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Abstract

This paper presents the draft design-hazard factor (Z) maps developed for the 2026
amendment to the Australian Standard Structural Design Actions: Earthquake Actions in
Australia, AS 1170.4:2024. The peak ground acceleration (PGA) hazard map for an annual
exceedance probability (AEP) of 1/1,500 from the 2023 National Seismic Hazard Assessment
of Australia was used as the basis for the updated design-hazard maps. This map was
subsequently adjusted through two primary approaches, such that: 1) a factor of 2/3 was
applied to the PGA map to adjust the 1/1,500 AEP hazard such that the overall design values
are consistent with the 1/500 AEP requirements specified in the National Construction Code;
and 2) an adjustment was applied to compensate for differences between the AS 1170.4:2024
spectral shape factors, Cx(T), and the normalised probabilistic uniform-hazard spectrum (UHS)
averaged over all Australian localities at a vibratory period of T = 0.5 s. The resulting hazard
grid was contoured at 0.08 and 0.10 g and these irregular contours were subsequently fitted
using regular geometries. Zones enveloped by these geometries were assigned a Z factor of
0.10 g (Zone 2) and 0.12 g (Zone 3), respectively. Consistent with the AS 1170.4:2007 (Amt
2, 2018), a floor Z factor of 0.08 g (Zone 1) is applied to the remainder of the Australian
continental landmass. Spectral shape factors for periods between 0.0-0.3 s are also reduced
from 2.94 to 2.5 (on Site Class Be) to reduce the short-period demand and to be more
consistent with the average probabilistic UHS. The resulting Z values anchor the adjusted
elastic design spectrum at T = 0.0 s and are intended to provide protection to structures from
earthquake loading, with a primary focus on collapse prevention, for a notional AEP of 1/500.
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1 Introduction

The Australian Standard Structural Design Actions: Earthquake Actions in Australia,
AS 1170.4:2024 (Standards Australia, 2024) provides designers of structures with earthquake
actions and general design requirements for use in the design of structures subject to
earthquakes with a primary focus on life safety. This Standard is prepared by Standards
Australia sub-committee BD-006-11, General Design Requirements and Loading on
Structures of Standards Australia.

In the draft AS71170.4:2024 (Amt 1, 2026), the hazard-design factor (Z) is now defined as “a
probabilistic ground-motion hazard that has been adjusted to achieve a notional peak ground
acceleration with an annual probability of exceedance of 1/500, and includes a lower bound
threshold value to provide a minimum level of seismic resilience in the design of buildings to
resist earthquake excitation in regions of low-to-moderate seismicity.”

This paper summarises the draft Z factor maps and the proposed changes to the elastic design
spectrum (or spectral shape factors) for the 2026 amendment to the AS 17170.4:2024, as
proposed by the Seismic Hazard Working Group for the BD-006-11 Sub-committee (hereafter
referred to as the Sub-committee).

2 2023 National Seismic Hazard Assessment

The draft Z factor maps are underpinned by the 2023 National Seismic Hazard Assessment
(NSHAZ23); a national-scale probabilistic seismic hazard assessment (PSHA) that uses current
scientific knowledge on Australian seismicity and applies best-practise methods to estimate
time-independent ground-motion values for a range of exceedance probabilities (Allen et al.,
2023b). The NSHA23 calculates ground-motion hazard values for the geometric mean of the
horizontal peak ground acceleration (PGA) and spectral accelerations, Sa (T), for eleven
vibratory periods T=10.1, 0.15,0.2,0.3,0.4, 0.5, 0.7, 1.0, 1.5, 2.0 and 3.0 s. For use in the AS
1170.4, the hazard is calculated for site class Be, which is assumed to be equivalent to a time-
averaged shear-wave velocity in the upper 30 m of the foundations (Vs3o) of 760 m/s.

