Proceedings of th€enth Pacific Conference on Earthquake Engineering
PCEE dmr Building an Earthquak®&esilientPacific
01 V 6-8 November 2015, Sydney, Australia

Evaluation of the Seismic Load Level in Korea
based on Global Earthquake Records

H.S. Lee & K.R. Hwang

School of Civil, Environmental, and Architectural Engineeyiigrea University Seoul, Korea

ABSTRACT: This paper briefly introduces the design seismic loads in Korea (KBC 2009).
Then, over 10,000 recorded earthquake ground accelerograms, witbrtfetmagnitude

(My) ranging from 4.0 to 8.0 antthe hypocentratlistance(R) rangingfrom 0 to 200km,
were used to examinthe level of seismic load defined in Korea known as a -tow
moderate seismicity region. The following conclusions are drawn based on the results: (1)
The effective peak ground accelerations (EPA) of recorded earthcqa@ielerograms
underMy, O 6.0 andR O15km appear to be less than that of MCE in Korea for all site
conditions defined in KBC 2009. (2) The design spectrum-{twds of the intensity of
MCE) in KBC 2009 is comparable to those of earthquake records in the magnitdde 6
andthe hypocentratlistance less than 50kritherefore, (3)the current design level of
earthquakén Korea seems to be comparable to those of stsergmicity regionghoudh

the Korea peninsula is generally conceived to be a low seismicity region.

1 INTRODUCTION OF SEISMIC CODES AND DESIGN PRACTICE IN KOREA

Seismic design requirements in the building design code was introduced for the first time in 1988 by the
Architectural Institute of KoregdAlK) since the damages and loss of lives by 1985 Mexico City
earthquake exceeded tlegel tolerable to any government such as the Korean government that was then
preparing for the 1988 Summer Olympic Game in Seoul. The change in the equations for the design
base shear of building structures is shown in Table 1.

Design peak ground accedtion (PGA) defined as zone factor was 0.12g or 0.08g in 1988 version. In
1997 Earthquake Engineering Society of Korea (EESK) set forth the equation of design base shear for all
type of facilities as shown in Equation (2) with the modification of zonifac 0.11g or 0.07g. This
formula is actually the same as the corresponding equation in UBC 97 (Uniform Building Code 1997). In
the same report, EESK also defined seismic hazard faefamssentinghe relative intensity of design
earthquakegDE). According to modification of zone factor by EESK 1997, AIK changed the
corresponding factor, from 0.12g and 0.08g to 0.11g and 0.07g in the earthquake load equation in 2000
(AIK 2000). Architectural Instituteof Korea substantially revised AIK 2000 Korea Building Code

(KBC) in 2005. KBC 2005AIK 2005) follows the framework of International Building Code (IBC) in

2000. The maximum considered earthquake (MCE) having the return period of 2500 year, was defined
with effective PGA = 0.22gor 0.14g(zone faabr, S). The design earthquake in KBC 200&s been
changed from the earthquake with the return period of 500 years to two third of the intensity of the MCE.
With a calibration of the values of&and $:f or t hi's | evel of PGthedvalues or s e
are defined as the design values for the Equation (4) in Table 1. As showarmlFighich compares

the elastic design spectra of AIK 2000 and KBC 2005, the design base shear in KBC 2005 has increased
remarkably due to the considerationsigh amplification of soft soil and the change in the definition of
design earthquake. KBC 2009 has maintained the frame work of KBC 2005, but expanded the
classification of structures and modified some factors.

The case of soil conditiors&re comparetletween Seoul in Korea and Melbourne in Austialféigure

2, where the design intensity in Seoul appears much higher than that in Melbourne. Also, design
spectrum in KBC 2009 is compared with the response spectrum of El Centro (1949) and Taft (1952)
earhquake recorded accelerograms, where soil condition of El Centro corresp&@dsitio that of

Taft to & in Figure 3. It can be seen that the design spectrum in KBC 2009 is comparable those of
magnitude 6.9 and 7.3 earthquake ground motions, which means that the intensity of Korean design
earthquake may b®o high since Korean peninsula is generally knovenbie a lowto-moderate
seismicity zone.
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Table 1. History of base shear in seismic building design codes in Korea
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* EESK 97 is a research report which was not implemented into the design code.
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Figure2. Design spectra for Seoul (KBC 2009) and Melbourne (AS 1170.4:200 Aclmaderate seismicity regio

(RP: Return Period, ULS: Ultimate Limit States;; ¥hear wave velocity)
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Figure 3.Comparison among KBC2009, 1940 El Centro, and 1952 Taft Spectra

The seismic design categories of KBC 2009 are classified by the déwdfective peak ground
acceleration (EPA) under the MCE and by the importance of facilities as given in Table 2 (Fardis 2014).

