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ABSTRACT: Following the 2010 and 2011 Canterbury Earthquakes, clients and tenants 

in  Christchurch  have  become  significantly  more  aware  of  the  likely  behaviour  of 

buildings and the potential advantages in introducing base isolation into their buildings. 

As a result Christchurch has seen an upsurge in the number of seismically isolated 

buildings. 
 

The development of these projects in the absence of a New Zealand design standard for 

seismic isolation systems has led to a range of challenges for practitioners. As different 

consultancies have developed their own design philosophies and implementations of 

international standards in the New Zealand environment, some trends and insights were 

observed. 
 

The  authors  draw  on  their  experience  designing  and  peer  reviewing  base  isolated 

buildings in Christchurch, Wellington and internationally, and consider the implications 

of designing base isolated buildings in New Zealand in the absence of a local design 

standard. 
 

This paper discusses, from a practitioners-eye view, ways in which seismic isolation is 

currently implemented in New Zealand, and delves into further details on specific design 

anomalies that can occur while design amidst the framework of the performance-based 

New Zealand Building Code. The challenges of designing a „minimum code-compliant' 

seismic-isolated building that can be expected to perform better in earthquakes than a 

minimum code compliance conventional building are discussed. It also considers the 

areas where industry level consensus would be most valuable to design engineers. 
 

Some  practical  implications  of  constructing  seismically  isolated  buildings  in  New 
Zealand are also explored, including limited supply chain issues, QA/QC issues, long lead 
times, and limited test facilities. 

 

 

1  INTRODUCTION 
 

New Zealand does not currently have a seismic isolation design code, however the use of seismic 

isolation has grown significantly following the Canterbury Earthquakes due to a significant increase in 

client awareness of earthquake consequences. 
 

As numerous companies in Christchurch and further afield have undertaken seismic isolation design, 

they have been required to adopt a design approach – generally based on international standards – and 

adapt it to the New Zealand codes.  The process of companies peer reviewing each other‟s work and 

engaging in dialogue over the most appropriate process has led to some convergence of approach, yet 

has also highlighted the difficulties of operating beyond the codes. 
 

This paper presents a practitioner‟s view of operating in such an environment.  It is intended to reveal 
some of the pit-falls, and their possible solutions.  It is also intended to highlight some of the areas that 
could be most valuably standardised by the creation of New Zealand Seismic Isolation guidance. 

 

It is noted there is currently an NZSEE-MBIE working group looking to develop a local guidance 

document that will, in time, resolve some of the uncertainties associated with isolation design in New 

Zealand.
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2  DETERMINATION OF DESIGN APPROACH 
 

As seismic isolation is outside the purview of the New Zealand design standards, it is required to be 
treated as an alternative solution.  In practice for seismic isolation this requires the adoption of an 
international standard as the basis for the design as well as having the design peer reviewed. 

 

With most projects much of the design team focus is about reducing project risk and meeting 

programme requirements.  Any design incorporating an alternative solution immediately faces the risk 

that either a peer reviewer or the statutory authority will disagree with the methods chosen.  This 

therefore tends to lead the practitioner to select a design methodology that most peer reviewer and 

statutory authorities are comfortable with - typically the adoption of international standards of similar 

repute as the New Zealand Standards. 
 

2.1  Setting Performance Objectives 
 

The building is required to meet the requirements of the New Zealand Building Code (NZBC), section 

B1.   For an isolated building this requires some consideration of what is, in effect, the no-collapse 

limit state.  A conventional building is implicitly covered by the ULS limit state in the NZ standards; 

however for an isolated building one should also consider the possibility of the isolators reaching their 

displacement limit – especially if an elastic superstructure design is used.  The investigation into this 

performance is likely to involve both assessment of the risk of the system reaching its displacement 

limit, and the ability of the structure to cope with greater imposed displacements. 
 

Beyond the requirements of the NZBC, seismic isolation approaches are often adopted specifically for 

low damage design purposes.  Even if low damage design is not an explicit client requirement, the 

opportunity to provide low damage performance at no or little extra cost means it should be considered 

by the design engineer.   There is currently little guidance available as to acceptable performance 

criteria for the New Zealand context, meaning engineers are required to either adopt international 

benchmarks such as that promoted by the US Resiliency Council or rely on their judgement. 
 

