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ABSTRACT: The publishing, in late 2005, of the draft NZSEE Study Group 

recommendations for the assessment and improvement of the structural performance of 

buildings in earthquakes signaled the end of another step towards the publishing of the 

final guidelines.  This paper briefly outlines the contents of the guideline document, the 

approaches adopted (particularly the interpretations made of the current New Zealand 

Building Act legislation) and the expected roadmap to achieve the publication of the final 

guideline document. 

 

1 INTRODUCTION 

The New Zealand Society for Earthquake Engineering (NZSEE) has been interested in the potential 

impact of earthquake risk buildings on New Zealand communities during a severe earthquake for some 

years.  Over the last 35 years NZSEE’s Study Groups have, have produced several reports (Jury 2005) 

outlining recommendations for assessors and designers on how potentially at-risk buildings can be 

identified and what measures can be taken to mitigate the risk. 

In 2005 NZSEE published a draft of the latest Study Group report.  It is available on the NZSEE web 

site.  Comments on this document are currently being sought (up to the end of March 2006) with the 

expectation that the Guidelines will be published in their final form during May 2006. 

The latest Study Group report has been produced with the financial support of the Department of 

Building and Housing which is gratefully acknowledged.  It is not intended that this document will be 

a compliance document under the New Zealand Building Act 2004 (the Act) but rather a reference 

document to assist in the application of those parts of the Act that deal with buildings that are 

potentially earthquake prone. The Study Group report is expected to receive the Department’s 

endorsement. 

The Act introduced a new definition for an earthquake prone building.  While buildings just meeting 

the definition given in the Act still present a significant risk, the new definition significantly raises the 

bar from where it has previously been.  The result is that many more buildings are likely to fall within 

the earthquake prone category than was previously the case.  NZSEE’s guideline document is 

therefore important in presenting the latest thinking on existing building assessment procedures and, 

perhaps more importantly, achieving consistency in the assessment process. 

The Act also requires Territorial Authorities (TAs) to each prepare a policy on earthquake prone 

buildings and how this will apply to heritage buildings.  The policies are required by the Act to be in 

place by May 2006.  The NZSEE document provides guidance to TAs on options and approaches that 

could be followed in the formulation and implementation of their policies. 

The study group report is briefly described below and some of the issues relating to the use of the 

document are discussed.  
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2 THE BUILDING ACT 2004 

The Act defines; earthquake prone buildings, TA powers relating to earthquake prone buildings, 

earthquake requirements for existing buildings relating to change of use and alterations, requirements 

for policies on earthquake prone buildings to be prepared by TAs. 

Under the Act, an earthquake prone building is defined as any non-residential building (unless of 2 or 

more stories and containing 3 or more household units) that will have its ultimate capacity exceeded in 

a moderate earthquake; and would be likely to collapse causing injury or death or damage to other 

property.  Under the previous legislation earthquake prone buildings were restricted to those of un-

reinforced masonry and concrete.  So the number of buildings that could be potentially earthquake 

prone is increased significantly.  A moderate earthquake is defined in regulations as one that will 

generate shaking that is of the same duration, but one third as strong as the earthquake shaking that 

would be used to design a new building on the same site.  This is a higher standard than required under 

the previous legislation.  Ultimate capacity is not defined. 

If the TA is satisfied that the building is earthquake prone, under the Act it can prevent people from 

approaching, warn people not to approach or give notice that work must be completed to reduce or 

remove the danger.  The standard to which an earthquake prone building should be brought up to is 

not specified but the implication is that the minimum standard under the Act is one that just removes 

the building from the earthquake prone category. 

Change of use is only possible if the building will comply as nearly as reasonably practicable with the 

earthquake requirements of the current building code. 

After an alteration a building must continue to comply with the earthquake provisions of the building 

code to at least the same extent as before the alteration. 

These descriptions of the Act provisions are a summary and reference should be made to the Act for 

the full wording. 

3 STUDY GROUP REPORT 

3.1 Contents 

The Study Group report (guidelines) includes;  

• Guidance on legislative and regulatory issues to assist TAs in the formulation of their earthquake 

prone building policies. 

• Recommended grading scheme for buildings. 

• Presentation of an initial evaluation procedure (IEP) for buildings. 

• Guidelines for detailed assessment of buildings including presentation of displacement based 

methods and specific guidance on assessing concrete, steel, masonry infill panels, un-reinforced 

masonry and timber.  

• Discussion on methods available for the improvement of earthquake performance. 

3.2 Objectives 

The objectives of the Study Group report is to assist assessors, designers and TAs in the 

implementation of the requirements of the Building Act, to achieve consistency in assessment 

procedures and to provide guidance in assessing an acceptable risk for building occupants. 

The overall theme of the document is the assessment of the performance of buildings in earthquakes 

and the expression of this in terms of current design standards for new buildings.  To assist with this 

process the nomenclature of XX%NBS, or, percentage of new building standard achieved or required 

has been introduced.  Assessors and designers are encouraged to use this term in discussions and 

reporting. 



3 

3.3 Interpretation of legislation requirements 

During the preparation of the NZSEE report, the Study Group has found it necessary to interpret the 

current legislation set out in the Act in order to provide practical guidelines for assessors.   

Two concepts are used in the Act to define an earthquake prone building; one relates to the expected 

performance in a moderate earthquake and the other to likelihood of collapse.  The requirements of the 

Act in relation to earthquake prone buildings are summarised above. 

The NZSEE guideline document has taken the view that ultimate capacity as used in the Act is 

synonymous with the Ultimate Limit State (ULS) as defined in current standards.  The guideline 

document also assumes that the definition of moderate earthquake is one third of the design level for 

the ultimate limit state defined in NZS 1170.5.  These are basic but necessary assumptions to allow 

most designers to progress an assessment process. 

