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ABSTRACT:

In 2004 new provisions for dealing with earthqueké& buildings were introduced into the BuildingtAc New
Zealand. All buildings except small residentialiltimngs are now covered. The legislation requigi
territorial authorities to develop policies on @adake-prone buildings, consult publicly on theiges, and
submit them to the Department of Building and Hogsi An earthquake-prone building is defined as thia¢
would have its ultimate capacity exceeded in amhgaeke one-third as strong as that used to desigew
building at the same site. The new requiremerdstdéeconsiderable debate in the various commundies
earthquake strengthening. Economic, social anithlgeraspects were of main concern, as territatitiorities
determined policies to match their widely varyimgssnic, economic and social circumstances. TheDent
of Building and Housing provided guidance to temiél authorities for developing suitable policieghis
included supporting the NZSEE in developing itserdly released recommendationsssessment and

I mprovement of the Sructural Performance of Buildingsin Earthquake.  Territorial authority policies have been
in place for almost two years and vary widely irithapproach and the required times for strengtigeni
Implementation of the legislation is helping to wed earthquake risk of existing buildings in Newalaad.
The issues raised by the legislation, the challerfigeed and the approaches taken provide valuasiights for
those contemplating similar legislation or mitigatiprogrammes.
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1. INTRODUCTION

The New Zealand Building Act 2004 introduced thgquieement for territorial authorities (TAs) to déve

policies on earthquake-prone buildings in theiadrg 30 May 2006. This is a long-term strategy fbeuses
on the most vulnerable buildings in an earthquaRée changes reflect lessons learnt from the effett
earthquakes internationally and in New Zealand,gmo#ving recognition of the inadequacies of pasthegake
design practices when reviewed in terms of curkaentviedge.

The new legislation covers existing buildings (otttean small residential buildings) that are lésmtone-third
of the strength required for a new building. Bed@nd other structures that could collapse andidisrilikely
to cause injury, death or damage are also coverBuoe changes were developed in close consultatitnthe
engineering profession. They were designed tavadonsultation between territorial authorities dndlding
owners in developing their policies.

The Napier earthquake in 1931 triggered the devedop of earthquake design standards in New Zealand.
From 1935 until 1965 all buildings throughout Neeafand were designed for a lateral load of 10%ravity.

In 1965 a new standard was introduced. This #ditcountry into three seismic zones, A, B and Besign
lateral forces were to be distributed in an inwettéangular shape. Design coefficient dependeduilding
period, importance and zone. Basic coefficientanfirmal buildings were 12%g in Zone A, 10%g in Zd3

and 8%g in Zone C, reflecting peak ground acceteratof around 30%g for Zone A.

In 1976 zonation became continuous according tesassl seismicity on an equal probability basis.e Th
concept of ductility was introduced and detailiog dluctility was required in material standardsheToncept
of capacity design was introduced and changeseinléisign spectra were introduced.

In 1984, 1992 and 2005 new standards were issugdphlosophies were not substantially changed.e Th
seismic risk maps were altered to reflect the suitistl new knowledge and interpretation of New Zgdls
seismic risk.
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2. REQUIREMENTSFOR EXISTING BUILDINGS
2.1 From 1968 to 2004

In 1968, legislation was introduced to deal witlidings of high earthquake risk. These were defias being
those of unreinforced concrete or unreinforced mgsdiaving an assessed capacity less than h#feo1965
standard. Each TA, usually a city or district cailrcould apply to the government to take up paeaerclassify
earthquake-prone buildings and require ownersdaae or remove the danger. Most major cities amth$
took up the legislation, some much earlier thareigttand substantial progress was made over the&@s yhe
legislation was in force. There was criticismlag toss of many older buildings or the introductidrintrusive
strengthening measures that detracted from heridgeacteristics. For many buildings, though, the
requirements provided an opportunity to replacentkéth new buildings of greater size and efficiency

As an indication of the effect of this legislatidellington City Council achieved strengtheninglemolition of
500 out of 700 buildings identified as earthquakaap. This was achieved between 1968 and 2003.

