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Executive summary 
Base isolation is a low-damage seismic design approach that can reduce earthquake 
damage, repair costs, and disruption by separating a building from strong ground shaking. 
Although base-isolated buildings usually cost more to construct, their lower future 
earthquake losses may justify the higher upfront cost. This project examined that trade-off 
for New Zealand buildings. 

The project produced two main outputs. First, a New Zealand base-isolated building 
inventory database was developed. By the end of 2024, 67 base-isolated buildings had 
been identified, including completed buildings, buildings under construction, and 
buildings in design. The database records available information on building location, use, 
structural system, isolation system, and design characteristics. It shows that base 
isolation is concentrated in Wellington and Christchurch, but is increasingly being used 
beyond hospitals and nationally significant facilities, including for commercial and 
residential buildings. This database helped inform the loss study, and serves as a useful 
reference tool for further research into base isolated building performance. 

Second, the project developed a comparative loss and lifetime-cost assessment workflow 
for fixed-base and base-isolated buildings. Four case-study building sets were analysed: 
regular 2-storey, 4-storey, and 8-storey steel buildings, and an L-shaped case-study 
building. Expected earthquake losses were estimated using a FEMA P-58/Pelicun-based 
workflow and converted into break-even periods for base isolation. 

Using an initial base-isolation cost premium of approximately 3%, the simple break-even 
periods were approximately 7 years for the 2-storey building, 13 years for the 4-storey 
building, and 12 years for the L-shaped building. The 8-storey building was the main 
exception, with a much longer break-even period of approximately 85–96 years because 
the reduction in expected annual loss was small. 

Overall, the project shows that base isolation can reduce expected earthquake losses and 
support natural hazard risk reduction, but its value should be assessed using whole-of-life 
thinking rather than initial construction cost alone. 
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Abstract  
Base isolation is a low-damage seismic design strategy that can reduce structural and 
non-structural damage by shifting displacement demand to an isolation layer and 
reducing superstructure response. However, its wider adoption is influenced by the 
additional initial construction cost and uncertainty around whole-of-life economic 
benefit. This study examines the lifetime cost implications of base-isolated buildings in 
New Zealand through two linked components: a national base-isolated building inventory 
and a comparative seismic loss assessment. 

The inventory identified 67 base-isolated buildings in New Zealand by the end of 2024, 
including completed buildings, buildings under construction, and buildings in design. The 
database records available information on building location, use, structural system, 
isolation system, and design characteristics, providing a basis for understanding current 
New Zealand practice and informing future performance assessments. 

A comparative loss-assessment workflow was then implemented for four case-study 
building sets: regular 2-storey, 4-storey, and 8-storey steel moment-frame buildings, and 
an L-shaped case-study building. Each set included fixed-base, base-isolated, and base-
isolated-with-pounding variants. Nonlinear response-history analyses using the NZS 
1170.5:2004 hazard were used to obtain engineering demand parameters, which were 
converted into direct economic losses using a FEMA P-58/Pelicun-based workflow. 
Expected annual losses were then used to estimate break-even periods for base isolation. 

Using an assumed base-isolation cost premium of approximately 3%, the 2-storey, 4-
storey, and L-shaped buildings had simple break-even periods of approximately 7, 13, and 
12 years, respectively. The 8-storey case was an outlier, with a break-even period of 
approximately 85–96 years because the reduction in expected annual loss was small. The 
results indicate that base isolation can provide substantial lifetime-cost benefits, but that 
these benefits are sensitive to building configuration, superstructure drift response, loss-
model assumptions, and pounding-related damage mechanisms. 
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Introduction 

New Zealand seismic resilience context 

New Zealand faces a constant risk of damaging earthquakes, and the consequences of 
earthquake damage extend beyond immediate life-safety concerns. Buildings that protect 
occupants from collapse may still sustain damage that is costly to repair, disruptive to 
occupants, and difficult for communities and businesses to recover from. This distinction 
is important for natural hazard risk reduction because the social and economic impacts of 
earthquakes are strongly influenced by whether buildings can be repaired, reoccupied, 
and returned to function within acceptable timeframes. 

Conventional seismic design in New Zealand has historically relied on ductile structural 
response to protect life safety during strong earthquake shaking. This approach is 
effective in preventing collapse when properly implemented, but it accepts that structural 
and non-structural components may be damaged during severe shaking. In contrast, low-
damage seismic design technologies seek to reduce the physical damage that occurs in 
the first place. One such technology is base isolation. As illustrated in Figure 1, base 
isolation is a concept that introduces a flexible isolation layer between the ground and the 
superstructure. As shown in Figure 1b, base isolation has the effect of lengthening the 
period of the building, thereby reducing the earthquake forces transmitted into the 
superstructure. This typically reduces floor accelerations and superstructure storey drifts; 
thus also reducing damage to structural and non-structural components. The flipside of 
these reductions is an increase in the building displacement demands (as shown in Figure 
1c). However, these are typically concentrated at the isolation level, and in most cases will 
not be detrimental to the structure if adequate space around the structure is provided. 

  

(a) (b)                                             (c) 
Figure 1: (a) Effect of base isola6on on building response [1] (b) effect of base isola6on on the 

accelera6on and displacement demand spectra. 

The practical benefit of base isolation is therefore not limited to improved life safety. Its 
broader value lies in reducing repair costs, limiting damage to contents and building 
services, and improving the likelihood that a building can return to function soon after an 
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earthquake. These outcomes are directly relevant to the Natural Hazards Commission 
(NHC) Toka Tū Ake because they affect future earthquake losses, community recovery, 
and the long-term resilience of the built environment. 

Adoption barrier and decision-making problem 

Despite the technical maturity of base isolation and its successful performance in major 
earthquakes internationally, adoption in New Zealand has remained relatively limited 
compared with the total number of buildings constructed in seismically active regions. 
One reason is that base isolation is simply more expensive. Additional cost may arise from 
the isolation devices, the isolation plane, moat or rattle-space requirements, foundation 
and diaphragm detailing, and the additional design effort required provided it still 
remains an alternative solution under the Building Code [2]. 

This creates a decision-making problem for building owners, developers, engineers, 
insurers, and public agencies. The costs of base isolation are very much tangible during 
design and construction, while the benefits are realised probabilistically over the life of 
the building through reduced damage, reduced downtime, and improved post-
earthquake functionality. For this reason, decisions about base isolation cannot be 
assessed only through initial construction cost. They require a whole-of-life view that 
considers the likelihood and consequences of future earthquake damage. 

The motivation of this project is therefore to help express the benefits of base isolation in 
terms that are useful for practical decision-making. This includes direct repair costs, 
potential downtime-related costs, and the broader implications of reduced damage for 
building owners, occupants, communities, and NHC. 

Research gap 

Previous New Zealand studies have shown that base-isolated buildings can offer 
significant life-cycle cost benefits relative to conventional buildings. However, several 
gaps remain before these benefits can be translated into robust and generalisable 
decision-support information. 

First, there has been limited consolidated information on the existing base-isolated 
building stock in New Zealand. Without a structured inventory, it is difficult to identify 
what types of buildings are being isolated where they are located, which isolation systems 
are being used, what design parameters are typical, and how design practice has evolved 
over time. This is particularly important because base isolation is not explicitly covered in 
NZS 1170.5:2004 [3] in the same way that it is treated in some overseas standards (e.g., 
ASCE 7 [4]) . In New Zealand, base-isolated buildings are generally designed as alternative 
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solutions, with reference to project-specific design approaches and the draft NZSEE 
Seismic Isolation Guideline [5]. 

