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ABSTRACT: This paper provides an update of progress that has taken place over the last 18 months
in the development of the new Earthquake Loadings Standard. In that time this standard has become
dis-jointed, in that is it is no longer a joint Australia/New Zealand Standard.

The separation has permitted a New Zealand focus to be reintroduced. This focus has permitted
several changes such as the performance objectives being clarified and linked more directly with
expectations from the material standards. In addition, the seismicity maps have been slightly modified
to account for new science, variable Sp provisions have been introduced, a minimum base shear has
been reintroduced, permissible interstorey drift limits have been revised, detailing is more closely
linked to material strains (section curvature) and the integrated time-history analysis procedures re-
assessed, particularly when near-fault effects are present.

1 INTRODUCTION

Work began on the development of a joint Australia/New Zealand loading standard following a
meeting in Melbourne in 1995. The standard was seen as an umbrella document which forms a
framework for the next generation of structural design material standards. It was acknowledged that
some of these may continue to be separate documents but, it was envisaged that with time, they would
be brought into alignment and have a common technical basis. The driver was the removal of trade
barriers across the Tasman consistent with the Closer Economic Relations (CER) agreement which has
been operating between NZ and Australia for over 20 years.

This paper provides background as to the current stage of development of the new earthquake loadings
standard and the background as to how recent events have influenced recent evolutions. Its primary
focus will however remain on providing the reader with an outline of what to expect when the
standard is finally published later this year (2004).

2 BACKGROUND

From the outset it was agreed the loading standard would comprise separate sections.  One of these
sections would define load combinations and general provisions.  The remaining sections would deal
with the different loading conditions, consistent with the framework of our current loading standard,
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NZS 4203 (SNZ 1992). Standards Australia were assigned secretarial responsibility for the general
provisions, dead and live load provisions, wind load provisions and the snow load provisions, while
Standards New Zealand was assigned responsibility for the earthquake loading provisions.

Part 0 General Provisions, Part 1 Permanent, Imposed and Other Actions and Part 2 Wind Actions
were published in 2002 as joint Australia/New Zealand standards and were cited as approved
documents in the June 2002 revision of the Building Code of Australia. Part 3,  Snow and ice actions
was published in 2003.

The Earthquake Actions part has been under development for the past 5 years. In August 2003 the
committee was advised by Standards Australia that they were withdrawing from the development of a
joint earthquake loadings standard. Standards New Zealand and Standards Australia agreed that
AS1170 part 4 would be an amendment to AS 1170.4-1990 for use in Australia, with the revised New
Zealand-only Earthquake Actions part being designated NZS 1170.5.

The review committee gave serious consideration to a similar approach for New Zealand (i.e. revise
the current seismic provisions in NZS 4203 Part 4) but concluded that there was sufficient new and
valuable information within the draft to continue with the more extensive review.

With the focus back on New Zealand design practices and material standards, it has been possible to
simplify many of the issues that were previously causing confusion. Capacity design requirements,
generally reasonably well understood within the New Zealand context, have been expanded on from
the extent of coverage in NZS 4203 together with some clear guidance as to expectations for collapse
avoidance within the detailing provisions of the structural material design standards. The differing
abilities of brittle and ductile materials and structural forms to withstand repeated excursions to, or
above, design levels of stress and strain, is recognised in the structural performance factor, Sp, which
now varies with ductility.  Greater emphasis has been placed on serviceability of structures.

3 SECTION 1: SCOPE AND GENERAL

Section 1 in Part 4 Earthquake Actions provides the link to other parts of the standard defining
structural design actions. While the types of buildings covered by the overall standard are defined in
General requirements of Part 0, this section includes several building types which are outside the
scope of the standard for the earthquake design. These include bridges, tanks, dams, offshore (partially
immersed) structures and soil retaining structures.

Links are provided to the earthquake actions, ultimate limit state, Eu and serviceability limit state, Es
prescribed in Part 0. References between the building importance levels in section 3 of Part 0 and to
the nominal imposed loads (Part 1) are provided. It also prescribes limitations on Special Studies
which are accepted as forming the basis for an alternative solutions approach to ascertain specific
aspects of the design to be established, yet permitting the application of the remaining parts of the
standard.