2.2 The 2004 provisions
2.1.1 Background

A major drawback of the 1968 legislation, which twoned in effect till 2004, was that the strengitdl defining
earthquake-proneness referred to an increasingtiated standard. In applying the provisions ofidiysslation,
most TAs called for strengthening to one-half oohirds of the 1965 standard. Many buildingsregtbened
to these requirements, particularly non-ductilddings of unreinforced masonry, are well short dfatvis now
required for a building not to be earthquake-prone.

Failures of relatively recent buildings in Norttgel and Kobe heightened the concern amongst eakéqua
professionals in New Zealand that legislation weeded to require seismic strengthening of the mdserable
buildings and to extend the range of buildings cede

2.1.2 New legidation

The New Zealand Society for Earthquake EngineefiMigSEE) pushed for this legislation and in 2004esvn
Building Act was passed, bringing about substactiainges in the building controls regime for newddugs in
New Zealand. These included new rules governiaditiensing of building practitioners (includingsitgners)
and the introduction of minimum levels of capapilibr organisations (usually TAs) responsible fesuing
building consents.

Included in the new Building Act were revised psions governing earthquake-prone buildings. Tipsof
buildings covered by the legislation was extendedntlude all buildings except some residentialldings.
The provisions do not apply to residential buildingless they are two or more storagd contain three or more
household units.

The legislation defines agarthquake-prone building as one that would have its ultimate capacity ededen a
moderate earthquake and would be likely to collapse causing injury, deathdamage to other property. A
moderate earthquake is defined in regulations a earthquake that would generate shaking at the site of the
building that is of the same duration as, but that is one-third as strong as the earthquake shaking (determined by
normal measures of acceleration, velocity and displacement) that would be used in the design of a new building

at that site.

The legislation allows any TA that is satisfiedtthabuilding is earthquake-prone to require the emto take
action to reduce or remove the danger. The stnemgjuired to reduce or remove the danger is retified in
the Building Act or regulations.

The Act requires each territorial authority to havgolicy on earthquake-prone buildings. This waeliberate
move to allow each community to achieve a balamterden the need to address earthquake risk overaim
other demands on the funds and resources of thenaaity. TA policies were required to state therajpgh,
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priorities and timetable to be followed. Specii®visions for heritage buildings were requiredAsTwere
required to consult locally in developing theiripis, and to provide a copy of their policy to tepartment of
Building and Housing. To keep policies up to daith any advances, the Building Act requires TAsdoiew
their policies every 5 years.

The Department of Building and Housing, which adsters the Building Act, is given no powers to dailt

changes to the details of earthquake-prone builplggies. Review of the policies by the Departineas
confined to being satisfied that they describedaiygroach to be taken, indicated priorities, sholaga heritage
buildings would be dealt with, and were adoptetbfeing proper public consultation.

The new provisions are directed only at the worgxesting buildings. It was assessed that bugdiwith less
than one-third of the strength of a new buildingéhat least 10 times the risk of serious damagelktapse when
compared to a new building. In Wellington, theitagity, and in an area of high seismicity, itsmastimated
that about 10% of buildings would be earthquakepro The danger being addressed is the performaince
buildings in a major earthquake, comparable witht thsed for design of new buildings. The moderate
earthquake definition is a device for identifyirttetmost vulnerable of existing buildings to be cedeby
legislation. It was considered that, over timerkaetforces would bring about improvements to knid that
were above the one-third level and thus outsidéettislative requirements.

