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ABSTRACT 

Preliminary seismic isolation design guidelines were recently released in New Zealand to provide both guidance for the design 

of base-isolated buildings and consistency in their performance. Seismic design in NZ requires selection of an Importance 

Level (IL1 – IL4) and the guidelines permit the use of strength reduction factors greater than one (i.e ductility greater than one). 

This study investigates the impacts of building importance level and superstructure ductility on isolated building performance 

in terms of structural response and collapse. Five 4-story case study buildings were designed following the NZ seismic isolation 

guidelines and ASCE/SEI 7-22 for a site in Wellington, NZ. Various importance levels and strength reduction factors were 

assigned. The building performance was assessed using a multiple-stripe Non-Linear Time-History Analysis (NLTHA) 

approach, executed in OpenSees with 20 pairs of ground motions at nine different intensity levels. The study found that an IL4 

building required a higher characteristic strength and post-yield stiffness, hence a higher effective stiffness compared to an IL2 

building, which lead to an increase in Peak Floor Acceleration (PFA) and Peak Story Drift (PSD). The PSD was sensitive to 

the design ductility adopted. Allowing a strength reduction factor of two in the IL4 building did not reduce the PFA compared 

to the same IL4 building without strength reduction, but it increased the PSD demand by between 200 – 600%. This suggests 

that an IL4 building with higher ductility may suffer more damage compared to an IL2 building because of its higher PFA and 

PSD demand and thus it is recommended that the design ductility values permitted for IL4 buildings be reconsidered. The 

collapse is defined as the attainment of the isolator displacement capacity or wall deformation capacity. The IL2 building had 

the highest annual rate of collapse, which was 1.84 × 10-4. The failure was generally governed by isolator failure except when 

higher ductility was adopted where the wall failure was more likely to govern. 

Keywords: Base isolation, Peak floor acceleration, Peak story drift, Collapse fragility 

INTRODUCTION 

Base isolation is an established strategy to achieve excellent seismic performance of buildings [1-3]. Typically, a base-isolated 

building consists of a superstructure, isolation plane (including isolators and stability structure), foundation, and rattle space. 

For a properly designed base isolation system, the acceleration demand in the superstructure is limited and the majority of the 

displacement demand is expected to concentrate in the isolation plane, which provides the system with a long effective period. 

The isolators are also designed to dissipate seismic energy or can be paired with damping devices. The damage or loss of a 

base-isolated building is therefore expected to be lower than traditionally designed buildings. The design process for base-

isolated buildings is outlined in some design codes, such as ASCE/SEI 7-22 [4] in the United States and Eurocode 8 [5] in 

Europe. In New Zealand, base isolation is currently considered an alternative solution due to the lack of acceptable solutions 

or verification methods cited in the NZ building code. The New Zealand Society for Earthquake Engineering (NZSEE) prepared 

a preliminary version of the “Guideline for the Design of Seismic Isolation Systems for Buildings” [6] for trial use and industry 

comment. The guideline is relatively new and references the US and European codes. This study investigates the impacts of 

some of the design choices such as the importance level and strength reduction factor (i.e. the design ductility) on base-isolated 

building performance.  

https://en.wikipedia.org/wiki/University_of_Canterbury
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METHODOLOGY 

To investigate the impact of design choices on building performance, a set of case study buildings are designed in line with the 

base isolation design guidelines in NZSEE/MBIE [6] and ASCE/SEI [4]. The building performance is assessed using a multiple-

stripe Non-Linear Time-History Analysis (NLTHA) approach, executed in OpenSees with 20 pairs of ground motions at nine 

different intensity levels. 

Case study buildings 

Previous research reported in [7] developed a design solution for a 4-storey RC wall building shown in Figure 1a.  The isolated 

versions of the same building were then designed [8] to permit building performance to be compared. The configuration of the 

superstructure in this study remains the same, with the lateral resisting system consisting of six short RC walls in the X direction 

and two long RC walls in the Y direction, as shown in Figure 1a. The total footprint is 24 m by 40 m, the first story is 4.5 m 

and the stories above are 3.6 m. The isolation plane layout is presented in Figure 1b. It consists of 14 Lead Rubber Bearings 

(LRBs) and 8 Flat Sliders (FSs). The isolators are connected through grillage beams. 