4 SECTION 2: VERIFICATION PROCEDURES

Section 2 outlines the principles upon which the standard was developed and the performance
requirements required to be met for compliance with those principles.

The general overriding principle of sound earthquake engineering is to provide a reliable load path
through which the seismic forces generated by ground movement during the earthquake can, together
with gravity loads, be transferred to the ground. This, in combination with the ability for all members
to support the actions imposed upon them when subjected to the displacements associated with
building deformations, are the essence of collapse avoidance and are stated in Section 2. The
commentary related to Section 2 outlines the performance objectives associated with earthquake
actions, namely

• Objective 1: Buildings can sustain more frequent earthquakes of moderate intensity shaking
without damage that requires immediate repair to enable the building to be used as originally
intended. This is considered as a serviceability limit state condition 1 (SLS1)
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• Objective 2: Buildings can withstand shaking from rare earthquakes with a high level of pro-
tection to life and structural collapse, loss of support of heavy elevated parts or components,
failure of systems necessary for building evacuation (ultimate limit state – ULS) or, in the case
of Importance Level 4 buildings, without loss of operational continuity (SLS2).

• Objective 3: Buildings can survive very rare earthquakes, defined as the Maximum Considered
Earthquake or MCE, with a small margin against collapse. Designers are not expected to con-
sider this severity of event during design, except in special studies, but it is an implicit target
for material standards to set when considering the detailing required for both structural and
non-structural systems to meet the material strain (curvatures), which are expected to be im-
posed without system collapse. This is explained in more detail within Appendix C ‘Consis-
tency of Material Standards’ and Appendix D ‘Detailing for Ductility’. This objective controls
the minimum Z value (See Section 3) of 0.13 that comes into play in low seismicity regions
and influences the maximum RZ combination ≤ 0.7 that is applies in the highest seismicity re-
gions.

Determination of the appropriate annual probability of occurrence for both the ultimate limit state and
the two serviceability limit states has reverted back to Table 3.1 and 3.2 of Part 0, and are linked to the
building occupancy class. For convenience they are repeated in this paper as Table 1. It should be
noted that office buildings designed to accommodate less than 5000 people are now classified as im-
portance level 2 buildings.

Building Importance LevelsAnnual
Prob. of

exceedance

Return
Period
Factor R 1 Low

hazard
structures

2 Normal
buildings

3 Important buildings
including schools

4 Critical post
disaster bldgs

1/2500 1.8 ULS

1/1000 1.3 ULS

1/500 1.0 ULS SLS2

1/100 0.5 ULS

1/25 0.25 SLS1 SLS1 SLS1

 Table 1 Design annual probability of exceedance variance with building importance level

The limit state requirements have been expanded to match the performance expectations, particularly
those relating to operational continuity. They are as follows:

(a) Ultimate limit state for earthquake loading shall consider:

(i) Avoidance of collapse of the structural system, and;

(ii) Avoidance of collapse or loss of support to parts of categories P.1, P.2, P.3 and P.4 (Section
8), and;

(iii) Avoidance of damage to non-structural systems, necessary for emergency building evacuation,
that renders them inoperative.

(b) Serviceability limit states for earthquake loading shall consider that:

(i) The structure and the non-structural components do not require immediate repair after the
SLS1 earthquake, and;

(ii) The building maintains operational continuity after the SLS2 earthquake.

Section 2.2 prescribes three structural types namely

Ductile structures which have a structural ductility factor greater than 1.25 are required to be
designed using capacity design. The labels of ‘ductile’ and ‘limited ductile structures’ previously used
by various material standards have now been encapsulated as ‘Ductile Structures’. Both are required to
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adopt a capacity design approach. For limited ductile structures capacity design are achieved implicitly
by following prescribed detailing procedures. The material standards are expected to nominate the
maximum structural ductility factors to be used for either approach.

Nominally ductile structures are structures that may have little or no specific ductile detailing but
that are nevertheless not brittle.  Such structures are required to have a structural ductility factor of
greater than 1 but not greater than 1.25.

Brittle structures are defined as a structure or a structural components that is not capable of
sustaining inelastic deformations and are required to have a structural ductility factor of 1.0.

