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Abstract

Reinforced concrete (RC) building cores are the most widely used lateral load system for multi-
storey buildings in Australia. Building cores consist of RC walls that extend around the
perimeter of lift shafts or stairs shafts to create four-sided box-shaped cross-sections, or other
cross-sections. In recent times, traditional cast in-situ RC building cores have been replaced
by prefabricated concrete building cores, which consist of individual, typically rectangular,
panels that are cast off-site and connected together on site to create different shape building
cores. This paper presents the development of an innovative new building core system called
the CoreCube system that is constructed using three-dimensional modules. The modules are
stacked together on site and post-tensioned across the full height of the core using high
strength post-tensioning strand. The adoption of the post-tensioning strand means the system
develops ductility in a different manner to conventional prefabricated building cores or
traditional cast in-situ building cores. A comprehensive experimental study is being performed
at Swinburne University of Technology to assess the seismic performance of the CoreCube
system and develop design guidelines accordingly. This paper presents the preliminary
findings of one component of the experimental work and is not a comprehensive reporting of
the entire scope of work being undertaken.

Keywords: Prefabricated concrete, post-tensioned core walls, three-dimensional volumetric
construction.

1 CoreCube system

The CoreCube system is a three-dimensional volumetric prefabricated concrete building core
system that is manufactured by LTE Structures QLD Pty Ltd. The system consists of three-
dimensional modules that are cast off-site in a warehouse, which are transported to site and
stacked vertically. All the modules for an entire full height building core are stacked in one
sequence and high strength post-tensioning strand is used to post-tension the top of the core
to the foundation. Each three-dimensional module has a match cast shear key horizontal
connection between adjoining modules that allow the modules to be dry stacked on top of each
other without horizontal grouted joint. An example of the CoreCube system being constructed
for a hospital project in Queensland is presented in Figure 1 (although it is noted this project
was an earlier version of the system that did not adopt post-tensioning strand).

The construction sequence results in the entire (i.e., full height) building core being constructed
prior to the superstructure of the building being constructed. This fundamentally changes the
construction program and unlocks significant cost savings for the contractor.
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(a) Installation of three-dimensional module  (b) Fully erected CoreCube

Figure 1. Early iteration of the CoreCube system in an 11-storey building in Southeast Queensland
(Menegon, Hashemi and Gad, 2025).

2 System level displacement ductility

The CoreCube system utilises post-tensioning strand across the full height of the core, which
results in the post-tensioning strand being the main vertical reinforcement in the plastic hinge
region of the wall. This will change the ductility and inelastic behaviour of the cross-section
compared to a reinforced concrete cross-section reinforced using convention reinforcement,
which in the Australian context is grade D500N reinforcement to AS/NZS 4671 (Standards
Australia and Standards New Zealand, 2019).

The Australian Standard for Concrete Structures, AS 3600 (Standards Australia, 2018), has
prescriptive detailing requirements for RC walls and cores to achieve a desired threshold of
system level displacement ductility. The AS 3600 seismic detailing requirements are written
for conventional systems that are reinforced using D500N reinforcement and therefore, are not
applicable to the CoreCube system constructed using post-tensioning strand.

The AS 3600 seismic detailing rules are broadly based around the principle of: achieving a
plastic hinge at the base of the wall in the peak moment region that has distributed cracking
(i.e., distributed plasticity); and the establishment of a strength hierarchy that allows a desirable
flexural failure to occur in the plastic hinge region without an undesirable failure occurring
elsewhere (e.g., shear failure of the wall or diaphragm connection failure).

System level displacement ductility, or equivalent energy dissipation during an earthquake,
can be achieved in post-tensioned precast wall systems using unbonded tendons to create
rocking systems. Post-tensioned wall systems of this nature have been widely researched in
high seismic regions (e.g., Erkmen and Schultz, 2009; Holden, Restrepo and Mander, 2003;
Kurama et al., 1999; Kurama et al., 2000; Sritharan et al., 2015). While wall systems of this
nature have been shown to achieve good seismic performance, they rely on unbonded
(ungrouted) post-tensioning tendons, which is generally a non-desired and not acceptable
construction practice in Australia (for buildings).
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A precast wall with fully bonded/grouted post-tensing tendons results in effectively the same
response mechanism as a cast in-situ wall for developing ductility, i.e., the concrete cracks in
tension between horizontal panel joints and the post-tensioning yields at the crack location and
the horizontal joint “opens up” and the post-tensioning yields at that location. A major
shortcoming, however, is that the post-tensioning strand has a significantly lower uniform
elongation (i.e., ultimate strain) compared to D500N reinforcement. Post-tensioning strand is
supplied in accordance with AS/NZS 4672 (Standards Australia, 2025), which specifies a
minimum characteristic uniform elongation of 3.5%, whereas AS/NZS 4671 specifies a value
of 5.0% for D500N reinforcement.