 
2.2  Selection of Design Standards 

 

For practical purposes, it is common to adopt an international standard as the basis of seismically 

isolated design in New Zealand. The four most broadly used seismic isolation standards internationally 

are: 
 

 Japanese code (BSLEO, 2000) 

 US code (ASCE 7-10, chapter 17) 

 European code (EC8) EN1998 (Eurocode 8) 

 A  Model  Code  for  the  Displacement-Based  Seismic  Design  of  Structures  DBD12.   T.J. 

Sullivan, M.J.N. Priestley, G.M. Calvi 
 

Use of the Japanese standard is generally not practical for language reasons, while use of DBD12 

poses a risk of delays during the design process should either the peer review or statutory authority 

object to the use of a model code rather than an established standard. 
 

In Christchurch an approach based on ASCE 7-10 has often been adopted, likely as a result of personal 

familiarity or preference of the individual engineers or consultancies undertaking the work with that 

particular code.  While both ASCE 7-10 and EC8 seek to provide robustness to the structure by 

ensuring the seismic isolation system reliably operates for earthquakes at and beyond the ULS level, 

they take somewhat different approaches to that objective. 
 

ASCE 7-10 considers two levels of earthquake.  A Design Basis Earthquake (DBE) at the Ultimate 

Limit State (ULS) used to design the superstructure, and a larger MCE event used to design the 

isolation  system  displacement.   EC8  instead  simply  uses  the  ULS  level  event  and  applies  a 

magnification factor γx to this for consideration of isolation system displacements. 



3  

It is the authors‟ view that the ASCE 7-10 approach, requiring analysis and design against two 

separate limit states is more onerous on practitioners than the more straightforward approach in 

EC8.  Both methods achieve the same end result (increasing isolation system displacements to allow 

for larger events and ensure continuing isolation system functionality).  If we are to promote seismic 

isolation as a desirable system to achieve resilient buildings - and it is our view that we should - then it 

would seem appropriate to promote a method requiring analysis of a single limit state.   It is worth 

noting that proposed 2016 changes to ASCE 7 would move it towards a single level design based on a 

1 in 2500 year Maximum Considered Earthquake (MCE) 
 

 
2.3  Tying back into New Zealand Standards 

 

When an international standard is adopted, there is a question of if and when it is tied back to New 

Zealand Standards.  One approach is to design entirely to international standards to ensure internal 

consistency with those standards.  Alternatively one can revert back to New Zealand standards where 

possible. This later approach is more commonly used. 
 

Reverting back to the New Zealand standards requires decisions to be made about many of the 

parameters in the New Zealand standards and how they are best applied to an isolated system.  This is 

where much of the challenge and judgement arises for practitioners as differing organisations can 

often have differing approaches to interpreting parameters and code requirements. 
 

 

3  DETERMINATION OF DESIGN PARAMTERS 
 

There are a number of key design parameters that need to be determined to make the transition from 

international seismic isolation standards to the New Zealand standards.  The determination of these 

parameters  can  cause  considerable  debate,  and  thus  prolong  the  design.    It  is  important  for  a 

practitioner to choose an appropriately conservative approach, not the most conservative approach. 

Simply selecting the most conservative choice for each of these parameters would likely result in base 

isolation becoming economically non-viable.  Key parameters are discussed below, with the intention 

of aiming the discussion around appropriate implementation. 
 

3.1  Post ULS Robustness (Isolator maximum displacement / MCE level event) 
 

A seismically isolated building requires explicit design for “Robustness beyond ULS”, effectively 

ensuring  that  the  isolation  system  and  building  system  overall  has  adequate  redundancy  or 

displacement capacity beyond the ULS event. 
 

