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ABSTRACT:

In this study an assessment is made of a grounidmmiodel that has been developed for Icelandtitspurpose
the focus will be on applying the model to groundtion records obtained in an earthquake that oeduon 29
May 2008 in the Olfus District in South Iceland.eT@arthquake struck at 15:45 UTC and has beenadstino
have a moment magnitudi&, 6.3. The ground motion model is derived from arseunodel and its main purpose
is to estimate ground motion for engineering pugsod he model has been applied to Icelandic eaaiteguand
parameters have been estimated from the data byseéanversion. In the current study the modedpglied to
the 29 May earthquake and an assessment is matle 6f to PGA data, from recorded ground motiosing
estimated model parameters.
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1. INTRODUCTION

On 29 May 2008 a damaging earthquaWdg 6.3) occurred in South Iceland with an epicenti@xakm

east of the village Hveragerdi. In this paper ggramotion recordings from that event are studied by
applying a strong-motion model that has been d@eeldor earthquakes in Iceland and is based on the
Brune source model.

The model has simple functional forms represerttiegohysical processes of ground motion. The data
are classified according to magnitude and site itiond. The parameters of the model are estimated f
each class directly from the strong-motion recenas the attenuation is studied.

In Iceland, which is in the North Atlantic on theundary of two tectonic plates, there are two major
transform zones where the largest earthquakes ,cacerin North Iceland called the Tjornes Fracture
Zone and one in South Iceland called the SoutlatteBeismic Zone. The earthquakes in these zones
can be characterised as shallow, moderate to stwtiga predominant strike-slip faulting mechanism
The fault planes of the largest earthquakes a@dl icases close to vertical and the rupture typical
propagates to the surface.

2. EARTHQUAKE ON 29 MAY 2008

An earthquake occurred on 29 May 2008 and origthate a fault in the western part of the South
Iceland Seismic Zone in a densely populated aem Kgure 1). The earthquake struck at 15:45 UTC
and was widely recorded both locally and in othartp of the world. Amongst the stations that
measured the earthquake are the United States @eallS8urvey (USGS) and the Instituto Nazionale di
Geofisica e Vulcanologia (INGV) in Italy, which oestimated the magnitude of the event as 6.3. The
earthquake can be characterised as a shallow lcemttaquake on a north trending right-lateral
strike-slip fault. The basic properties of this eivare found to be similar to the South Iceland



earthquakes in 2000 where tiWg, 6.5 events occurred, the first one on 17 Junetlamdecond on 21
June (Sigbjornsson and Olafsson, 2004; Sigbjorns3kaisson and Snaebjérnsson, 2007; Halldorsson,
Olafsson and Sigbjornsson, 2007). No clear evidevasfound that the earthquake fault reached the
surface on 29 May, in contrast to the 2000 evelisresthere was considerable surface faulting.

The recorded acceleration in the epicentral areahigh and the earthquake action on buildings may
have exceeded the codified design action. The damvag widespread and significant, even though the
majority of buildings withstood the high accelepas without visible damage. The damage to
household articles and building contents was eiteris the near-fault region. Only 28 people sidter
physical injury due to the earthquake, and fortelyathere were no fatalities. Some damage to roads
and bridges in the area has been observed afteattfeyuake. Furthermore, the water supply sysiems
the area were affected by the event which resuftdéakages and cloudy drinking water, at least
temporarily. No interruption occurred in the suppfyelectricity during the earthquakes (Sigbjormsso
et al. 2009).

3. STRONG MOTION RECORDINGS

The earthquake on 29 May 2008 was the third largaghquake to be recorded by the Icelandic
Strong-motion Network (see Table 3.1). Other naahlents recorded by the network areNhe5.9
Vatnafjoll earthquake in 1987 (Olafsson, Sigbjéamssnd Einarsson, 1998) and the tig 6.5
earthquakes on 17 and 21 June 2000 (Sigbjérnssb®kafisson, 2004). The peak ground acceleration
(PGA) recorded in the two villages close to thecepire was high. In the town of Selfoss, towards th
southeast of the epicentre, the horizontal acdederaeached 50% g. Selected recordings from this
event are available through the ISESD databagseeat¢bsite http://www.isesd.hi.is.
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Figure 1.Fault lines of the three most recent damaging qaekes in South Iceland. They are,
from east to west, 17 June 2000,6.5), 21 June 2000M,,6.5) and 29 May 2008\, 6.3).