For localities listed in the AS 1170.4, uniform-hazard spectra (UHS) were calculated for the
range of spectral periods listed above at the 10%, 3.3% and 2% probability of exceedance in
50-year levels. These probabilities approximately correspond to annual exceedance
probabilities of 1/500, 1/1,500 and 1/2,500, respectively.

End users often perceive the mean results from PSHAs to be an accurate representation of
reality (Lee et al., 2018). However, it is becoming increasingly important to communicate the
mean hazard results from PSHAs in the context of their uncertainties. This ensures that hazard
assessments are both transparent and defensible to end users and the wider seismological
and engineering communities (Stein et al., 2012; Douglas et al., 2014). Alternative seismic-
source and ground-motion models combined through a logic-tree approach are often used in
PSHA to capture the epistemic uncertainty of multiple scientifically defensible alternatives
(e.g., Bommer, 2012). As such, the uncertainty in the mean NSHA23 hazard values is also
captured by the calculation of the 0""-100" hazard fractiles (Allen et al., 2023b).

3 Hazard Adjustments

The following sub-sections discuss the adjustment of the NSHA23 probabilistic ground motions
in the development of the Z factor maps in the AS 1170.4:2024 (Amt 1, 2026).
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3.1  Notional 1/500 AEP Hazard-Design Factors

The PGA hazard map for an annual exceedance probability (AEP) of 1/1,500 from the NSHA23
was used as the basis for the updated hazard-design maps. This map was subsequently
adjusted through two primary approaches. First, a factor of 2/3 was applied to the PGA map
to adjust 1/1,500 AEP hazard such that the overall design values are notionally aligned with
the 1/500 AEP requirements specified in the National Construction Code (NCC).

The 2/3 ground-motion reduction factor follows the approach from other international
jurisdictions (e.g., Leyendecker et al., 2000). However, this factor is more commonly applied
to the 2% probability of exceedance in 50-year—or the so-called Maximum Considered
Earthquake (MCE)—ground motions (Luco et al., 2007). The MCE ground motions are widely
considered to be equivalent to a “collapse ground motion” (Leyendecker et al., 2000).
Additionally, the pre-existing safety margin for the collapse prevention of regular structures
was conservatively estimated as 1.5. Thus, for use in the International Building Code (e.g.,
American Society of Civil Engineers, 2016), the MCE ground motions are reduced by the
inverse of this safety margin to arrive at the design-basis ground motions with a “life safety”
performance objective (Luco et al., 2007). Further, the 2/3 factor aligns with the current
probability factor (k,) in AS 1170.4:2024 of 1.5 for a 1/1,500 AEP. Whilst the application of
these two factors may appear to cancel each other out, because k, factors derived from
probabilistic seismic hazard assessments in Australia increase at faster rates with decreasing
exceedance probabilities (or increasing return period) than those in the AS 7170.4 (Allen,
2020; Allen et al., 2023b), the net effect of applying the 2/3 factor to the 1/1,500 AEP hazard
is slightly higher hazard at the notional 1/500 AEP than would otherwise be the case.

It is recognised that some regions in Australia are characterised by particularly low historical
earthquake activity rates and consequent low probabilistic hazard. In these cases, seismic
demands calculated through classical PSHAs alone are unlikely to provide reasonable
protection to a structure and its occupants in the event of a low probability strong earthquake
(e.g., Allen et al., 2023a). Therefore, complimentary approaches are available, such as the use
of a floor in the seismic demands, to provide a minimum level of protection to all structures. To
this end, a minimum hazard-design factor of 0.08 g is applied in the AS 1170.4:2024 (Amt 1,
2026). This is consistent with the approach first undertaken for the AS 1170.4:2007 (Amt 2,
2018) (Australian Earthquake Engineering Society, 2021).

