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ABSTRACT: New Zealand currently has a well-respected loadings code which has
evolved over a considerable period. This paper presents an overview of the various
loadings codes from before the 1931 Napier earthquake to the present, including the
current draft revision. The seismic requirements which have changed are discussed and
compared. These changes in the seismic requirements have implications on the seismic
risk profile of the present building stock.

1 INTRODUCTION

New Zealand currently has a well-respected loadings code, which has evolved over a considerable
period. At the time of the original European settlement of the country building regulations were not
considered important, but as building structures became more complex and valuable to the
community, individual local authorities began to create their own regulations and by-laws. While these
were tailored to the local situation, they lacked consistency and caused difficulties for designers who
worked throughout the country. Current codes have a consistent approach over the whole country.
This is a brief overview of the seismic provisions of various loadings codes used in New Zealand with
a comparison of their requirements and the impact on the existing building stock. While it is
appreciated that the material codes have an impact on seismic response, details of these requirements
are beyond the scope of this present review.

2 OUTLINE OF SEISMIC PROVISIONS OF THE CODES

2.1 1931 draft code

Early on in the settlement of New Zealand, there were several major earthquakes and it became
apparent that seismic loading should be considered in design. There were generally no provisions for
this, until after the damaging earthquake in Murchison in 1929, when some provisions were drafted.
The impetus needed to complete this was provided by the 1931 Hawke's Bay earthquake which caused
considerable damage to buildings, especially in Napier and Hastings. The central government set up a
Building Regulations Committee comprising prominent engineers, architects and contractors. This
committee produced a report containing a "Draft General Earthquake Building By-law" which was
presented to the House of Representatives in June 1931 (Cull 1931).

This draft embodied recommendations for improving the standard of building construction in relation
to earthquake resistance. The need for such improvement was vividly illustrated in the appalling loss
of life and property as a result of the Hawke's Bay earthquake. Legislation was also proposed that
would require municipalities to make a by-law ensuring that buildings would be designed to withstand
a definite horizontal acceleration.

The draft General Earthquake Building By-Law covered the important factors of design, workmanship
and inspection during construction. The local authority needed to incorporate the recommendations
into their own by-laws. It was stressed that mere adoption of the by-laws was not enough, and that
they needed to be enforced by vetting designs and drawings and also by supervision during
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construction. It was proposed that a Uniform Building Code for the country be developed, rather than
the local building by-laws that were in use.

The required horizontal acceleration was one-tenth of the acceleration due to gravity as a minimum
(i.e. 0.1g), although local authorities could demand a higher standard. The same minimum lateral
loading was proposed to apply over all of New Zealand, as it was impossible at that time to evaluate
the differing earthquake hazard in different districts. A considerable increase in allowable working
stresses under earthquake loading was coupled to the 0.1g loading. Some consideration of site
conditions was mentioned, e.g. alluvial plains or hills, but not enough was known to refine this. Local
authorities were left to require higher values if deemed necessary in their own districts. The horizontal
force of one tenth of the weight carried above results in a rectangular distribution of lateral loads. This
is in contrast to more modern codes which required an inverted triangular distribution.

The draft by-laws required "Every building to be firmly bonded and have its parts tied together in such
a manner that the structure will act as a unit". "Walls of masonry shall be adequately tied together at
each floor and footings shall be interconnected in two directions". Bracing was required to be
symmetrical about the centre of mass of the building. Allowable working stresses under earthquake
loading were increased by 50% for steel frames and 25% for reinforced concrete. Some restriction on
heights, floor areas and wall lengths were proposed for public buildings and meeting rooms. Special
attention was given to brick buildings and it was recommended they be limited to three storeys. Over
this height a frame of steel or reinforced concrete was required.

It was acknowledged that destructive earthquake forces might be so great that no building could
withstand them. What was desired was to provide a reasonable margin of safety to ensure that
complete collapse was unlikely. The report stated that for resistance to earthquake shock, the
importance of simplicity of layout was great and useless ornamentation should be reduced.

The provisions were confined to new buildings only, but the report acknowledged that some work was
being done to strengthen existing buildings. When alterations to existing buildings were carried out
they were required to comply. Construction standards were raised for important public services.