In the village of Hveragerdi, towards the norththerest of the epicentre, the horizontal and the
corresponding vertical acceleration reached 85% gpme locations. In the vicinity of the epicentre
there was an indication that the vertical accelenabad exceeded 100% g. In Hveragerdi the newly
installed ICEARRAY network (Halldorsson and Sigljgson, 2006), which is a small-aperture array
located in Hveragerdi, recorded the earthquakeewaral accelerometers. The ICEARRAY exhibited a
pronounced long-period component that manifestsrasar-fault velocity pulse. In the Reykjavik area,
roughly 40 km from the epicentre, the horizontal AP@as less than 4% g. The ICEARRAY
measurements are presented in (Halldorsson angb8igbon, 2009).

Table 3.1 PGA of measured ground motion for the earthquak2®May 2008 at 15:45.

Station Coordinates Distance PGA (g)

W °N (km) L v T
Hveragerdi retirement home 21.19 64.00 2.8 0.666 469. 0.472
Selfoss — City halll 21.00 63.94 9.1 0.538 0.266 30.3
Selfoss — Hospital 21.00 63.94 9.5 0.211 0.171 9.52
Ljosifoss - Powerplant 21.01 64.10 14.6 0.131 0.072 0.106
Thjérséarbra 20.65 63.93 25.5 0.081 0.026 0.098
Reykjavik — Heidmork 21.76 64.07 31.3 0.038 0.016 .028
Reykjavik — Foldaskoli 21.79 64.13 35.0 0.013  000. 0.015
Hella 20.39 63.84 40.7 0.047 0.019 0.043
Husavik 17.36 66.05 286.9 0.00035 0.0005 0.00033

4. STRONG MOTION MODEL

The model is based on the Brune source spectthdarear- and far-field (Brune, 1970) that havenbee
extended with an exponential term to account falastic attenuation. Using Parseval’s theorem the
rms-acceleration can be written as integrals thathle solved so they result in closed form solstion
The result is a model comprised of two equations, for the far-field and one for the near-fieldgse
Sigbjoérnsson and Olafsson. 2004).

The far-field equation can be written as follows$enea,s is the rms-value of the ground acceleration:

_ 1(7\? 2CP< Re<p>A02/3 1 Y 1
l0g,, (Bms) = |0910(ﬁ(ﬁj Bp—\/E +—2 log,, (T_J +—3|09m M,)-log,R)  (4.1)

here T4 represents the strong-motion duratidfy, represents the seismic momefitis shear wave
velocity, Ry, is the radiation patterq, is a partitioning factor (Zf?, p is the density of the crusig is
the seismic stress drop aldrepresents a dispersion function of the variadbke kw.,, and can be
evaluated by a closed form expression. The pealngracceleration can be evaluatedas= pams by
using a peak factop obtained by applying the theory of locally station Gaussian processes
(Vanmarke and Lai, 1980). The dispersion functboan be represented in closed form as:

w=1—§/1 ci(A)(Acog(A)+ 3sir(/l))——;/15i(/1)(ﬁ sifA) - 3cdst)) (4.2)

Here, ci(*) and si(*) represent cosine and siregirals withA = Kw. whereuy, is the corner frequency of
the Brune spectrum. The geometrical spreading ifomés$ defined as follows:

DI D" D,<D<D
Rz{ ; ! 2 (4.3)

D D,<D<D,



WhereD = (d® + h%)*? andd is the epicentral distance ahds the depth parameter.

For the near-field the following model has beeriaet:

C
l0g,, (ams) = Ioglo[%ngTi/K—oJ +_:2L log, [%J +log,, M, ) (4.4)

(o]

Here, Kk, represents the spectral decay of the near-fiedttepr is radius of the fault, duration is
denoted by, andW¥, is a dispersion function presented in closed fsee Sigbjérnsson and Olafsson,
2004).