Second, the seismic hazard context has changed. The release of the 2022 National Seismic 
Hazard Model and the associated development of TS 1170.5 have raised questions about 
how existing base-isolated buildings would perform under revised hazard estimates. For 
base-isolated buildings, this issue is especially important because increased displacement 
demand at the isolation layer may affect moat clearance, isolator displacement capacity, 
and the potential for impact with surrounding moat walls. 

Third, there is a need for practical workflows that connect structural response analysis to 
economic loss estimates. The value of base isolation is often described qualitatively, but 
decisions by owners, engineers, and risk managers require quantitative estimates of 
repair cost, downtime, and whole-of-life consequences. This project contributes to that 
need by developing two linked components: a New Zealand base-isolated building 
inventory database, and a comparative framework for assessing the lifetime costs of base-
isolated and conventional buildings. 

Project purpose and objectives 

The overall purpose of this project is to improve the evidence available for evaluating the 
economic value of base-isolated buildings in New Zealand. The project focuses on the 
relationship between building design choices, seismic response, expected damage, repair 
cost, and long-term cost implications. 

The specific objectives addressed in this report are to: 

1. develop a structured database of base-isolated buildings in New Zealand; 

2. identify trends in the location, use, structural form, isolation system, and key design 
parameters of the current base-isolated building stock; 

3. use the database to inform the selection and interpretation of representative case-
study buildings for comparative loss assessment; 

4. develop a workflow for comparing conventional and base-isolated buildings using 
structural response analysis and loss-estimation methods; and 

5. develop and implement a modelling approach to quantify the ‘break-even’ period for 
choosing a base isolated structure over a fixed-base one.  
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Scope of this report 

This report presents the completed database component of the project and introduces 
the comparative loss and lifetime-cost assessment framework. The database component 
summarises the base-isolated building inventory in New Zealand and identifies major 
trends relevant to future performance and loss assessment. The comparative analysis 
component, described later in the report, considers selected case-study buildings and 
evaluates their seismic response and expected losses using numerical modelling and loss-
estimation methods. 

The report does not provide a complete national loss model for all base-isolated buildings 
in New Zealand. Instead, it provides an evidence base and case-study methodology that 
can support future expansion. The findings should therefore be interpreted as a 
combination of: database-supported observations about the current building stock; case-
study evidence from selected archetype buildings; and methodological outputs that 
establish a basis for more comprehensive future assessments. 

The focus is given to the current building inventory, representative isolation-system 
characteristics, and the comparative performance and cost implications of base-isolated 
and conventional building systems. Where isolation displacement, moat clearance, or 
pounding risk is discussed, it is treated as a performance and loss-assessment issue rather 
than as a device-optimisation study. 

Report structure 

The report is organised as follows. The next section presents the New Zealand base-
isolated building inventory database, including its purpose, data sources, parameters, 
limitations, and key findings. The following sections then describe the methodology for 
comparative structural response and loss assessment, present the results of that 
assessment, and discuss the implications for design practice and future research. 
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Base-isolated building inventory database 

Purpose of the database 

A key output of this project was the development of a database summarising the current 
inventory of base-isolated buildings in New Zealand. The purpose of the database was not 
simply to produce a list of buildings, but to create a structured evidence base that could 
support future performance assessment, loss modelling, design guidance, and policy-
relevant discussion. 

The database serves three main functions within this project. First, it provides a stocktake 
of where and how base isolation has been adopted in New Zealand. Second, it identifies 
typical design and structural characteristics that can inform the selection of 
representative buildings for further analysis. Third, it highlights potential issues for future 
assessment, including variation in design approaches, moat clearance, isolation period, 
and the implications of changing seismic hazard estimates. 

This database component is particularly important because base isolation practice in New 
Zealand has developed through project-specific alternative solutions rather than through 
a single codified design pathway. A consolidated database therefore provides a useful way 
to understand current practice and identify where further assessment or guidance may be 
needed. 

Database scope and data sources 

The database focused on buildings in New Zealand that use base-isolation systems, 
including elastomeric rubber bearings, curved-surface sliders, flat sliders, or combinations 
of these devices. The database was developed from technical literature, structural 
drawings, design feature reports, information provided by structural engineers, and 
council property files. 

For each building, available information was reviewed and entered into a spreadsheet 
database. The recorded parameters covered four broad categories: 

1. general building information, including location, use, status, construction year, and 
whether the project was a new build or retrofit; 

2. design characteristics, including importance level, soil class, design standard 
information, moat or rattle-space provision, and key design parameters where available; 

3. isolator properties, including isolator type, supplier, arrangement, and displacement-
related information where available; and 

4. superstructure characteristics, including number of storeys, structural material, lateral 
load-resisting system, floor system, foundation type, footprint, and isolation-plane 
arrangement. 
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The database was intended to support trend analysis rather than replace detailed 
building-specific assessment. Not all parameters were available for every building, and 
some information may reflect design-stage documentation rather than final as-built 
conditions. For this reason, missing or uncertain data were retained transparently rather 
than inferred where the source information was insufficient. 

Overview of the identified inventory 

By the end of 2024, 67 base-isolated buildings had been identified in New Zealand. The full 
database is provided in Appendix 5. Of the 67 buildings, 54 were completed, 7 were under 
construction, and 6 were in the design stage (Figure 2). The inventory shows that base 
isolation has become more common in New Zealand since the Canterbury earthquake 
sequence, with further growth following subsequent large earthquakes and increasing 
interest in low-damage design. 

 

Figure 2: Cumula6ve number of base isolated buildings in New Zealand. 

The identified inventory is strongly concentrated in higher-seismicity regions. As shown in 
Figure 3, Wellington and Christchurch together account for 73% of the identified base-
isolated building stock. This distribution is consistent with the concentration of seismic 
hazard, the experience of recent damaging earthquakes, and subsequently higher value 
placed on post-earthquake functionality in these regions. At the same time, the presence 
of base-isolated buildings outside Wellington and Christchurch suggests that the 
perceived value of base isolation is not limited to the highest-hazard urban centres. 

Most identified projects were new buildings rather than retrofits. New construction 
accounted for 81% of the database, while retrofits accounted for 19%. This indicates that 
base isolation is most commonly adopted when it can be integrated into the design from 
the outset, although the retrofit examples remain important because they demonstrate 
the potential use of base isolation for existing buildings where conventional strengthening 
may be difficult, intrusive, or not well-aligned with heritage and functionality objectives. 
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As shown in Figure 3, the database highlighted that base isolation in New Zealand is no 
longer confined to hospitals or nationally significant public facilities. Commercial 
buildings form the largest use category, accounting for 33% of the inventory, followed by 
hospitals at 27% and residential buildings at 16%. This is an important finding because it 
suggests that the market for base isolation has broadened beyond critical facilities and is 
increasingly connected to business continuity, reduced damage, and wider resilience 
objectives. 

 
(a) 

 
(b) 

Figure 3: (a) Distribu6on of base isolated buildings across New Zealand and (b) building use. 

Isolation systems and structural characteristics 

Lead rubber bearings are the most common isolation device type in the New Zealand 
building inventory as shown in Figure 4a. The database indicates that lead rubber 
bearings account for approximately 65% of the identified systems, with many used in 
combination with sliders. Triple friction pendulum bearings account for approximately 
16% of systems; however, use of these is rapidly dominating due large moat-space 
requirements necessitated by increased seismic hazard.  

