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ABSTRACT 
 
During the 2016 Kaikoura Earthquake the lift shafts at the Victoria University of Wellington’s 
Rankine Brown Library suffered damage at the lower levels. This was due to the partial base 
isolation provided in 2002 which did not address some secondary elements. Beca was 
challenged with the complex task of base isolating the existing, earthquake-damaged lift shaft 
and improving the building’s resilience against further events. This paper explores the repair 
and seismic retrofit of the Rankine Brown Library, highlighting the fundamental learning 
experiences gained throughout the process. 
 
 
INTRODUCTION  
 
When I was 15, my parents took me out of school to travel with them around the Pacific to 
assist with the construction of lavish multi-storey apartments overlooking the pristine tropical 
waters of Port Vila, Vanuatu.  Whilst this may have been perceived as bad parenting by some, 
the Grady family saw this as a golden opportunity to impart practical, tangible life lessons that 
could never have been taught in a classroom. I believe that the lessons I learned from this 
unconventional experience are ingrained for life. 
 
As humans, we are intrinsically geared towards learning by experience. A far cry from the 
traditional pillars of textbooks and whiteboards, learning by experience has been proven to 
account for the highest retention of information when compared to any other type of learning 
(Ishwar, 2018). There is no truer example of this for me than the learnings I have gained from 
working on the repairs and seismic retrofit of the Rankine Brown Library after the 2016 
Kaikoura Earthquake. I will discuss the details of this formative project and attempt to highlight 
the fundamental learning experiences, including; being an all-rounder, holistic thinking, 
sustainability, working as a team, being thorough, expecting the unexpected, communication, 
and managing perception. 
 
THE PROJECT - RANKINE BROWN EARTHQUAKE REPAIRS 
 
The Rankine Brown Library is a ten storey, reinforced concrete building originally built in the 
1960s. In 2002, the central tower columns were partially base isolated using lead-rubber 
bearings and the perimeter podium columns were not isolated based on the assumption that 
they would be ‘pinned’ and not resist structural lateral forces. 
 
The structural system after the 2002 strengthening is shown in Figure 1. The building’s two lift 
shafts each consist of six concrete columns and are designed to be self-supporting under their 
own weight while relying on lateral support from the surrounding building under lateral loading. 



 

 

Crucially, the lift shafts and northern stairs were not base isolated during the 2002 works, along 
with the perimeter columns, so were left as rigid points through the isolation plane. Herein lies 
the problem. 
 
The Kaikoura Earthquake and Aftermath 
 
When the Kaikoura Earthquake struck in 2016, ground shaking excited the building’s mass 
and the two lift shafts, being the stiffest element in the structural system at ground level, 
suffered extensive damage due to shear failure at ground floor, through the base isolation 
plane. An example of the damage, which extended to all six columns of each lift shaft, is shown 
in the graphic in Figure 1.  
 
The earthquake also damaged the building’s perimeter columns. This was due to the lateral 
prying forces induced by the existing CHS pin detail as shown Figure 1. Live camera footage 
showed that the building moved approximately 50 mm laterally. 
 

 

Figure 1. Rankine Brown Library - Transverse cross-section and structural damage  
 
To replace the damaged columns, a temporary steel propping structure was installed (partially 
shown in Figure 2) which clamped the lift columns above Level 1 and then transferred the 
vertical load to the existing lift pit while also accommodating a possible 300 mm of temporary 
seismic movement through the use of Teflon sliders.  
 

  

Figure 2. Temporary steel propping structure before and after columns were removed 
 



 

 

Permanent Lift Construction 
 
The new permanent lift shaft was base isolated allowing for seismic movement of 600 mm to 
minimise future earthquake damage. Reinstatement of the lift shaft comprised of a series of 
stages which are outlined below.  
 