3.2 Fitting Irregular Contours

Given the non-uniform spatial occurrence of earthquakes, together with the irregular
geometries of fault sources (Clark, 2023), a classical PSHA will naturally result in irregular-
shaped contours that show constant hazard levels (e.g., Allen et al., 2023b; Petersen et al.,
2023). It was the Sub-committee’s opinion that end-users would have less confidence in a map
that was not expressed by simple geometrical shapes. Consequently, the irregular hazard
contours from the notional 1/500 AEP hazard map for PGA at 0.08 g and 0.10 g were fitted
using regular geometries (or ellipses). Zones enveloped by these geometries were assigned
a Z factor of 0.10 g (Zone 2) and 0.12 g (Zone 3), respectively. The preference for "regular”
zones is intended to reduce misperception around the of precision in the hazard results by end
users, as may be implied by raw PSHA outputs. This fitting approach sometimes led to
instances where one locality may lie outside of the adjusted probabilistic hazard-based zones,
but lie inside the fitted zones (or vice versa). These instances were generally observed for
small regional centres and not considered to have a significant impact on design and
construction costs at a national scale (e.g., Wehner et al., 2025), particularly since the majority
of structures in these regional centres would be classified as Earthquake Design Category
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(EDC) 1, which approximates earthquake actions independent of the Z factor. Figure 1 shows
an example of this fitting process for the southwest seismic zone in Western Australia.
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Figure 1. An example of raw irregular hazard-design factor (Z) contours (dashed lines) fitted with reqular
geometries (solid lines).

3.3  Manual Adjustments to Hazard-Design Zones

Whilst the approach outlined in Section 3.2 was generally adequate to assign the hazard-
design factors for most areas nationally, some manual adjustments were required. First, there
were several offshore contours in the Indian Ocean that were manually removed given their
low-level of significance to the design of structures for which the AS 17170.4 applies. However,
several of the larger zones in the immediate offshore region, where a number of existing and
proposed offshore energy projects are located, are retained for reference.

Second, zones in northern Australia that could not be fitted with ellipses were manually
adjusted. Following this approach, the Z = 0.10 g contour near Darwin was manually shifted
south to include Palmerston City to ensure consistency in design practise in the greater Darwin
region. This also allows for some conservatism in design given the unique UHS for northern
Australian sites (see Section 4 for further details).

3.4 Adelaide Zone Adjustment

The sedimentary basin of the Adelaide Plains is known to amplify earthquake ground shaking
at a fundamental vibratory period at a given site (e.g., Setiawan et al., 2018). Distant large
earthquakes are commonly felt in Adelaide: in 1963, tall buildings were reported to sway in the
Adelaide central business district following a magnitude 7.8 earthquake in the Banda Sea,
Indonesia (Hearn and Webb, 1984); in 2012, an earthquake near Moe, Victoria, tripped the
Torrens Island Power Station A4 unit almost 800 km from the epicentre due to a “significant
frequency disturbance” (Australian Energy Market Operator, 2013); and, over 200 felt reports
were received from locations within the Adelaide Plains following the 2021 magnitude 5.9
Woods Point earthquake 700 km away in the Victorian High Country (Peji¢ and Allen, 2024).
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These observations can all be attributed to the amplification effects of the Adelaide Plains
sedimentary basin. It is therefore prudent to consider these ground-motion amplifications for
the design and construction of structures in the greater Adelaide region.

Basin amplification effects are not currently modelled in the Australian national-scale seismic
hazard assessment (e.g., Allen et al., 2023b). Whilst the AS 17170.4 does provide spectral
shape factors for different site conditions, these factors are usually decoupled from a
fundamental resonant period that may occur due to basin effects. Consequently, the national
hazard assessment is likely to underestimate the ground-motion-hazard potential for this major
urban centre, which may affect the design basis ground-motions used for buildings and
infrastructure in the Adelaide urban region.

The adjusted hazard-design factors described in Section 3.1 lie below the threshold to place
the City of Adelaide in Zone 2. Given the known amplification effects in the city, the Sub-
committee recommended that the greater Adelaide region retained its current Z factor, which
places it in Zone 2 with a Z = 0.10 g, as a conservative action until the basin effects in the
Adelaide Plains is studied in greater detail. The spatial extent of this zone was guided by the
geometry of large, basin-bounding faults in the Adelaide region (e.g., Clark et al., 2024) and
extended north to include the regional centre of Gawler.