Further, the CoreCube system has a grid of vertical and horizontal steel on each face of each
side of each individual module. As such, when all the modules are stacked and post-tensioning
strand extends from the foundation to the top of the core, the ultimate moment capacity at
horizontal joint locations is based only on the continuous post-tensioning strand provided.
Whereas, between horizontal joint locations, the ultimate moment capacity is based on both
the continuous post-tensioning strand and the vertical reinforcement on each face of the cube.
This configuration results in regions of overstrength being created between horizontal joints,
and in turn creates a weak region at the horizontal joints. This weak region in turn creates the
equivalent of a single crack mechanism in the plastic hinge region, which is a non-desired
mechanism (as discussed in Menegon et al., 2018) that when coupled with the low uniform
elongation of the strands, will significantly limit the displacement ductility of the system.

As an alternative approach to develop displacement ductility in the system, a localised
debonded length is being proposed at the horizontal joint in the plastic hinge region of the wall.
The localised debonded length will allow the post-tensioning strand to yield over an extended
length (in the grout tube), as opposed to just the width of the joint plus the yield penetration
above and below, and allow for significant inelastic plastic rotation to be developed at the
horizontal joint at the base of the wall in the plastic hinge region.

3 Experimental testing

A comprehensive experimental program is being undertaken to assess the seismic
performance and ductility of the CoreCube system. The experimental program includes large-
scale system level testing of the CoreCube system; component level testing of the anchorage
details used in the system; and component level testing of the horizontal match cast shear key
connection.

3.1 System level testing

The large-scale system level testing included in-plane lateral load testing on a CoreCube test
specimen with a wall thickness of 175 mm and a cross-section that was 1.6 x 1.6 m. The
specimen consisted of three 0.75 m high modules to create a 2.25 m high test specimen, as
shown in Figure 2(a). The specimen was tested 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 specimen was tested under cyclic unidirectional in-plane
displacement with an in-plane moment coupled to the lateral force resistance of the specimen
to simulate the response of a taller core wall with a shear-span ratio of 4.22 (i.e., M*/V*L,,).

The localised debonding at the base of the wall in the peak moment region, as discussed
above, is shown in Figure 2(b). Additional details about the testing are presented in Menegon
et al. (2025), which provides a more comprehensive, albeit still preliminary, reporting of the
overall system level testing program.
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Figure 2. CoreCube test specimen.

3.2  Preliminary results and analysis

The force-displacement response of the specimen shown in Figure 2(a) is presented in Figure
3(a). It can be seen in this figure, that broadly speaking, a ductile response was observed in
the lateral load behaviour of the specimen. The failure of the specimen occurred after two full
positive and negative cycles of 40 mm displacement, which corresponds to 1.8% drift. Failure
of the specimen occurred from fracturing of the post-tensioning strand at the barrel and wedge
anchorage detail on the underside of the foundation block.

The final full cycle of response prior to failure, i.e., +/- 40 mm of displacement, is highlighted in
Figure 3(a). It can be seen in this figure that the specimen exhibited a pinched hysteresis
response.

To assess the effectiveness of debonding the post-tensioning strand at the base of the wall,
the amount of displacement corresponding to ‘joint rocking’ (i.e., A;.) was assessed using
linear potentiometers on each face of the specimen. The joint rocking displacement was
calculated using Eqg. (1), which is equal to the rotation at the base joint multiplied by the
specimen height. The rotation at the base joint was calculated using Eq. (2), which is equal to
the curvature of the base joint multiplied by a distance “x” that the curvature was calculated
over. The curvature was calculated using Eq. (3), which is equal to the strain at end 1 of the
wall minus the strain at end 2 of the wall divided by the wall length. The strain was calculated
by taking the displacement measured at ends 1 and 2 of the specimen, respectively, using the
linear potentiometers screw fixed to the specimen, divided by length the displacement was

measured over, i.e., “x”.

A comparison of the displacement due to joint rocking and the overall specimen displacement
is provided in Figure 3(b). It can be seen here that joint rocking accounts for a significant portion
of the total displacement. At the peak specimen displacement of 40 mm, the amount of
displacement contributed to joint rocking was approximately 34 mm, which is 85% of the total
displacement of the specimen.
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where:  A;,.= displacement from joint rocking
H = height of the wall
6 = rotation at the base of the specimen
¢ = curvature at the base of the specimen
g, = strain at end 1 of the specimen
&, = strain at end 2 of the specimen

x = vertical displacement ¢; and ¢, were calculated over
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Figure 3. Force-displacement response of the CoreCube test specimen.

4  Concluding remarks

This paper presents an overview of an ongoing research project to development and assess
a novel three-dimensional prefabricated core wall system called the CoreCube system. The
project includes a comprehensive experimental program, which will be followed by analytical
work to develop a design procedure for the system. The research presented herein provides
a high-level summary of the first round of large-scale experimental testing.
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