Steps 1 & 2 – Piling and lift pit demolition (Figure 3) 
A new, widened lift pit was required in order to accommodate seismic movements of the new 
lift structure. To create this widened lift pit, the existing reinforced concrete lift pit that the 
temporary propping steel structure was seated needed to be demolished. The load path would 
have to be altered first. To establish a new load path, and to provide the rattle space for the lift, 
70 No. CHS piles (Figure 3(b)), which were six metres long, were bored and cast into the 
ground surrounding the existing lift pit with just over two metres of headroom. Once all the piles 
were installed, a concrete ring beam was formed around the top of the piles on which a 
temporary steel propping beam as seen in Figure 3(c) was installed. The temporary propping 
beam was then jacked to transfer the load from the existing lift pit wall to the new CHS piles. 
Following this, the existing lift pit was demolished to allow for excavation of the new, widened 
lift pit. 

 

Figure 3. Lift works construction sequence Steps 1 to 2  
 
Steps 3 to 5 – New lift pit and permanent steel construction (Figures 4 and 5) 
Reinforcing was installed, and concrete was poured to form the new lift pit. Six base isolating 
slider plates were lowered into each lift pit, on which the new steel structure bears. The new 
permanent structural steel shaft box (indicated red in Figure 4) was then erected between the 
temporary propping steel members (indicated in blue in Figures 3 and 4). The load was 
transferred to the new steel structure by pressurising grout-filled flat jacks under the new slider 
plates. Once the load transfer was complete, the existing lift shaft was supported on the new 
base isolated system and the temporary propping steel was removed.  
 

 

Figure 4. Lift works construction sequence steps 3 to 5  



 

 

Following the removal of temporary steel, the plywood seismic gap cover plate was installed 
and the new sliding lift shaft box was framed with timber and covered with linings.  
 

  

Figure 5. Steps 4 & 5 works – New permanent lift steel (L) Removing temporary steel (R) 
 
Improved Resilience 
 
To improve resilience, the existing pinned columns (as shown in Figure 1) were cut and 
reinstated with new base isolated, cantilevered columns. The new columns were designed to 
accommodate 600 mm of seismic movement and had to be moved off the grid by 250 mm for 
clearance. These columns could experience an eccentricity of up to 850 mm during seismic 
movement. Strengthening to the existing reinforced concrete waffle slab was required to resist 
the additional imposed actions from the eccentricity.  
 
Other works to increase the resilience of the Rankine Brown Library was undertaken, including 
the base isolation of the northern, self-supporting stairwell and precast panel retrofit, but will 
not be covered in this paper.  
 
PERSONAL INVOLVEMENT IN THE RANKINE BROWN EARTHQUAKE REPAIRS 
 
My role on the Rankine Brown earthquake repairs included the structural design of the new lift 
structure along with sequencing, design of new base isolated stairs, modelling of partitions and 
isolation planes, contract administration, and on-site construction monitoring of the structural 
works including liaison with the contractor and client.  
 
Staged Construction for Complex Problems 
 
The retrofit of the new lift shaft proved complex as a result of competing spatial and structural 
requirements which needed to be unified. The structural design required consideration of both 
gravity and seismic demands, including; temporary seismic movement of 300 mm, final seismic 
movement of 600 mm, temporary propping, construction sequences/buildability under the 
existing dimensional and space constraints (as seen in Figures 5 and 6), existing services and 
fire requirements, and architectural requirements. To add further complexity, the lift shafts and 
other areas were contaminated with asbestos, there were stringent noise constraints, and the 
building was to remain occupied while the works were being carried out. 
 
Things as simple as installing CHS piles were made difficult due to limited headroom. The steel 
piles that were installed around the existing lift pit were 6 m long while the headroom was only 
2.4 m. The piling rig was modified, and trenches were excavated to manoeuvre the piling rig 
around the lift. Each pile was installed in 2 m sections and welded together in-situ as the holes 
were bored and then the piles were cast into the bedrock. 
 



 

 

  

Figure 6. Step 2 works - Demolition of existing lift pit (L) Working in a confined space (R) 
 
To tackle the problem of unifying competing design requirements, I adopted a holistic thinking 
methodology, engaging other consultants early to agree on the requirements and the 
constraints. The outcomes were documented, and all the constraints were worked through to 
ensure that a well-thought-out and coordinated package was produced. To ensure the 
contractor also gained a holistic view of the project and understood the constraints clearly, a 
full construction sequence was developed for the contractor’s consideration which included 
every action required at each step including jacking, construction, load transfers, and axial 
shortening.  Part of the construction sequence is shown in Figures 3 and 4. 
 