The Sub-committee recognise that other Australian population centres are located in
sedimentary basins and may be subjected to similar amplifications in ground motions. This
effect should be explored and considered in future national seismic hazard assessments, as
has been undertaken in other jurisdictions (e.g., Moschetti et al., 2024).

4  Adjustment of Spectral Shape Factors

In reviewing the AS 1170.4:2024 spectral shape factors, Cy(T), the mean (normalised at PGA,
or T=0.0 s) probabilistic UHS from the NSHA23 across all localities was calculated and plotted
against the spectral shape factors for Site Class Be (Figure 3). This showed two key features:
1) the existing AS 1170.4:2024 spectral shape factors (Wilson and Lam, 2003) appear to be
very conservative at short periods, and; 2) the NSHA23 estimates lower mid-to-long period
spectral accelerations relative to the design spectrum.

To better reflect the probabilistic UHS at short periods, the AS 1170.4:2024 spectral shape
factors were modified such that the constant acceleration level of the spectrum was reduced
from a factor of 2.94 to 2.50 (for Site Class Be). The value of 2.50 remains conservative relative
to the mean probabilistic UHS. The 84" percentile does slightly exceed the design spectrum
at very short periods (7= 0.05 s). However, this was not considered to be of major significance
for the seismic performance of the structural systems for which the standard is intended to
apply. The adjusted spectral shape, for Site Class Be is shown in Figure 3.
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Figure 2. Hazard-Design factor map for the greater Adelaide. The zone enveloping the region was
manually assigned to account for unmodelled basin amplification effects.
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Figure 3. Mean UHS for all Australian localities at the 3.3% probability of exceedance in 50 years (or
1/1,600 AEP) for AS1170.4 Site Class B. as determined in the NSHAZ23, normalised at PGA
(approximately T = 0.0 s). The dotted orange line shows the mean 84" percentile UHS for all localities
(normalised to the mean PGA). The green lines show the mean and 84 percentile UHS for the city of
Darwin. Also shown are the spectral shape factors for Site Class B. for both the AS1170.4:2024 and
AS1170.4:2024 (Amt 1, 2026). The ratio of the probabilistic UHS and the AS1170.4:2024 (Amt 1, 2026)
spectral shape factors at T = 0.5 s is used to adjust the hazard-design factor, Z (see vertical black bar).

AEES 2025 National Conference 6



To compensate for differences between the normalised mean probabilistic UHS and the Cx(T)
factors at mid-to-long periods, the Z factor was reduced by a factor of 0.7. This factor
approximates the ratio between the normalised UHS averaged over all Australian localities and
the Cx(T) factors for vibratory period of T = 0.5 s (see Figure 3). The numerical value for this
ratio is calculated at 0.60, so the factor of 0.7 allows for some conservatism in the final Z
values.

The normalised UHS for Darwin is shown in Figure 3 as an outlier relative to the UHS averaged
across all Australian localities. The UHS for Darwin (and other northern Australian sites) is
unique in its spectral shape in that the hazard source for these sites is predominantly deeper
intra-slab earthquakes in the Banda Sea that are rich in short-period ground motions (Allen,
2022).

5 Revised AS1170.4:2024 (Amt 1, 2026) Maps

Figure 4 shows the proposed national hazard-design map for the AS 1170.4:2024 (Amt 1,
2026). The map is defined using three zones assigned with different Z factors: 0.08 g (Zone
1), 0.10 g (Zone 2) and 0.12 g (Zone 3). Figure 5 and Figure 6 show the regional hazard-design
map for southwestern Western Australia and southeastern Australia, respectively.
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Figure 4. Proposed national hazard-design map for the AS 1170.4:2024 (Amt 1, 2026). Zones of 0.08 g
(Zone 1), 0.10 g (Zone 2) and 0.12 g (Zone 3) are shown. The dashed line in the northern Australia zone
indicates where the adjust probabilistic hazard has been truncated as it nears the northern plate
boundary.
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Figure 5. Proposed hazard-design map of southwestern Western Australia for the AS 1170.4:2024 (Amt
1, 2026). Zones of 0.08 g (Zone 1), 0.10 g (Zone 2) and 0.12 g (Zone 3) are shown.

