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ABSTRACT: In late 2014 the 3000m
2  

triangular block bound by Cashel, Colombo and 

High Streets in central Christchurch was cleared and readied for the development of a 

new 4-storey office and retail building.  When stage 1 of the ANZ Centre opens towards 

the end of 2016, Christchurch will be welcomed into a building boasting excellent levels 

of seismic resilience. 
 

To achieve this resilience, a two-way box-column MRF was chosen that provides a 

distributed lateral system suitable for base isolation, but with inherent ductility and 

redundancy.   A geometrically complex glazed atrium structure, decoupled from the 

primary framing presented unique challenges, overcome through a collaborative approach 

between engineer, architect and construction manager and facilitated by embracing the 

powers of BIM and 3D modelling. 
 

Founded  on  a  3m  thick  gravel  lens  within  a  complex  geological  stratum,  a  1.2m 

reinforced concrete raft provides a platform from which the building rises over a single 

level basement.  The raft mass was finely tuned to limit bearing pressures on liquefiable 

soils  yet  with  the  requisite  stiffness  to  bridge  local  losses  of  support.    Additional 

protection against liquefaction is provided by a grid system of perforated pipes laid under 

the raft, providing a relief valve for soil pore pressures and discharged at ground level. 
 

The  buoyancy  effects  of  Christchurch‟s  high  water  table  required  an  engineering 

balancing act to mitigate the dual threat of bearing failure and buoyancy uplift.   To 

overcome this, a novel approach was developed, whereby shallow ground anchors are 

placed to the underside of gravels, picking up soil mass without increasing the structure 

weight. 
 

On completion, the ANZ Centre will be an exemplar of resilient, low-damage building 
design in post-earthquake Christchurch. 

 

 

1  INTRODUCTION 
 

1.1  Background 
 

ANZ Centre is a proposed office building on the site of the old Triangle Centre.  The development is a 

4-storey building, taking up the block encapsulated by Colombo, Cashel and High Street.  Designed as 

a Grade A office building, ANZ and Beca will occupy the upper levels as their Christchurch 

headquarters. 
 

The previous Triangle Centre was demolished following the 2010-2011 Canterbury Earthquakes.  As 

part of the Christchurch Central Development Unit Blueprint Plan, the site joined nearby Cashel Mall 

and the Container Mall as part of the retail precinct. 
 

From early on in the design process, it was recognized that the financial viability of the ANZ Centre 

was best secured if the development attracted prime high-end retail tenants and flagship stores.  It was 

evident that the development should focus on providing the best possible retail experience, with the 

construction  programme  tailored to  have  retail  tenancies  open  by the  2016/17  holiday shopping 

season.
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To achieve this, the ground floor was designed to be a flexible floor space with ceiling height 

maximized at 3.9m and clear, unobstructed elevations that look out on all frontages.  A focus point of 

the design, the High Street elevation is split by a near full height atrium intended to draw pedestrians 

around the building and funnel foot traffic past the Colombo and Cashel Street frontages.  The atrium 

forms an important anchor point and serves to raise the importance of the otherwise secondary High 

Street frontage. 
 

Much of the architectural concept was focused on the façade, which is used to differentiate the 

building from mid-tier offices.   It was therefore intended that the structural arrangement should, as 

much as possible, be simple and standardised to maximise the allowance for the façade. 
 

1.2  Structural System 
 

The superstructure consists of a two-way, steel moment frame above ground floor.   The primary 

frames extend along the orthogonal Cashel and Colombo Street frontages, with the irregular portions 

of the building along High Street generally not forming part of the stability system.  Primarily driven 

by stiffness, the columns consist of custom-welded box sections. 
 

Designed to reduce the effects of vibration, the floor system is typically 150mm concrete floor on 
profiled steel decking, sitting on a secondary beam arrangement.  Secondary beams are supported on 
custom-welded wide-flange primary beam sections. 

