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Abstract

Following the Christchurch earthquake of 22 Febyu2011 a number of researchers were
sent to Christchurch, New Zealand to document traatje to masonry buildings as part of
“Project Masonry”. Coordinated by the UniversitigsAuckland and Adelaide, researchers
came from Australia, New Zealand, Canada, ltalyrttl®@l and the US. The types of
masonry investigated were unreinforced clay bricksamry, unreinforced stone masonry,
reinforced concrete masonry, residential masonnege and churches; masonry infill was
not part of this study.

This paper focuses on the progress of the unregiefbmasonry (URM) component of Project
Masonry. To date the research team has completediaga collection on over 600 URM

buildings in the Christchurch area. The resultenfithis study will be extremely relevant to
Australian cities since URM buildings in New Zealaare similar to those in Australia.

Keywords. unreinforced masonry, Christchurch earthquakesise retrofit



Australian Earthquake Engineering Society 2012 €amfce, Dec 7-9 2012, Gold Coast, Qld

1. INTRODUCTION:

Since the M 7.1 Darfield earthquake on 4 Septer2bé0 the region around Christchurch,
New Zealand, has been subjected to over 10,006ceekes on previously unknown fault
lines. The most catastrophic of these was the Me@rthquake on 22 February 2011, which
occurred close to the CBD. Furthermore, betweguiebgber 2010 and August 2012 the
region was shaken by about 50 earthquakes M 5.@laonde. Figure 1 shows the location of
the 4 September 2010 and 22 February 2011 eartbguaid the location of all aftershocks
M 3.0 or greater up to 11 July 2012. Figure 2 shtlve magnitudes of all earthquakes from
4 September 2010 until August 2012. The peak grawelerations induced in Christchurch
due to the Darfield Earthquake were approximatejya¢ to those of the design level
earthquake, and the only visible shaking damagéécity was sustained by the most
vulnerable known building type: URM buildings. Or2 February, despite the smaller
earthquake magnitude, the accelerations inducedeirCBD were up to three times greater
than designed for and while all buildings typesangd some damage from this earthquake,
URM buildings again suffered the most damage.
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Figure 1 - Location of Major Earthquakesaround Christchurch, NZ (GeoNet, 2012)
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Figure 2 - Magnitudes of Canterbury Earthquake Sequence (Crowe, 2012)

Christchurch was famous for its many heritage amMJJ buildings, so following the 22
February earthquake researchers were dispatch@hlristchurch to document the damage to
URM buildings. Later, researchers were also sefddos study reinforced concrete masonry
(RCM), residential masonry veneer, churches, amigestnasonry.
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2. BACKGROUND:

2011 marked the end of a long term study by thevérsity of Auckland into the seismic
assessment and retrofit of URM buildings in NewI2ged, which also included a study on
the standard typologies for URM buildings arounel ¢buntry (Retrofit Solutions, 2011). The
study showed that the types of URM buildings aroth@country were of similar styles and
ages, and that the building stock was relativeljnbgenous (Russell & Ingham, 2010). The
URM buildings in Christchurch can therefore be cdesed representative of those across
New Zealand, and therefore their seismic performaatharing the Christchurch Earthquake
sequence is typical of how all New Zealand URM dhagis would respond seismically. In
some cases Christchurch URM buildings had alsoiqusly received various levels and
forms of seismic retrofit. Therefore, studying tladure modes of these buildings and the
effectiveness of retrofits can help predict whatilddhappen to URM buildings in other New
Zealand cities and how retrofits are likely to penf.

Engineers from the Universities of Auckland and WKdke spent time in Christchurch
studying the damage to URM buildings following th&eptember 2010 earthquake, and this
has been reported by Dizhur et al (2010), Griféitlal (2010) and Ingham & Griffith (2011a).
This meant that not only were the team familialhwtie Christchurch URM building stock
but that they also had a record of damage to thagdings from before the 22 February
earthquake and could therefore better understarad additional damage was caused by the
February earthquake. Figure 3 shows an exampleogigssive damage to a URM building
in Christchurch. Figure 3 (a) shows the buildingiced off after the 2010 Darfield
earthquake; Figure 3 (b) shows the same buildivg fhonths later with part of the parapet
fallen and the front wall braced on the left; anduife 3 (c), taken four days after the 22
February earthquake and six days after Figure 3stimws the loss of the front parapet and
out-of-plane failures of upper walls.

a) 1 October 2010 b) 20 February 2011 c) 26 February 2011
Figure 3 - Progression of damage from September 2010 until February 2011