2.2.3 NZSEE guidance document

In order to help designers assess existing buigdingine with the provisions of the Building Adhe New
Zealand Society for Earthquake Engineering (NZSEBjluced a documenAssessment and I mprovement of the

Sructural Performance of Buildings in Earthquakes [NZSEE (2006)]. This was developed with the suppbr
the Department of Building and Housing over a mkobten years and was published in June 2006. t Was

have referred to this document in their policiels.is available on the NZSEE websiteww.nzsee.org.nz

The NZSEE guidelines contain an Initial EvaluatProcedure (IEP) for a quick and preliminary evabrabf
existing buildings. The method takes account diding form, natural period of vibration, criticatructural
weaknesses (vertical irregularity, horizontal itrkgity, short columns and potential for buildirguilding
impact) and the design era of the building.

2.2.4 Benefit-cost studies

In the lead-up to the legislation, benefit-costdsta were done to assess benefits and costs obwngrthe
structural performance of the different types agédsaof existing buildings. These studies [DHCLO2))
looked at the relative merits of setting the déiiam of earthquake-proneness at the status quethirteof new
building standard, two-thirds of new building stardiand full new building standard. Allowances everade
for the increasing proportion of buildings captueexthe threshold is raised. The choice of thetbing level in
the Act reflects the results of these studies dsasaecognition of the need for legislation togiet only the most
vulnerable buildings.

3. DEVELOPMENT OF EPB POLICIES

In June 2005 the Department issued a guidance datubmassist TAs in developing their policies [DRB05)].
This document outlines the range of issues to bsidered in developing the policy, such as thenseifazards
in the area, the age and range of existing buildingk, and likely effects on the local economyo iffdicate the
nature and size of document expected a “modeltpatlias included for a fictitious place, Quaketown.

3.1 Approaches
It was suggested that TAs adopt either an actiyEaesive approach to dealing with earthquake-pbaoiidings.
3.1.1 Activeapproach

Under an active approach, a TA would carry outrétial evaluation of buildings in its district tdentify those
likely to be at high risk. Results would be use@stablish priorities for further, more detaile@l@ations, set
timetables for action and determine required peréorce levels for upgrading. For buildings falllrejow the
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one-third criterion on initial assessment, a TA lddihen advise owners that their buildings are iy
earthquake-prone. Owners would then have the ehtangrovide further information and carry out sailed
assessment of the building. The policy would stdieeh party is to bear the cost of the assessmexdopting
an active approach would allow the worst risksealbalt with first.

3.1.2 Passive approach

Under this approach, the TA would wait for a builgliconsent application for significant work on thélding,
before assessing its earthquake-proneness. Osessaent is done, the procedures would be sirpilet
active approach. Under the passive approach,rtiee m which risks are dealt with depends entimrythe
timing of building consent applications.

3.1.3 Mixed approaches

The guidance document suggested that TAs conssileg different approaches for different categoois
buildings. For example, important buildings susthaspitals and schools might warrant an activecamh,
while for some other categories, such as indudtridtlings, a passive approach may be justified.

3.2 Priorities

The guidance document encouraged TAs to consideethtive importance of buildings in setting pities and
timetables for initial assessment, advising ownessjing notices, and for this strengthening or aéian work
to be done. The model policy for “Quaketown” shdviienetables for review of 2 to 5 years and for
strengthening / removal of 15 to 35 years, dependmbuilding importance.

3.3 Heritage buildings

Heritage buildings, historic locations and cultlyraignificantly sites are given protection on dioaal basis by
the Historic Places Act 1993 and TAs may protecally significant locations under the Resource Mpamaent
Act 1991. Many heritage buildings in New Zealamd af unreinforced masonry and had been subjettteto
earlier earthquake-prone building requirements.is Pphast experience highlighted special issues daggthese
buildings. There is a desire to retain them asqfalew Zealand’s heritage. Their vulnerabilitydarthquake
is recognised but there is a reluctance to spair thriginal form with obtrusive structural strehghing.
Frequently there are difficulties in funding strémgning measures. Against this background, TAcpesiwere
required to include procedures recognising thetdgei value of these buildings and the need forodisg
between the TAs and the owners and the benefdadlekible approach.