 

The basement is formed on a nominal 1.2m thick raft foundation, founded on a 3m deep layer of 

dense, non-liquefiable gravels at approximately 5.0m below ground.  A series of ground anchors are 

used to resist liquefaction and hydrostatic buoyancy by anchoring to the underside of the gravel layer, 

providing additional stabilising soil mass. 
 

The entire superstructure is isolated immediately below the ground floor, on double spherical friction 

(pendulum) isolators. These isolators sit atop 1.0m diameter concrete piers within the basement. 
 

 

2  ACHIEVING RESILIENCE 
 

Throughout design there were a number of conversations about resilience, as the design team sought to 

tease out the client requirements in this regard.  The result being that the design team would follow a 

path towards „pragmatic resilience‟.  That is, designing and detailing in such a way as to improve the 

performance of the building where it could be done without significant cost implications. 
 

The seismic isolation was one of the measures specifically included as a resilience increasing 

mechanism that had a clearly associated cost.  However preliminary cost comparisons suggested that 

savings in the superstructure lateral stability system would likely balance out the actual cost of the 

isolators (the basement was already included in the design, independent of the use of isolators). 
 

2.1  Importance Level 
 

The building houses Orion transformers and the post-earthquake Orion specifications dictate that any 

building housing a transformer must be Importance Level (IL) 3 – a costly implication for an office 

building.   Beca undertook a high level study into the relevant performance of a conventional IL3 

building compared to an isolated IL2 building, and used this to demonstrate to Orion that an isolated 

IL2 building would give superior performance for the scenarios that Orion were concerned with. 

Shown in Table 1, the study utilised the proposed 50-year design life and relevant return period factors 

(R)  for  the  Serviceability  Limit  State  (SLS),  Ultimate  Limit  State  (ULS),  and  the  Maximum 

Considered Event (MCE) based on NZS1170.5 (Standard Association of New Zealand 2004).  The 

expected performance of the building was presented to the client and tenants and aided the IL2 versus 

IL3 discussion. 
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Table 1. Importance Level Study

Limit State 

(Building Type)        
SLS*

 
IL2 ULS 
(Isolated) 

IL3 ULS 
(Conventional) 

IL2 MCE 
(Isolated) 

IL3 MCE 
(Conventional)

 

C
li

en
t 

E
x

p
ec

ta
ti

o
n
s Annual Probability 

of Exceedance 

 

1/25 
 

1/500 
 

1/1000 
 

1/2500 
 

1/2500 

IL2 Isolated 
Building 

No 
Damage 

Minimal 
Damage 

 

- 
Significant 

Damage 

 

- 

IL3 Conventional 
Building 

No 
Damage 

 

- 
Significant 

Damage 

 

- 
Extensive 
Damage 

D
es

ig
n
 

P
ar

am
et

er
s 

R Teff 

(s) 

C(T) 

Sp 

B 

Cd 

0.33 

1 

0.19 

0.7 

- 

0.13 

1 

2.5 

0.26 

0.9 

1.82 

0.13 

1.3 

1 

0.75 

0.9 

- 

0.68 

1.8 

3 

0.37 

0.9 

1.79 

0.19 

1.8 

1 

1.04 

0.9 

- 

0.94 
 

*SLS based on un-activated isolators (conventional building). 
 

 

3  ISOLATION 
 

3.1  Design Drivers 
 

The ANZ Centre utilises a seismic isolation system between the basement substructure and ground 

floor  superstructure.   This expected  displacement  between the  substructure  and  superstructure  is 

accommodated for in the design process in the form of a 500mm isolation plane. 
 

There  are  two  primary  drivers  behind  the  use  of  seismic  isolation.    The  first,  as  with  many 
Christchurch rebuild developments, is tenant driven.  The ANZ tenant had a direct statement that the 
building was to be seismically isolated. 

 

The second is from a design perspective.  The building was to have a basement to meet car-parking 

requirements.  This provided a simple plane where the isolation system could be placed with minimal 

disruption to services and finishes and without needing additional excavation.  The building is also on 

an „island‟ site, with retail being given high priority on all elevations.  To maximise retail value there 

was a strong preference to avoid bracing or wall systems.  Seismic isolation pairs well with moment 

frame systems, maximising value to the client. 
 

