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Learning from recent destructiearthquakein Iceland

Apprendre des récents seismes destructeurs en Islande
Bjarni Bessason
Faculty of Civil and Environmenit&ngineeringUniversity of IcelandE-mail: bb@hi.is

ABSTRACT: In June 2000 two Mw6.5 earthquakes occurred in the middle of the largest agricultural region in
Icelandand in May 2008 the region was hit again by a Mw6.3 evem maximuminter-epicental distance
between these quakess 38 km.The geologyin Icelandis young andquite speciabnd thereare siteswhere
stiff lava overlayssediments or softedimentlayers are sandwiched between lava layS8tsong motion data
wererecorded aanumber of stations in tH2000 and 2008vents and valuable informational ground motion
attenuationand site amplification were obtained. Furthermonme,eiach case nearB000 residential buildings
were affected. A great deal of damage occurred but no residential buildings collapsed andrdreyéatalities.
Insurance aginst natural disasters is compulsory for all buildings aldpropertiesare registered in a
comprehensivénventory database. Therefore, to fulfil insurance claims, a field survey was carriethdat
completebuilding-by-building loss database was ablishedafter the 2000 events and the 2008 quakih is
international uniqueBased on the loss databasesmsiic vulnerability models have bedevelopedThe loss
data and thenodek show that theverallseismigperformance of thizelandicbuildings wasoutstanding. Tmber
buildingsbehavedest, then the RC buildings, whilst the masonry buildings were most vulnerable.

RESUME: En juin 2000, deux tremblements de terre de Mw6,5 se sont produits au centre de la plus grande
régionagricolel 61 sl ande et, en mai 2008, ils ont de nouvec¢
interépique maximale était de 38 km. La géologie est jeune et assez particuliére et il existe des sites ou de la lay
raide recouvre des sédiments ou des cesicte sédiments mous sont prises en sandwich entre les couches de
lave. Des données de mouvement fortes ont été enregistrées sur le nombre de stations obtenues lors de ¢
®v®nements et des informations pr ®aenide sits. ®s plus,wdans | 6 ¢
chaque adi®en(200® et2008), prées de 5000 batiments résidentiels ont été touchés. De nombreux
dégats ont été causés, mais aucun immeuble résidentiel ne s'est effondré et aucun déces n'est survenu. L'assurz
contreles catastrophes naturelles est obligatoire pour tous les batiments et ils sont tous enregistrés dans une ba
de donn®es compl te sur |l es biens. Par cons®quent,
le terrain a été effectuée et urase de données compléte des pertes par batiment a été créée apres les événemen
de 2000 et le tremblement de terre de 2008. Sur la base de la perte de bases de données, des modéles
vulnérabilité gismique ont été développés. Les modéles, reflétantidmnées, montrent que la performance
globale des béatiments islandais était exceptionnelle. Les batiments en bois se sont bien comportés, puis le
batiments du CR, tandis que les batiments en macgonnerie étaient les plus vulnérables.
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1 INTRODUCTION South Europe (Italy, Greece Romania and
. Turkey). The seismicity in Iceland is related to
Mhe Mid-Atlantic divergence plate boundary that
Brosses theountrywith an average relative plate

In north Europe seismic hazard is highest
Iceland and comparable to what is experienced
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C.2- Earthquake engineering and soil dynamics

movement of 2 cm/yedEinarsson 1991; 2008) According to Eurocode &nd the Icelandic
Since 1700 about 25 earthquakda the National Annexes for Eurocodes (201€)e
magnitude range 6:0.0 have occurred in the reference peak ground ate@tion in both these
country and caused extensive damage to  zones isar,=0.5g and refer to a seismic event
buildings and infrastructurgHalldérsson et al. with a475 year return period.