The point of collapse under earthquake is difficult, if not impossible to predict.  It is for this reason 

that engineers typically design buildings for the ultimate limit state (ULS).  The ULS is a some-what 

arbitrary state based on a combination of loads and a level of stress/deformation, that from experience 

has been found to produce buildings that should have reasonable (acceptable) earthquake performance.  

At the ULS most buildings should be a long way from collapse.  This does not preclude the possibility 

that a small proportion of buildings may collapse for a variety of reasons in shaking corresponding to 

the ULS definitions.  In the view of the author, reference to likely to collapse just adds unnecessary 

confusion to the process.  The NZSEE document does not address, in specific terms, assessment of 

likelihood of collapse. 

3.4 Risk reduction 

The target level for an earthquake prone building is set in the guidelines as ULS at 1/3
rd

 of the load 

level defined in the current earthquake standard for a similar new building on the same site.  It must be 

kept in mind that even though this is a much higher level of performance than previously defined in 

legislation it still represents a very low level of performance and is intended to identify the worst of 

the building stock.  If a building just exceeds this threshold it may not be classed as an earthquake 

prone building in-accordance with the Act but it will still represent an unacceptable earthquake risk 

based on current public expectations/perceptions. 

The NZSEE guideline document expresses the view that for an existing building to present an 

acceptable risk to inhabitants and neighbouring buildings it should meet a standard of not less than 

2/3
rds

 that of a new building.  It follows, therefore, that an existing building meeting the 2/3rds 

standard need not be classified as an earthquake risk. 

3.5 Retrofitting standard 

The Act makes no reference to the standard to which earthquake risk buildings (including earthquake 

prone buildings) should be strengthened.  The implication is that if a building is improved to just meet 

the 1/3
rd

 level it will meet the requirements of the legislation.   

The NZSEE guideline document recommends that buildings should be strengthened to as near as is 

reasonably practicable to the standard required of a new building.  This is the same concept that is 

currently required for change of use.  In line with the risk reduction objectives outlined above if the 

building achieves 2/3
rds 

of the standard of a new building the NZSEE report suggests that it is no 

longer an earthquake risk.  This level is therefore the minimum level of strengthening recommended in 

the NZSEE document. 

It is recognised that some building owners will only wish to meet the minimum requirements of the 

legislation.  While this is an acceptable position under the legislation, NZSEE strongly encourages 

building owners to consider the benefits of meeting the higher standard. 

The study group believes that the introduction of the grading scheme outlined below will provide 

impetus to achieving a higher than the absolute minimum standard allowable under the law. 
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3.6 The initial evaluation procedure, IEP 

The IEP is intended to be a relatively quick and coarse screening process involving as few resources as 

reasonably possible.  The procedure requires judgement to complete and for this reason it is envisaged 

that the IEP will be applied by experienced earthquake engineers. 

It is intended that the result of the IEP if completed by an experience earthquake engineer, should be 

able to be relied upon.  This means that if the IEP has been diligently performed and the result 

indicates that the %NBS is greater than or equal to 33 then it is intended that the building be assumed 

to be not earthquake prone without the need to carry out a detailed assessment.  Likewise if the %NBS 

is greater than or equal to 67 the building should not be considered earthquake risk. 

It has become apparent that the IEP, as currently presented in the draft, may be unduly harsh on good 

un-reinforced masonry buildings.  The application of the IEP to this type of building will be reviewed.  

3.7 Displacement based approach 

Displacement based methods have been introduced as part of the detailed assessment process.  The 

development of these methods, in even a semi-codified fashion as presented in the guideline 

document, is at an early stage in New Zealand and will need to be used with care.   

The conversion of acceleration hazard spectra to displacement spectra is an approximation.  The direct 

calculation of displacement hazard spectra from a probabilistic hazard analysis is eagerly awaited. 

The assessment of aspects such as the face-load capacity of un-reinforced masonry walls requires an 

assessment of the expected displacements in the walls over the full height of a structure.  The 

calculation of these displacement demands is currently based on an approximate method which is 

believed in most cases to be conservative.  This needs to be confirmed. 

4 NZSEE GRADING SCHEME 

NZSEE, through the Study Group report, is strongly promoting the concept of a grading scheme for 

buildings based on the likely performance of the building in severe earthquake shaking.  The proposed 

scheme is shown in Table 1 together with the estimated risk for each grade, relative to a building 

expected to achieve 100%NBS or better. 

 

                                         Table 1.  Building Grading System for Earthquake Risk 

Percentage of New 

Building Standard 

(%NBS) 

Letter Grade Relative Risk (approx) 

>100 A+ < 1 times 

80 - 100 A 1 - 2 times 

67 - 80 B 2 – 5 times 

33 - 67 C 5 – 10 times 

20 - 33 D 10 – 25 times 

< 20 E > 25 times 

 

The implication of the grading scheme is that buildings with a grade of D or E are earthquake prone.  

The NZSEE recommendation would be that any building with an assessed grade of C, D or E should 

be retrofitted to achieve a grade of at least B in order to achieve an acceptable risk. 
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The grading scheme is intended to assist in raising awareness of the existence of earthquake risk, to 

provide occupiers with an appreciation of the risk to which they are exposed and provide underlying 

motivation for owners to improve their buildings. 

NZSEE recommends that during any assessment of an existing building for earthquake effects a grade 

for that building be also assigned in accordance with the proposed scheme.  This will have the effect 

of gradual introduction of the grading concept. 
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