For the ANZ Centre, a Double Concave Slider (DCS) - a friction-pendulum isolator - was chosen for 

its predictable performance, ability to reduce the base shear demands, and because its response is 

independent of the mass of the superstructure it supports. 
 

The isolators are also to be used as the re-levelling mechanism should the building suffer liquefaction 

induced differential settlement as a result of a major earthquake. 
 

3.2  Isolator Design Parameters 
 

The isolation system was designed using the MCE approach of ASCE 7-10 (American Society of Civil 

Engineers 2010), with an MCE level event of 1 in 2500 years, as per NZS1170.5 C3.1.4. This gives an 

amplification factor of 1.8 from the ULS event to the MCE event, higher than the  ASCE 7-10 

recommendations (effectively R=1.5), but in keeping with commonly adopted approaches to isolation 

design in Christchurch. 
 

The behaviour of the chosen isolation system set the design actions that the substructure and 

superstructure were to be designed for.   In the analysis of the isolation system, consideration was 

given to variation in the system‟s properties and the effect that this may have on the overall building 

and isolation system response. 
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In keeping with practices on similar local projects, a +/- 20% variation in the friction coefficient of the 

isolators was allowed for in the design and specification of the isolators.  To account for aging, an 

additional  +20%  variation  in  the  friction  coefficient  was  also  accounted  for.    Design  friction 

coefficients were therefore based on a variation of -20% / +40%. 
 

The overall seismic isolation system had the following design characteristics; a radius of curvature of 

4.0m, a target friction factor (μ) of 8.0%, a maximum friction factor (μmax) of 11.2%, and a minimum 
friction factor (μmin) of 6.4%. 

 

To account for the increased damping that the isolation system provides, a damping factor (B) was 

used to reduce the NZS1170.5 spectral demands.  The damping factor selected was based on the latest 

literature on damping factors: A Model Code for the Displacement-based Seismic Design of Structures 
– DBD12 (Sullivan et al. 2012) and also in alignment with international standard EN 1998-1:2004 
(Technical Committee CEN/TC 250 2004), which is more conservative than the guidance given by the 
NZSEE. 

 

3.3  Review and Supply 
 

The isolation system was peer reviewed by Aurecon.  As well as a detailed conversation around the 

appropriate design parameters for use with an isolation system, the peer reviewer required an answer 

to the question “what happens if the building is overloaded?” This was addressed through two studies. 

The first, a global assessment of the ductility demands and story shears on the building in an 

overstressed situation, showed that these compared favourably with conventional buildings.   The 

second was a hierarchy of failure study, showing that any eventual failure would be by a desirable 

mechanism. 
 

Mageba supplied the isolators and their engagement prompted discussion about the appropriate level 

of testing.   Full testing to EN15129 was specified in the design, while Mageba had proposed to 

undertake prototype testing at the EUCENTRE in Pavia, alongside independently certified product 

testing at their production facility in China.  The view of Mageba (and that of most isolation suppliers) 

was that testing to EN15129 was overly conservative.  This is likely the case when dealing with well- 

established suppliers with extensive quality controls - though perhaps justified with less established 

suppliers.  It is worth noting that independent certification and testing at a reputable European facility 

was sufficient to overcome initial client concerns over supply of isolators from a facility in China. 
 

 

4  SUPERSTRUCTURE 
 

4.1  Nominally Ductile 
 

In keeping with the design philosophy of resilience, the base isolation system provides all of the 

energy dissipation and increased damping required in the overall structure.  Given that base isolation 

works best when the structure above the isolation plane behaves as close as possible to rigid body 

motion, stiff column sections were likely required.  Thus it was advantageous to utilise the strength of 

the columns and design the structure for nominally ductile loads (μ=1.25).  Designing a nominally 

ductile  superstructure  (versus  fully  elastic)  provided  some  material  cost  savings  to  the  primary 

members while ensuring robust behaviour and minimising damage. 
 