2013 Bessason & Rupakhety, 2018 he last In June 2000 two destructive earthquakes
threedestructiveearthquakes struagk 2000 and struck in the SISZand in May 2008 another
2008 inthe built environment in South Iceland strong earthquakiit the regionTime series and
and caused extensivdamageto buildingsand response spectra from these events recorded by
infrastructure although nobuildings collapsed the Icelandic Strong Motion Network are
and therewere no fatalities The geologyof availablein the ISESD database (Ambrayses et
Iceland is quite speciallue tovolcanismand al., 2002)

glacier impact including rapid sediment

transport and buildip in subglacial outburst 2.1 The two June 2000 earthquakes

floods as well as sandwiched lava and sedimenI
layers On a geological scale bothrock and
sedimerg are quite young. All this affect

tn June 2000 two shallow earthquakes of Mw6.5
struck in the SISZ (Fig. 1).he first occurred on
seismic wave propagatian attenuaion, soil 17 June 2000, 15:41, (GMT) in the eastern part

amplification, liquefaction potential and in of the zone It was a righfateral strikeslip

S L ke, with fault striking in the norgputh di-
eneral seismic siteesponseThe main aim of 43Ke
fqhis paper is to givepalmverview of lessons rection and had a focal depth of 6.3 km. The sec-

learned from recent destructigarthquakefrom gggoezr:%%gsa;e(, éﬁgﬂﬁ r?h(f:r\/tgl;t?/vﬁi \;lljsnoeéa
a geotechnicahnd earthquakengineering pait ! B ’

right-lateral strikeslip quake, with the faufitrik-

of view. ing in the nortksouth directiorand with a focal
depth of 5.3 km. The highest recorded PGA in
2 SEISMICHAZARD these two events was 0.84g (Thorarinsson et al.

2002).
Within Iceland most of the damaging earthquakes
are strikeslip events at shallow depth (<10km)2.2 The May 2008 earthquake

occurring in twocomplex fraaire zones.The
first is calledthe South Iceland Seismic ZoneIsqrmi%nz,?ﬁezvegi'e?nsglﬂ%\%'\é\I’VS(SZ"Q’CZﬁgQ?Egke
(SISZ) and is in the middie of the largest Olfus earthquakgFig. 1). It consisted of a slip on

agricultural region in the countryrheseconds . oo
called the Tjornes Fracture Zone (TFZnd is two separate faults. The first was |n|t|a_ted on th_e
eastern fault, and the wave propagation from it

mainly offshorein north-east IcelandEinarsson . .
1991, 2008) Since 1700 around 25 destructivet”ggeer"’l slip on the western fault abou't one
earthquakes in theange ofmagnitude 6.0 to 7.0 second later.In the_ Icelandic Siong Motion

have occurredn thesetwo zones(Fig.1). They Network, the maximum PGA recorded was

: .669 in Hveragerdiwhilst in the village of Sel
tend to occur in sequences and therefor :
structures may be exposed to strong groung‘iSS the recorded PGA was 0.§4Howeverin

motion from more than one event within a few"'c nevvsmall-aperture_ strongnotion array in the
days. For instance in 1896 five destructive xlill?]ngOfol_é\éera%veé?éI?E(ﬁ)?dié{na\llligjresZOis
earthquakegM¢« 6.0) occurred in two weeks 9 099, '

with a maximum interepicentral distare of Sigbjornsson, 2008).
40km.
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Learning from recent destructive earthquakes in Iceland

Figure 1. Map of Iceland showing the South Iceland Seismic Zone (S1SZ) and the Tjornes Fracture Zone
(TFZ) along with epicentre of the 2000 and 2008 earties inthe SISZ The map is Bsed on data from the
National Land Survey of Iceland.

3 LEARNING FROM EARTHQJAKES models(GMPE). The main characteristic of these
models isthat they predict relativelyhigh peak

. groundacceleration§PGA) in the near fault area
and May 2008 in thBISZgavevaluable data that whilst the attenuation with distance is more than

have been studied a_md analysed by Cllﬁererﬂenerally found GMPHEom other regionsThis
resgarchgroups focusing on different research igher attenuation with distance in Iceland has
topics. Less.ons from thgse e.vents are of greageen explained by the existence of young,
Va.‘lge for disaster plannlng, \preparationfor fissured and relatively weak rock in teeismic
mitigation an_d r?”"f't programes, as well ago source area that dampens the propagating seismic
improve seismic designand increase the waves faster than in more solid rock
resilience of the built environment (Sigbjornsson et al2009;Rupakhety, Sigbjorns
son, 20090lafsson 2013; Kowsast al, 2019).

The threalestructiveearthquakes in June 2000

3.1 Attenuation models

Recorded data from tHeelandc strong motion
acceleratiorarray have been used in recent ysar
to developsite-specificgroundmotion prediction
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