Speaking Up When Working as a Team  
 
In the early stages of the project, there were regular design team meetings regarding the 
possible methodology and staging for the construction of the new lift structure. The project 
team decided on a complex system to prop the existing temporary propping steel structure 
using a braced frame seated on the bottom of the existing lift pit. This method was workable 
but had a lot of uncertainty and complexity. The project team was intent upon using on this 
idea and we started developing the design.  
 
In an effort to try and reduce the complexity of the problem, I proposed an alternative that I 
believed would reduce complexity and uncertainty. This idea involved driving CHS piles around 
the existing lift pit and installing a temporary propping beam under the temporary jacking frame 
as shown in Figures 4 and 5. Initially, it took a while for me to build up the courage to go to the 
project team and push for the new idea as the initial plan had already been set into action. 
However, they were receptive to the idea and I was tasked with the detailed design and 
construction staging of the new solution. This methodology proved to work very effectively, and 
the Contractors were able to reduce the initially-estimated construction programme by two 
months.  
 
Base Isolating an Inhabited Floor  
 
Allowing for the 600 mm seismic movement and stepping isolation planes throughout the 
building proved to be a more challenging task than first anticipated. Throughout the occupied 
levels of the building, the partitions, external walls, lift shafts, and even stairs formed more than 
ten different isolation plane levels. Every time an isolation plane crosses through any structure 
or partition, 600 mm of allowance for seismic movement is required, either in the form of a 
seismic gap with no physical structure in it or a sacrificial zone. To complicate matters, the 
majority of walls have fire rating requirements, there are doorways present which isolation 
planes cannot cross through, service level clearance is required, and the details and walls 
must comply with the design standards. The isolation planes prior and following the retrofit are 
shown in Figure 7. 
 



 

 

 

Figure 7. Rankine Brown Library – Before and after strengthening  
 
Similar to partitions, seismic gaps are typically a simple aspect to design in a base isolated 
building through the use of a steel plate or a plywood plate seated over the gap with room to 
slide. On the Rankine Brown Library, this conventional design was not possible due to the 
requirement for large seismic movements, limited seating, and columns being in the path of 
sliding plates. For seismic gap cover plates in the building, elaborate articulated and sliding 
joints were designed to hold up the cover plate which were also made to break apart around 
the columns while still being able to sustain the gravity loads allowing for egress out of the 
building following an event.  
 
To understand the complexity of having multiple stepping isolation planes throughout the 
building, I developed animated 3D models. Every new partition was modelled including every 
existing wall, every isolation plane, every step in the isolation plane, and all existing services. 
From the model, decisions could be made about where crush zones, deflection heads, and 
structural support for walls were or were not required. The models proved to be an extremely 
useful communication tool amongst the wider project team. Cantilever posts were installed in 
the walls allowing them to cantilever off the ground and not fix to the floor at the isolation plane. 
There was a 20 mm gap left between the cantilever wall and the floor above that was filled with 
fire rated sealant that would allow for service level movement and then break away under 
ultimate level movement. At steps in the isolation planes through walls, many sacrificial panels 
were installed which are tied into other walls with a combination of compressible washers, 
flexible fire rated sealant, and break-away studs. The panels are designed to be damaged 
during an earthquake allowing the walls around them to remain undamaged. 
 
An Unexpected Doubling of Load 
 
During the jacking of the perimeter columns, some were found to have twice their calculated 
tributary load, therefore also doubling the lateral seismic demand. Despite careful rechecking 
of calculations by multiple members of the design team, the inconsistency remained. Further 
investigation pointed towards either differential settlement of the internal and perimeter 
columns or squashing of the lead rubber bearings under the tower columns causing load 
redistribution stiff prestressed and post-tensioned two-way waffle slabs. To complicate things 
further, the foundation pads, on which some of the cantilever columns were to be seated, were 
discovered to be located 5 m below their expected level. This proved difficult as the columns 
were already cantilevering 2.5 m from the ground and they were not capable of spanning any 
further. Perimeter column works can be seen in Figure 8. 
 