4.2  A Distributed Stability System 
 

Uplift at the isolators is undesirable and leads to separation of the two halves of the bearings, followed 

by a subsequent uncontrolled impact as the load reverses.   This means a concentrated lateral load 

resisting system is generally poorly suited to use with base isolators.  As design emphasis had been 

placed on providing the best possible retail experience, other superstructure systems, such as 

concentrically braced frames, were quickly determined to be undesirable.   Adopting a distributed 

moment frame system made it straightforward to avoid uplifts at isolators. 
 

Initially, an ideal one-way moment frame system was modelled and sized.  Subsequently, it was found 

that integrating a one-way system with the architectural grid layout resulted in an undesirable torsional 

aspect in the buildings response due to the offset between the buildings centre of stiffness and mass.
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To best reduce the effects of torsion and create a more rigid superstructure, a two-way moment frame 

system was adopted.   This effectively turned every primary beam into a moment frame, greatly 

reducing the offset between the centre of stiffness and mass. 
 

Table 2. Column Study 

Ductility Item Welded  UC Box Column 
 

 

Mu = 1.25, Column 
Ductility Category 2 

Column Description (mm) 

SLS Drift 

D/C Ratio* 

Relative Weight** 

500x450, 32 flange 

0.50% 

0.66 

1 

450x16 

0.47% 

0.84 

0.73 
 

 

Mu = 1, Column 

Ductility Category 3 

Column Description (mm) 

SLS Drift 

D/C Ratio* 

Relative Weight** 

500x490, 32 flange 

0.47% 

0.933 

1.07 

500x16 

0.42% 

1.0 

0.81 
 

* Demand to capacity ratio for a typical column. 
 

** Weight normalized to a 500mm x 450mm section with a 32mm thick flange and 20mm thick web. 
 

While  typical  open-face  UC  sections  would  make  detailing  connections  simpler  and  more  cost 

effective, a study (shown in table 2) on different column sections revealed that a custom welded 

square hollow section (SHS) provided enhanced stiffness at a much lower material cost compared to a 

custom welded heavy UC section.  After initial discussions with steel suppliers, it was found that a 

custom welded SHS section could be readily sourced. 
 

Not only providing the best value, the custom welded SHS columns naturally added resiliency to the 

structure.  Almost every column became part of the stability system, increasing the redundancy of the 

overall structure.   Detailing connections with a slotted through vertical cleat plate increased the 

rigidity and redundancy of the rigid beam-column connections when compared to typical UC sections. 
 

The size of the columns was initially uniform throughout.   However as the design progressed it 

became evident that there were efficiencies to be gained with a more tuned approach.  In particular, 

columns around the car park ramp were more heavily loaded both in gravity (due to the increased 

weight of a mezzanine) and seismic load cases (due to a base joint fixity imbalance), and the ground 

floor was susceptible to a vertical stiffness irregularity due to the increased ground floor to level 1 

height.  Both issues warranted an increase in column sizes either in the ground floor or locally around 

highly loaded areas. 
 

4.3  Design for Vibration 
 

The initial architectural column layout indicated an ideal 8.4m grid for an office space plan.   However 

this resulted in a line of columns in the centre of the drive aisle in the basement car park.  With car 

parking being another key design driver, the column layout was modified to best suit the arrangement 

of car parks and drive aisle, creating a 10.8m span. 
 

As with other modern composite concrete and steel floor systems, the relative low mass of the entire 

system makes it vulnerable to excessive vibration due to footfall.   Coupled with strict tenant 

requirements and large spans, particular effort was made to reduce the effects of vibration. 
 

Guidance for acceptability was provided by SCI P354 (Smith et al. 2009) and drafts of the tenant 

requirements.  Adopting an overall maximum response factor of 4, a typical upper level was modelled 

and analysed in Oasys GSA.  The analysis showed that the majority of the floor plate response was 

acceptable with the primary response being transient in nature, but with responses higher than 4 at 

some of the larger spans. 
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Figure 1 - Vibration Response 
 

The most pragmatic way to mitigate this effect was to add tertiary beams at the mid-span of the large 

span secondary beams.  This was effective in reducing the area with higher responses.  However there 

was no practical way to completely limit the entire floor plate response to 4.  Since only 7% of the 

entire floor was shown to exceed the criteria (6% of the floor was between a factor of 4 and 5, and 

only 1% between 5 and 6), and given the strict self-enforced acceptance criteria, this slight exceedance 

was deemed acceptable. 
 