The value of EPAor the seismic zone 1 in Korea on the ro€K) (s 0.22g, and the corresponding
seismic design categorydset er mi ned as fADO0 regardless of- the i1
to-moderateseismicity zone, special detailimgrequiredas shown in Figure 4, where the congestion of
reinforcement due to this requirement cause difficulty in construction.

In this study, over 10,000 recorded earthquake ground accelerograms provided in PEER ground motion
database (2013yvith themagnitude ranging from 4.0 to 8.0date hypocentral (siteource)distance

ranging from 0 to 200km, were used to examinddhel of seismic load defined in Korea known as a
low-to-moderate seismicity region.
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Figure4. Problems of current seismic design in KBC 2009
Table2. Cl assi fication of facilities to fiseismic des
EPA on rock under MCE Special facilities* High Ordinary facilities Temporary,
consequences** not for people
0.045g < EPA < 0.05¢g B A A A
0.05g < EPA < 0.069g B B A A
0.06g < EPA < 0.075¢g B B B A
0.075g < EPA < 0.085g B B B B
0.085g < EPA <0.1g D B B B
0.1g < EPA<0.12g D D B B
0.12g < EPA < 0.15g D D D B
0.15g < EPA D D D D

* Special facilities: essential in pedisaster emergency, or with hazardous contents.
** High consequences: large occupancy, congregation areas, etc.



2 SEISMIC LOAD LEVEL I N KOREA BASED ON GLOBAL EARTHQUAKE RECORDS
2.1 Comparison of effective peak ground acceleration (PGA) of global earthquake records

Earthquake groundecordsin Korea are very limited. To overcomehe shortage of recorded
accelerograms in Kored0,642 recorded earthquake growatelerograms in PEER ground motion
databas€2013) with tle momentmagnitude(My) ranging from 4.0 to 8.0 and theypocentral(site-
source)istance(R) ranging from 0 to 200kmwere usedandther E P A drecomparedn Figure 5The

EPA is calculated from the spectral acceleration value (5% damping) in the region 0.1 to 0.5 s, by
dividing theaverage ordinate by amplification factars.

Figure 5shows thathe EPAS sf someearthquake accelerograms the rock (§) for My, O6.5 andR O
50km exceedS = 0.22g which is the zone factor (EPAQr the rockrepresentinghe MCE in Koredn
KBC 2009 Almost all of heE P A dnghevery dense soil and soft roc&f and the stiff soil$%) for 5.0
OM,, 065 andR O15 km arelarger tharF.S= 0.26g &) and 0.30dS), respectively,corresponding to
MCE in Koreawhereas most of tHe P AforR O  mGre within the limit valuelFaS (Fa: shortperiod
site coefficient at 0.2period) The nearer the fault, the largerP A forsM, O 5.0 regardless of the
magnitude Generally, he magnitudeof MCE ground motion foithe moderateseismicity regionis
considered withi®.0to 6.5, butit can be seeim Figure 5 thatit is inappropriate to determine the intensity
of the arthquakedy theparameter omagnitude only.
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Figureb. Effective PGA

To estimate the combination Bf-R considering the intensity of EPA, the earthquake sces@rable

3) for a low seismicity regiorfor the return period 0f2500 yearsbased on the response spectral
relationships derived from the component attenuation maded ét al. (2000) and Looi et al. (20)3re
used.The EPAfor the rockunder the MCE in Korea defined in KBC 2009 is 0.22g,irs¢his study,
the MCE scenario for Korea is assumedMs= 6 andR = 15km.