Ultimate limit state verification compliance is prescribed in Section 2.3 and serviceability limit state
verification compliance is prescribed in Section 2.4. Deformation controls, the design of parts and the
distinction between primary and secondary seismic members (i.e. those which not part of the seismic
action resisting system) are prescribed in sections 2.5, 2.6 and 2.7 respectively.

5 SECTION 3 SITE HAZARD SPECTRA

Section 3 outlines the procedure for determining the site hazard spectra. McVerry (2003) provides
more detail on the technical basis used to derive the site hazard spectra for New Zealand. The elastic
site spectrum for the site is given by equation 1
C(T) = Ch(T) Z R N(T,D) (1)

Where Ch(T) is the spectral shape factor for the appropriate site class (see Figure 1)
Z is the hazard factor (see Figure 3), numerically equal to the peak ground acceleration for rock
with R = 1.0
R is the return period factor Rs or Ru for the appropriate limit state (see Table 1)
N (T, D) is the near-fault factor (see Table 2)

For high seismicity regions, the product of ZR need not be greater than 0.7

Section 3.2 and 3.3 identify spectra shape factors for 5 site soil classes and provide a description of
each. Soil classes A and B, although the assigned the same spectral shape factor for New Zealand,
have been retained to maintain some consistency with international practice.

The hazard factor, Z, is provided in a table of 127 towns and cities and is also provided in map form as
reproduced here as Figure 3. Values within the table take precedence over those extrapolated from the
map.

The near fault factor, N(T,D) is applicable when the site is within 20 km of a major fault. Major faults
are those which have a sufficiently high slip rate and short recurrence interval that they are likely to
dominate the ULS design actions. Maximum values of N(T,D) apply up to 2 km from the fault for
periods >1.5 sec. These are presented here as Table 2. A map showing the major faults is provided
(see Figure 2) and is accompanied by a tabled list of these faults. Distances from these faults to
population centres are shown in the hazard factor table mentioned above.
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N(T,D) = Nmax(T) for D<2 km

= 1 + (Nmax(T)-1)(20-D)/18 for 2<D<20

= 1 for D>20

Period T (sec)
Nmax(T)

< 1.5
1

2
1.12

3
1.36

4
1.60

≥5
1.72

Table 2 Maximum Mean Fault Factor, Nmax(T)
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Figure 1 Spectral Shape Factors Figure 2 Major faults requiring near fault factors
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Figure 3 New Zealand Hazard Factors, Z

6 SECTION 4: STRUCTURAL CHARACTERISTICS

This section prescribes the structural characteristics which are required to be defined since they have a
direct influence on the earthquake actions to be imposed on the structure.

The highest translational building response period, T1, is used to determine the design base shear for
equivalent static design and, in conjunction with higher mode effects, the base shear for combined
modal analysis. The section properties to be used in determining T for each limit state will rely on
direction from the material standards. The Rayleigh method has been retained as an acceptable
approach of ascertaining the building period T1.

The seismic weight/mass to be considered during the earthquake is prescribed in section 4.2. The
imposed (live) load reduction factors for earthquake, ψe, are defined as 0.6 for storage areas and 0.3
otherwise. These factors reduce the nominal live load to an average-arbitrary-point-in-time value
consistent with that expected during a rare event such as a design earthquake.

ULS design imposes earthquake actions which normally result in structures experiencing deformations
beyond their elastic limits. This requires structures to be detailed to have an ability to sustain post-
elastic deformations over several cycles while continuing to support gravity loads. The concept is
encapsulated within the structural ductility factor, µ, and the structural performance factor, Sp. A
reduction in the seismic design forces through the adoption of a lower value of Sp, is permitted when
the structure is detailed to enable it to sustain repeated inelastic deformations without loss of strength
even when this available ductility is not otherwise taken into account in the design. The earthquake
standard directs designers to the appropriate material standards to ensure detailing provisions required
to satisfy the local member ductility requirements (section ductility) can be satisfied.

When the structural system is incapable of accepting inelastic deformation, the structural ductility
factor, µ, of 1.0 is to be used. Since the ability to accept multiple load reversals is now also absent, a
structural performance factor of 1.25 is also required. Brittle structures of this nature are discouraged,
but where their use is essential, then high earthquake forces are required.

