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ABSTRACT:  In June 2000 two Mw6.5 earthquakes occurred in the middle of the largest agricultural region in 

Iceland and in May 2008 the region was hit again by a Mw6.3 event. The maximum inter-epicentral distance 

between these quakes was 38 km. The geology in Iceland is young and quite special and there are sites where 

stiff lava overlays sediments or soft sediment layers are sandwiched between lava layers. Strong motion data 

were recorded at a number of stations in the 2000 and 2008 events and valuable information about ground motion 

attenuation and site amplification were obtained. Furthermore, in each case nearly 5000 residential buildings 

were affected. A great deal of damage occurred but no residential buildings collapsed and there were no fatalities. 

Insurance against natural disasters is compulsory for all buildings and all properties are registered in a 

comprehensive inventory database. Therefore, to fulfil insurance claims, a field survey was carried out and a 

complete building-by-building loss database was established after the 2000 events and the 2008 quake which is 

international unique. Based on the loss databases seismic vulnerability models have been developed. The loss 

data and the models show that the overall seismic performance of the Icelandic buildings was outstanding. Timber 

buildings behaved best, then the RC buildings, whilst the masonry buildings were most vulnerable.    

 

RÉSUMÉ:  En juin 2000, deux tremblements de terre de Mw6,5 se sont produits au centre de la plus grande 

région agricole dôIslande et, en mai 2008, ils ont de nouveau ®t® frapp®s par un ®v®nement de Mw6,3. La distance 

interépique maximale était de 38 km. La géologie est jeune et assez particulière et il existe des sites où de la lave 

raide recouvre des sédiments ou des couches de 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 ces 

®v®nements et des informations pr®cieuses sur lôamplification de site, lôamplification de site. De plus, dans 

chaque cas (côest-à-dire en 2000 et 2008), près de 5000 bâtiments résidentiels ont été touchés. De nombreux 

dégâts ont été causés, mais aucun immeuble résidentiel ne s'est effondré et aucun décès n'est survenu. L'assurance 

contre les catastrophes naturelles est obligatoire pour tous les bâtiments et ils sont tous enregistrés dans une base 

de donn®es compl¯te sur les biens. Par cons®quent, pour compl®ter les r®clamations dôassurance, une enqu°te sur 

le terrain a été effectuée et une base de données complète des pertes par bâtiment a été créée après les événements 

de 2000 et le tremblement de terre de 2008. Sur la base de la perte de bases de données, des modèles de 

vulnérabilité séismique ont été développés. Les modèles, reflétant les données, montrent que la performance 

globale des bâtiments islandais était exceptionnelle. Les bâtiments en bois se sont bien comportés, puis les 

bâtiments du CR, tandis que les bâtiments en maçonnerie étaient les plus vulnérables. 
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1 INTRODUCTION 

In north Europe seismic hazard is highest in 

Iceland and comparable to what is experienced in 

South Europe (Italy, Greece, Romania and 

Turkey). The seismicity in Iceland is related to 
the Mid-Atlantic divergence plate boundary that 

crosses the country with an average relative plate 
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movement of 2 cm/year (Einarsson 1991; 2008). 

Since 1700 about 25 earthquakes in the 

magnitude range 6.0-7.0 have occurred in the 

country and caused extensive damage to 

buildings and infrastructure (Halldórsson et al. 

2013; Bessason & Rupakhety, 2018). The last 

three destructive earthquakes struck in 2000 and 

2008 in the built environment in South Iceland 

and caused extensive damage to buildings and 

infrastructure, although no buildings collapsed 

and there were no fatalities. The geology of 

Iceland is quite special due to volcanism and 

glacier impact, including rapid sediment 

transport and build-up in sub-glacial outburst 

floods as well as sandwiched lava and sediment 

layers. On a geological scale both rock and 

sediments are quite young. All this affects 

seismic wave propagation, attenuation, soil 

amplification, liquefaction potential and in 

general seismic site response. The main aim of 

this paper is to give an overview of lessons 

learned from recent destructive earthquakes from 

a geotechnical and earthquake engineering point 

of view. 