 

Figure 1: Case study building: a) 3D view and b) isolation plane view (figures from [8])  

Design criteria 

The New Zealand seismic design standards, NZS1170.5:2004 [9] provides means of estimating the seismic design coefficients 

in New Zealand. The elastic site hazard spectrum for horizontal loading is a function of spectral shape factor (Ch(T)) that 

accounts for site subsoil class and building period; hazard factor (Z); near-fault factor (N(T, D)); and return period factor (R) 

that considers the design return period or an annual probability of exceeding a given intensity [9]. A damping reduction factor 

(η) may be applied to the elastic site hazard spectrum depending on the characteristics of the isolation plane design. In summary, 

the site hazard spectrum can be computed using Eq. (1). 

𝐶(𝑇) = 𝐶ℎ(𝑇) ∙ 𝑍 ∙ 𝑁(𝑇, 𝐷) ∙ 𝑅 ∙ 𝜂                                                                    (1) 

NZS1170.5:2004 [9] requires the building to be checked for a Serviceability Limit State (SLS) and the Ultimate Limit State 

(ULS). The return periods of the shaking intensity at these limit states are assigned based on the Importance Level (IL) of the 

building. For example, a hospital will be an IL4 design and the return period of the intensity at the ULS is 2500 years. Whereas 

a medium-density residential building will typically be designed as IL2 with a corresponding return period of 500 years at the 

ULS. The NZSEE/MBIE base isolation design guidelines [6] recommend design checks for two additional limit states: a 

Damage Control Limit State (DCLS) and Collapse Avoidance Limit State (CALS). The typical performance and design checks 

at these limit states include avoidance of superstructure yielding at the SLS; superstructure story drift limits at the DCLS 

(typically 0.5%, depending on designer’s choice); superstructure strength, story drift (2.5%), and isolator stability limits at the 

ULS; and isolator displacement and rattle space checks at the CALS. In contrast, the ASCE/SEI 7-22 does not have importance 

level factors assigned to base-isolated buildings. Unlike the limit-state design approach in New Zealand, both the isolation 

plane and superstructure are designed at the Risk-Targeted Maximum Considered Earthquake (MCER) intensity level, which 

has a probability of exceedance of 2% in 50 years, equivalent to a return period of 2475 years.  

Design procedure and results 

Five different design solutions are developed for a 4-storey case study building; three designs follow the NZ isolation 

guidelines, including an IL2 building and two IL4 buildings. The other two building designs follow the ASCE/SEI 7-22 code, 

with no consideration of building importance and different design limit states. These case study buildings are further divided 

by the superstructure design ductility which will be discussed more in detail. The buildings are assumed to be located in 

Wellington, New Zealand and have a VS30 of 450 m/s, which can be classified as subsoil class C. The seismic design parameters 

are reported in Table 1. 
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Table 1: Seismic design parameters that are used to construct the hazard spectrum. 

Seismic design parameters NZ guideline (IL2) NZ guideline (IL4) ASCE/SEI 7-22 

Hazard factor, Z 0.4 0.4 0.4 

Return period factor, RSLS1/SLS2 0.25 1 

MCER, 1.8 
RDCLS 0.75 - 

RULS 1 1.8 

RCALS 1.5 2.34 

Spectral shape factor, Ch(T)* 0.53 0.56 0.50 

Near-fault factor, N(T, D)* 1.24 1.20 1.28 

Damping reduction factor, η* 0.483 0.493 0.581 

*Note: these parameters depend on the period of the system and values based on the nominal effective period at the ULS are reported. 

Following the design process recommended by the guidelines, the building weight is estimated based on the preliminary design 

and may be refined later. Including the base slab above the isolators and four stories, the total seismic weight of the case study 

building is 34566 kN. The isolation plane is designed using the capacity-spectrum method [10] assuming the superstructure is 

a rigid block, and the system behaves as a Single Degree of Freedom (SDOF) system. The stability and uplifting of the isolators 

are checked at the ULS, whereas the isolator displacement and rattle space are checked at the CALS. The design results of the 

isolation plane are reported in Table 2, including the characteristic strength (Qd), post-yield stiffness (Kd), the ratio of post-

yield stiffness to initial stiffness (α), the total thickness of the rubber layer (te), the maximum displacement demand at the CALS 

(DM) using lower bound isolator properties, and the corresponding effective period of the isolation system (Teff). 