If the ASCE approach is used to provide this robustness, it is necessary to determine an appropriate 

MCE level even to design the seismic isolation system.  Following the Canterbury earthquakes it has 

become common to adopt a 1 in 2500 year event (R = 1.8) as the MCE event.  This is broadly on the 

basis that it is the largest level of earthquake explicitly codified in NZS 1170, and represents an 

appropriately large enough increase in seismic event.  ASCE 7-10 recommends a factor of 1.5 above 

the DBE (ULS) level event. Consideration needs to be given to the importance level of the building. 
 

 For IL2 buildings (RULS = 1.0), a 1 in 2500 event is also often adopted, though perhaps this is 

overly conservative as it equates to in factor of 1.8 over the ULS event.  Perhaps more 
appropriate would be to use an R = 1.5 event (approx. 1 in 1500 year) in alignment with the 
ASCE guidance and minimum reserve discussion in NZS 1170.5 
 

 Many of the isolated buildings in Christchurch are designed as IL3 (RULS = 1.3), for which a 1 in 

2500 year event (R = 1.8) is generally adopted.  It should be noted that this is slightly 
lower than the recommendations given in ASCE 7-10, though this is often balanced by the view 
that many of these buildings are offices and IL3 specification is therefore often above code 
requirements. 
 

 For IL4 buildings (RULS = 1.8, 1 in 2500 year event), an earthquake larger than 1 in 2500 could 

be considered.  A 1 in 7500 event is sometimes discussed.  ASCE guidance would suggest an 
equivalent of R = 2.7, which would be very onerous. 
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As EC8 has not typically been adopted in Christchurch there has been limited discussion of the 

equivalent factor γx in relation to the New Zealand codes.  EC8‟s default value is γx =1.2, which results 

in  lower  displacements  than  the  approaches  commonly  being  undertaken  in  Christchurch.   For 

isolation systems in Greece it has been common to increase the γx  factor to 1.5, which give results 

more in keeping with those currently being obtained in Christchurch. 
 

The choice of MCE event, and even the use of MCE and its meaning is an area of considerably 

uncertainty and similarly considerable consequence.  It should be discussed with peer reviewers early. 
 

3.2  Damping 
 

The increased damping available from isolation devices is typically applied using the „B-factor‟ 

method (simply a down scaling of the response spectrum).  This determination of a damping reduction 

factor (commonly known as a B factor) is a mysterious and variable art, though apparently a solid and 

oft repeated choice as a thesis subject. 
 

Three options are readily available: 
 

 NZSEE, Assessment and Improvement of the Structural Performance of Buildings in 
Earthquakes (2206), eq. 5.1:  B = Kξ  = 1/√(7/2+ ξe) – Least conservative.  New Zealand 

specific, recommendation rather than standard. 
 

 Eurocode 8, EN 1998-1:2004, eq. 3.6 (and also DBD12, A Model Code for the Displacement 
Based Design of Seismic Structures, eq 1.4a):  B = 1/η = 1/√(10/(5+ ξ)) < 1.82 – Middle 
conservative.  European standard. 
 

 ASCE/SEI 7-10:  B determine by table 17.5-1 – Most conservative.  American standard. 
 

The Authors recommend the Eurocodes approach as it is an international standard (and thus easier to 

get peer reviewer agreement on than the NZSEE recommendations).  When compared to non-linear 

time history results for Christchurch all B-factors are shown to be conservative (Whittaker, 2014) 

hence the least conservative codified one is selected.  However either the NZSEE or ASCE B-factors 

can be justified with greater or lesser difficulty. Note that the B-Factor is typically limited to 1.82 (or 

an effective damping ratio limit of 30%).  The designer also needs to consider near-fault effects on 

damping – and other modification to the damping equation as appropriate, such as impacts of 

supplementary viscous damping, and note the Priestly recommended B factor equation for near falt 

shown in Fig. 1. 
 

 
 

Figure 1 – Comparison of Spectrum Damping Reduction Factors 
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3.3  Ductility Factor µ 
 

Determination of an appropriate ductility is a critical part of any building design in New Zealand with 

far reaching consequences.   The Eurocode approach states that a base isolated building can be 

considered as nominally ductile (µ=1.5 to EC8) without the need to consider any capacity design 

principles.  However this approach causes some difficulties with the New Zealand codes. 
 