All of the common structural materials, and most of the structural forms constructed from these
materials, have the ability to sustain very low levels of inelastic demand without significant loss of
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resistance or, worst still, failure. Where structures are designed to remain essentially elastic, but the
materials are capable of accepting some inelastic deformations, a nominally ductile structure
classification may be assumed together with a structural ductility of 1.25 and a structural performance
factor of 0.9.

Ductile structures are assigned combinations of structural ductility factor and structural performance
factors depending on the detailing provisions prescribed by the material standards. A default Table 3
of these values is included in Section 4 of the earthquake standard, which is to be superseded by
specific material standard requirements as they become available in revised material standards. When
publishing these parameters, the material standards are expected to provide guidance that will enable
designers to ascertain material strains (local member curvature ductility) to enable them to verify that
the member curvatures are within limits of acceptability. Additional details of how material strains are
related to the structural ductility factor are given in Appendix D. A list of specific information
expected from the materials standards is provided in Appendix C.

Structural irregularity is recognised as decreasing the reliability with which designers can predict or
model the response of buildings which are either structurally irregular in plan or in elevation. While
the structural regularity assessment is determined in this section, restrictions on acceptable analytical
methods for irregular buildings are prescribed in section 5.

7 SECTION 5: DESIGN EARTHQUAKE ACTIONS

Section 5 prescribes the design earthquake actions to be considered for each of three acceptable
methods of analysis.

For Equivalent static analysis the earthquake design coefficient, Cd is given by equations 2 and 3 for
ULS and SLS respectively.

Cd = C(T1)Sp/kµ but not less than 0.025Ru for ULS (2)

Cd = C(T1)Sp  for SLS (3)

Where kµ  = µ for T≥ 0.7 sec and 
( ) 1

70
1 1 +

−
.

Tµ
for T<0.7.

In each case the design spectra is determined by modifying the elastic spectra derived from Section 3.
The kµ  divisor used for ULS is the same as that currently used in NZS 4203 and reflect the equal
energy principle at short period (T< 0.3 sec), a transition zone and equal displacement at periods
greater than 0.7 seconds. Minimum values of T are used to reflect the plateau used for different soil
types.

A minimum design base shear of 0.025Ru has been introduced and is expected to control medium and
long period buildings in low seismicity regions.

Table 3 Maximum Structural Ductility Factors and Structural Performance Factors
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1.  Brittle structures 1.25 - - - - - 1.0

2.  Nominally ductile
structures

0.9 1.25 1.25 1.25 1.25 1.25

3.  Ductile structures

(a) Braced frames:

(i) Tension &
compression yielding

3 - 4

(ii) Tension yielding
only (two storey
only)

2

(b)  Moment resisting
frames

3 - 6 3 - 6 2 - 6 2 - 4 3

(c) Walls 3 2 - 4

(d) Cantilevered face
loaded walls (single
storey only)

0.7

2 - 4 2 - 4

-

For modal response spectral analysis the design spectra, Cd(T) is given by equations 4 and 5 for ULS
and SLS respectively.

Cd(T) = C(T)Sp/kµ but not less than 0.025Ru for ULS (4)

Cd(T) = C(T)Sp  for SLS (5)

Where kµ  = µ for T≥ 0.7 sec and ( ) 1
70
1 1 +

−
.

Tµ for T<0.7.

Sufficient modes are required to be considered to ensure that 90% of the seismic mass is contributing
to the response. In addition, for regular buildings, the base shear derived using modal analysis shall
not less than 80% of that derived from equivalent static analysis. This is widely accepted in overseas
codes and is a wise precaution in that an elastic analysis does not adequately represent inelastic
behaviour, and in fact modal analysis of a regular building in unlikely to be as good a predictor of
behaviour as the equivalent static method.
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Figure 4 New Zealand earthquake design spectra

The design actions so derived are required to be applied in different directions so as to produce the
most unfavourable effect on any structural member. The reality of irregular, non rectangular buildings
was acknowledged and unforeseen adverse effects from earthquake actions applied in oblique angles
recognised. Concurrent design actions are considered for nominally ductile and brittle structures.
Capacity design considerations for ductile structures are required to include an allowance for
concurrency effects, and hence concurrent design actions do not need to be considered in the analysis.