Table 2: Case study building solation system design results  

Isolator Design Parameters NZ guidelines (IL2) NZ guidelines (IL4) ASCE/SEI 7-22 

System characteristic strength, Qd 2037 kN 3717 kN 2793 kN 

System post-yield stiffness, Kd  12.1 kN/mm 13.9 kN/mm 13.8 kN/mm 

System stiffness ratio, α (Kd / Ki) 0.0578 0.0667 0.629 

Total thickness of rubber, te 200 mm 250 mm 200 mm 

Maximum isolator displacement demand, DM 576 mm 709 mm 560 mm 

Effective period at DM, Teff, Dm 3.28 s 2.97 s 2.99 s 

In this study the rattle space is assumed to be sufficient around the buildings and the isolation plane designs are generally 

governed by the isolator displacement capacity. The difference in the isolation plane designs is a result of the difference in 

RCALS factors listed in Table 1. The isolation system tends to require a higher characteristic strength, post-yield stiffness, and 

displacement capacity as RCALS increases. 

The design process of the superstructure of the isolated building is similar to that of a traditional building. The design base 

shear is distributed to the superstructure using methods such as Equivalent Static Analysis (ESA) or Modal Response Spectrum 

(MRS) method, the building may need to be verified with NLTHA depending on the building IL. According to the isolation 

design guidelines [6], the IL2 case study building may be classified as Type 1 - Simple, which permits the use of ESA. The 

strength reduction factor of one (kμ = 1) is required at the ULS, meaning the superstructure is designed to respond elastically. 

The IL4 case study buildings are classified as Type 3 – Ductile, which also requires the design to be verified using NLTHA. A 

strength reduction factor of up to two (kμ ≤ 2) is allowed for Type 3 buildings at the ULS, meaning the superstructure is allowed 

to develop some ductility. Similarly, a strength reduction factor (the ρ factor) of up to two is permitted in ASCE7-22. To 

investigate the effects of allowing the superstructure to develop ductility, the IL4 buildings and ASCE buildings are designed 

using kμ of one and two. The design results are presented in Table 3. The superstructure designs are all governed by strength 

checks. Interestingly, the superstructure design results of the elastically designed buildings end up being similar and the 

superstructures designed using strength reduction factors both have similar designs.  

Numerical models 

The previous section described the case study building design results which are based on the upper bound, lower bound, and 

nominal isolator properties, and characteristic design properties for the superstructure. However, to assess the performance, 

probable design properties are assigned in the numerical models described in this section. The 3D numerical models are 

developed in OpenSees [11]. The Lead Rubber Bearings (LRBs) are modeled using bilinear hysteretic models and the Flat 

Sliders (FSs) are modeled using Coulomb friction models. The isolators are connected by the grillage beams that have a large 

in-plane stiffness; hence the isolation plane can be considered a rigid diaphragm. The RC walls are modelled as elastic 

cantilevers with cracked section stiffness estimated based on [12]. At the bottom of each RC wall, a plastic hinge is inserted to 

enable plastic deformations to occur. The overall behavior of the wall and hinge follows a Takeda hysteretic model [13]. The 

gravity frames are modelled as truss elements that only provide gravity support and aim to facilitate P-Delta actions to be 
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introduced. Rigid diaphragm constraints are applied to the RC walls and gravity frames at each floor. Seismic mass and gravity 

loads are assigned to walls and frames based on their tributary area. A Rayleigh damping model is applied with 3% damping 

at the first and fourth modes. 

Table 3: Case study building superstructure design results 

Superstructure Design Parameters NZ (IL2) NZ (IL4) NZ (IL4) ASCE ASCE 

Strength reduction factor, kμ 1 1 2 1 2 

Superstructure base shear, Sa, ULS 0.19 g 0.36 g 0.36 g 0.35 g 0.35 g 

Wall dimension (per wall) 3 × 0.4 m 4 × 0.4 m 3 × 0.4 m 4 × 0.4 m 3 × 0.4 m 

Nominal flexural strength, Mn, x 10270 kNm 20308 kNm 10270 kNm 20308 kNm 10270 kNm 

Reinforcement ratio, ρb, x  1.15% 1.35% 1.15% 1.35% 1.15% 

Axial load ratio 2.2% 1.9% 2.2% 1.9% 2.2% 

Fixed-base period Tfixed, x* 0.56 s 0.37 s 0.56 s 0.37 s 0.56 s 

Wall dimension (per wall) 6 × 0.4m 7 × 0.4 m 6 × 0.4 m 7 × 0.4 m 6 × 0.4 m 

Nominal flexural strength, Mn, y 29989 kNm 58884 kNm 29989 kNm 56166 kNm 29989 kNm 

Reinforcement ratio, ρb, y 0.79% 1.30% 0.79% 1.23% 1.30% 

Axial load ratio 2.2% 2.0% 2.2% 2.0% 2.2% 

Fixed-base period Tfixed, y* 0.36 s 0.29 s 0.36 s 0.29 s 0.36 s 

* Tfixed of the superstructure is estimated using the Rayleigh method and the displacement profile is estimated using the effective section 

properties as per NZS 3101:2006 [14]. 