Table3. Earthquake scenaran rockfor low seismicity regiorfLam et al. (2000and Looi et al. (2013))

Bound Scenario Peak Displacement Effective Pgak Ground
Magnitude §1) | RuptureDistance R) Demand (PDD) Acceleration (EPA)
Lower 6 30 km 20 mm 0.09g
Mid 6 20 km 35 mm 0.16 g
Upper 6 15 km 50 mm 0.22g




2.2 Comparison of designspectrain KBC 2009 with spectrafrom recorded EQ accelerograms

In Figures §a) to (f),the response spectbtainedirom recordedgroundaccelerogramareclassified
with respect tahe soil condition(Ss, S, andSs), the magnitudeMyw O6 and6 OM,, 06.5), and the
rupture distanceRO KmmndRO Kimb. Generallythe nearfault ground motions aréefinedto the
ground motions of site within a distance of about 20km from the rupturg(Yaug and Wang 2012)

In this paper however, the recorded ground motions in Figure 6 are classified afaokdred dotted
line) and faffault (blue solid line) grouth motions within and beyond a distance of 15km from the
rupture fault, respectively, to compare the assumed MCE scenario for Kbre&,andR = 15km in

the former section.

For the soil conditionS (Figs. 6(a) and (b)), most of thepectraobtained from recorded ground
accelerogramsre well within the MCE spectra, andhe spectral velocity and displacement the
velocity- and displacemergensitive regiongre significantly smallerthan the DE spectral values in
KBC 2009.In paricular, the spectral displacemeffitom the recordediccelerogramsemainsnearly
constanbeyondthe period;T = 1.0s, while that of the DE spectrum in KBC 2009 is linearly increasing.

Figure gc) shows the response spectram recordedaccelerogramsnderM,, O6 onthesoil condition

. The recorded spectral accelerations exceed the design wal¥&C 2009in the acceleration
sensitive region regardless of the fault distait€igure 5(b) however thevalue oftheirE P A @nder

5 OMy 06.5 andR O 15km is less than that of the MCE in Korea for corresponding site conditions,
0.269g.The spectral velodis and displacemesbf the farfault ground motios have nearly constant
valuesin the velocity and displacemergensitive regionsemainingwithin the MCE spectran KBC
2009except fora fewcase. In Figure 6(d), e response spectiram the recorded accelerograomsler

6 OM,, O6.5 are comparable to the MCE spectrat hespectral displacement obtained frepmefar-

fault motionsincreases as theincreases above= 1.0 s.

In Figures 6(e) and (f)heresponse spectr@btained from the recordegtoundaccelerogramsn the
soil conditionS, are similar to thosen the soil conditionS.. Comparing the spectra obtained fréme
far-fault ground motions undevl,, O6 in Figures. 6(a),(c), and(e), most spectral displacememngsnain
nearly constant valuat periods abov& = 1.0 s regardless of tiseil condition whichindicateghat the
maximum spectral displacemeoit the low and moderate ground motiaren berepresented witla
constant displacement value.

Figures6(g), (h),and(i) compares the response speaimdE P A @f accelerograms recorded frahe
1994 Northridgeg(My, = 6.7), t he 20 QM. =16.8)Aarduhe RGL1 ChristchurcfMy = 6.2)
earthquakes with the DE and MCE spectra in KBC 2008ile the three earthquakes occurred at the
high-seismicity regionsvhich have causesignificant damagethe magnitudearewithin therange of
6to 7.

Therecordedyround motions on th® in the 1994 Northridge earthquaikeluding the aftershoclkare
shown in Figure 6(g)As the moment magnitudsf the main earthquakeMy, = 6.7, is larger than 6.5
the E P A 6f $he farfault ground motionexceedthat the correspondingsoil condition F.S = 0.3g.
However,most ofthe spectral velocity and displacemefithe farfault groundmotionsin the velocity
and displacemerdensitive regionarewithin thoseof the MCE spectra in KBC 2009.

In caseof the2009L 6 Aqu i | a imclading &ftgreshacksbe groundaccelerogramsecorded on
the & are used in Figure 6(hyhe ground motionsecordedrom the 2011 Christchurch earthquake in
Figure 6(i) arebtainedon theSy. Thevalue ofE P A fdos therecordedaccelerogramBom these two
earthquakesexcept for a few nedault ground motionswithin a distance ofl5kmfrom the faulf is
smaller than thabf the MCE in KoreaF.S The acceleration, velocity, and displacemepectra
obtained fronmthefar-fault ground motions are within thosetbie DE in KoreaThe spectrabelocities
anddisplacemergtobtained fromthe2 0 0 9 L @l @@Ll Chastchurcharthquake appear to be
generally very small compared witthe design spectra particularly fdrefar-faut ground motionsbut
comparable to those of MCE ftite nearfault ground motions
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Figure 6 Comparison of design spectra with those obtained from earthquake records