4.4  Secondary Structure 
 

Various secondary structures were designed using the „parts‟ provisions of section 8 of NZS1170.5 

(Standard Association of New Zealand 2004). These typically conservative accelerations were reduced 

by B, the damping reduction factor as described above. 
 

The central core was suspended below the ground floor, into the basement level.  This was done to 

avoid running the isolation plane through the lift shafts.  As such, the isolation plane drops around the 

suspended core structure and below the lift pit.  The suspended core structure was designed for parts 

loading in addition to a strict deflection limit based on NZS4332 under applied lift and counterweight 

loads.  Stairs in the core were designed to accommodate the interstory ULS drift and slide at mid-level 

landings to avoid strutting loads between floors. 
 

The atrium roof structure was a key architectural feature. The structure encloses a glazed triple-height 

space that forms a light-filled confluence point between retail, hospitality and commercial functions of 

the building.  Originally conceived by the concept architect as a series of „jagged‟ frames cascading 

down from level 3 to street level, the use of large expressed steel UB members aligned with this 

vision.  However preliminary design workshops identified another possibility in supporting the atrium 

roof; Vierendeel trusses spanning perpendicular to the roof flow and inset at each step in the framing. 

While exploring the two options, it was found that the differing length of the cascading frames created 

too much variation in stiffness and hence excessive relative deflections under gravity load cases, while 

the Vierendeel truss option greatly reduced this tendency.   With the structural system selected, the 

architectural conceit was managed by welding flanges to the webs of the trusses to create the 

appearance of continuity down the roof. 
 

The atrium was designed to be self-supporting under lateral loads and thus designed for the parts 

loading in both directions as above, as well as imposed displacements based on the expected 

superstructure drift at the various attachment points. 



7  

5  SUBTRUCTURE 
 

5.1  Foundation Analysis and Design 
 

The ANZ Centre is founded on a 1.2m thick reinforced concrete raft.  This bears on a lens of gravels 

that overlay weak and liquefiable layers that are widespread in Christchurch.   The presence of the 

gravel  layer  of  sufficient  thickness,  density  and  spatial  extent  allowed  a  raft  foundation  to  be 

considered over a more expensive and intensive piled system and played a key part in assuring the 

building‟s viability during the early design stages. 
 

Three phases of geotechnical investigation were completed between August 2011 and February 2014. 

The information gained from the investigation phases allowed a geological model to be developed.  A 

summary of the soil profile determined from the investigations is outlined in Table 3. 
 

Table 3. Soil Profile 
 

Layer 
No. 

 

Description 
 

Depth to top 
of layer (m) 

 

Thickness (m) 
 

Liquefaction 
susceptibility 

 

1 
 

Concrete/pavers and fill 
 

0.0 
 

0.7 – 2.8 
 

Dense 
 

2 
 

SILT with minor to some sand or 

sandy SILT.  Low plasticity.  Inter- 

bedded with thin layers of silty SAND. 

Firm to very stiff 

 

0.7 – 2.8 
 

1.8 – 4.7 
 

Susceptible 

 

3 
 

Sandy GRAVEL with trace of silt. 

Fine to coarse.  Well Graded. 

Medium dense to very dense. 

 

3.8 – 6.0 
 

2.0 – 4.3 
 

Well graded, 

dense 

 

4a 
 

SAND with trace of silt and trace of 

gravel.  Fine to medium.  Uniformly 

graded.  Loose to medium dense. 

 

7.0 – 9.0 
 

5.0 – 12.0 
 

Susceptible 

 

4b 
 

Sandy GRAVEL.   Fine to coarse. 

Well grad-ed.   Pale brownish grey. 