 

Non-linear time history analysis  

Numerical models of the buildings were developed and subject to multiple-stripe (MS) NLTHA to assess the performance of 

the case study buildings. The numerical models were loaded bi-directionally using the selected ground motions [15]. Vertical 

excitation is not included in the scope of this study and is not expected to influence the behavior significantly. The ground 

motions were selected and scaled for the case study building site at SA(2.0s) using the generalized conditioning intensity 

measure approach [16], considering the 2010 New Zealand National Seismic Hazard Model [17]. The ground motion set used 

for MSA consists of 180 pairs of hazard-consistent ground motions across nine intensity levels, with 20 pairs for each intensity. 

The design hazard curve from NZS 1170.5 and the ground motion hazard curve are plotted in Figure 2a. An example of the 

design spectral acceleration and pseudo-spectral acceleration of the ground motions at intensity level six (corresponding to a 

2500-yr return period) are plotted in Figure 2b.  

 

Figure 2: Comparison of a) design hazard curve and ground motion hazard curve, and b) design spectral acceleration and 

pseudo-spectral acceleration of the ground motions corresponding to a 2500-yr return period. 

STRUCTURAL RESPONSE 

The structural response under bi-directional loading is recorded during the NLTHA, including the lead rubber bearing 

displacement, base shear, floor acceleration, and story drift. The base shear is normalized by the total building weight and 

reported as a coefficient. The maximum base shear coefficient and LRB displacement are evaluated considering the combined 

demands from orthogonal directions. The median values at each intensity are plotted in Figure 3a and 3b, respectively. 

Comparing the base shear coefficient of the three case study buildings, it is observed that the IL4 buildings experience slightly 

larger base shear than the ASCE buildings, and the IL2 building experiences relatively lower base shear. Figure 3b compares 
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the maximum LRB displacement of the case study buildings. It appears that the LRB displacement demand is larger for the IL2 

building, followed by the ASCE buildings, and the IL4 buildings. The difference in base shear and displacement demand can 

be explained by the difference in effective stiffness of the isolation system which is a combination of characteristic strength 

(Qd) and post-yield stiffness (Kd). However, for intensities that are higher than around 0.8g, the stiffness differences do not 

explain the differences, which are instead likely to be due to yielding of the superstructure at higher intensity levels.  

 

Figure 3: Peak isolation system demand: a) the maximum base shear normalised by building weight, and b) the maximum 

Lead Rubber Bearing (LRB) dispalcement demand. 

The median values of Peak Floor Acceleration (PFA) and Peak Story Drift (PSD) among all stories and both directions are 

plotted against the intensities in Figure 4a and 4b, respectively. The PFA demands are the highest for the two IL4 buildings, 

followed by the ASCE buildings and the IL2 building. This is similar to what was observed for the isolation system base shear. 

The numerical study by [18] made similar observations where the superstructure response tends to increase with the increase 

of the yield strength of the isolation system. The PSD demands are expected to be higher for superstructures that have less 

stiffness (recall that the stiffness of the RC walls is set to be proportional to their strength [12]). It is also expected that once 

the wall yields, the difference in the PSD demands will be even more significant. However, it is interesting to see that allowing 

ductility design, and subsequently a more flexible superstructure, did not reduce the PFA; the reduction only takes place once 

the walls yield at higher intensities. The study by [19] observed similar results noting that a base-isolated braced frame building 

that had a higher ductility reduced the PFA by just 20% but increased the PSD by up to 75%.  

 

Figure 4: Peak superstructure demand: a) peak floor acceleration, and b) peak story drift. 

STRUCTURAL COLLAPSE  

To investigate the structural performance in terms of collapse, a collapse fragility function is developed for each case study 

building and the annual rate of collapse (𝜆𝑐) is computed using Eq. (2). 