For steel, using µ = 1.25 leads to a series of design complications that are likely to significantly water 

down the relatively small benefits obtained by using µ = 1.25.  The resulting capacity design 

requirements require many elements to effectively be designed for elastic design actions.  It can also 

lead to requirements to use grade S0 steel, and the difficulties in obtaining S0 steel over Grade 300 

may also outweigh any benefits from using µ=1.25. 
 

Clause C12.2.3 of NZS3404 gives a little guidance. 
 
 
 
 
 
 
 
 
 

If the client has requested a Low Damage Design (and especially if they are requesting something 

approaching a no damage design) then µ = 1.0 may be most appropriate.  For the superstructure, 

adoption of µ=1.0 loading is likely to give the simplest route through peer review.  µ=1.25 can also be 

used although it leads to some complexity in detailed design. 
 

Even if an elastic superstructure is adopted, it is generally relatively simple, and highly desirable, to 

use ductile materials and good detailing to facilitate ductile behaviour of the building should it become 

overstressed.  The authors‟ recommend that a robustly detailed superstructure is always adopted, for 

all buildings, regardless of the design ductility. 
 

Higher ductility systems are generally not in keeping with the seismic isolation philosophy and should 

be avoided except in very non-standard circumstances.  It is recommended that µ=1.0 is used for the 

isolation system itself and for the substructure/foundation system underneath the isolators. 
 

 

3.4  Structural Performance Factor Sp 

 

The Sp  factor is unique to the New Zealand codes, and determination of an appropriate factor is 

unclear for an isolated building.  On the one hand the superstructure is typically designed as elastic (or 
perhaps nominally ductile), suggesting Sp  = 1.0 is adopted, on the other hand, the isolator system 

provides  a  highly predictable  „fuse‟  that  minimises unexpected  forces  being transferred  into  the 
building above, therefore perhaps Sp = 0.7 is appropriate. 

 

There is no real guidance regarding the use of the Sp factor for base isolated buildings and its 
peculiarity to New Zealand makes international references non-applicable.  With the lack of clear 
guidance regarding Sp factors for isolated buildings, it has become most common to conservatively use 

Sp=1.0 due to the difficulties of supporting evidence to justify a lower number.   However, by 

comparison  to  a  conventional  medium ductility  building  (µ=2),  an  isolated  building  has  several 
advantages in reliability, including: 

 

 Superstructure typically remains elastic and has lower drifts to a much higher level of shaking. 

Significantly greater predictability of performance. 

 Reduced forces transmitted to the superstructure for a greater-than-design earthquake. 

 Good reliability of excess deformation capacity in the energy dissipating element. 

 Long period structure 

 Displacements focused on isolations system. 
 

 

The authors suggest that Sp = 0.9 be adopted for superstructures on the basis of the behavioural aspect 

above and justification given by cl 12.2.2.1 of NZS 3404:1997 (for both nominally ductile and fully 
elastic structures) and cl 2.6.2.2.1 of NZS 3101:2006 (for nominally ductile structures). 
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We also consider that isolated buildings are a highly desirable form of building, and that the industry 
should be seeking mandate to use Sp = 0.7 for such buildings.  We would suggest that this would be a 
valuable area both for industry bodies to provide clear guidance, and for further research into.  We 
also note that guidance as to whether the same or different Sp factors be used for the superstructure and 
for the isolation system would be very helpful to the practitioner. 

 

Perhaps the most useful extract from the NZ standards in this regard is C4.4 of NZs 1170-5, which 
notes: 

 
 
 
 
 
 
 
 
 
 
 
 

 
3.5  Design Applied Eccentricity (Torsion) 

 

The authors‟ experience is primarily with sliding pendulum bearings.  Compared to most stability 

systems, pendulum bearings are very predictable, as they are machined components, highly distributed 

across the building, with lateral resistance proportional to applied load.  As the superstructure is also 

typically  designed  as  elastic  or  nominally  ductile,  there  is  minimal  softening  effect  in  the 

superstructure. 
 

