures Laboratory’s Multi-Axis
Substructure Testing (MAST) System at Swinburne University of Technology. The MAST
System is a state-of-the-art test machine capable of applying six degree-of-freedom (6-DOF)
loading (Hashemi et al., 2015). The testing involved full-scale 3x3 metre four-sided rooms, as
shown in Figure 2, which had bidirectional inter-storey drifts applied at increments of 0.1% to
1.5%. The testing consisted of one baseline specimen (i.e., S-A-3) that was constructed using
conventional steel stud wall framing and two specimens (i.e., S-D-1 and S-D-2) constructed
using the Qubit 360 system. All specimens were had square set plasterboard ceilings.
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Figure 2. System level testing in the MAST system (Menegon et al., 2024b).
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The performance of the specimens were assessed at each loading cycle using the damage
state definitions in Table 1, which were broadly based on the damage states proposed by
Miranda and Mosqueda (2011). The damage state of each specimen, at each loading cycle
(i.e., inter-storey drift magnitude), is summarised in Table 2. It can be seen in Table 2 that the
specimen S-D-1 version of the Qubit 360 system was damage free at 1% inter-storey drift.

The acoustic performance was also monitored during the test. A high-level summary of the
acoustic behaviour, as heard by the ‘human ear’, is presented in Table 3. Detailed acoustic
readings were taken, which supported this subjective assessment. It can be seen in Table 3
that the acoustic performance of the Qubit 360 system far exceeded the baseline specimen.

Table 1. Damage state definitions.

Damage state Definition
DS-0 No damage
DS-0.5 Hairline cracking with no other damage
DS-1 First visible damage, light cracking requiring pasting, taping and repainting
DS-2 Significant cracking/crushing in the plasterboard requiring sheet replacement
DS-3 Severe damage to the plasterboard and frame requiring partition replacement

Table 2. High level summary of the damage progression.

Specimen S-A-3 S-D-1 S-D-2
3 mm%}écée: 0.1%) DS-05 DS-0 DS-05
6 mm%cée:zo.z%) DS0.5 DS-0 DS-05
9 mm%céejos%) LS DS-0 DS-1
18 mmC(|y;|; : 0.6%) DS-2 DS-0 DS-1
30 mmc(gga i 1.0%) DS-3 DS-0 DS-1
45 mmc(glg i 1.5%) DS-3 DS-1 DS-1

Table 3. High level summary of the acoustic performance.

Specimen S-A-3 S-D-1 S-D-2

Cycle 1 Constant creaking with No nolse —
3 mm (ISD = 0.1%) isolated pop

Cycle 2 Constant higher volume A No noise
6 mm (ISD = 0.2%) creaking noise

Cycle 3 -

- Constaqt qung loud No noise Isolated popping noise

9 mm (ISD = 0.3%) creaking noise

Cycle 4 -
18 mm (}IISD = 0.6%) GeiEl virgiézud S Isolated creaking noise Constant creaking noise

AEES National Conference 3



Additional preliminary reporting on the system level testing is presented in Menegon et al.
(2024b). Full reporting of the test program and performance of the specimens, including the
detailed acoustic readings and analysis that supports Table 3, is presented in Menegon,
Hashemi and Gad (2024a).

3 Out-of-plane wall testing

Out-of-plane testing was performed on a wall frame constructed using the Qubit 360 head track
connection to assess the strength and stiffness under out-of-plane face loading, as shown in
Figure 3. The system responded satisfactory, and the testing allowed for design models to be
established for predicting the out-of-plane behaviour. The reader is directed to Menegon,
Hashemi and Gad (2024c) for further reporting on this test program.
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Figure 3. Out-of-plane wall testing of the Qubit 360 system (Menegon et al., 2024c).

4  Fatigue assessment of the Qubit 360 bracket

A fatigue assessment of the Qubit 360 bracket, which is an injection moulded monolithic plastic
component, was undertaken to ensure it performed satisfactory under long term cyclic fatigue
loads. The assessment was undertaken on brackets for 64, 76 and 92 mm wide head tracks.
The head track segments were 750 mm long segment and had support points 600 mm apart
with a cyclic loading applied at mid-span. The test set up is shown in Figure 4.

The fatigue loading protocol was established to initially simulate repetitive in-service inter-
storey displacements due to recurrent relatively high intensity in-service wind events, followed
by large inter-storey displacements corresponding to intense earthquake ground shaking,
which was subsequently followed by further repetitive in-service inter-storey displacements
due to recurrent wind events. The loading protocol resulted in 151,020 cycles of +/- 5 mm of
out-of-plane movement. The fatigue loading protocol is summarised in Table 4.