Accidental eccentricity and vertical actions are covered in a manner similar to that within NZS 4203.

Procedures for selecting ground motion records for Time History Analysis (THA) are prescribed in
section 5.5. A family of not less than three real earthquake ground motion records are required. These
are to have a seismic signature (i.e. magnitude, source characteristic (including fault mechanism) and
source-to-site distance) similar to that of the site under consideration. When the site is within a near-
fault zone, one record in three is required to exhibit forward-directivity characteristics (i.e. be recorded
from a site in advance of the rupture promulgation direction) while others in the family are required to
be either neutral or have a backward-directivity component. A record with forward-directivity effects
will typically generate the most severe demands on the structure and these demands will be well in
excess of the near fault multiplying effect given by Table 2. Such an earthquake will impact on the
structure with the severity associated with Objective 3. In the event of a design level earthquake
generating near fault action, less than one quarter of the area subject to severe ground shaking will
experience the forward-directivity effect. Design engineers undertaking time-history analyses on
buildings on sites within designated near-fault locations will need to become familiar with this concept
and explain the potential impact of near-fault action and probability of its occurrence clearly to their
client.

Each record selected is required to be scaled by the record scale factor, k1, so as to match the elastic
response spectra over a range of spectral values, identified as the Period Range of Interest, Trange,. The
Period Range of Interest is between Tmin and Tmax. where Tmin is 0.4T1, but not less than 0.3 sec., and
Tmax is 1.3T1, where T1 is the fundamental period of the structure. Restraints have been introduced
which check the degree of fit between the record and the target spectra and the similarity in seismic
signature match of the selected record with that of the target spectra (0.33<k1<3). The family scale
factor, k2, is used to ensure full coverage within the target period range by the selected records. Time-
history analysis is to be carried out only on three-dimensional models, with both the primary and
secondary horizontal components applied simultaneously in orthogonal directions.

8 SECTION 6 STRUCTURAL ANALYSIS

Three acceptable methods of analysis are included in the standard, namely the equivalent static
method, the modal response spectrum method and the time-history analysis method. P-delta effects are
required to be considered for all buildings over 10m in height.

The use of the equivalent-static method is restricted to medium- and low-rise buildings consistent with
the first-mode distribution assumption implicit in this method. The distribution of the base shear, V,
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between floors, Fi, is provided by equation 4 where Ft =0.08V at the uppermost level and 0 elsewhere.

Fi = 
( )∑

+

=

n

1i
ii

ii
t 92.0

hW

hW
VF (4)

Where Wi and hi are the seismic weight and height respectively of floor i.

The modal analysis method requires that sufficient modes are considered to ensure that the
contributing mass is not less than 90% of the seismic mass of the building. The rules relating to
accumulating the contribution from closely-spaced modes have been removed since it is improbable
these modal characteristics will extend into the inelastic response range of the building. The CQC
method of modal combination does this automatically.

The time-history analysis method modelling requirements highlight the need to ensure that lower-
bound results are obtained which are appropriate for the particular parameter under consideration (e.g.
member ductility demand, inelastic deflection or drift, floor acceleration). This may require different
models for assessing the acceptability of different response parameters.

Assessment of P-delta effects is required for the ultimate limit state unless restricted height, period,
structural ductility or stability coefficient limits are satisfied. For serviceability limit state
considerations P-delta effects can be ignored. For ultimate limit state considerations, P-delta effects
are required to be considered in buildings of fundamental period T>0.6 sec and those identified as
having a potential stability problem. Two methods of assessing P-delta effects are provided. The
simplified method assumes the maximum permissible inter-storey drift is attained at each level
and is thus conservative. An alternative, more detailed method is also provided.

9 SECTION 7: DEFORMATION CONTROL

Design deflections and inter-storey displacements are determined from one of the analysis methods
prescribed in Section 6 for both serviceability and ultimate limit state conditions.