2.2 1935 code

The 1931 draft building by-law was taken up by the newly formed Standards organisation which
developed and approved NZSS No. 95, New Zealand Standard Model Building By-Law, sections I to
X in October 1935. This expanded on the 1931 draft and also drew on British and North American
work. General requirements were based on the 1931 draft such as "buildings to be tied", "bracing to be
symmetrical" and there were restrictions on use of solid round steel and cast iron for use as beams or
main pillars. This standard also specified live loads on floors and allowable working stresses. A
significant step back was the reduction of the lateral loading to 0.08 times the weight above. For
public buildings this was increased to 0.10g with a provision that this could be increased by the (Local
Authority) Engineer but it "was not to exceed 0.15g". One assumes that with the passage of time and
fading memories, the toll of the 1931 Hawke's Bay earthquake was not so prominent.

The 1935 Model Building By-Law also contained requirements for materials and in particular
masonry, reinforced concrete and structural steel. The By-Law did not automatically apply in all areas
but needed to be adopted by each Local Authority. Not all local authorities did so, but we understand
that some designers (especially in the four main cities and Napier) made use of the provisions
contained in the code.

2.3 1965 code

Over the following years there were revisions to the model by-laws but mainly to the material design
codes. The loading requirements remained the same until an overall revision in 1965 with the
introduction of NZSS 1900 as the New Zealand Standard Model Building Bylaw. Again, the
provisions did not apply automatically and by-laws needed to be adopted by the local authorities. This
standard comprised several chapters covering various aspects of buildings and construction materials.
Chapter 8, Basic Design Loads, contained general provisions for dead and live floor loading, wind
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loading and earthquake loading on buildings. There was a general requirement for lateral forces (from
wind and earthquake) to be resisted by some structural component and that parts of a building,
including the foundations, should be tied and interconnected. Where buildings were not tied, space for
relative movement was to be provided. Any adverse effects of uplift and overturning and stress
reversal were to be designed for.

Figure 1: Graph for seismic coefficient (from NZSS 1900, chapter 8)

Specific earthquake provisions provided for a static lateral load which simulated the effect of the
dynamic response. The code did allow a more precise dynamic response analysis to be carried out for
special structures. The distribution of the lateral load over the height of a uniform building was an
inverted triangle and this caused a higher bending moment at the base compared to the previous
rectangular distribution. The shear (lateral) force V at the base of the building was given by V=C*W,
where W is the weight of the building. The seismic coefficient, C, was given in the form of graphs,
Figure 1, and depended on the seismic zone (A, B or C, given on a map, Figure 2), the type of
occupancy (public buildings or other) and the building’s natural period of vibration. The period
broadly depends on the height of the building and stiffness of the structure. Low and stiff buildings
have short periods while tall and more flexible buildings have longer periods. A rough guide is to use
a period of 0.1 seconds times the number of storeys. Thus for low buildings, up to 3 or 4 storeys, the
seismic coefficient would be 0.12 for Wellington (zone A), 0.10 for Christchurch (zone B) and 0.08
for Auckland and Dunedin (zone C). For taller buildings the seismic coefficient is lower and for
periods greater than 1.2 seconds, the value is about one half that for short periods. Eccentricity of the
structure was discouraged and there was a requirement that structural elements intended to resist
seismic forces should be designed for adequate ductility. This was rather vague but introduced what is
now considered the essential ability of the structure to deform inelastically without brittle failure. No
guidance on how to achieve it was provided, however.

Unreinforced masonry was not allowed in zone A and was limited to one storey in zone B and two
storeys in zone C.
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Figure 2: Map of seismic zones (from NZSS 1900, chapter 8)

2.4 1976 and 1984 codes

Revision of the loading requirements was given in "NZS 4203:1976 Code of practice for General
Structural Design and Design Loadings for Buildings". Whereas previous codes used imperial units,
this introduced SI metric units. It was to apply to the general run of buildings, rather than to special
structures like bridges. The aim was to provide a reasonable level of protection to life and property at
an economic level of cost. Whereas the previous code (1965) was based on working stress design, the
1976 code emphasised the ultimate strength design method. Load factors were based on western
United States practice. An assumption was that during its lifetime, a building in zone A would
probably experience (a) one or more earthquakes of high intensity and long duration, and (b) several
earthquakes of moderate intensity and duration. The probability was less in zone B and less again in
zone C. The zone maps were virtually identical to those of the 1965 code.