Sand fine to medium 

 

9.0 -11.5 
 

0.2 - 1.5 
 

Dense 

 

4c 
 

Clayey SILT.   Identified in one CPT 
 

15.5 
 

1.5 
 

Plastic 
 

4d 
 

SAND with trace of silt.  Fine to 

medium.  Uniformly graded. Medium 

dense to dense. 

 

10.5 – 21.5 
 

0 – 7.0 
 

Susceptible 

 

5 
 

SILT with minor to trace of sand or 
sandy SILT.  Low plasticity.  Soft to 
hard. 

 

19.0 – 22.0 
 

1.0 – 3.0 
 

Susceptible 

 

6 
 

Sandy GRAVEL with trace of silt. 
Fine to coarse.  Well Graded. 

 

22.7 – 24.5 
 

Proved 9.3 
 

Dense 

 

The sandy GRAVEL (Layer 3) was identified as a potential founding layer for a raft foundation 

option.   To determine if founding on this layer could be adopted over deep piles, the design team 

focused on surety of the thickness, continuity and density of Layer 3 and understanding potential for 

liquefaction and associated settlement in the layers below Layer 3.   The soil/structure interaction was 

modelled in PLAXIS 2D AE (2014) to assess bearing, settlement and buoyancy under SLS and ULS 

earthquake conditions.  Other modelling included consideration of a circular bearing failure of the soil 

beneath the basement through Layer 3 and into liquefied soil below.  Sensitivity analyses were carried 

out on; the thickness of Layer 3; the strength parameters assigned to Layer 3; and the ground water 

profile. 
 

The  possibility  for  significant  liquefaction  induced  settlement  in  the  layers  below  Layer  3  was 
identified in an analysis of liquefaction potential.  The potential for differential settlement arising from
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the process of liquefaction was considered.  In adopting a raft solution for the foundation there was an 

acceptance on the part of the client that in the event of a major earthquake causing differential 

settlement the building may need to be repaired. 
 

This eventuality was mitigated by the relative convenience at which the building could be relevelled. 

By unbolting the isolators, jacking the building from the raft slab and then packing under the isolators 

to fix the building to its newly levelled position, a comparatively cost effective repair method was 

hardwired in the design.  With minor regrading or modification to the building perimeter to suit new 

external ground levels, the building could be reoccupied following a large event with minimal 

downtime.  Thus a pragmatic, yet resilient design was achieved at significantly less cost than a fully 

piled solution. 
 

Analysis of the raft foundation was undertaken using a combination of simple beam on elastic-spring 

models and more sophisticated finite element models, using soil springs with an elastic-perfectly 

plastic response.  An initial slab thickness was chosen based on shear strength limits at heavily loaded 

piers and an iterative process was undertaken to tune the slab thickness to address bearing constraints 

and buoyancy uplift. 
 

The beam on elastic-spring model was set-up based on a grid of ground beams noded around the 

building  piers  with  the  infill  slab  regions  conservatively  modelled  as  distributed  mass  without 

stiffness.  The model was used primarily as a convenient lower bound solution to resolve slab actions 

that  could  be  readily  interpreted  for  design  purposes.    A  sensitivity  analysis  was  conducted  to 

determine the impact of variable soil stiffness and beam stiffness parameters on the model. 
 

The finite element model was developed using SAP2000 and used primarily to assess redistribution of 

bearing stresses following liquefaction of underlying soils. As specified by the geotechnical engineer, 

spring stiffnesses were varied spatially under the raft slab depending on defined corner, edge and 

internal zones, and sensitivity analyses were conducted as done for the elastic-spring model.   An 

iterative process was also undertaken to tune the slab mass, and thus its stiffness and strength, to 

address the low bearing strength capacity of the soil. 
 

To satisfy the design actions from the elastic analysis, the raft slab reinforcement was detailed as beam 

and infill zones, in line with the assumed ground beam resolution of forces.  Design actions for the 

infill regions were obtained from the non-linear analysis and validated by simplified two-way slab 

analysis (beam-strip analysis and Roark‟s equations).   In-fill reinforcement was governed by 

serviceability criteria, as derived using the theory set-out in CIRIA C660: Early-age thermal crack 

control in concrete (Bamforth 2007) and the constraints imposed by NZS3106: Design of concrete 

structures for the storage of liquids. 
 