𝜆𝑐 = ∫ 𝑃(𝑐𝑜𝑙𝑙𝑝𝑎𝑠𝑒|𝐼𝑀 = 𝑥) ∙ |𝑑𝜆𝐼𝑀(𝑥)|
𝐼𝑀𝑓

𝐼𝑀𝑖
                                                         (2) 

The term 𝑃(𝑐𝑜𝑙𝑙𝑝𝑎𝑠𝑒|𝐼𝑀 = 𝑥) is the fragility function of the structure which describes the probability of collapse at an intensity 

x, |𝑑𝜆𝐼𝑀(𝑥)| is the annual rate of occurrence of the specific intensity x. The integration domain 𝐼𝑀𝑖 ≤ 𝑥 ≤ 𝐼𝑀𝑓 is defined in a 

way that the contribution to the annual rate of collapse from outside this domain is negligible because it either has a very small 
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probability of collapse or a very small rate of occurrence. The collapse fragility function is developed using the Maximum 

Likelihood method, technical details are explained in [20]. Firstly, based on the MS NLTHA results, the fraction of the ground 

motions at each intensity measure level that causes collapse is identified. Then a median (𝜃) and dispersion (𝛽𝑟𝑡𝑟) is defined 

such that the fragility function has the highest probability to produce the observed collapse fraction at each intensity level. Note 

that 𝛽𝑟𝑡𝑟 is the record-to-record variability. The fragility function is then modified using the double-lognormal fragility model 

to include modelling uncertainty (𝛽𝑚) [21], [22]. The total dispersion becomes 𝛽𝑐 = √𝛽𝑟𝑡𝑟
2 + 𝛽𝑚

2 .  A 𝛽𝑚 of 0.354 is used in 

this study based on FEMA P-58 [23] and assuming the building has an average construction and numerical model quality.  

Collapse definition 

The building collapse is triggered when either of the following criteria is exceeded: (i) the drift demand of the superstructure 

exceeds the RC wall drift capacity; or (ii) the shear strain of the LRB exceeds 500%. The equation proposed by [24] is used to 

estimate the RC wall drift capacity, which is a function of the wall dimensions, neutral axis depth, shear stress, and concrete 

compressive strength. The drift capacities for the short walls in the X-direction of the five case study buildings are around 3.5% 

- 3.7%. For the longer walls in the Y-direction, the drift capacities are around 2.7% - 3.2%. The experimental tests used to 

derive the drift capacity equation generally consisted of a single wall specimen with a point load at the top [24]. As the case 

study building has four stories, it would be conservative to compare the peak story drift (occuring at roof level) with the wall 

drift capacity (expected to develop at ground storey) directly. Therefore, the drift demand of the superstructure is estimated by 

converting the multistory building into an equivalent SDOF system [12]. The shear strain of the LRB is defined as the horizontal 

displacement normalized by the total thickness of the rubber layers. The experimental tests on LRBs have shown that rubber 

hardening is unlikely to occur until at least 400% shear strain [25] [26] [27]. Based on the test results and information provided 

in the LRB product catalog, a maximum shear strain capacity of 500% is adopted in this study.  

Collapse fragility and the annual rate of collapse  

The global collapse fragility curves of the three case study buildings are plotted in Figure 5a. The median values, dispersions 

of these fragility curves and their annual rate of collapse are reported in Table 4. The IL2 building has the highest annual rate 

of collapse (1.84 × 10-4), followed by the ASCE building with a kμ = 2 (1.36 × 10-4), the ASCE building with a kμ = 1 (1.13 × 

10-4), the IL4 building with a kμ = 2 (1.00 × 10-4), and the IL4 building with a kμ = 1 (0.90 × 10-4). To better understand which 

failure mechanism is more likely to govern, the collapse fragilities of the LRBs and RC walls are plotted separately in Figures 

5b – 5f. The fragility function parameters and the annual rate of collapse are reported in Table 5. It appears that the LRB failure 

tends to be the failure mechanism for the buildings with a kμ = 1. Whereas the use of a strength reduction factor (kμ = 2) in the 

RC wall seems to shift the wall failure fragility curve to the left and results in the superstructure failing before the isolators. 

This outcome is arguably not desirable as it implies that the isolation devices have not been fully utilized. 

 

Figure 5: Collpase fragility curves of the three isolated case study buildings: a) global collapse fragility, and b-f) RC wall 

failure fragilities and Lead Rubbber Bearing (LRB) failure fragilities plotted seperately for each of the case study buildings. 



Canadian-Pacific Conference on Earthquake Engineering (CCEE-PCEE), Vancouver, June 25-30, 2023 

7 

 

Table 4: Fragility curves parameters and annual rate of collapse. 

