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SUMMARY 
 
Recent earthquakes in New Zealand have resulted in a significant change to structural design 
practice.  The difficulty in repairing damaged earthquake buildings and the expectations of 
building owners and occupants have resulted in a surge in seismic resilient construction 
implementing low-damage structural systems.  Examples of recently implemented buildings 
with post-tensioned rocking walls are presented. The key details in these buildings are 
discussed, including consideration to displacement compatibility between components.  
Ongoing research is focused on improving the detailing for system interactions with a 2-storey 
low-damage concrete wall building soon to be tested at Tongji University as part of a joint ILEE-
QuakeCoRE research project. 
 
 
INTRODUCTION 
 
The damage caused to conventional modern buildings during major earthquakes often leaves 
them requiring either costly repairs or demolition, as highlighted by the 2010/2011 Canterbury 
earthquakes in New Zealand (Kam et al. 2011, CERC 2012).  The increasing desire to reduce 
damage and downtime in modern buildings has led to the development of a low-damage 
design philosophy, where earthquake loads can be resisted with damage confined to easily 
replaceable components. 
 
A number of different low-damage technologies have been developed and implemented that 
are suitable for different building applications.  Post-tensioned (PT) structural system have 
been well developed using precast concrete components that behave in a jointed manner with 
replicable energy dissipating elements (Preistley et al. 1999).  Unbonded PT wall systems 
consists of a precast concrete panel with unbonded PT tendons anchored between the top of 
the wall and the foundation.  The simplest form consists of a single precast wall panel with 
unbonded PT, often referred to as a Single Rocking Wall (SRW) (Perez et al. 2013).  To improve 
the energy dissipation capacity and seismic performance, walls with unbonded PT bars are 
often coupled with supplementary energy dissipating devices, such as in the jointed wall 
system developed during the PRESSS program (Preistley et al. 1999), hybrid walls with either 
mild steel dissipaters (Holden et al. 2003, Restrepo and Rahman 2013) or viscous dampers 
(Marriott et al. 2008) located at the wall-to-foundation interface, and  Precast Wall with End 
Columns (PreWEC) using special energy dissipating O-connectors (Sritharan et al. 2015). 
 
  



The extensive research and development of PT wall systems has led to their successful 
implementation in a number of buildings by proactive engineers.  In 2017 a workshop was 
hosted by QuakeCoRE to share experiences from the implementation of low-damage 
structural systems.  Examples of the post-tensioned wall buildings presented at this workshop 
are summarised and the detailing described and compared.  Ongoing research to improving 
the detailing for system interactions is also discussed. 
 
 
POST-TENSIONED WALL BUILDINGS 
 
Examples of post-tensioned wall buildings are shown in Figure 1.  The first multi-storey building 
with post-tensioned walls in New Zealand was the Allan MacDiarmid at Victoria University 
constructed in 2008 (Cattanach and Pampanin, 2008).  The first post-tensioned wall building 
in Christchurch was the Southern Cross Hospital Endoscopy building that was completed just 
prior to the 2011 Christchurch earthquake (Pampanin et al. 2011).  These have been followed 
by a number of buildings, predominantly in Wellington and Christchurch.  Buildings 
implementing post-tensioned walls are typically 2-6 storeys and with a range of building use. 
 

 
a) Allan MacDiarmid 

 
b) Southern Cross 

 
c) Royal Society 

 
d) Christs College 

Figure 1:  Example of post-tensioend wall buildings 

Key details of the example post-tensioned wall buildings are summarised in Table 1.  The walls 
in these buildings have used variations of the previously developed systems, including SRWs, 
jointed walls, and hybrid walls.  However, it is worth noting that the implemented walls have 
differed from those initially researched and tested in order to accommodate the project 
requirements.  For example, several walls have utilised post-tensioned walls with steel 
coupling beams.  Coupling beams are often required to meet architectural requirements when 
walls form a core system, and the use of steel beams allows for a low-damage solution 
compared to conventional diagonally reinforced concrete coupling beams, as well as providing 
added energy dissipation.  In addition, the wall geometry is often more complex in order to 
accommodate the architectural concept rather than the rectangular walls previously tested. 



Table 1:  Summary of example post-tensioned wall buildings 

Building City Storeys 
Walls 

Frames Floors 
System Dissipaters 

Allan 
MacDiarmid 

Wellington 4 Coupled 
SRW 

Steel coupling 
beams 

Concrete 
(PT) 

Double tee 
+ 

composite 

Southern 
Cross 

Christchurch 4 
 

Jointed U-shaped 
flexural plate 

Concrete 
(PT) 

Hollowcore 

Lucas House Nelson 3 Hybrid External steel 
fuse 

Timber Rib & 
timber infill 

Royal Society Wellington 2-3 Hybrid Mild steel bars Steel Double tee 

Customhouse Wellington 6 Coupled 
SRW 

Steel coupling 
beams 

Concrete Double tee 

One Market 
Lane 

Wellington 12 Core SRW 
(no PT) 

Mild steel bars + 
steel coupling 

beams 

Concrete 
(slotted)  
+ steel 

Double tee 

Christs 
College 

Christchurch 3 SRW 
(complex) 

None  
(in frames) 

Concrete 
(slotted) 

Composite 

 
The detailing of the walls, and in particular the wall base, has highlighted some difference in 
the implementation of the low-damage design philosophy.  In some walls heavy steel 
armouring plates are provided at the wall base in order to prevent spalling or crushing in the 
compression toe of the walls.  In other cases, the armouring is much lighter with only a small 
steel angle places around the wall base.  The armouring and confinement detailing are almost 
always different to that previously tested and designed based on first principles.  When 
considering the transfer of shear at the wall-to-foundation joint, design guidelines require a 
shear key to be used.  Walls have implemented this by either using dowels or by placing the 
wall in a pocket in the foundation.  Again, most of these details differ from that previously tested 
and create a number of challenged when considering deformation compatibility as the wall 
rocks.  There is a need for additional testing to verify and refine design recommendations for 
wall base details. 
 