The inventory also shows that base isolation is applied across a range of structural 
systems. Reinforced concrete and structural steel are both common, and some buildings 
use hybrid arrangements combining different systems across directions or storeys. 
Reinforced concrete walls are a frequently used lateral load-resisting system, while steel 
moment-resisting frames, braced frames, and mixed systems are also represented. 

 
(a)  

(b) 
Figure 4: (a) Isolator type distribu6on and (b) building structural system type. 
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Relevance to the lifetime-cost assessment 

The database has helped identify variation in design parameters used across New 
Zealand. This provided information that was useful for selecting representative case-study 
buildings for loss analysis in following sections. The database forms an important 
foundation for the wider lifetime-cost analysis in this project. It helps ensure that the case-
study buildings and assumptions used in subsequent modelling are consistent with what 
is observed in New Zealand practice. It also identifies the types of parameters that are 
most relevant for linking building design to loss outcomes, including building use, 
structural system, floor system, isolation system, moat clearance, and displacement 
demand. 

For NHC, the value of the database is that it supports a more evidence-based 
understanding of the current base-isolated building stock. This is relevant to natural 
hazard risk reduction because the benefits and vulnerabilities of base-isolated buildings 
cannot be assessed without knowing what has actually been built, where it is located, and 
how it has been designed. The database therefore provides a foundation for future work 
on building performance, expected losses, retrofit prioritisation, and the role of low-
damage design in reducing long-term earthquake risk. 

Overall, the database strengthens the evidence base for evaluating base isolation in New 
Zealand. It supports the subsequent loss and lifetime-cost assessment undertaken in this 
report and provides a foundation for research, design guidance, and risk-informed 
decision-making. The next section of this report will describe the methodology adopted in 
this study to undertake the lifetime-cost assessment, followed by a summary of the 
results. 

 



 

4005: Comparative Analysis of Lifetime Costs: Base Isolated Buildings vs. Conventional Buildings 

13 

Lifetime-Cost Assessment 

Overview of project workflow 

The overall framework for the comparative analysis between fixed-base and isolated 
buildings is shown in Figure 5. A total of four building pairs were considered for the 
comparisons made in this study. Each building pair consisted of a ‘conventional’ (i.e., 
fixed-base) design and a corresponding base-isolated design. Both buildings were 
assigned structural and non-structural member components for loss analysis. The 
buildings were modelled in 3D and analyzed in the OpenSeesPy software over a suite of 
ground motions scaled to a range of intensities. From each analysis, the engineering 
demand parameters (EDPs) were extracted to represent the structural response. The 
analysis also considered the response of the building with and without the impacts of 
moat-wall pounding. These EDPs were then used to estimate repair cost to the building 
using the FEMA P-58 methodology [6]. Implementation of the FEMA P-58 methodology was 
done through the Pelicun Python package [7]. Finally, the costs were compared on a time-
basis to understand the life-cycle cost assessment of base-isolated buildings compared to 
fixed-base buildings. 

 

Figure 5: High-level methodology overview for the compara6ve study. 

 



 

4005: Comparative Analysis of Lifetime Costs: Base Isolated Buildings vs. Conventional Buildings 

14 

Building archetype selection and assumptions 

A total of 4 building triplets (i.e., fixed-base, base-isolated with and without pounding) 
were considered in this study. The first was a building, referred to as the ‘L-shaped’ 
building, is shown in Figure 6. It is comprised of four storeys above ground and a single-
storey basement over the entire building footprint. The basement is primarily carparking 
and plantrooms are in the basement and on the roof. The building is an Importance Level 
2 structure with a retail and commercial use. 

The L-shaped building is a steel moment frame, with seismic isolation just under ground 
floor level. The seismic isolation will cover the entire building footprint, including the 
courtyard area. The building plan dimensions are approximately 60m x 60m. The building 
is located in Christchurch on subsoil class D [3] and designed for a moderate ductility 
demand (µ £ 3). The base isolation system consists of double concave slider isolators (54 
No. of isolators) and a design travel displacement of 500mm. 

 

Figure 6: Case-study building (a) plan view, (b) eleva6on view, and (c) isometric view (units metres) 
[8] 

The remaining buildings, termed ‘2-storey’, ‘4-storey’ and ‘8 storey’ all featured identical 
design criteria, differing only by the number of storeys. The generic floor plan was 960 m2 
per floor, and sketch of this is floor plan is shown in Figure 7. Each building was designed 
for Wellington soil class D and as a steel moment-resisting frame in both orthogonal 
directions. The fixed-base buildings were designed to be governed by the 2.5% storey drift 
limit, while the base-isolated system properties were designed such that the period at ULS 
was at least 3 times the fixed-base building period [5], [9]. The floor system was assumed 
to be ComFloor 60 composite slab (150mm) depth. The base-isolated buildings have 
grillage beams (1200x1000 mm). The base isolation system was designed to be a 
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combination of lead rubber bearings (LRBs) and flat-plate sliders. The structural section 
sizes for the moment-resisting frame for both fixed-base and base-isolated buildings is 
detailed in Table 1 and Table 2, respectively. The vibrational characteristics of each 
building is shown in Table 3. 

 

(a) 

(b)   

(c)  

(d)  
Figure 7: Case study buildings sketches (a) typical floor and isola6on level plan (b) 2-storey (c) 4-

storey and (d) 8-storey building eleva6ons [9] 

Table 1: Sec6on sizes at each floor for the fixed-base buildings. 

 2-storey  4 Storey  8 Storey  

Storey  Columns Beams Columns Beams Columns Beams 

8 (3,6m)     327HCC156 460UB67.1 

7 (3,6m)     327HCC332 530UB82 

6 (3,6m)     327HCC332 600UB125 

5 (3,6m)     400HCC270 700WB130 

4 (3,6m)   310UC137 410UB59.7 400HCC270 800WB146 

3 (3,6m)   400HCC333 530UB82 500HCC356 800WB146 

2 (3,6m) 327HCC156 60UB67.1 400HCC333 600UB125 500HCC356 900WB175 

1 (4,5m) 400HCC270 600UB101 500HCC315 900WB175 500HCC485 1000WB215 
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Table 2: Sec6on sizes at each floor for the base-isolated buildings. 

 2-storey  4 Storey  8 Storey  

Storey  Columns Beams Columns Beams Columns Beams 

8 (3,6m)     327HCC197 530UB82 

7 (3,6m)     327HCC197 600UB125 

6 (3,6m)     400HCC385 800WB146 

5 (3,6m)     400HCC385 900WB175 

4 (3,6m)   500WC228 600UB101 500WC383 1000WB215 

3 (3,6m)   500WC228 600UB113 500WC383 1000WB215 

2 (3,6m) 327HCC207 530UB82 500WC340 700WB150 500HCC485 1000WB215 

1 (4,5m) 327HCC207 700WB130 500WC340 700WB150 500HCC485 1000WB215 

 

Table 3: Period characteris6cs of each test structure. 