Deflections derived from either of the elastic methods of analysis (e.g. equivalent static or modal) are
required to be amplified by the ratio µ/Sp to obtain the ultimate limit state deflections and amplified by
25% to as a correction to account for post-elastic modification of the assumed deflection profile. It is
expected that this will better approximate the actual displacements during earthquake shaking and will
provide displacements that will be similar to those predicted using inelastic time-history analysis
methods. The elastic deflection profile is scaled in this manner but consideration of all potential soft-
storey side-sway mechanisms is required unless the formation of such mechanisms is specifically
suppressed through the application of capacity design procedures. Checks on inelastic time history
deformations using the forward-directivity near-fault effects are recognised as producing response
more closely aligned to collapse conditions than design events. As such the deformations found from
these analysis may be scaled by 0.8 for comparison with the nominal interstorey drift limits.

Overall ULS lateral deflection limits relate to separation distances between adjacent buildings or for
assessing the boundary clearance requirements. Interstorey deflection limits for the serviceability limit
state are required to ensure that earthquake-induced building deformations do not adversely affect the
required performance of other building components. For the ultimate limit state consideration the
nominal interstorey drift limit has been set at 0.025. It is expected that this value will be modified in
the revised material standards in cases where systems cannot sustain this level of drift without
sufficient margin to prevent collapse or brittle failure. The ULS deflections are to be sustained without
loss of support of elevated elements and parts whose failure is hazardous to those within or around
buildings.

10 SECTION 8: EARTHQUAKE DESIGN OF BUILDING PARTS

The design of building parts has been substantially revised and is now somewhat aligned to US
practices as prescribed by the National Earthquake Hazard Reduction Programme (NEHRP) and the
International Building Code. The previous correlation between the fundamental period of the building
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and that of the part and the consequential resonance effect that may result has not been found within
studies undertaken at BRANZ. The correlation is stronger between the acceleration experienced on the
floors of the building (and thence their inertial forces) and the peak ground acceleration rather than
with the fundamental period response of the building.

Parts of buildings are defined as all parts of the structure, including secondary elements and their
connections and services and equipment supports. A special study is required when the mass of the
part exceeds 20% of the mass of the structures (i.e. when the inertia effect of the part will significantly
affect the response of the primary structural system).

Parts categories and associated part risk factors, Rp, are as indicated in Table 4. The basis for assigning
actual parts to the appropriate part category may vary from building to building depending on the
function of the part in that particular situation. The aim of the part risk factor is to adjust the response
of the part without requiring the reanalysis of the entire structure. It should also be remembered that
parts within categories P1 to P4 are required to withstand ULS actions without loss of support and
parts within category P5 are required to remain operational under a 1/500 year return period
earthquake. Conversely parts within category P6 are those items within ordinary buildings where the
onset of damage beyond normal SLS conditions is appropriate (e.g. sprinkler heads and fire separation
walls) but the action is typically the 25 year return period event.

Category Criteria Rp

P.1 Parts representing a hazard to life outside the building .  * 0.9
P.2 Parts representing a hazard to a crowd of greater than 100 people within

the building.  *
0.9

P.3 Parts representing a hazard to individual life within the building.  * 0.8
P.4 Parts necessary for the continuing function of life safety systems within

the building
0.9

P.5 Parts required for operational continuity of the building. 1.0
P.6 Parts for which the consequential damage caused by its failure are

disproportionately great.
2.0

P.7 All other parts. 1.0

Table 4 Classification of Building Parts (Note still subject to change within the final standard)
(* indicates that parts must weigh >10 kg and be able to fall >3 m to qualify)

Three design actions have been identified for parts, namely horizontal actions, vertical actions and
deflection-induced actions. Parts and their connections are to have sufficient strength and ductility to
resist these actions without ‘failure’. They are also required to have sufficient stiffness to avoid
pounding either with the primary structure or other parts. The ‘failure’ criteria for parts may involve
the loss of support (i.e. the part itself sliding, toppling or falling) or damage to the part such that it
requires repair or looses its contents.
The horizontal forces on a part is given by equation 5.

Fph = C(0) Cf Cp Rp Wp (5)
Where: 

C(0) is the site hazard coefficient with T = 0
Cf  is the floor acceleration coefficient,
Cp is the part coefficient,
Rp is the part risk factor as given by Table 4 (at SLS, Rp = 1.0 for all cases),
Wp is the weight of the part.
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