Even though New Zealand had suffered several major earthquakes since the previous code, there was
no evidence to cause a change in base level of seismic coefficients for ductile structures. It was
accepted that short period (low, stiff) structures could be subjected to high ductility demand during
earthquake loading. The requirements for different soil types were made specific with higher
coefficients for softer soils. Determination of the design seismic coefficient was now more
complicated to allow for the greater number of factors considered.

Dynamic analysis was allowed and a design spectrum prescribed which was scaled from the
equivalent static force method. Non structural damage was addressed as it was recognised that this
could cause injury and loss of life, and it could also cause the greatest monetary loss in an earthquake.

The 1976 loadings code was used in conjunction with (revised) material codes for the differing
construction materials: steel, reinforced concrete, reinforced masonry and timber.

The 1965 New Zealand code included some vague references to ductility but how this was to be
achieved was not made clear. The New Zealand concrete code of the time did contain some guidance
based on Californian (SEAOC) requirements. Much research was carried out in New Zealand and
overseas on reinforced concrete elements. This led to a better understanding of the ductility problem
and the detailing of reinforcement required  to achieve desirable performance. At the time, very few
non-public buildings of less than four storeys were detailed to achieve ductility. A lesson from
observations of earthquakes was that all buildings, regardless of height, needed to possess some degree
of ductility. The 1976 code, therefore, contained a structural form factor, S, to reflect the ductility
performance, and the material codes were to provide the detailing rules to achieve the required
ductility. However, the material codes still needed updating as most were still in the working stress
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design method and so contained no special ductility detailing provisions. Designers needed to use their
own judgement until the codes were updated.

A multi-term formula was introduced for the base shear as given by V=Cd*W, where the seismic
design coefficient was given by Cd=CISMR.

The basic coefficient, C, was determined from a graph, Figure 3, based on the seismic zone (A, B or
C), Figure 4, the foundation soil type and the building period. The importance factor, I, reflected the
use of the building. If the building was required to be usable immediately after the earthquake (e.g. a
fire station), then I=1.6, while I=1.0 was used for most general buildings. The structural form was
reflected by the factor S as given in a table. Ductile structural forms such as correctly detailed frames
had a value of S=0.8 while the less ductile diagonally braced 2 or 3 storey building would have S=2.5.
M was the material factor while R was a risk factor that was 1.0 for most situations and was higher
where there was a high occupancy or when dangerous goods were present.

Figure 3: Basic seismic coefficients (from NZS 4203:1976 and NZS 4203:1984)

Figure 4: Map of seismic zones (from NZS 4203:1976 and NZS 4203:1984)

The consequence of the factors in this 1976 code was to require significantly increased loading for
structures required to dissipate seismic energy in a manner other than by ductile flexural yielding.
Loading on ductile structures was comparable to the 1965 provisions. The two subsoil types were
defined in general terms and required some judgement to apply.

Further revision of the loadings code was made in 1984 (NZS 4203:1984). This was in essence a
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minor update to the 1976 code and it was a reprint of most of it. There were some changes in the
earthquake provisions to sort out some inconsistencies with material codes, particularly NZS 3101 for
concrete structures. There was also a change to the load calculation in that the importance factor, I,
was dropped and the desired effect was merged into the risk factor, R. As these terms applied only to
some specialised structures, overall this did not affect many general structures. There was some
clarification of the structural form factor, S, giving it an increased range. This change particularly
penalised elastically responding structures, but for ductile structures it made little difference. Material
factor, M, was reduced for reinforced concrete from 1.0 to 0.8, the same as steel. The basic
coefficients, seismic zones and soil types remained the same.