 Period (s) Moat gap (mm) 

Storey  Fixed-base Base-isolated Fixed-base Base-isolated 

L-shaped 1.26 2.08 N/A 650 mm 

2-storey 0.9s 2.1s N/A 500 mm 

4-storey 1.1s 2.6s N/A 650 mm 

8-storey 1.7s 3.9s N/A 700 mm 

Conventional and base-isolated building modelling 

The buildings were all modelled in 3D using in OpenSeesPy. As shown in Figure 8a, the 
moment frames were modelled using the lumped-plasticity approach, with the modified 
Ibarra-Median-Krawinkler deterioration model is used to model the beam and column 
hinges. Beam-column joints were modelled as rigid zones via rigid elements. The base 
isolation devices were modelled using a zero-length element approach shown in in Figure 
8b and c. This hinge accounts for the translational and rotational degrees of freedom. The 
horizontal stiffness characteristics of the isolators are modelled using the Steel01 
element. Full details of the superstructure and isolation plane modelling approach can be 
found in references [9], [10]. 
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(a) Superstructure modelling approach 

 

 

 
Figure 8: Modelling approach for building in OpenSeesPy [9], [10] 

Moat pounding and isolator limit-state modelling 

As an additional novelty of this study, potential contact of the structure with the 
surrounding moat wall was explicitly captured using a gap element, as shown in Figure 8d 
[10]. In summary, the approach involves the setting two springs in series at each corner of 
the structures (Figure 9) and in each orthogonal direction: one spring to represent the gap 
between the structure and the moat wall (ElasticPPGap element), and an additional spring 
to model the force-deformation characteristics of the impact process 
(zeroLengthElement).  The impact material model was assumed to be linear-elastic;  past 
and ongoing research suggested the response of the structure is not overly sensitive to the 
selection of the impact model [11]. The impact element stiffness was derived using an 
assumed moat wall material properties (concrete) and contact area at impact, using 
Equation 1 and 2 below The moat wall itself was modelled as a rigid node (i.e., ignoring 
moat wall flexibility). 

𝐾 =
𝐸 ∗ 𝐴
𝐿  Equation 1 

𝐸 = 4700 ∗ *𝑓𝑐! ∗ -
𝛿

24000
".$

 
Equation 2 
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Where 𝐾 is the stiffness of the impact element, 𝐴 is the contact area during 
impact/pounding, 𝐿 is the length of the assumed impacting surface (along the direction of 
the building), 𝐸	is the Young’s Modulus of concrete, 𝑓’𝑐 is the concrete compressive 
strength (assumed as 40 MPa) and 𝛿 is the unit weight of concrete. 

 

(a) L-shaped building 

 

(b) 2, 4 and 8-storey buildings 
Figure 9: Modelling concept for moat wall and impact springs.  

Structural and non-structural components and contents assumptions 

The structural and non-structural components (NSCs) considered in the loss analysis have 
been mostly adapted from [12], and are listed below. These have been broadly 
categorized as Group B (structural components) Group C (drift sensitive non-structural 
components) and Group D (acceleration sensitive non-structural components). The exact 
quantities and settings are listed in Appendix 1. 

Group B: Structural: 

1) Steel beam-column connections 
2) Steel column base plate connection 

Group C: Drift sensitive non-structural: 

1) Partitions 
2) Interior and exterior glazing 
3) Precast concrete cladding 
4) Stairwells 
5) Suspended ceilings 

Group D: Acceleration sensitive non-structural: 

1) Elevators 
2) Water and Sewerage Piping 
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3) Chiller and Cooling Tower 
4) HVAC system 
5) Fire sprinkler system 
6) Transformers 

Note, the base isolators and foundation systems were not considered in the loss analysis 
study. In both cases, the loss fragility data for these components is not sufficient in 
literature. However, in the case of isolators, empirical data from past earthquakes have 
suggested little to no damage when subjected to earthquakes up to MCE-level intensity 
[13], [14]. 

The fragility functions for different components were similarly adopted from [12], as these 
were tailored to the New Zealand context. This includes the repair/replacement costs 
used in that study.  

FEMA P-58 direct-loss assessment 

Damage states and associated losses were directly calculated via the FEMA P-58 database 
of components fragilities (or adapted fragilities as specified in the previous section). The 
exception to this case was when a building was deemed to have reached a collapse limit 
state or a ‘unrepairable’ limit state. The former was defined as non-convergence of 
numerical analysis due to excessive deformations, or analyses that resulted in a maximum 
storey drift that exceeded 5%. The latter was identified as cases where the median cost of 
the building exceeded 60% of the initial build cost or the residual drift ratio exceeded 1% 
(residual drift was estimated using the procedure given in [6]). In both collapse and 
unrepairable scenarios, the cost associated with ‘loss’ associated was taken as a initial 
construction cost of the building.  

Replacement costs were estimated using a planning-level Wellington commercial office 
replacement rate of NZ$4,500/m² applied to the gross floor area of each building. The 
base-isolated cases were assigned an additional 3% isolation-system premium, 
representing the cost of lead-rubber bearings, flat sliders, isolation-plane grillage, 
installation, testing, detailing, and associated design/coordination allowances [15]. The 
resulting total building costs are listed in Table 4. 
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Table 4: Construc6on costs assumed for each structure. 

 Construction Cost (in $millions) 
Building Fixed-base Base-isolated 
L-shaped $52.3 $53.8 
2-storey $7.7 $7.9 
4-storey $15.4 $15.9 
8-storey $30.7 $31.6 

Ground motion selection 

The ground motion records used to perform the time-history analysis were scaled to 
match the NZS 1170.5:2004 hazard. The ground motions were scaled for Wellington city 
with a site soil class D. The selected IMs used for conditional scaling were Spectral 
Acceleration (Sa) at periods: 0.5 sec, 1.0 sec, 2.0 sec, and 4.0 sec. For each IM, three 
separates Uniform Hazard Spectra were used to represent Probability of Exceedance in 50 
years (PoE50yrs) as 63%, 10%, and 0.5%. In addition to the three suites of 20 ground motion, 
six supplementary ones were acquired by applying a scale factor to the corresponding 
base hazard level, as shown in Table 5, resulting in a total of nine different hazard levels. A 
similar process was repeated for the other three selected IM, SA (0.5 sec), SA (2.0 sec), and 
SA (4.0 sec) to achieve nine different sets of 20 earthquake records which are not 
presented for brevity. The PoE50yrs (%) of all nine hazard levels are presented in Table 5, 
where the corresponding value of SA (1.0s) as well as the calculated scale factor. The 
acceleration spectra for both orthogonal directions for the records conditionally scaled to 
1.0 s is shown in Figure 10 for the Wellington location (i.e., pertinent to building 2-storey, 
4-storey and 8-storey).  

Table 5: Adopted hazard levels informa6on. 