 
NZ guideline  

(IL2, kμ = 1) 

NZ guideline 

(IL4, kμ = 1) 

NZ guideline  

(IL4, kμ = 2) 

ASCE7-22 

(kμ = 1) 

ASCE7-22 

(kμ = 2) 

Median, 𝜃𝑐 1.16 g 1.30 g 1.23 g 1.27 g 1.15 g 

Dispersion, 𝛽𝑐  0.48 0.43 0.42 0.49 0.48 

Annual rate of collapse, 𝜆𝑐 1.84 × 10-4 0.90 × 10-4 1.00 × 10-4 1.13 × 10-4 1.36 × 10-4 

 

Table 5: Collapse fragility curves parameters of the RC wall and Lead Rubber Bearings (LRBs) 

 
NZ guideline  

(IL2, kμ = 1) 

NZ guideline 

(IL4, kμ = 1) 

NZ guideline  

(IL4, kμ = 2) 

ASCE7-22 

(kμ = 1) 

ASCE7-22 

(kμ = 2) 

Median, 𝜃𝑐,𝑤𝑎𝑙𝑙  1.35 g 2.14 g 1.23 g 2.23 g 1.21 g 

Dispersion, 𝛽𝑐,𝑤𝑎𝑙𝑙 0.40 0.54 0.42 0.54 0.48 

Annual rate of collapse, 𝜆𝑐 1.07 × 10-4 0.27 × 10-4 1.00 × 10-4 0.27 × 10-4 1.22 × 10-4 

Median, 𝜃𝑐,𝐿𝑅𝐵 1.16 g 1.30 g 1.49 g 1.27 g 1.24 g 

Dispersion, 𝛽𝑐,𝐿𝑅𝐵 0.48 0.43 0.47 0.49 0.49 

Annual rate of collapse, 𝜆𝑐 1.84 × 10-4 0.90 × 10-4 0.69 × 10-4 1.13 × 10-4 1.18 × 10-4 

CONCLUSIONS 

This study investigated the impacts of building importance factors and superstructure ductility (controlled via the strength 

reduction factor) on base-isolated building performance. The performance is expressed in terms of isolator displacement, peak 

floor acceleration, peak story drift, and collapse fragility. Five different designs were developed for a 4-storey case-study 

building in Wellington, New Zealand, and NLTHA were performed in OpenSees. Three of the design solutions followed the 

recommendations provided in the NZSEE/MBIE base isolation design guidelines and two followed the ASCE/SEI 7-22 

requirements. For the NZ designs, one adopts a classification of IL2, two buildings adopt a classification of IL4. For the ASCE 

designs, buildings do not have importance levels. According to the guidelines, the IL2 building is required to respond elastically 

at the Ultimate Limit State (ULS) intensity. Whereas a strength reduction factor (kμ) of up to two is permitted for the IL4 

buildings and the ASCE buildings to allow non-linear ductile response. The design results and multiple-stripe NLTHA results 

show that: 

• The IL4 buildings required the isolation system to have a larger capacity than the IL2 building, including a higher 

characteristic strength, post-yield stiffness, and isolator displacement capacity. This increased the peak floor 

acceleration (PFA) and reduced the peak story drift (PSD) when kμ = 1 was used. The isolator displacement demand 

was also reduced. 

• Permitting the superstructure to develop ductility in isolated buildings did not reduce the PFA demand. Furthermore, 

it significantly increased the PSD demand by a factor of two to six times. The comparison showed that the IL4 building 

with a kμ = 2 had higher PFA and similar PSD demands to the IL2 building. From a damage and loss point of view, 

this could mean that the IL4 building with higher ductility is likely to suffer more damage at low to medium intensity 

earthquakes that are more frequent.  

• The IL2 building has the highest annual rate of collapse (1.84 × 10-4), followed by the ASCE building with a kμ = 2 

(1.36 × 10-4), ASCE building with a kμ = 1 (1.13 × 10-4), IL4 building with a kμ = 2 (1.00 × 10-4), and the IL4 building 

with a kμ = 1 (0.90 × 10-4).  The collapses of the IL4 and ASCE buildings with kμ = 2 were governed by the RC wall 

failure. Whereas the collapse for the rest of the buildings is governed by LRB failure.  

Overall, it was found that increasing the importance level of base-isolated building from IL2 to IL4 resulted in better structural 

performance and a lower annual rate of collapse. However, when a strength reduction factor of two was permitted for the IL4 

building, it performed worse than the IL2 building in terms of PFA and PSD, which suggested more damage and hence repair 

costs would be observed in the superstructure, especially to the drift-sensitive components. This finding is not considered 

desirable and if future research for other case-study buildings confirms this trend, revisions to the NZ base-isolation guidelines 

would be recommended. 
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