2.5 1992 code

The current loadings code is NZS 4203:1992. When it appeared it represented a major revision of the
earthquake loadings with increased complexity in determining the requirements. The philosophy was
that the structure configuration in general, and detailing in particular, played key roles in providing
reliable earthquake resistance. The code advised that an aim of design should be to produce
symmetrical structures. Whereas the 1976 code introduced strength design to replace the working
stress design of the 1965 and earlier codes, the 1992 code introduced limit state design. There was a
serviceability limit state with requirements to protect the building from structural damage and limit the
damage sustained by non-structural components in moderate earthquakes. The ultimate limit state had
requirements to protect life and ensure the building would not collapse in a major earthquake. The
code also introduced the uniform hazard spectra with a 10% probability of occurrence in 50 years (a
return period of 475 years) as the ultimate limit state.

The determination of the basic seismic coefficient was more complex than in earlier codes, with the
base shear coefficient being given by C=Ch(T,µ) Sp R Z L

The factor L is set to 1.0 for the ultimate limit state and is lower for the serviceability limit state.

Figure 5: Basic seismic coefficients on rock sites (from NZS 4203:1992)
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Ductility needs to be assessed explicitly in determining the demands on the structure (µ  is the ductility
factor and varies from 1.0 to 10). It is used as a pointer to a basic coefficient in a table or on a graph
(Figure 5.) Values of Ch(T, µ) cover a wide range and are the same for all zones. A typical value for a
non ductile structure (µ=1) on deep soils is 1.00g for short period structures, while for a ductile
structure (µ=6) with a longer, 1.0 second, natural period, on rock, it is typically 0.06g.

Foundation soil conditions comprised "rock/stiff soil", "intermediate" and "flexible/deep soil" and
were better defined than in previous codes but still difficult to apply in practice. The zone factor in this
code was a continuously varying value (Figure 6) between a high of 1.2 (eg for Wellington) down to a
low of 0.6 (eg for Auckland and Dunedin). This contrasts with the three discrete zones for earlier
codes of 1965, 1976 and 1984. The risk factor reflected the proposed use of the structure with a range
of 0.6 (for temporary buildings) to 1.3 (for essential buildings). Most buildings would have a value of
1.0 for the risk factor.

Figure 6: Zone factor map (from NZS 4203:1992)

2.6 Current revision of code

The loadings code is currently under revision again, and the intention is to create a joint Australia and
New Zealand loading code. There are wide differences in seismicity in these two regions.
Considerable debate on the earthquake provisions is taking place and the final proposal is yet to be
presented. Overall the level of seismic loading in New Zealand is expected to be much the same as in
the current code, but with some detail changes. There will be a wider spread of values based on the
geographic location. Auckland may be permitted a lower level. Christchurch and Wellington are
expected to remain about the same as at present for longer period structures, but require higher levels
for short period structures (lower and stiffer buildings). It is expected that the revised code will be
available by the middle of 2004 and will be in use alongside the old one for a transition period
thereafter.
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3 IMPACT OF CODE REQUIREMENTS ON EXISTING BUILDING STOCK

As the loadings code has evolved from the 1930s to the present day, the seismic provisions have
changed, as have the effects they would have on building performance.  It is important to note that the
seismic loading specified in the code of the day was a minimum that the designer had to cater for. In
many cases, because of redundant structural components, minimum member sizes that could be used,
member sizes governed by other loading conditions, e.g. wind, and other factors, a building would
generally have greater load capacity than the minimum required by the code.

The effect on existing building stock can be assessed in broad terms as a grading for buildings
designed and constructed under the requirements of each code. The grade is assessed as a ‘relative
seismic design load’ when compared to the requirements of NZS 4203:1992. This can be related to a
return period as given in Table 1.

Table 1: Grades A+ to D for buildings based on design load level relative to 1992 loadings code for
intermediate soils.