Christchurch industry practice appears to have typically adopted an eccentricity of +/-5% for the 

isolators, and often also for the superstructure. This is in line with Eurocode 8 and ASCE. 
 

A possible justification of the use of +/-5% eccentricity is provided by reference to the paper by Elms, 
1976, table 1 shows a breakdown of reasonably expected performance for isolated and non-isolated 
systems with respect to eccentricity effects. 

 
Table 1. Summary factors impacting eccentricity (based on Elms, 1976)

 
 
 

Phenomenon 

 
Recommended 

value for non- 

isolated, ductile 

buildings 

 

Recommended 

value for 

pendulum type 

isolated 

buildings 

 
 
 
Comment

 

Yielding behaviour occurs through highly 

Asymmetric                                                                           predictable displacement of isolators. Pendulum 

failure                            
0.04b                       0.00b                 

nature of isolators ensures evenly distributed 

stiffness post-yield 
 

Other                                                                                     
Building behaviour dominated by isolation plane 

accidental                      0.02b                       0.00b               
movement. Deliberate avoidance of secondary 

stiffness effects                                                                       
structural or non-structural elements across this 

plane. 
Centre of mass 

variation                        
0.01b                       0.01b

 

 
Torsional                                                                                    Use value recommended for buildings with 

ground motion               
0.03b                      0.025b                                              

T>1.0s 
 

Total                             0.10b                       0.05b                    
Allow 0.05b to align with international 

isolation codes. 
 

 

3.6  Considering Isolator Behavior Variability 
 

The design needs to account for this variability, effectively doubling the number of design scenarios to
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allow for a lower bound friction (governing displacement), and an upper bound friction (governing 
forces). 

 

The friction coefficient of the isolator sliding material is, like any material, subject to variability.   In 

the case of this particular material the variability is commonly +/-20%, and typically isolators are 

subject to material testing regimes ensuring that they fall within this band.   Generally the testing 

specification should be to a tighter banding that he design assumptions, which also take account of 

other variability. 
 

Research by McVitty and Constantinou provides recommendations for both elastomeric and pendulum 

earings, suggesting that the +/-20% range may be unconservative.   The authors note that any large 

increase in the isolator variability is likely to have direct cost implications for a real project. 
 

Allowance must also be made for aging of the isolator.  Aging can vary the physical properties of base 

isolators.  Quantifying the effects of aging is somewhat uncertain.  There is limited guidance on this, 

with some sources suggesting the effect is negligible, and others suggesting in the case of pendulum 

isolators it may increase friction by up to 20%. 10% is perhaps a pragmatic middle ground. 
 

3.7  Level of Analysis 
 

The designers need to determine the appropriate level of analysis for use on an isolated building.  At 

first glance, the system contains a highly non-linear element suggesting that non-linear time history 

analysis may be necessary. 
 

In practice, if the superstructure is significantly stiffer than the isolation system (and it usually is), then 

the entire building is likely to be able to be reduced to a simple mass-on-a-(nonlinear)-spring.  In this 

scenario the entire building response is adequately modelled by a simple single degree of freedom 

assessment  to  determine  isolator  behaviour.   For  most  isolated  buildings  an  equivalent  static 

assessment with uniform acceleration distribution above the isolation plane will give a good 

approximation of design loading. 
 

Due to the computational inconveniences of using a nonlinear time history analysis for design of the 

superstructure, it is most common in practice to use a response spectrum analysis with the secant 

stiffness of the isolators calibrated against their non-linear single degree of freedom response.  A 

nonlinear  time  history  can  be  used  to  review  the  building  displacements.   For  buildings  in 

Christchurch the paper by Whittaker & Jones (2014) gives an alternative approach. 
 

It is the authors‟ view that there is minimal real benefit in applying more complex analysis methods to 

seismically isolated buildings, and that in the majority of cases a level of analysis similar to a 

convention building would suffice.  It would be desirable to identify adequate equivalent static and 

modal response methods for isolated buildings. 
 