No damage was observed in the bracket following the fatigue loading. Further, no noticeable
change was observed in the out-of-plane stiffness of the bracket, after 150,000 cycles,
compared to a baseline test on a bracket that had not undergone fatigue loading.
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The brackets had some slight wear on the contact points against the inside of the steel stud
top track. However, this wear was only minimal and reduced the bracket width by 0.4 to 0.5
mm, i.e., a 0.5% reduction in the overall width for the 92 mm bracket. Despite the minor wear,
each bracket still fit snug tight in the top track after the testing finished. It should be noted
though, that +/- 5mm of out-of-plane movement would correspond to very intense in-service
movement.

||l e
(b) 92 mm head track bracket
Figure 4. Test setup for the fatigue assessment of the Qubit 360 bracket.

(a) 76 mm head track bracket

Table 4. Loading protocol for the Qubit 360 bracket fatigue assessment.

Loading stage 64 mm bracket 76 mm bracket 92 mm bracket
Stage 1 25,000 cycles of +/- 5mm
10 cycles of +/- 5mm 10 cycles of +/- 5mm 10 cycles of +/- 5mm
Stage 2 10 evles of 4/- 10mm 10 cycles of +/- 10mm 10 cycles of +/- 15mm
Y 10 cycles of +/- 15mm 10 cycles of +/- 25mm
Stage 3 125,000 cycles of +/- 5mm
10 cycles of +- 5mm 10 cycles of +/- 5mm 10 cycles of +/- 5mm
Stage 4 10 oveles of +/- 10mm 10 cycles of +/- 10mm 10 cycles of +/- 15mm
4 10 cycles of +/- 15mm 10 cycles of +/- 25mm
Stage 5 1,000 cycles of +/- 5mm

5 Five-storey shake table testing

The Qubit 360 partition wall system was used in a recent five-storey shake table test conducted
as part of a joint research project between The New Zealand Centre for Research Excellence
QuakeCoRE and the National Center for Research on Earthquake Engineering (NCREE).
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The test was performed on NCREE’s state-of-the-art shake table in the NCREE South
Laboratory located in Tainan, Taiwan. The shake table has six degree-of-freedoms and an 8x8
metre footprint with a maximum payload of 250 ton.

The building was a three-quarter scale five-storey composite framed building with a 5.4x5.4
metre footprint. The building had structural steel columns, structural steel floor beams and a
composite reinforced concrete one-way slab spanning between floor beams. The lateral load
resisting system of the building comprised an offset reinforced concrete coupled core wall on
one side of the floor plan and a buckling restrained braced (BRB) on the opposite side of the
floor plan. The BRB was installed and removed for different ground motion excitations.

The comprehensive test program included 42 ground motion excitations on the shake table
using the 1940 EI Centro (California) ground motion recording scaled to different intensity
levels. The ground motion was gradually scaled to represent intensities ranging from 25% to
150% in 25% increments. The 100% intensity corresponded to a ground motion with a peak
ground velocity of 40 cm/s and a peak ground acceleration of 0.4g.

The overall building and Qubit 360 floor plan, which was located on the first suspended slab
and covered approximately 50% of the floor plan, are presented in Figure 5. Note the BRB on
the front face of the building is not installed in the photo shown in Figure 5.
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Figure 5. NCREE five-storey shake table test.

Full analysis of the results and findings of the shake table testing are ongoing. However,
preliminary reporting indicates that similar performance to that observed in the system level
quasi-static testing in the MAST (i.e., Table 2) was seen in the full-scale testing, where no
damage was observed at 1.0% inter-storey drift, with the onset of damage occurring between
1.0% to 2.0% inter-storey drift. The version of the Qubit 360 system used in this test program
was designed to achieve 1% inter-storey drift without any damage, which was verified by this
program. The system can be designed to achieve greater values of inter-storey drift as
required. Additional preliminary reporting is presented in (Shegay et al., 2026).
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6 Concluding remarks

This paper presented a broad overview of experimental work undertaken to validate the
performance of the Qubit 360 system. The testing included system level testing of a full-scale
3x3 metre room in the MAST system, component testing of wall assemblies subject to out-of-
plane actions, fatigue testing on the Qubit 360 bracket and a building level assessment in a
five-storey shake table test in Taiwan. The system level testing showed the Qubit 360 system
can eliminate creaking noises under small levels of inter-storey drift and prevent any damage
from occurring at up to 1.0% inter-storey drift. The later was validated in the building level
shake table testing. The Qubit 360 bracket, which is an injection moulded component,
underwent 151,020 cycles of +/- 5 mm of out-of-plane movement with no noticeable change in
stiffness or damage occurring, thereby confirming that it should have a satisfactory fatigue
performance across the life of a building.
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