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Background and Motivation

I Widespread and costly damage was observed in light-frame wood
buildings in previous earthquakes.
I Christchurch 2011: $16 billion in residential building damage out of a total

$40 billion building and infrastructure losses.
I Northridge 1994: $12.7 billion (US$) out of a total $25.7 billion recovery and

reconstruction funds were associated with residential building reconstruction.

I Dri� control of wood structures is the key parameter for
minimising seismic related damage (Filiatrault and Folz, 2002).
Seismic isolation is very e�ective at minimising superstructure
dri�s.

I Research has shown significant secondary impacts of earthquakes
on well-being and work place stress in 1/3rd of the population
(Po�er et al., 2015). This includes e�ects due to stress from dealing
with insurance for private home owners.

Objectives

I Show seismic isolation is e�ective for reducing seismic
vulnerability for light-frame wood buildings (residential buildings)
in New Zealand.

I Provide a value case for the use of seismically isolated light-frame
wood buildings in New Zealand.

Methodology

I Model fixed-base and seismically isolated residential buildings in
Ruaumoko (Carr, 2018).

I Using vulnerability functions already determined for fixed-base
light-frame wood buildings (Horspool et al., 2016), determine
vulnerability functions for seismically isolated residential buildings
through nonlinear time history (NLTH) analysis.

I Using these vulnerability functions, undertake a loss assessment
using RiskScape to provide a value case for the use of seismically
isolated light-frame wood buildings in New Zealand. Compare loss
experienced by the current fixed-base building stock to the
seismically isolated building stock respectively. This poster
completes the loss assessment for fixed-base buildings.

Structural Models
I The structural model is a simple single degree of freedom (SDOF)

model of wood frame buildings which is aimed to approximately
represent the median values for building sti�ness and deformation
behaviour.

I The deformation behaviour is modelled by a Wayne-Stewart
hysteresis in Ruaumoko which represents the pinching behaviour
of light-frame wood shear wall systems.

I The seismically isolated building model contains a bi-linear spring
to model the isolation system.

Ground Motions for NLTH Analyses

I Nine intensity levels (stripes) considered with 20 orthogonal
ground motions at each intensity.

I Records scaled using PSHA together with the generalised
conditional intensity measure (GCIM) method from Yeow et al.
(2018).

I Intensity measures were adjusted from spectral acceleration at one
second to peak ground acceleration using Equation 1.
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Simplified Vulnerability Analysis to Determine Loss Functions for Seismically Isolated Light-Frame Wood Buildings

I The following process outlines how vulnerability functions for the fixed base building model were determined. The process shown considers
the calculation of vulnerability for a single intensity level. The process is completed for the remaining intensities (di�erent values of PGA) to
complete the seismically isolated vulnerability functions.
I Step 1: Undertake NLTHA of fixed-base building model using selected ground motions.

I Step 2: Determine loss vs EDP relationships for a fixed-base building based on acceleration to dri� loss ratio of 1:2.

I Step 3: Run NLTHA on seismically isolated model and determine vulnerability from loss vs EDP equations.

I Step 4: Compare seismically isolated building vulnerability functions to the original and note the reduced vulnerability at each intensity level.
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RiskScape Loss Assessment of Wellington Residential Buildings for a 1855 Wairarapa Fault Earthquake (Mw 8.2)

I RiskScape was used to undertake a scenario based loss assessment of light-frame wood residential buildings. The so�ware includes asset data
for many asset types which were filtered to represent residential buildings of light-frame wood construction.

I The first of two images below (le�) represents the spatially distributed asset data, filtered to only include residential buildings of light-frame
wood construction. The vast majority of residential buildings are this type of construction.

I The second of the two images (right) represents the hazard in terms of PGA from the 1855 Wairarapa Earthquake across the Wellington region.

I Finally, the following image represents the monetary loss from the 1855 Wairarapa Earthquake to light-frame wood buildings. Loss is
aggregated on a suburb basis. Total residential building loss, including damage to building contents, equated to $10.64 billion (NZD).

Conclusions and Future Work
I Based on the methodology used for this research, the vulnerability of seismically isolated light-frame wood buildings was shown to reduce

significantly compared to fixed-base buildings.

I Fixed-base residential buildings are readily damageable and damage costs from Christchurch in 2011 reached $16 billion. Damage costs from
the RiskScape model reached $10.64 billion which are comparable and therefore validate the current vulnerability models used.

I A similar RiskScape loss assessment for the seismically isolated building stock will be completed in future research. However, based on the
vulnerability functions already determined, significant reductions in monetary loss are expected.

I Seismic isolation systems that deal with the issue of wind gusts activating the devices are now being considered and modelled. Future research
will outline the performance of these systems and how they propose to be implemented for light-frame wood buildings in New Zealand.


	References