PoE50yrs (%) Return Period 
(years) 

SA (1.0 sec) 
(g) 

Scale 
Factor* 

Base Hazard 
Level 

80 30 (SLS) 0.141 0.68 PoE50yrs = 63% 
63 50 0.207 1 PoE50yrs = 63% 
50 75 0.283 1.366 PoE50yrs = 63% 
20 225 0.617 0.652 PoE50yrs = 10% 
10 475 (ULS) 0.945 1 PoE50yrs = 10% 
5.0 975 1.346 1.424 PoE50yrs = 10% 
2.0 2,475 (MCE) 1.97 0.62 PoE50yrs = 0.5% 
0.5 9,975 3.18 1 PoE50yrs = 0.5% 
0.2 24,975 4.217 1.326 PoE50yrs = 0.5% 

* Scale factors are found by dividing the SA (1.0 sec) of the hazard level to the SA (1.0 sec) of the respective base 
hazard level. 
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Figure 10: Accelera6on spectra for ground mo6ons used in this study (right – Dir 1, and le_ – Dir 2) 

Uncertainty and limitations 

Since the number of records used in this study is limited to 20, it is necessary to consider 
uncertainty in presentation of results. These demands are used to create simulated 
demands to be able to complete a higher number of iterations than the number of seismic 
records using the methodology suggested in FEMA P-58 Appendix G. The larger number of 
demands capture the relationship between demands and follow a log-normal 
distribution. The methodology also includes the uncertainty 𝛽%: the dispersion to account 
for the quality of construction (𝛽&) and the analytical model (𝛽'). For this study, an 

average quality is assumed with a value of 0.2 for both 𝛽& 	and 𝛽&. The total dispersion 𝛽%  
is then calculated using  Equation 3. 
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𝛽% = 5𝛽&( + 𝛽'( Equation 3 

Pelicun allows to include different scenarios. The result from each realization can fall into 
a repairable, irreparable, and collapse scenario. The irreparable scenario uses a median 
and dispersion related to the residual drifts. Pelicun uses the procedures recommended in 
FEMA P-58 based on the yield drift ratios to convert them to residual drifts.  

Results and discussion 

Results of building archetype analysis 

The peak storey drift and floor accelerations distributions are shown in Figure 11 for SLS, 
ULS and MCE Stripes for the 2-storey building (data for the other buildings is omitted here 
for brevity, but can be found in Appendix 2). The results are shown for the 3 cases of fixed-
base, base-isolated and base-isolated with pounding variations. At SLS the performance 
of the three building variations very similar. At ULS demands, the effect of base isolation 
on reducing the superstructure storey drift and floor accelerations is clearly visible; while 
the fixed-base building experiences mean drifts of 2.5%, base isolated variations maintain 
drifts at around 0.5%. The effect of pounding does not become significant until MCE level 
events – this is expected as the moat gap was sized to this earthquake intensity level. 
Here, it can be seen that the effect of moat-wall pounding results in dramatic 
amplifications of accelerations (up to 10 times higher), and this transmits into the 
superstructure to result in higher storey drifts too; increasing from a mean of 1-2% 
without pounding to over 4% with pounding. 
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Fixed-base Base-isolated Base-isolated + Pound 

   

   

   
Figure 11: Mean of peak storey dri_ and floor accelera6on distribu6ons up the height for 2-storey 
building for SLS (le_) ULS (middle) and MCE (right) demands. (blue and red correspond to two 
orthogonal direc6ons, while dashed lines indicate ±1 standard devia6on) 

The collapse scenario was based on the number of analyses that exceeded the limit state 
of a maximum inter-storey drift of 0.05 rad. An example of how collapse cases and 
collapse fragility were determined is shown in Figure 12 for the 2-storey fixed-base 
building. Collapse cases are indicated as blue data points lying above the red dashed line. 
The remainder plots for all other buildings are provided in the Appendix 3. 
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2-storey 

Fixed 

 
Figure 12: Peak storey dri_ achieved for each ground mo6on, and associated collapse fragility  

Expected Losses 

Figure 13 compares the expected loss in NZD as a function of annual frequency of 
exceedance (AFE) for the fixed-base, base-isolated, and base-isolated-with-pounding 
cases. The expected loss values include repair losses for repairable realisations and 
replacement-level losses for cases classified as collapsed or irreparable. The shaded 
bands represent the 16th and 84th percentile loss estimates and provide an indication of 
the dispersion in the loss results at each intensity level. 

For the 2-storey building, base isolation produces a clear reduction in expected loss across 
nearly the full AFE range. The fixed-base case increases rapidly from low-to-moderate 
intensities and reaches replacement-level losses at the upper stripes, while the base-
isolated case remains substantially lower. The base-isolated-with-pounding case follows 
the no-pounding isolated case at lower intensities and diverges only at higher intensities, 
where isolation displacement demand is large enough for moat-wall impact to occur. 

For the 4-storey building the overall trends are similar to the 2-storey; however, at the 
highest intensity levels, the distinction between the fixed base and isolated cases reduces 
as collapse and irreparability become more influential. The base-isolated-with-pounding 
losses are very similar to the base-isolated case. However, it should be noted that the 
current loss analysis does not explicitly include damage to moat walls, isolation devices, 
foundations, or other isolation-plane components. 

The 8-storey building is the main exception. The base-isolated case reduces expected loss 
at intermediate intensities, particularly between stripes 3 and 6, but this benefit is partly 
offset by higher losses at the first two stripes (i.e., 1/30 and 1/50 year return periods). 
These low-intensity stripes have high AFE and therefore strongly influence the expected 
annual loss. Although the base-isolated model reduces floor accelerations relative to the 
fixed-base model (by approximately 30-40%), it produces higher upper-storey drifts (by 
30-40%) at low intensities, particularly near storeys 7 and 8. This presents an interesting 
situation where the earthquake intensity is not sufficient to activate the base-isolation 
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effect, resulting in essentially an overall more flexible building. At intermediate intensities 
the base-isolated case performs better. At the high-intensity end, the base-isolated 8-
storey case receives some additional economic benefit from reduced collapse probability; 
however, once both systems are near replacement-level loss, the base-isolated case can 
also appear more expensive because its replacement cost is higher. 

The L-shaped case-study building provides some contrast to the regular 2-, 4-, and 8-
storey building set. Figure 13d shows that the fixed-base L-shaped building has 
substantially higher expected losses than the base-isolated cases over nearly the full AFE 
range. Unlike the 8-storey study, in the L-shaped building, the base-isolated cases reduce 
both peak floor acceleration and peak inter-storey drift over most stripes. Furthermore, 
the number of collapse cases is significantly less for the base-isolated building compared 
to the 2-8 storey studies. These two observations will have substantial impact on the 
losses examined in the next section. Finally, the base-isolated-with-pounding case follows 
the base-isolated case closely at low and moderate intensities, but diverges at the higher 
intensity stripes where pounding is more likely. 

Overall, the expected-loss results show clear direct-loss benefits from base isolation for 
the 2-storey, 4-storey, and L-shaped buildings. The 8-storey building still benefits at 
intermediate intensities, but its annualised loss reduction is weakened by low-intensity 
upper-storey drift-sensitive losses and by the sensitivity of the result to the selected steel 
connection fragilities. This makes the 8-storey result more sensitive to the design 
intricacies (i.e., tuning of isolation system), and also the modelling assumptions, 
particularly the superstructure drift response and the selected drift-sensitive steel 
connection fragilities. 

 
(a) 2-storey 

 
(b) 4-storey 
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(c) 8-storey 

 
(d) L-shaped 

Figure 13: Expected loss versus annual probability of exceedance for all building cases, and showing 
the 16th and 84th percen6le uncertainty bands (i.e., approximately ± 1 standard devia6on). 

Loss disaggregation 

In this section the aggregated cost losses shown in the previous section are disaggregated 
to understand what components contribute the most. The contributions of each 
component to total losses is categorized into the Groups described earlier (B, C and D), 
and also arranged by the floor on which the loss is being incurred. The resulting data is 
shown in Figure 14 for SLS, ULS and MCE intensities for the 4-storey case only as trends 
are generally similar across the 4 building cases. Data for every intensity and for every 
building case can be found in the Appendix 4. Note, structural joints, ceilings, partitions, 
chillers, fire sprinklers and elevator have been additionally singled out in the plot legends 
as these contribute the most to losses.  