Some long nights later, I was able to resolve the problem, through the use of a combination of 
new steel piles driven down to the existing foundation pad upper limit, ground beams tied into 
the new piles, new higher foundation pads being formed, and by reducing the friction coefficient 
through the use of low friction sliders. 



 

 

  

Figure 8. Perimeter column being jacked (L) New cantilever column and slider plate (R) 
 
Communicating on Site and in the Office  
 
While there were not 50 African elephants in the Rankine Brown Library, there was certainly a 
large load to deal with. Throughout the project, the reference to elephants was used to 
communicate the significance of load to the audience. The general public does not know what 
3500 kN means but most people can conceptualise the weight of an elephant. 
 

  

Figure 9. New sliding lift shaft. 3D render (L) 3D printed scale model of lift shaft box (R) 
 
Early in the project, we decided that the complexity of the construction and staging would be 
difficult to understand using conventional 2D structural drawings. Throughout the Rankine 
Brown earthquake repairs, a range of visual tools were used to assist with effective 
communication between parties involved as shown in Figure 9. This has included a range of 
3D drawings, colour, 3D printing, and elephants.  
 
Challenges with Public Interaction 
 
Perimeter columns were being cut and piles were being bored directly below the library users 
while they were studying. Library-goers would often ask why works to repair the lifts hadn’t 
been started yet, oblivious to the around-the-clock construction works happening below them.  
 
A large part of the Rankine Brown earthquake repairs has been managing public perception of 
the building. On Level 8 of the building where the information technology staff are located, 
there are three large cracks along a movement joint in the existing waffle slab. Although this is 
not a risk to the structural integrity of the building, the occupants were concerned. I undertook 



 

 

monthly site visits to monitor the cracks but also to talk to the relevant stakeholders to provide 
updates on the progress of works. 
 
KEY LEARNINGS FROM EXPERIENCE 
 
Through my role on the Rankine Brown earthquake repairs, the experiences gained have been 
invaluable. From the project, I have distilled several of the most significant learnings that I feel 
could apply to any young engineer taking on a complex engineering project. They are 
described below.   
 
Holistic Thinking  
 
As an emerging structural engineer, it is easy to get caught up and overwhelmed in the details. 
A fundamental learning from the Rankine Brown earthquake repairs was that holistic thinking 
leads to more unified, more simplified, and ultimately more successful projects.  
 
Through adopting the staged construction/sequencing approach the complex task of 
remediating and constructing the new Rankine Brown Library lift shaft was split into a number 
of more simple tasks leading to the successful final outcome.  
 
Resilience is Sustainability 
 
Sustainability in buildings is typically associated with green roofs and timber columns but there 
is a great deal more to the concept of sustainability from the perspective of the consulting 
engineer. In the past few years, it has been discovered that hollow-core is less resilient to 
seismic loading than previously assumed. At the same time, cities such as Wellington, may 
see higher demands than previously expected due to basin edges effects, the discovery of 
new faults, increases in the seismic hazard, and changes in structural codes. This has led to 
the condemning of a number of recently-constructed buildings within the capital city. There is 
nothing less sustainable than demolishing an existing building. Resilience is sustainability. This 
is because fewer materials are used, less carbon dioxide is released, and less waste is 
generated. 
 
Previously it was standard practice to design a high-ductility structure to protect life-safety only, 
but now there is a shift towards more low damage design by buildings so that they can be 
reoccupied following an earthquake, most commonly using base isolation. Through the 
resilience and base isolation works on the Rankine Brown Library, I learned that the biggest 
thing we can do as engineers is foster a more sustainable future and design something that 
won’t become obsolete in years to come with the increases in demands. To clients, we should 
be pushing more low damage solutions and encourage more resilient buildings.  
 
Working as a Team  
 
A wise engineer learns from their mistakes, but an even wiser engineer learns from others 
mistakes too. Part of the learning process is through questioning others, challenging one 
another, and learning from their and your own mistakes. One of the best ways to learn things 
is to surround yourself with people with more knowledge and experience than yourself. 
Fortunately, as the youngest member of the team, I had an abundance of experienced 
engineers to learn from. 
 