6

Modern seismic hazard assessments for Australia suggest that some regions are
characterised by particularly low earthquake activity rates and consequent low probabilistic
hazard, particularly at the AEP of 1/500 presently used to define the Z factor in AS 1170.4.
However, the rare occurrence of moderate-to-large magnitude earthquakes means that
ground-motion hazard rises relatively more steeply at decreasing AEPs relative to more
tectonically active regions (e.g., Allen, 2020). This means that seismic demands calculated
through PSHA for a notional AEP of 1/500 for low seismicity regions may not provide
reasonable protection to a structure and its occupants in the event of a rare strong earthquake.
For this reason, the AS 1170.4:2007 (Amt 2, 2018) introduced a minimum threshold for the Z
factor, which corresponds to a k,Z value of 0.08, 0.10 and 0.12 for Importance Level 2, 3, and
4 structures, respectively (Australian Earthquake Engineering Society, 2021). This “hazard
floor” is intended to provide a minimum (and consistent) level of protection to structures under
seismic demands.

Discussion

Recent national-scale assessments for Australia (Allen et al., 2020; 2023b) have challenged
notions of the prevailing seismic hazard and have raised questions over the suitability of the
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1/500 annual exceedance probability level—prescribed by the National Construction Code
(NCC; Australian Building Codes Board, 2016) and as applied in the AS 7170.4—to determine
seismic demands for the design of ordinary-use structures in Australia. Whilst any change in
the AS 1170.4 exceedance probability level would be a major departure from previous
earthquake loading standards, it would bring it into line with other international building codes
in similar tectonic environments (e.g., Leyendecker et al., 2000; Humar, 2015). Additionally, it
would offer opportunities to further modernise how seismic demands are considered in
Australian building design through the use of building collapse and societal risk metrics (e.g.,
Allen and Luco, 2018; Tsang et al., 2020; Horspool et al., 2023).

Finally, as part of the process for the integration of new hazard-design maps into the updated
standard, a preliminary economic assessment found that the proposed changes to the AS
1170.4:2024 hazard-design maps will have a negligible impact on the cost of new construction
in Australia overall (Wehner et al., 2025). This is largely because most of the main population
centres will retain the same Z factors as were previously assigned in the 2018 amendment of
the AS 1170.4:2007.
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Figure 6. Proposed hazard-design map of southeastern Australia for the AS 1170.4:2024 (Amt 1, 2026).
Zones of 0.08 g (Zone 1), 0.10 g (Zone 2) and 0.12 g (Zone 3) are shown.

7 Summary

The drafting process for the proposed updates to the hazard-design maps for the AS
1170.4:2024 (Amt 1, 2026) are summarised. The proposed Z factors are adjusted values from
the probabilistic seismic-hazard assessment presented in the NSHA23 (Allen et al., 2023b).
Should these changes be accepted, this will represent the first update to the underpinning Z-
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factor hazard-design maps since the release of the AS 1170.4:1993 (Standards Australia,
1993).

The amendment to the AS 17170.4:2024—in which the updated Z factors will appear—is
currently scheduled to be available for public comment from approximately November/
December 2025 to January 2026, with the publication of the Standard scheduled for the second
quarter of 2026.

8 Data and Resources

The draft AS 1170.4:2024 (Amt 1, 2026) contours are available in geospatial vector format at
the Geoscience Australia github repository. The files are provided as Esri shapefiles, Google
Earth kml, and geoJSON formatted files. Also available are high-resolution versions of the
proposed maps for the AS 1170.4:2024 (Amt 1, 2026).
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