Across all buildings, the dominant contributors at SLS are generally drift-sensitive 
structural components, particularly the steel joint components. These correspond to 
traditional steel moment-frame joint fragilities and are triggered by peak inter-storey drift 
ratio. Acceleration-sensitive components, including elevator and other non-structural 
components, contribute to the total loss but are generally secondary in the low-stripe 
comparisons considered here. The difference between the fixed-base and base-isolated 
cases are generally negligible. 

At ULS, considerable differences are seen between the fixed-base and isolated buildings, 
with the fixed-base building incurring roughly 2-3 times higher losses. Meanwhile, the 
effect of pounding does not produce a difference between the two isolated cases; namely 
because the displacement demands are low at this earthquake intensity level and so no 
pounding occurs. 
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The trends changes again at MCE level demands, where pounding will be expected. The 
fixed-base building still results in the highest overall losses, and still 2-3 times higher than 
the base isolated building with unlimited moat gap. The base-isolated building with 
pounding consideration produces significantly larger losses than when pounding is 
neglected. These losses are mostly concentrated in the first floor and are mostly 
attributed to acceleration-sensitive components. This results in losses in the first floor of 
approximately 3 times that when pounding is ignored.  

Fixed-base Base-isolated Base-isolated + Pound 

   

   

   
Figure 14: Expected loss categorised by component Group and by floor for SLS (le_) ULS (middle) and 
MCE (right) demands for the 4-storey building. 

The 8-storey building is the main exception to the otherwise consistent trend. As 
discussed in the previous section, the base isolated building results in higher expected 
losses than the fixed-base case, and the loss disaggregation in Figure 27 (Appendix 4) 
shows that this is caused primarily by upper-storey drift-sensitive steel joint losses. It is 
reiterated here that the poor low-intensity performance of the 8-storey base-isolated case 
is not caused by acceleration-sensitive non-structural components (which would typically 



 

4005: Comparative Analysis of Lifetime Costs: Base Isolated Buildings vs. Conventional Buildings 

28 

affect building usability). Instead, the loss penalty is caused by higher upper-storey inter-
storey drifts in the base-isolated model. It is debatable whether such small drifts would 
truly result in a necessity of repair of structural joints that would results in the ‘loss’.  

Overall, the loss disaggregation indicates that the main economic results are controlled by 
drift-sensitive structural repair losses rather than by acceleration-sensitive non-structural 
losses. For the 2-storey, 4-storey and L-shaped buildings, base isolation reduces these 
drift-sensitive losses and produces a clear economic benefit. For the 8-storey building, the 
isolated model reduces accelerations but produces higher low-intensity upper-storey 
drifts, causing large drift-sensitive connection losses that offset much of the expected 
economic benefit. This suggests that the 8-storey result should be interpreted with care 
and should be discussed as being sensitive to the isolation design and corresponding 
superstructure drift response. 

Downtime and total-loss comparison 

Discount Rate 

The expected annual losses were converted into cumulative present-value costs to 
compare the upfront cost premium of base isolation with the expected reduction in future 
earthquake losses. Discounting was applied because future repair losses do not have the 
same economic value as costs incurred at the time of construction. This discount rate 
represents the difference between interest and inflation rates [16]. The net present value 
(NPV) at each time instance is calculated using the formula provided in FEMA P-58 and 
presented in Equation 4, where 𝐴 is a future expenditure, 𝑡 is a period of time in years, and 
𝑟 is the discount rate. For this study, a range of discount rates has been used to estimate 
the payback period. Note that there are many other methods to calculate the NPV in 
literature. 

𝑁𝑃𝑉 =
𝐴

(1 + 𝑟))  Equation 4 

Break-even point comparison 

The seismic losses were calculated for a range of intensities using Pelicun and including 
the collapse/non-repairable cases identified in postprocessing. The postprocessing for 
each stripe included (1) fitting a lognormal distribution; (2) obtain the median of each 
stripe (also the 14th and 84th percentiles); (3) using the median values are used in 
conjunction with the annual frequency of exceedance of each stripe to calculate the 
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average annual expected loss (AAL), and (4) convert the future economic losses to present 
values. Equation 5 was used to obtain the average annual loss [17].  

𝐴𝐴𝐿 = 	∑*+", ∆𝜆* ∙ 𝐿*  Equation 5 

Where 𝑁 is number of stripes, 𝜆*  is the APoE for stripe 𝑖 and, 𝐿*  is the expected loss for 
stripe 𝑖. This computation represents the area under the curve in Figure 13. 

The expected annual loss results were converted into cumulative present-value cost 
curves to compare the initial cost premium of base isolation with the expected reduction 
in future earthquake losses. Figure 15, Figure 16, Figure 17 and Figure 18 show the 
cumulative cost of the fixed-base, base-isolated, and base-isolated-with-pounding cases 
over time. The plotted values include the initial cost premium of base isolation and the 
cumulative discounted expected annual loss. The intersection between the fixed-base and 
base-isolated curves represents the break-even time, where the additional initial cost of 
base isolation is offset by lower expected earthquake losses. Each figure also includes 
cases where a 2.0% and 6.0% discount rate has been applied. The tabulated data of the 
annual losses and break-even periods is provided in Table 6. 

For the 2-storey, 4-storey, and L-shaped buildings, the base-isolated case has a relatively 
short break-even period ranging from 7-13 years. For the base-isolated-with-pounding 
cases, the break-even period is only slightly longer (by 1 year at most). From this it can be 
gleaned that the occurrence of pounding does not render base-isolation inefficient 
because the losses at the intensity levels at which pounding occurs contribute negligibly 
to the overall annualised loss. Overall these result supports the premise that, for low-rise 
buildings to mid-rise buildings, the higher upfront cost of base isolation can be offset over 
a realistic building ownership or service-life timeframe through reduced earthquake repair 
and replacement losses. 

The 8-storey regular building is the exception in this study in that its break-even period is 
much longer at around 95 years. Although the isolated case still reduces expected annual 
loss, the annual saving is only approximately $10k/year. This is small relative to the initial 
base-isolation premium of approximately $1.0M, producing the longer break-even period. 
As discussed in the preceding sections on expected loss and loss disaggregation, the weak 
economic benefit is caused by unexpectedly high low-intensity drift-sensitive losses in the 
base-isolated model, especially at the upper storeys. These frequent-event losses offset 
much of the benefit obtained at intermediate intensities. This behaviour is a function of 
the original building design – specifically likely due to the inherent flexibility of the 
resulting superstructure in designing to 2.5% storey drift limit. Typically, superstructures 
of base-isolated buildings are designed to much smaller drifts – in the order of 1.0-1.5% at 
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ULS [18] – so the losses observed at lower drifts for the 8-storey building are perhaps not 
representative of what would be expected in a real-building. 

Applying discounting lengthens the break-even period for the 2-storey, 4-storey, and L-
shaped buildings, and removes the break-even point for the 8-storey building. This occurs 
because future loss savings are valued less as the break-even period becomes longer. With 
a 6% discount rate, the break-even period for the 2-storey, 4-storey and L-shaped 
buildings increases by about 1.5 times, compared with a 0% discount, as shown in Table 6. 
In general, the effect of applying a discount rate will increase as the break-even period 
increases, This is because longer-break-even period allow for more time for the discount 
to accumulate significant effect (compound interest effect). If larger base-isolation 
premiums are assumed (i.e., above 3%), the break-even periods will also be longer, and 
subsequently the effect of discounting will become more pronounced. 