A necessary component of the models is the durafipri-or the near-field model the duration is the
time it takes for the fault to break, that is tberse duration termefi,. Further away from the fault there
is an increase in the duration with distance duthéodispersion of the seismic waves. The following
simplified relationship describes this increaséhm duration with respect to epicentral distamkce,

T, = 1%{%) (4.5)

The first term in the relation represents the sedrgration and the second term represents theasioge
duration with distance from source. The duratiothefearthquake is very important when estimating
damage and is a key parameter for simulation ahgaake time series.

The ground motion model described in this sectias the advantage, with respect to the more
commonly used regression equations, of using velgtiew physically intuitive parameters that can b
estimated from the acceleration time series. Thdahloas been applied to Icelandic earthquakes with
good results (Olafsson and Sigbjérnsson, 1999; j&igkson and Olafsson, 2004) which are
predominantly shallow with a strike-slip source matism. It is based on a point source approximation
and depends on relatively few parameters and iefitre applicable for minor to moderate sized
earthquakes. In spite of this it has provided ssimyly good results when applied to larger earéhes.

In the current model the site effects are disregguahd the ground motion is estimated for stiffomk
sites. Another advantage with this model is thatit be used for generating ground acceleratioa tim
sequences using the stochastic method (Boore, 1983)

5. ESTIMATION OF PARAMETERS

The parameters of the model in Egn. 4.1 were estitiay fitting the model to the dataset in Table 3.
Two methods are applied to estimate the paramétkeesfirst one involves estimating the parametgrs b
fitting Brune’s displacement spectrum to the disptaent spectra computed from ground acceleration
records obtained in the earthquakes. The secorttbohebnsists of using the spectral moment to obtain
the corner frequency and seismic moment (Andre@86:10lafsson, 1999). In this study the results
using the second method are presented, as it tergige more stable results. In Table 5.1 the ayera
values of the parameters are shown. The parametxes only computed for five of nine stations,
leaving out three of the closest stations and thisamost distant station.

The S-wave time window used for estimating the patars was selected by visual inspection of the

acceleration records. For simulating a time sehiesluration can be selected based on a certatioina

of the cumulative energy of the record. In Figufa)2he source duration is shown as triangles, the
duration representing 95% of the cumulative en&ghown as dots and the solid curve represents the
duration model of Eqn. 4.5.
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Figure 2 (a) Duration of the earthquake with respect teetifthe red triangles represent source duration
(S-wave windows), the solid blue circles repre$bat95% duration and the solid curve represents the
duration model in Eqgn. 4.5. (b) Quality fact@with respect to distance. Tigfactors for each record
are represented by green diamonds and the lineatedi a linear regression model applied to the
measurements.

The quality factoQ is assumed constant in the frequency range o8 tdz. The acceleration spectra
are dominated by the exponential terif?é?* at high frequencies. TH@ values can be estimated by
fitting a linear mode{—wR/2QP) to the acceleration spectra between 2 and 25 lgaré&R2(b) shows the
estimatedQ as a function of epicentral distance. As a firsteo approximation a relationship between
theQ and hypocentral distanéecan be considered linear. By means of linear esjpa the value fat

= 0.05 s is obtained.

The parameterg andM, were estimated using spectral moments, as meutiabeve (see Andrews
1986; Olafsson 1999). The values used in the estimaverep = 3.5 km/sp = 2.8,h =7 km,n = 2 and

D, = 25 km (note that using Eqn. 4.1, cm are usegausof km andW, in units of dyne cm to obtain
PGA in cm/$). Geographic coordinates of the earthquakes epecare approximated as: 21.16 °W and
63.98 °N. The average values of the parameldssi;, r, Ao, u, Q andk are shown in Table 5.1. The
moment magnitudeM,, in Table 5.1 is obtained by applying the Hanksi&maori (Hanks and
Kanamori, 1979) relation and the average seismimemi,M, = 3.4x10° N m. The value obtained for
the moment magnitude M,, = 6.26 that can be approximateds6.3.