Being Thorough 
 
Having a base isolation plane in a carpark or under a building is one thing but having one 
through an inhabited level with partitions, fire-rated walls, block walls, stairs and two lift shafts 
with 4 lift cars going through it, is another story. 



 

 

 
Through the Rankine Brown earthquake repairs, I learned that base isolation planes can be 
complex. Keep them as simple as possible. Avoid having an isolation plane in an inhabited 
space, but if this is unavoidable then take the time up front to be thorough and model or identify 
every partition, every wall, every isolation plan, and every step in the isolation plane and really 
try to understand the system. Although this may seem like an arduous task, it will save a lot of 
time and rework down the track. Do it once and do it right.  
 
Expecting the Unexpected 
 
Learning from experience means facing challenges and overcoming them which makes you a 
better, more resilient engineer and reinforces the learnings. The most rewarding challenges 
are sometimes the most difficult. 
 
The earthquake repairs have taught me, building in redundancy and tolerance into the design, 
and not to design the building to the limits. When things happen out of your control such as the 
column loads doubling, as an emerging engineer it is easy to get overwhelmed and 
disheartened about why the problem came about, but it is important to move forward and focus 
on the things you can change such as the solution.  
 
Although facing challenges is vital to the success of retained learning it is equally important to 
know your limits and capabilities and to not be afraid to say when you are out of your depth. 
 
Communication and Being an Allrounder   
 
Before working on the Rankine Brown Library, I was under the impression that engineers are 
mainly number crunchers. The works on the Rankine Brown Library taught me that being a 
good engineer is not only about having the capability of understanding a complex problem, but 
it is also effective communication and being able to effectively communicate complex problems 
to a wide range of audiences and about having the soft skills required to relate to public, 
colleagues, consultants, clients, and contractors.  

“A picture is worth a thousand words” – Frederic R. Barnard  

Sometimes it takes thinking creatively to communicate with clarity. If a picture is worth a 
thousand words imagine how many words a 3D render, or a 3D printed model could paint. The 
use of 3D tools to facilitate effective communication was supported throughout the Rankine 
Brown earthquake repairs. The most complex aspects of the project ran smoothly during the 
construction phase and were finished ahead of schedule.  
 
Managing Public Perception  
 
When a skyscraper is built, it is typically the architect who is acknowledged for their innovation 
and design. When a new model of car is released, people compliment its sleek new look. It is 
rarer to hear: “look at those airbags and all the new safety features”. Similar to the engineers 
that design a state-of-the-art safety system in a car, the work of a structural engineer is often 
not seen until things go wrong.  
 
Once all the work to the Rankine Brown Library has been completed, the structural form will 
be concealed by non-structural partitions as shown in Figure 10. To the layperson, the building 
will be the same as any other, simply fit for its current purpose. To us, the building has received 
a new lease on life, with improved resilience for the next big earthquake. Publicity can improve 
the public perception of the Rankine Brown Library. Unexpectedly, post-earthquake 
strengthening presents an opportunity to improve perception. Let’s not hide from that.  
 



 

 

  

Figure 10. What’s the difference? The public will never know.   

CONCLUSIONS  

“Character cannot be developed in ease and quiet. Only through 
experience of trial and suffering can the soul be strengthened, ambition 

inspired, and success achieved.” – Hellen Keller 

Structural engineering demands engineering judgment, which comes with development and a 
broad range of experience, therefore it is imperative that emerging engineers are faced with 
novel and complex projects that challenge their capabilities such as the Rankine Brown 
earthquake repairs within the context of an experienced engineering team. With ambition, hard 
work, resilience and the right team around you for support, anything is possible, and the 
learnings experienced will be ingrained for life. 
 
This experience has taught me that engineers must be allrounders. Technical understanding 
is critically important, but thinking holistically, managing perception, working collaboratively, 
communicating effectively, being thorough and creative to overcome challenges, and 
considering the future are the glue that binds a successful engineer. 
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