Across the case studies, the shortest break-even periods occur where base isolation 
produces consistent reductions in both component-level repair loss and replacement-
level outcomes. This is observed most clearly in the 2-storey regular building and the L-
shaped building. The 4-storey regular building also shows a clear benefit, but with a 
longer break-even period because the initial premium is larger relative to the annual 
saving. The 8-storey regular building remains the least favourable case because its base-
isolated configuration does not achieve the same reduction in annualised loss and 
because frequent low-intensity drift-sensitive losses reduce the net economic benefit. It 
should be noted that the assumptions on the base-isolation premium proportionally 
affects the break-even points reported here. While a 3% premium has been used here, this 
number can be as high as 10% in some cases [19], which would roughly triple the break-
even periods. However, even so, a roughly 30 year break-even point (in the case of a 10% 
premium) would still be an attractive outcome given building life-times are generally 
much greater than this value. Furthermore, as base isolation adoption grows the 
technology isolation component will become more affordable and expertise will be less 
confined to specialist firms. These factors will collectively make base-isolation an even 
more attractive design option from an economic perspective. 
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Figure 15: Cumula6ve annual cost of base-isolated vs fixed-base building for building L-shaped 
building. 

 

Figure 16: Cumula6ve annual cost of base-isolated vs fixed-base building for building 2-storey. 

 

 

Figure 17: Cumula6ve annual cost of base-isolated vs fixed-base building for building 4-storey. 
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Figure 18: Cumula6ve annual cost of base-isolated vs fixed-base building for building 8-storey. 

Table 6: Annualised loss and break even period summary for each test structure. 

Building 
Annualised Loss ($1,000s/year) Break-even (yrs) With 6% Discount 

Fixed BI BI+Pound BI BI+Pound BI BI+Pound 

2-storey 45 10 12 6.5 7.0 9 9 

4-storey 75 39 39 12.9 13.0 22 22 

8-storey 107 97 96 96.5 86.0 None  None 

L-shaped 193 64 65 11.6 11.7 17.8 17.9 
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Conclusions 
It is generally understood that base isolation can reduce earthquake-induced damage and 
improve post-earthquake functionality, but its adoption is often constrained by higher 
upfront construction costs. This project examined whether the higher initial cost of base 
isolation can be justified by reduced earthquake losses over the life of a building. The 
work produced two linked outputs: a New Zealand base-isolated building inventory 
database, and a comparative loss and lifetime-cost assessment for fixed-base and base-
isolated case-study buildings. 

Base-isolated building inventory 

The database provides a structured record of base-isolated buildings identified in New 
Zealand. By the end of 2024, 67 base-isolated buildings had been identified, including 
completed buildings, buildings under construction, and buildings in design. The database 
records information on building location, use, status, structural system, isolation system, 
and key design characteristics where available. 

The database shows that base isolation in New Zealand is concentrated in high-seismicity 
regions, particularly Wellington and Christchurch. It also shows that base isolation is no 
longer limited to hospitals or nationally significant public facilities. Commercial and 
residential buildings now form a substantial part of the identified inventory, indicating 
that the perceived value of base isolation has expanded beyond life-safety and 
emergency-response functions to include business continuity, repairability, and reduced 
disruption. This database provides an evidence base for understanding how base isolation 
has been adopted in New Zealand and gives future researchers, engineers, and policy 
agencies a stronger foundation for assessing the performance and risk profile of the 
existing base-isolated building stock. 

Loss and lifetime-cost assessment 

The building case-study loss analyses showed that base isolation can substantially reduce 
expected earthquake losses, but the size of the benefit depends strongly on the building 
configuration, the superstructure response, and the assumed initial cost premium. 

For the 2-storey, 4-storey, and L-shaped buildings, base isolation produced clear 
reductions in expected annual loss. Using a base-isolation cost premium of approximately 
3%, the simple break-even periods were approximately 7 years for the 2-storey building, 
13 years for the 4-storey building, and 12 years for the L-shaped building. These results 
indicate that, for some low- to mid-rise buildings, the additional upfront cost of base 
isolation can be offset within a realistic building service-life timeframe. 
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The 8-storey building was the main exception. Although base isolation reduced losses at 
some intermediate intensity levels, the annualised saving was small, giving a much longer 
simple break-even period of approximately 85–96 years depending on whether pounding 
was included. Under discounted assumptions, no break-even occurred within the 
assessed time horizon. This result was not primarily caused by the 3% premium 
assumption, but by the relatively small reduction in expected annual loss. In this model, 
low-intensity upper-storey drift-sensitive steel connection losses reduced the economic 
benefit of the isolated configuration. 

The effect of moat-wall pounding was visible in the structural response results, 
particularly at high intensities where acceleration demands increased. However, 
pounding had only a modest effect on expected annual direct loss in the current analysis 
because of the very low exceedance probability of events that will give rise to pounding. It 
should be noted, however, that the present loss model does not explicitly include moat-
wall damage, isolator damage, foundation damage, isolation-plane repair, or downtime 
consequences, all of which could increase the practical significance of pounding. 

The overall conclusion is that base isolation can provide a strong economic and resilience 
benefit where it produces consistent reductions in expected annual loss, but this benefit 
still necessitates proper tuning of the isolation system during design. 

Research benefits and future directions  
This project provides several benefits for natural hazard risk reduction, engineering 
practice, and future research in New Zealand. These are summarized below: 

Research benefits 

1) The project developed a structured inventory of base-isolated buildings in New 
Zealand. This provides a stronger basis for understanding what has been built and 
where future performance or risk assessment should focus. 

2) The lifetime-cost assessment showed that base isolation can substantially reduce 
expected annual earthquake losses. These results help translate the benefits of 
base isolation into economic terms that are more useful for owners, engineers, 
insurers, and public agencies. 

3) The project demonstrated that the additional upfront cost was offset by lower 
expected future earthquake losses within realistic timeframes provided the 
isolation system was well tuned. 
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4) The project developed an approach for modelling pounding effects explicitly in 
numerical models. 

5) The analysis that includes pounding showed that impact into the moat has a minor 
effect on loss in the current model.  

Capability development 

The project supported student research, development of OpenSeesPy and Pelicun-based 
workflows, and collaboration between researchers and practising engineers. These 
outcomes contribute to New Zealand capability in low-damage seismic design, loss 
assessment, and resilience-based decision-making. 

Relevance to NHC risk-reduction objectives 

The findings are directly demonstrate the effect of base isolation on reducing future 
earthquake losses and improving post-earthquake functionality. Thereby, the project 
provides supporting information on how transition to low-damage technology could 
lower NZ’s seismic risk exposure. 

Future directions 

In development of the building archetypes, the models and executing loss analysis, 
several assumptions were made. Refining these assumptions, and widening the scope of 
this work would increase the validity of the results. Specifically future work should: 

1) repeat the loss and break-even assessment using the 2022 New Zealand National 
Seismic Hazard Model [20] and emerging TS 1170.5 hazard requirements.  

2) assess a broader range of building types and design criteria to include a wider 
range of design criteria for the superstructure, building heights, structural systems, 
occupancy types, soil conditions, and isolation-system configurations.  