3. PROJECT MASONRY:

3.1 Project Goals

The primary aim of Project Masonry is to documdrg tharacteristics of and damage to
retrofitted and unretrofitted masonry buildings amd around Christchurch. A unique
database will be created for the URM building stackChristchurch, including building
characteristics, damage levels and damage modesnagsin each major earthquake, any
seismic retrofits present and the performance ofi satrofits. Figure 4 (a) shows damage to
a typical unretrofitted building and Figure 4 (hosv's a URM building retrofit, both
observed in Christchurch CBD following 22 Februa®l 1 earthquake.
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a) Unretrofitted URM building b) URM building with visible retrofit
Figure4 - Typical URM building (a) and URM building retrofit (b) in Christchurch CBD following 22™
February 2011 earthquake

In order to gather the information for the datab#se team spent several months on the
ground in Christchurch documenting the damage-fiestd. Council records, engineering
reports, aerial photographs and Google Street \liawe also been used where it was not
possible to record data from direct observation,.

Upon completion the database will be used to géadéragility curves for both retrofitted and
unretrofitted URM buildings. There are currently fragility curves for retrofitted URM
buildings, and those that do exist for URM buildingre based on a small data set. New
Zealand URM buildings have been shown by Russedll €2006) to be similar to those in
Australia and the USA, so the fragility curves ded here will have wide application.

The database will also be interrogated to lookafoy trends between building typologies and
types of damage modes and damage levels, and ¢ordeé the frequencies of different
damage modes. It will be a record of the progressib damage to all the city’'s URM
buildings, most of which have already been demetisti-urthermore, the database will be
used in assessing the effectiveness of all URMImgl retrofits, and where deficiencies may
be found improvements may be suggested.

3.2 Project Progress

Following the Darfield earthquake there were 38%-residential URM buildings in the
Christchurch CBD. By the time of the 22 Februarstteguake 21 of these buildings had been
demolished leaving 368. Civil defence rapid damagsessments for these buildings are
shown in Figure 5. It can be seen that in SepterBd20 only 10% of URM buildings were
deemed too unsafe to enter (Red), while followi@g-2bruary this had risen to nearly 80%;
only 1% of URM buildings were assessed as safe tenbered after February (Green).
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a) September 2010 (389 buildings) Hebruary 2011 (368 buildings)
Figure5 - Usability rating of URM buildingsin Christchurch CBD following a) 4 September 2010 and b)
22 February 2011 earthquakes
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Of the 368 URM buildings left in the ChristchurctBO in February 2011, 62% were
confirmed to have received some form of seismioofiting. Figure 6 shows the damage
levels of buildings for different levels of retroind shows that only buildings strengthened
to 67% of new buildings strength (NBS) or greatkovged significantly lower levels of
damage that unretrofitted buildings.
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Figure 6 - Effectsof retrofit level on damage level

3.3 Further details

Further details and preliminary results for Projgtetisonry have been reported by Dizhur et
al (2011). More details on the performance of URMhe Christchurch earthquake sequence
have been reported by Dizhur et al (2010), Griféthal (2010), Ingham & Griffith (2011a,
2011b and 2011c), Ingham et al (2011) and Moonl €R@11). Further details on the
performance of stone masonry has been reportececbgld et al (2011), further details on
the performance of Churches has been reported ibg éfeal (2012) and further details on the
performance of residential brick veneer has begorted by Dizhur et al (2012a, 2012b).
Additional information and further details on therformance of RCM and of stone masonry
will be published in the near future.

4. REMAINING WORK:

The next stage of Project Masonry is to compleeeldRM database, and make it available to
the international research community. From the deted database and additional
information fragility functions for the ChristchurdJRM buildings will be developed.

It is likely the team will have the opportunity teturn to Christchurch to collect further
information on retrofits previously made to URM lolings. This information, together with

the database of damage and the data already eallentseismic retrofits, will enable further
evaluation of the performance of all types of séismatrofits. This will enable the team to
assess the effectiveness of all URM building résoédnd where deficiencies are found
suggest improvements. Figure 7 shows a successfethpfitted Christchurch masonry
building in May 2011.
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Figure 7 - Successfully retrofitted Christchurch URM building (May 2011)
5. SUMMARY AND CONCLUSIONS:

Project Masonry will result in the creation of aique database which can be used by the
public, recording the progression of damage to e@maracteristics of Christchurch’s many
masonry buildings. The database will allow reseanrsho see the frequency of different
damage modes, and to look for trends in buildingesyand damage types. It will enable the
team to develop fragility curves and scrutinise peeformance and effectiveness of different
retrofit techniques. Although the database is mohglete preliminary results have been
widely reported, and already it has been shownhlib#adings must be strengthened to at least
67% of the code requirements for new buildings mleo to significantly reduce the
likelihood of suffering major damage.
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