In most buildings the walls are combined with a seismic resisting frame as a dual system or 
rely on the walls in one direction with frames in the other direction.   The detailing of the frames 
has varied from post-tensioned concrete frames, slotted beams that reduce the elongation 
demands on floors, and steel or timber frames.  The floor systems have used either typical 
precast floor units (double tees, hollowcore, rib and timber) or composite steel tray floors. 
 
Detailing of the wall-to-floor connections have adopted various strategies to address 
deformation compatibility as the wall rocks.  These solutions can be defined as either flexible 
or isolated: 

• Flexible:  Where the adjacent floor slab is designed to have some flexibility to 
accommodate the wall uplift and rotation (e.g. the use of a thin composite floor slab). 

• Isolated:  Where the floor and wall are intentionally separated with a specially designed 
connector to provide lateral force transfer (e.g. flexible steel plate or slotted hole and 
steel tongue). 

 
 
SYSTEM LEVEL RESEARCH 
 
The behaviour of wall-to-floor connections in PT wall buildings has been investigated using 
numerical models (Henry et al. 2012) and proprietary connectors have been tested that can 
isolate the floor from the vertical uplift of the wall while still maintaining a horizontal load path 
(Watkins et al. 2014). The two large-scale subassembly tests performed at the MAST 
laboratory in Minnesota confirmed that significant deformations are induced in the floor when 



connected integrally with the wall and the use of an isolated wall-to-floor connection could 
successfully reduce out-of-plane floor deformations and resulted in a more predictable lateral-
load response (Liu et al. 2015).  
 
When considering the entire structure, two shake-table tests have been conducted on buildings 
that incorporated PT walls.  A 3-storey building that incorporated hybrid PT walls and slotted 
wall-to-floor connectors was tested at the University of California San Diego (Schoettler et al. 
2009).  The test primarily focused on the diaphragm response but demonstrated good 
performance of the PT walls, but with some jamming of the slotted wall-to-floor connectors.  In 
addition, a 4-storey building with PT walls and frames was tested on the E-defence shake-
table (Nagae et al. 2012).  The floor was rigidly connected to the PT wall and experienced 
damage at the wall-to-floor interface.  Numerical modelling of the E-defence building 
highlighted the importance of capturing the system-level interactions, including the in-plane 
and out-of-plane response of the floor, to calculate the buildings response to ground motions 
(Watkins et al 2017).  The results from these two shake-table tests have been valuable in 
understanding system-level response of PT wall buildings, but the detailing in both buildings 
was significantly different to that observed in New Zealand buildings. 
 
To verify the seismic response of a low-damage concrete wall building implementing state-of-
art design concepts and practical construction details, a joint research project was initiated 
between the International Joint Research Laboratory of Earthquake Engineering (ILEE) and 
the New Zealand Centre for Earthquake Resilience (QuakeCoRE).  The project consists of 
shake-table test of a 2-storey PT wall building that incorporates details observed in the New 
Zealand buildings described earlier.  As shown in Figure 2, the building includes post-tensioned 
walls in both directions.  The PT walls are designed to primarily resist lateral demands in both 
directions.  The perimeter frame is primarily designed to carry gravity loads but will provide 
lateral-load capacity during some test configurations.  The frames have been detailed with a 
slotted beam design which allows them to function as either pin ended or moment resisting 
when dissipating devices are installed.  The first floor consists of long-span precast concrete 
double tees with an insitu concrete topping.  A steel tray composite floor is used in the second 
floor in a short span configuration.  In one direction the walls are integral with the frames and 
floors, and the wall-to-floor connections are designed to be flexible using either a link slab or 
composite floor.  In the other direction the walls are designed to be isolated and offset from the 
frame.  Specially designed wall-to-floor connectors are used consisting of a steel tongue 
attached to the beam and an armoured steel slot in the wall.  The building is currently under 
conduction with testing at Tongji University scheduled for late 2018.  The results and outcomes 
of this system verification will be presented at future conferences. 
 
 
CONCLUSIONS 
 
Significant progress has been achieved in the implementation of low-damage buildings utilising 
post-tensioned walls.  Research and testing have led to the development of a range of post-
tensioned wall systems, and variations of these have been used in the implemented buildings.  
However, the configurations and detailing of the implemented walls have highlighted a number 
of challenges that have not been fully addressed by past research.  In particular some details 
are still designed from first principles with different philosophies regarding the wall base and 
wall-to-floor connections.  Further investigation of these implemented designs is required to 
provide improved guidance on the design and construction of such buildings.  A large-scale 
test is currently underway that aims to verify the performance of a post-tensioned wall building 
that utilises a range of detailing consistent with that used in New Zealand buildings. 
 



  
a) 3D schematic 

 
b) Floor plans 

 
c) Flexible floor connection 

 

 
d) Isolated floor connection 

Figure 2:  ILEE test building 
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