3) include downtime, loss of function, business interruption, reoccupancy delays, and 
disruption to occupants or tenants in the loss analysis 

4) include potential for isolation-plane, moat-wall, foundation, and isolator damage 
during pounding simulation 

5) maintain and expand the base-isolated building database 
6) consider mechanisms where insurance discounts could be used to incentivise 

adoption of base isolated technology. 
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Publications and research outputs 

 

Output Type* Date Published/ 
Completed Author/s Title DOI or Link 

Conference 
Paper 

01/04/2025 Chen, T An overview of the base 
isolated building 
inventory in New Zealand 

(sent to NHC) 

Conference 
Paper 

01/04/2025 Wei, Y Effect of impact model on 
the response of base-
isolated building during 
moat wall pounding 

(sent to NHC) 

Conference 
Paper 

01/09/2025 Wei, Y Consequences of moat 
wall pounding in base-
isolated buildings under 
bidirectional excitations 

(sent to NHC) 

Journal Paper 01/06/2026 Wei, Y., 
Shegay A., 
Henry R., 

Effect of impact models 
on the response of base-
isolated 1 buildings during 
moat 

(submitted to 
journal) 

Presentation 20/03/2026 Shegay. A Cost-effectiveness study 
of base isolation 
compared with 
conventional structures 

(sent to NHC) 

Communications and dissemination  

Presentations: 

Event* Date 
 Presenter Title 

NZSEE Conference 2025 15/04/2025 Tina Chen An overview of the base isolated building 
inventory in New Zealand 

NZSEE Conference 2025 15/04/2025 Yuanyuan 
Wei 

Effect of impact model on the response of base-
isolated building during moat wall pounding 

World Conference on 
Seismic Isolation 

17/09/2026 Alex Shegay Consequences of moat wall pounding in base-
isolated buildings under bidirectional 
excitations 

Japan-NZ Workshop on 
Cost-effective retrofit #1 

17/01/2026 Alex Shegay Investigation of effective and cost-efficient 
building retrofit strategies using modern 
technologies 

Resilience Highlights 
Report 
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Appendix 1: Components in loss analysis 

The table below summarizes the components (structural and non-structural) considered 
in the FEMA P-58 loss-analysis. The components are identical for fixed base and base-
isolated buildings. 

FEMA P-58 
Code 

Description Theta_
0 

Unit
s 

Locatio
n 

Directio
n 

B.10.35.050 
Traditional steel joints<= W27 one-
sided 4 ea 1,2 1,2 

B.10.35.051 
Traditional steel joints<= W27 two-
sided 12 ea 1,2 1,2 

B.10.35.054 Steel column base 10 ea 1 1,2 
C.10.11.050 NS_PART_FULL_Height 14 ea 1,2 1 
C.10.11.050 NS_PART_FULL_Height 35 ea 1,2 2 
C.10.11.051 NS_PART_PART_Height 18 ea 1,2 1 
C.10.11.051 NS_PART_PART_Height 35 ea 1,2 2 
C.10.11.052 NS_PART_INTERIOR_GLAZING 5 ea 1,2 2 
C.10.11.052 NS_PART_INTERIOR_GLAZING 17 ea 1,2 1 
C.10.11.053 NS_CLAD_GLAZING 104 ea 1,2 1 
C.10.11.054 NS_CLAD_PRECAST 12 ea 1,2 2 
C.20.11.050 NS_STAIRS 2 ea 1,2 1,2 
C.30.32.050 NS_CEILING_4t2p5 2 ea 1,2 0 
C.30.32.051 NS_CEILING_4t3 2 ea 1,2 0 
C.30.32.052 NS_CEILING_4t4 2 ea 1,2 0 
C.30.32.053 NS_CEILING_4t8 2 ea 1,2 0 
C.30.32.054 NS_CEILING_6p5t2 2 ea 1,2 0 
C.30.32.055 NS_CEILING_6p5t8 2 ea 1,2 0 
C.30.32.056 NS_CEILING_BRACE 35 ea 1,2 0 
D.10.14.050 NS_ELEVATOR 3 ea 1 0 
D.20.21.050 NS_WATER_PIPE  2 ea 1,2 0 
D.20.21.051 NS_SANITARY_PIPE  2 ea 1,2 0 
D.30.41.050 NS_CHILLER_100P350 2 ea 1 0 
D.30.41.052 NS_TOWER_100P350 2 ea 1 0 
D.30.41.054 NS_SECTION_HVAC  2 ea 1,2 0 
D.30.41.055 NS_DROPS_DIFFUSERS_HVAC  11 ea 1,2 0 
D.30.41.056 NS_COILS_HVAC  11 ea 1,2 0 
D.30.41.057 NS_BOXES_HVAC  5 ea 1,2 0 
D.30.41.058 NS_AVA_1T2P5cfm 2 ea 1 0 
D.30.41.059 NS_AVA_2p5kT40kcfm 2 ea 1 0 
D.40.11.050 NS_DROPS_FIRE  11 ea 1,2 0 
D.40.11.051 NS_PIPES_FIRE  2 ea 1,2 0 
D.50.11.050 NS_TRANSFORMERS_100P350 2 ea 1 0 
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(a) Partition wall layout 

 
(b) Ceiling layout 

 
(c) HVAC layout 

 
(d) Fire sprinkler layout 

Figure 19: Typical NSC layout quan66es assumed in a building [12].
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Appendix 2: Engineering Demand Parameters 

Fixed-base Base-isolated Base-isolated + Pound 

   

   

   
Figure 20: Mean of peak storey dri_ and floor accelera6on distribu6ons up the height for 4-storey 
building for SLS (le_) ULS (middle) and MCE (right) demands. (blue and red correspond to two 
orthogonal direc6ons, while dashed lines indicate ±1 standard devia6on) 
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Fixed-base Base-isolated Base-isolated + Pound 

   

   

   
Figure 21: Mean of peak storey dri_ and floor accelera6on distribu6ons up the height for 8-storey 
building for SLS (le_) ULS (middle) and MCE (right) demands. (blue and red correspond to two 
orthogonal direc6ons, while dashed lines indicate ±1 standard devia6on) 
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Fixed-base Base-isolated Base-isolated + Pound 

   

   

   
Figure 22: Mean of peak storey dri_ and floor accelera6on distribu6ons up the height for the L-
shaped building for SLS (le_) ULS (middle) and MCE (right) demands. (blue and red correspond to two 
orthogonal direc6ons, while dashed lines indicate ±1 standard devia6on) 
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Appendix 3: Collapse cases 
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+ 
Pounding 
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8-storey 
Base 
Isolated 
+ 
Pounding 

 
Figure 23: Peak storey dri_ achieved for each ground mo6on, and associated collapse fragility  

 

Fixed-base Base-isolated Base-isolated + Pound 

   

   

   
Figure 24: Peak dri_ for each ground mo6on in the analysis suite. Green cells indicate dri_ below 5%, 
while red cells indicate where dri_ exceeds 5% (i.e., collapse case). The top, middle and boeom row 
correspond to the 2-storey, 4-storey and 8-storey buildings. 
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Appendix 4: Component loss disaggregation 

Fixed-base Base-isolated Base-isolated + Pound 
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Figure 25: Expected loss for case 2-storey categorised by component Group and by floor. 
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Fixed-base Base-isolated Base-isolated + Pound 
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Figure 26: Expected loss for case 4-storey categorised by component Group and by floor. 
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Fixed-base Base-isolated Base-isolated + Pound 
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Figure 27: Expected loss for case 8-storey categorised by component Group and by floor. 
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Fixed-base Base-isolated Base-isolated + Pound 
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Figure 28: Expected loss for the L-shaped building categorised by component Group and by floor. 
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Appendix 5: Base-isolated building database of New Zealand 
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