The value obtained for the stress drAp, is 73x10 Pa (i.e. 73 bar). This is lower than the value
obtained for the earthquake in South Iceland oduie 2000, which was close to 100 bar. The mean
value obtained fok is 0.05 s, similar to the values obtained forytar 2000 earthquakes.

Table 5. Average values estimated for the 29 May 2008 qaetke.

Parameter Units Estimated Value
M, x10"N m 3.4
Muw 6.26
fe Hz 0.24
r km 6.4
K S 0.053
Ao x10'Pa 73.0

u cm 79.4




The closest stations were not included in the egton of the parameters. These are the stations in
Hveragerdi and two stations in Selfoss. With epicdmlistances of approximately 3 km and 9 km (see
Table 3.1) we considered them too close to apmyféin-field approximation. The estimation of the
source parameters was also computed based onwlae@d?- obtained from the vertical components of
acceleration. The average seismic moment was sir@ldhat estimated from the S-waved,(=
3.18x13% N m) with M,, = 6.30. The estimate of the corner frequency, heweresulted in a larger
radius ¢ = 7.6 km) and therefore resulted in lower valukestess drop and fault displacemefit =

27.8 bar andi = 38.1 cm). The dispersion in the estimates washngueater than for the S-waves but
this is to be expected because the signal-to-matseis considerably lower for the P-waves.

6. ASSESSMENT OF GROUND MOTION

As stated in the previous section the model pararsestimated for prior earthquakes and, in pdaticu

the earthquakes of June 2000 in South Iceland wendar to the parameters estimated for the
earthquake on 29 May 2008. The ground motion miteekfore provided a good estimate of the peak
ground acceleration and its attenuation for théhgaake. This can be seen in Figure 3, where the do
represent the PGA from the records measured iaattaquake on 29 May, the solid line represents the
mean values of the far-field ground motion modeEqgh. 4.1 and the dashed lines represent the mean
value given by the model +bne standard deviation. The standard deviatidgheotlifference between
recorded values and the mean value is found to2ie The far-field model is not applied any closer

the epicentre than a distance that is equivalethigtoadius of the dislocatiod € r = 6.4 km). The PGA
values for shorter distances are then considenest@ot.

A comparison to strong motion models in other coaathas been done with several of the empirical
attenuation relations that have been presentekeiriterature. The fit to the Icelandic data hasrbe
found to be rather poor and often the accelerdawals are underestimated for short distances and
overestimated for larger distances (Olafsson agtj&insson, 2006).
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Figure 3. Horizontal peak ground acceleration as a funotibapicentral distance. Each dot denotes a
recorded PGA single component and the solid blagkec indicates the ground estimation model
presented in section 4 of this paper. The dashed kre obtained as the solid black curve (mearesal
given by model) +f one standard deviation of the difference betweenehorded values and the black
solid curve.



6. CONCLUSIONS

A recent earthquake in the Olfus District in Solattland, which occurred on 29 May 2008, has been
described and the strong-motion records obtaindgtdicelandic Strong-motion Network. In this study
the strong-motion measurements from the earthquakes been used to assess how well a
strong-motion model estimates the peak ground aeén. The main result is that the model manages
to describe the data very well using parameters fopdor earthquakes.

The model parameters estimated using the stronggmoteasurement from the 29 May earthquake are
found to be similar to the parameters obtained fpoior earthquakes in South Iceland. The estimated
parameters are as follows: seismic momieiyt: 3.4x106® N m:; stress dropM,, = 6.26,A0 = 73x10 Pa;
fault displacement = 79 cm; radius of the fault= 6.4 km; and the spectral decay parameter0.05

s. In the estimation process only the far-field elagl applied. Applying the near-field model idlstéry
difficult due to the lack of near-field data andypital processes in the near-field that make it
challenging to model.

The main purpose of using the applied model iseteetbp a model that can estimate ground motion in
Icelandic earthquakes for engineering purposes. mbdel has few parameters that are physically
intuitive and can be estimated consistently usiegsared ground acceleration records.
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