5.2  Liquefaction, Buoyancy and Bearing 
 

As learnt during the Canterbury Earthquakes, liquefaction uplift pressures can be significant and 

damaging to shallow foundation systems.  Coupled with Christchurch‟s high groundwater table and 

the resultant hydrostatic pressures on the basement, dealing with buoyancy was a key design case. 
 

It  became  apparent  at  an early stage  that  the  ground  conditions  presented  an  interesting design 

dichotomy; if the building was too heavy, it was at risk of punching through the underlying gravel lens 

during earthquake induced liquefaction; too light, and it risked lifting up from buoyancy forces.  With 

the various factors of safety present on each constraint and traditional approaches to construction, the 

solutions appeared mutually exclusive. 
 

This challenge was dealt with in two ways; by refining the geotechnical and structural analyses and 

developing innovative engineering solutions.  To mitigate against the elevated pore pressures caused 

by liquefaction, a network of perforated HDPE pipes were designed to cradle the raft slab and 

basement walls.  This grid system was laid within a matrix of porous gravels (AP60 & pea gravel) and 

provides a pressure release pathway for the anticipated ULS pore pressures of approximately 75kPa. 

The system is connected to a perimeter surface channel that encircles the building and provides an 

evacuation pathway for ejecta without damage to the substructure. 
 

Owing to a relatively lightweight superstructure and the basement excavation, the stability of the
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building was also sensitive to hydrostatic buoyancy.  The simplest method of addressing this – adding 

mass to the raft slab – was limited by bearing constraints.  The approach taken was to address the 

problem from the both demand and capacity side of the equation. 
 

To create a more realistic picture of the expected demand, a special study was undertaken to assess 

site-specific groundwater levels.  Borehole data obtained from Environment Canterbury was used to 

understand the historical context of groundwater levels at and around the site.  This data was subject to 

statistical analyses to determine the groundwater level for a 1 in 50 year event, as per NZS1170.1. 

This showed the groundwater levels for such an event were approximately 0.5m BGL, which provided 

a small but significant reduction in the design hydrostatic uplift pressures. 
 

To provide an adequate margin against failure for both liquefaction and hydrostatic buoyancy uplift 

cases, a solution was devised to use the gravel layer as a counterweight by tying it to the raft slab with 

a series of ground anchors.  This was done using tipping plate anchors (analogous to a drywall anchor) 

specified to a depth matching the thickness of the gravel layer below the raft slab. The anchor heads 

are locked off within dedicated pockets in the raft slab and can be re-tensioned following large events 

if necessary, providing a level of resilience against future events. 
 

The shallow anchors engage the buoyant weight of the gravel mass without penetrating the liquefiable 

layers  below,  thus  providing  restoring  mass  without  susceptibility  to  a  loss  of  tension  during 

earthquake shaking or prestressing the weaker layers at installation.  This was a pragmatic method of 

providing stabilising mass, as the raft slab thickness could be tailored to suit structural requirements 

and excavation levels kept to a minimum. 
 

 

6  STRUCTURAL ANALYSIS PROCESS 
 

ETABS 2013 was used for the analysis the primary moment frame system.   For the superstructure 

seismic system design, the entire building from the bottom of the isolation plane up was modelled. 
 

Seismic loads were first defined using an Equivalent Lateral (EL) analysis.  This analysis was based 

on the built-in ETABS lateral load pattern.  This EL seismic loads was only used for initial member 

design and feasibility.  The user-defined acceleration is based on the single degree of freedom (SDOF) 

behaviour.   Throughout detailed design, the EL cases remained as verification of the analysis. 

Eccentricity is built into the EL cases through the ETABS dialogue. 
 