4, ANALYSISOF POLICIESSUBMITTED
4.1 Territorial authoritiesin New Zealand

Local government in New Zealand is the respongjbidf territorial authorities (TAs) that are govethby
elected city or district councils. There are 73iterial authorities ranging in population from 510 400,000
with a median of 31,500. Population density vafies 0.5 to 1600 people per square kilometre, withedian
of 11.

Most TAs are accredited Building Consent AuthosifBCAs) with responsibilities for local implemetite of
the Building Act. In this role, BCAs deal with liding consent applications for all buildings and ar
responsible for satisfying themselves, on reasengtdunds, that the proposed buildings will meet th
requirements of the Building Code, and for certifythat the completed building has been built atiogrto the
approved plans and specifications. All buildingsstrcomply with the national, performance-baseddiug
Code. TAs are not at liberty to set their own thinidy standards and there is very limited scopd f&s to grant
waivers on a case-by-case basis.

In general, the philosophy of the Building Act ghé Building Code is to promote uniform applicatiain
building controls over the whole country. Theisgtof earthquake-prone building policies by TAsie of the
very few aspects of the building control regime wehlecal differences can exist.
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4.2 Timeto prepare policies

As intended by the legislation, there is a widaetgrof approaches by TAs as each took its own aéthe risks
and their community’s willingness to participateitnproving the robustness of the building stockheTTAs
had 21 months from the passing of the legislatiowhich to respond by adopting a policy. The eatlivas
received by the Department 6 months before theddtreand the last was received nearly 16 montés lalf
of the TAs submitted their policies on time. Thed taken is considered to be a reflection of ffi@teneeded
to complete community consultations and possiblyragerestimation of the development work requiFégure
1 graphs the adoption of policies against time.viéav of the long-term objectives of the legislatiand policies,
the lateness of receipt of some policies was rert ss critical.

4.3 Approaches adopted

Each TA could decide whether it wanted to adopaetive or passive approach or a mix of the twogufe 2,
shows the distribution of choices according totietaseismic hazard. It can be seen that pasgpeoaches
were favoured more by TAs in the low seismic riakegory.

Time for Council Adoption

100%

31 May 2006

90% Count of TAs

+ Each Week 70%

— Cumulative 60%

b
. 20%
o o
e 00 o 10%
. . » “w we o . L A

-40 -20 0 20 40 60 80

Weeks (-ve early, +ve late) High

% Adopted

Passive

Number of TAs per Week

Active/Passive

Seismic Hazard

Figure 1 — Time for adoption of EPB policies Figure 2 — Approach based on seismicity

4.4 Timetablesfor identification and retrofit

Timetables for identifying earthquake-prone buigirand notifying owners varied from 1 to 25 yeaithwn
average of 5 years. Timetables for requiring actmstrengthen or demolish varied from 1 yearSGgears
although some did not specify a final date. The l@lue reflects the shortest time for the mostangmnt
category of building while the high value is thadest time for the least important category.

45 Reqguired strengthening levels

A level just above the one-third threshold was &eldy 31 of the TAs with most encouraging a leweich
higher. Nineteen TAs specify a strengthening lefdlvo-thirds or more of new building standard &trleast
one category of building. The guidance documendehpolicy suggested a requirement to achieve &l ks
nearly as is reasonably practicable to that of a new building. This expression is used in other parts of the
Building Act and encourages significant reductidrrisk while allowing particular circumstances te taken
into account. This approach was adopted, at lagsrit, by nine TAs. Only two TAs included specifederence

to a post-earthquake situation.
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4.6 Heritage building provisions

Most TAs recognised the need for special treatraenl dialogue with owners when heritage buildingsewe
affected. Some allowed the timetables for streswjtig to be amended if circumstances warranted, and
provided more time and opportunities for dialogoeré¢solve the special challenges involved. A fewsTA
included specific budgets to assist those withtage buildings to have their buildings strengtheoedt least to
have them examined.