 

4  PRACTICAL CONSIDERATION FOR ISOLATION SUPPLY IN NEW ZEALAND 
 

4.1  Market size and level of supply 
 

The size of the New Zealand market is small and geographically distant from other markets for 

seismic isolators.  New Zealand seems to have a notably stronger focus on minimising capital costs 

than many comparable international markets.  All of this has limited the adoption of seismic isolation 

until the Canterbury Earthquakes raised the consciousness of seismic impact on owners and occupants. 
 

Currently there are a number of international suppliers and at least two local suppliers of isolation 

systems offering isolators in New Zealand.  Despite the limited size of the market, there are some 

ways that design practitioners can make life easier for suppliers, thus increasing opportunities for 

isolation in New Zealand as discussed below. 
 

4.2  Standardisation of Isolator Units 
 

Practitioners tend to think of isolation units as bespoke items, unique to their building.  From a 
supplier‟s perspective  - particularly a  smaller  local supplier  - bespoke  products  mean  additional
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tooling and thus additional costs and time to deliver. 
 

The designer can assist with cost reduction by aiming to adopt existing devices or standardise their 

requirements - not just on their particular project but with other projects in the area.   In Christchurch 

there are currently multiple projects with similar height, soil conditions, and location.  There has been 

some attempt by designers to be consistent with the design and specification of these, through industry 

collaboration. 
 

One benefit of the New Zealand market is that it is small enough that the experts in a particular field 

can (and do) all sit in the same room together, so there is no reason that further standardisation cannot 

be achieved.  This potential standardisation should be across the key parameters.  Possible areas where 

maximum benefits could be realised by standardisation include axial load groups, maximum 

displacements, friction coefficients and curvatures.  Similar standardisation of the various properties of 

LRBs would also be useful. The input of various suppliers should be sought in this regard. 
 

 

5  TESTING REQUIREMENTS 
 

The most commonly adopted testing requirements are set out in EN 15129.  This is a very thorough 

testing regime, however it is also very onerous.  In particular, there are very few laboratories available 

worldwide that can undertake the full range of testing required for building sized isolators.  The most 

established facility, the Caltrans SRMD facility at University of California, San Diego has a wait time 

of around 12 months.  Other facilities are available in Pavia, Italy and Taipei, Taiwan.  This makes 

testing for the isolation system a very difficult proposition.  Some of the largest isolation suppliers 

have significant in-house facilities that are available to use which will meet many, but typically not all, 

of the requirements of EN 15129. 
 

Currently the most pragmatic approach for a design is to specify the requirements of EN 15129 for a 

compliant proposal, but offer the option for supplier to set out alternative testing regimes.  This gives 

the supplier the option to provide a testing regime to suit their location and facilities - and the designer 

the ability to judge whether or not this is satisfactory, taking into account the supplier's quality control 

systems and track record. 
 

It would also be highly desirable for New Zealand universities and other testing institutions to develop 

a suitable testing facility within New Zealand.  It is possible economics would dictate that this would 

only be able to test scale versions for some larger projects, but even this would be of significant 

benefit to the industry. 
 

 

6  CONCLUSION 
 

We consider it desirable for New Zealand to more broadly adopt seismically isolated systems as a 

highly effective and practical method of providing low damage solutions for a building.  We consider 

the following to be key aspects in enabling their more wide-spread adoption. 
 

 Promoting the overall performance advantages of using seismic isolation. 

 Provision  of  industry  guidance  on  the  key  design  parameters  set  out  above  to  reduce 

unnecessary delays during the design and consenting process. 

 Industry-wide adoption of a „single design case‟ approach (rather than the ULS/MCE split 

approach similar to that set out in ASCE 7-10). 

 Industry wide adoption of an analysis approach of comparable complexity to that used for 

conventional buildings. 

 Development of standardised supplier specifications to ease unnecessary burden on suppliers, 

including standardisation of testing requirements. 
 

We note that the NZSEE-MBIE working group currently developing the guidelines are in a strong 

position to address many of the issues above, and encourage them to develop guidelines that promote 

rather than constrain the use of seismic isolation. 
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