Primarily for member design and analysis, a Response Spectrum Analysis (RSA) load was created 

using the  built-in  ETABS spectrums  based  on  NZS1170.5.   The  standard NZS1170.5  (Standard 

Association of New Zealand 2004) spectra were revised to utilize the damping reduction factor B.  As 

the isolated periods all occur after a period of 2s, the spectra was reduced after a period of 1.5s to 

account for any un-isolated higher modes that do not experience the additional damping.  Initially the 

scaling factor for the RSA load cases modified the spectrums based on the seismic parameters (kµ, Sp, 

and B).  Subsequently, all of the RSA load cases were scaled to the 100% of the SDOF response.  The 

RSA cases include design cases in each direction, as well as strictly 100X and 100Y cases for 

comparison with the EL analysis. 
 

The isolation system was modelled via the built-in ETABS friction isolator link property.  The top of 

the isolator, or the "I" end was attached to the superstructure, specifically the centre of the beam 

column joint at ground level.  The "J" end was attached to a fully-fixed restraint that represented the 

top of the basement column.  As they are dependent on displacement and mass; an Excel spreadsheet 

was written to calculate each link property based on a user defined Seismic Mass load case. The Excel 

sheet created the lines of code representing the link properties, and was inserted into the .$et file. 

Therefore, each time the stiffness of the springs changed, a new input file was created and imported 

into ETABS. 
 

As with double-concave friction isolators, half of the P-delta moment was distributed up into the 

superstructure, while the other half was distributed downward into the substructure.  P-Delta was taken 

into account via the pre-set P-delta options.  As the P-delta loads are significant for ground floor and 

basement column design, the P-delta loading and distribution were checked carefully with hand- 

calculated loads. 
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As the design criteria required accounting for a variation of friction, as well as various limit states, the 

model needed to vary as such.   For each case a separate model was created; however, only the 

superstructure model used for member design was regularly updated.  When loads were required for 

the different loading scenarios, the current model was modified as described above to account for 

different spring conditions. 
 

 

7  HARNESSING THE POWERS OF 3D MODELLING 
 

The success of the ANZ Centre project, when considered as an example of design delivery, has been 

founded on the collaboration and integration of design and construction teams.  While a large part of 

this success stems from the individual commitment from within the project team, a major contributing 

factor has been the use of 3D modelling as a tool for communication.   It has given each design 

discipline the ability to communicate the complexity of their particular field in visual terms to the rest 

of the project team.   This has proven a powerful tool as it can transcend jargon specific to each 

discipline and communicate ideas more simply than traditional 2D representations. 
 

The collaborative use of 3D modelling was undertaken by linked Revit models between Architect and 

Engineering teams in the design stages, where developments were communicated through regular 

model exchanges and face to face coordination sessions.  As a result, integrated services and structural 

systems, a geometrically complex atrium structure and an intricate curtain wall façade system, were 

coordinated with a high level of accuracy.   As construction progressed, these models continued to 

provide a valuable reference for evaluating contractor submissions or reviewing construction 

alternatives. 
 

Furthermore, the use of 3D modelling evolved from being a tool from which to develop traditional 

contract documents, into a core part of the design team‟s deliverable to construction sub-contractors. 

For instance, during the construction detailing phases, the façade manufacture required the provision 

of additional secondary steel structure.  The process was initiated by a 3D model exchange from the 

façade manufacturer who identified support points and suggested locations for structure.   This was 

developed further in Revit by Beca to satisfy the various engineering performance criteria and 

subsequently exported to the steelwork fabricator for detailing at a finer scale.  This was achieved with 

minimal need for 2D representations or reliance on paper submissions and allowed the design to 

proceed at a greater rate than could be otherwise achieved for such geometrically complex forms. 
 

What this highlights, among many other instances, are the successful outcomes that result when a 

collaborative spirit is fostered, irrespective of contractual relationships.  As the construction phase of 

the project moves to completion, the intangible goodwill that developed from this collective approach 

between architect, engineering and construction teams continues to manifest itself.  It is the basis of 

which on-going construction challenges have been overcome and a cornerstone of the ANZ Centre‟s 

success as a design project. 
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