5. IMPLEMENTATION ISSUES

During the development of policies, the public edtegions, and the initial implementation over thst two
years a number of issues emerged:

5.1 Déefinition of earthquake-prone building

The definition of earthquake-prone in the BuildiAgt requires that the ultimate capacity of the diuigy be
exceeded and that it would be likely to collapsesoag injury, death or damage to other propertyiffiddlties

were expected in determining engineering critegéinihg “ultimate capacity” and “collapse”. Evehit is

accepted that “ultimate capacity” means attainnodnthe Ultimate Limit State (ULS) used in many dgsi
standards, the definition of “likely to collapsebges difficulties. The difference between ULS antlapse
states can be considerable depending on the coafiign, integrity and ductility of the structurelt is possible
that engineers representing building owners wiluarthat collapse will occur at a much higher leéhah the
ULS commonly used in assessment of structural pegoce.

There was pressure from design engineers to addatesns giving detailed definitions of how to asse the
collapse level. The Department took the view thatould be easier to resolve such issues on aloasase
basis. If a building owner does not agree withAdsTview that a building is earthquake-prone, aitharty is
able to refer the case to the Department of Bujldind Housing for a “determination”. This is a lBing Act
process whereby the Department examines the citanoes and “determines” if the Building Act and €od
have been complied with. It was recognised thatlalck of closer definition could give rise to regts for a
“determination”, but the Department considered thase requests would be few in number on the Itlagts
most owners of buildings with a ULS below or arotinel one-third threshold would not argue the fip@nts of
ULS versus collapse. Rather, they would recogtige merit of strengthening work. If the Department
receives many requests for determinations on thestipn, the need for regulations will be reviewed.

5.2  Minimum content of policies

The public consultation process is a vital parthaf requirements in the Act giving the affected oamity to
comment on the detailed provisions. The proces$esasome obligation on the TA to examine theisrséc
hazard, risks to buildings and infrastructure, dkdly impacts of any proposed policy on the soaald
economic well-being of the community. Some smallas requested to submit the model “Quaketown”gpoli
with their name substituted. Technically this wbiliave been possible, provided that the TA hadigybl
consulted on the content of the policy. In faobsiiTAs found it necessary to consider specifiall@gsues and
use the Quaketown model policy as a guide.

The question was asked if a TA could have a pdicylo nothing about earthquake-prone buildings.e Th
Department’s response to the question was that@aghcillor needed to consider the defensibilitygiolicy to
do nothing when considered in hindsight after aalging earthquake in their area.

The Act gave notice of the government’s intentionréduce earthquake risk over time and set thecbasi
parameters such as the type of buildings coverddtan strength level defining an earthquake-prankling.

But it did notreguire TAs to take action. The extent, nature and tinetédr action were entirely up to each
TA. Having to develop their own policy was diffitfor many TAs, but their “ownership” of the padks does
allow them to change the policies if they are notking. The Building Act does not give the Depagtthe
power to change the technical provisions of thécpes.



th
Thel4 World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

5.3 Timetablesfor identification and strengthening

It was generally accepted by all TAs that legislatvas warranted to deal with the earthquake riskxisting
buildings over time. The indicative timetableseagivin the Department’s guidance document were géper
followed. Some TAs elected to shorten them, otbkose to extend them. Some TAs have already fthatd
the timetables for strengthening are shorter them reasonably be achieved. Wellington City is ety
seeking to extend its original timetables as alteguexperience in implementing its policy oveetfirst two
years. They are also introducing special provisitmnmake it easier for owners of adjoining buitgirto work
together to improve the structural performancehefrtbuildings.

By requiring a policy from each TA, the Act has sl that reducing earthquake risk is on the agdndahe
timetable for this is in the hands of local comntyiaind its leaders.