Grade Relative Seismic Design Load Return Period

A+ > 1.09 > 600 years

A 0.93 to 1.09 350 to 600 years

B 0.77 to 0.93 200 to 350 years

C 0.60 to 0.77 100 to 200 years

D < 0.60 < 100 years

The major parameters used by the loading codes that can be determined readily are the location and
building period. The building height is used as an indicator of the period. Low and stiff buildings have
a short period while tall and flexible buildings have a long period. The structural system, i.e. frame or
walls, does influence this but a general (approximate) guide is to use 0.1 times the number of storeys
as the building period in seconds. Thus the table entries for ~0.45 seconds would apply to buildings of
up to 3 to 4 storeys, for ~0.7 seconds to 4 to 9 storeys and for ~1.2 seconds to buildings of 10 or more
storeys.

Unfortunately, ductility (µ) is not a parameter that is easily determined without expert knowledge of
structural engineering, but has a significant bearing on the seismic performance. Buildings designed to
the 1965 and earlier codes that do not have a ductile performance are generally a relatively high risk as
the material codes and general detailing practice of that era did not require ductile performance and it
was unusual for a structure to exhibit a high ductility.

Table 2 presents the grades that can be assessed from the code required seismic provisions. It should
be noted that many pre-World War 2 concrete buildings had plenty of structural walls making them
very earthquake-resistant despite not being designed for earthquakes. This has been demonstrated in
the major earthquakes of 1931 and 1942 (Van de Vorstenbosch et al. 2002; Downes et al. 2001).

4 CONCLUSIONS

Seismic provisions of the loadings codes in use in New Zealand have changed over the period from
1931 to the present. The requirements have become more refined as a result of greater understanding
of the seismicity of the country and of structural performance. A broad grading is presented based on
the seismic requirements of the loading code in use when a building was designed and constructed
compared to the requirements of the 1992 code. This takes into account the location, response period
(as a surrogate of the height) and the ductility of the structure. Other factors also come into play.
While this has implications on much of the existing building stock with many older structures now
considered having below acceptable performance, it is a generalization to indicate the grouping of at-
risk buildings. Individual structures should be assessed based on the known details.
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Table 2: Comparison of “seismic safety” of buildings designed to different New Zealand codes, based on
relative seismic design loads. Other effects such as working stress levels and structural form are
necessarily excluded.

Loadings CodeLocation Period (sec.) Ductility (µ)
1931 (draft) 1935 1965 1976/1984 1992

Auckland ~0.45 1.25 (low) D D D A+ A

Auckland ~0.45 3 (mid) C * D * D A+ A

Auckland ~0.45 6 (high) A+ * A * A B A

Auckland ~0.7 1.25 (low) D D D A+ A

Auckland ~0.7 3 (mid) A+ * B * C A+ A

Auckland ~0.7 6 (high) A+ * A+ * A+ A+ A

Auckland ~1.2 1.25 (low) C D D A+ A

Auckland ~1.2 3 (mid) A+ * A+ * C A+ A

Auckland ~1.2 6 (high) A+ * A+ * A+ A A

Christchurch ~0.45 1.25 (low) D D D A+ A

Christchurch ~0.45 3 (mid) D * D * D A A

Christchurch ~0.45 6 (high) A * B * A C A

Christchurch ~0.7 1.25 (low) D D D A+ A

Christchurch ~0.7 3 (mid) B * C * C A+ A

Christchurch ~0.7 6 (high) A+ * A+ * A+ A+ A

Christchurch ~1.2 1.25 (low) D D D A+ A

Christchurch ~1.2 3 (mid) A+ * A * C A+ A

Christchurch ~1.2 6 (high) A+ * A+ * A+ A A

Wellington ~0.45 1.25 (low) D D D A A

Wellington ~0.45 3 (mid) D * D * D B A

Wellington ~0.45 6 (high) C * D * B C A

Wellington ~0.7 1.25 (low) D D D A+ A

Wellington ~0.7 3 (mid) D * D * D A+ A

Wellington ~0.7 6 (high) A+ * B * A+ B A

Wellington ~1.2 1.25 (low) D D D A+ A

Wellington ~1.2 3 (mid) B * C * D A A

Wellington ~1.2 6 (high) A+ * A+ * A B A

Note: Seismic safety is highest for A+ and lowest for D.  * indicates that this classification is unlikely to exist
because µ was generally less than 3 until about 1970 and building periods were less than 1.2 seconds until
about 1960.
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