2 SEISMIC HAZARD  

Within Iceland most of the damaging earthquakes 

are strike-slip events at shallow depth (<10km) 

occurring in two complex fracture zones. The 

first is called the South Iceland Seismic Zone 

(SISZ) and is in the middle of the largest 

agricultural region in the country. The second is 

called the Tjörnes Fracture Zone (TFZ) and is 

mainly offshore in north-east Iceland (Einarsson 

1991; 2008). Since 1700 around 25 destructive 

earthquakes in the range of magnitude 6.0 to 7.0 

have occurred in these two zones (Fig.1). They 

tend to occur in sequences and therefore 

structures may be exposed to strong ground 

motion from more than one event within a few 

days. For instance, in 1896 five destructive 

earthquakes (MS²6.0) occurred in two weeks 

with a maximum inter-epicentral distance of       

40 km.   

     According to Eurocode 8 and the Icelandic 

National Annexes for Eurocodes (2010) the 

reference peak ground acceleration in both these 

zones is aR,g=0.5g and refer to a seismic event 

with a 475 year return period.  

     In June 2000 two destructive earthquakes 

struck in the SISZ and in May 2008 another 

strong earthquake hit the region. Time series and 

response spectra from these events recorded by 

the Icelandic Strong Motion Network are 

available in the ISESD database (Ambrayses et 

al., 2002)  

2.1 The two June 2000 earthquakes 

In June 2000 two shallow earthquakes of Mw6.5 

struck in the SISZ (Fig. 1). The first occurred on 

17 June, 2000, 15:41, (GMT) in the eastern part 

of the zone. It was a right-lateral strike-slip 

quake, with fault striking in the north-south di-

rection and had a focal depth of 6.3 km. The sec-

ond earthquake, also Mw6.5, struck on 21 June, 

2000, at 00:52, (GMT) further west. It was also a 

right-lateral strike-slip quake, with the fault strik-

ing in the north-south direction and with a focal 

depth of 5.3 km. The highest recorded PGA in 

these two events was 0.84g (Thorarinsson et al. 

2002).  

2.2 The May 2008 earthquake 

In May 29, 2008, a shallow Mw6.3 earthquake 

struck in the western part of the SISZ, called the  

Ölfus earthquake (Fig. 1). It consisted of a slip on 

two separate faults. The first was initiated on the 

eastern fault, and the wave propagation from it 

triggered a slip on the western fault about one 

second later. In the Icelandic Strong Motion 

Network, the maximum PGA recorded was     

0.66 g in Hveragerdi, whilst in the village of Sel-

foss the recorded PGA was 0.54 g. However, in 

the new small-aperture strong-motion array in the 

village of Hveragerdi, ICEARRAY, values as 

high as 0.88 g, were recorded (Halldórsson, 

Sigbjörnsson, 2008).   
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Figure 1. Map of Iceland showing the South Iceland Seismic Zone (SISZ) and the Tjörnes Fracture Zone 

(TFZ) along with epicentre of the 2000 and 2008 earthquakes in the SISZ. The map is based on data from the 

National Land Survey of Iceland. 

 

3 LEARNING FROM EARTHQUAKES  

The three destructive earthquakes in June 2000 

and May 2008 in the SISZ gave valuable data that 

have been studied and analysed by different 

research groups focusing on different research 

topics. Lessons from these events are of great 

value for disaster planning, in preparation for 

mitigation and retrofit programmes, as well as to 

improve seismic design and increase the 

resilience of the built environment. 

3.1 Attenuation models 

Recorded data from the Icelandic strong motion 

acceleration array have been used in recent years 

to develop site-specific ground motion prediction 

models (GMPE). The main characteristic of these 

models is that they predict relatively high peak 

ground accelerations (PGA) in the near fault area 

whilst the attenuation with distance is more than 

generally found GMPE from other regions. This 

higher attenuation with distance in Iceland has 

been explained by the existence of young, 

fissured and relatively weak rock in the seismic 

source area that dampens the propagating seismic 

waves faster than in more solid rock 

(Sigbjörnsson et al., 2009; Rupakhety, Sigbjörns-

son, 2009; Ólafsson 2013; Kowsari et al., 2019).  

 