5.4 Required strengthening level

Neither the Act nor the Regulations specify theunesgl strengthening level for a building that isedmined to

be earthquake-prone under the Act. This has giisnto uncertainty and differing interpretation§&ome
argue that strengthening to a level just aboveotteethird threshold is sufficient because, by dgfin, such a
strengthened building would not be earthquake-prordger the Act. Others point out that a TA is withis
rights to decide what is meant igduce or removethedanger. Some TAs have called for a strengthening level
of two-thirds of new building standard, being theiterpretation of an NZSEE recommendation to aehiat
least two-thirds. The Department favours an apgrpadopted by some TAs, that requires strengthetioira
level as nearly asis reasonably practicable to that of a new building. This lifts the standasihigh as possible
without insisting on an arbitrary minimum. A potiahdrawback of this definition is that it leave®re to the
discretion and judgement of the building officials.

In the first two years since adoption of the p@&ithere have been no referrals for a determmatichis issue,
but it seems likely that some will be made.

5.5 Buildings strengthened under previous legidation

It is unfortunate that the previous legislationidedl earthquake-prone buildings according to a 196Bdard
that became increasingly removed from subsequemiges in the New Zealand structural loading statsder
1976, 1984, 1992 and 2005. For unreinforced mgsdmildings, this has meant that many of those
strengthened to the previous requirements willragai classed as earthquake-prone and subjectumesents

to strengthen further. Naturally, owners of suafidings are not happy with this situation, butidtes not alter

the actual risks their building represents, exteplie extent that even the most simple of stresmitty measures
can result in large improvements in structural @enance — beyond what can be proven by engineering
assessment. The Department has suggested thaonaisler giving such buildings a lower priority ftion.

5.6 Buildingsaffected by a recent earthquake

On 20 December 2007 a magnitude 6.8 earthquakekstne town of Gisborne on the east coast of thatNo
Island. It caused significant, but not extensigendge to a range of buildings, but particularlymoeinforced
masonry buildings. The repair of damaged buildimgs raised interesting questions that may leatidoges to
the Act.

Buildings damaged by the earthquake but which laxesidual strength above the one-third threshdgdyot
need to be brought back to the strength level poithe earthquake — though owners who are insuoedd wish
to do this. The Act gives TA powers to requird@tion buildings that are earthquake-prone or argdrous.
Only one of the earthquake-prone building policsvides for the post-earthquake situation, andh&o
timetables in the policies do not match the needufgent action. However, the Building Act allowés to
issue a notice for the danger to be reduced orvedchwithin “not less than ten days”.

If a building is damaged so that it falls below thee-third threshold to become earthquake-prone,itche
designated earthquake-prone? If so, shouldn't &nthguake-prone building policy contain specifioysions
for this situation, for example, requiring immeeiaction?

These questions will be examined by the Departme@hanges to the Act may be recommended.
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6. CONCLUSIONS

Recent legislation in New Zealand seeks to addragbquake risk of existing buildings over timetasgeting
the most vulnerable buildings — defined as thogk we-third or less of the capacity of a new bogd This
applies to all buildings except small residentigldings. Territorial authorities are requiredhi@ve policies on
earthquake-prone buildings. These must addresapimach, priorities and provisions for heritagédings.
TAs must consult the public on the details of tipailicy, but the content of the policy is up to leda.

Each of the 73 TAs in New Zealand has adopted iaypahd is in the process of implementing it. Tehbave
been considerable challenges in developing theipsland the impacts on the community and buildingers
in particular is not yet fully known. There is geal acceptance of the need to reduce the eartbgiskk
represented by existing, particularly older, buntg.

Each local community has the ability to changg@dbcy at any time to adjust for changing circumses or to
respond to unforeseen impacts of its policy.

The legislation has required each local commuiitgut earthquake risk reduction on its agendahaisdeft the
local community to develop appropriate policied tieflect local conditions and perceptions of eguitke risk.
Improvement timetables in the policies range frota 0 years, depending on building importanceleadtion.
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