ISSN 1226—525X / elSSN 2234-1099
SIEX|ZIF YR =2& 192 57 (T3 HI105%) EESK J Earthquake Eng Vol. 19 No. 5, 247-256

20150 93 http://dx.doi.org/10.5000/EESK.2015.19.5.247

AIAARZ|F00 2A% FEuEte] X8k 7}

Evaluation of Seismic LLoad Level in Korea based on Global Recorded
Earthquake Ground Motions

1 1 2
gag’ - opd” - ga?
Hwang, Kyung Ran™ - Lee, Han Seon? : Kim, Sung Jig”
"meftfatn ZEASIREENE, TANET, HEEs)

1)School of Civil, Environmental, and Architectural Engineering, Korea University, 2)Department of Architectural Engineering, Keimyung University

/] ABSTRACT /

This paper briefly introduces the design seismic loads in Korea (KBC 2009). Then, over 10,000 recorded earthquake ground
accelerograms, with their magnitude ranging from 4.0 to 8.0 and their epicentral distance ranging from 0 to 200 km, were used to examine
the appropriateness of seismic load defined in Korea known as a low-to-moderate seismicity region. The following conclusions are drawn
based on the results: (1) The effective peak ground accelerations (EPA) of recorded earthquake accelerograms underM < 6.0and R >15
km appear to be less than that of MCE in Korea for all site conditions defined in KBC 2009. (2) The design spectrum (two-thirds of the
intensity of MCE) in KBC 2009 is comparable to those of earthquake records in the magnitude 6 - 7 and the epicentral distance less than
50 km. Therefore, (3) the intensity of Korean design earthquake is considered to be overly high since the Korea peninsula is generally
conceived to be a low-seismicity region.
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Table 1. Low, moderate, and high seismicity
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e 9] 2/3 gho2 Aofaick 20134 129 Aol A st 9e)

Level Effective PGA* Cities
Low ~025¢g London, Melbourne, Seoul, Hong Kong
Moderate 025g~05¢g Wenchuan (Sichuan), Christchurch

U} 27 R A YR o) w2 B A EE7] 240092 7|20 2 73 High 05g~ Taiwan, Tokyo, LA, San Francisco
B Al 2 HE A I8 A 9] A G A B G- AR R =(S) = * Effective PGA (EPA) is based on return period of 2,500 years.
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2L (Effective PGA, EPA) 2 2FZ(Low), SZ*l(Moderate), 7+%I(High)

Table 2. Seismic Design Categories
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(a) Confined diagonal

reinforcement of coupling beam shear wall [3]

(b) Special boundary element for  (c) Mock-up test of special shear

(d) Columns at the pfloti story
designed with overstrength factor

wall [3]

Fig. 1. Problems of current seismic design in KBC 2009
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Table 3. Histories of Korean Seismic Load

Design codes Base shear
y AIS W< 1.7541 W 1.541S w
= < or =
AIK 1988 124TR R R
(allowable stress A: zone factor (0.12, 0.08), /: importance factor,
design) S: site factor (3 groups), R: response modification
factor, T: fundamental period,
DE* level: EQ with return period of 500 yrs
y— GI W< 2.5Cal 23Cal
RT R
EESK 97 Cs, Cy: seismic coefficient (0.11, 0.07),

(strength design) | /: importance factor, R: response modification factor,
T: fundamental period, Site factor: 6 groups,
DE* level: EQ with return period of 500 years

AIS 1.7541
TN e
AIK 2000 )
(allowable stress A: zone factor (0.11, 0.07), I: importance factor, S:
design) soil factor (4 groups), R: response modification factor,

T: fundamental period,
DE* level: EQ with return period of 500 yrs

__ Sm W< Sps
(R/Ip)T R/IE
Spb1, Sps: spectral accelerations at period 1sec and
0.2sec, respectively, /: importance factor,
R: response modification factor, T: fundamental
period, Site factor: 5 groups (Sa, Sg, Sc, Sp, Sg),
DE* = (2/3) x MCE* (return period of 2500 years)
* DE: Design Earthquake, MCE: Maximum Considered Earthquake
** EESK 97 is a research report which was not implemented
into the design code.

w

KBC 2005, 2009
(strength design)
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ga}At} Fig. 20415 ATK2000ZF KBC 2005 2] B A7 AHEZHS
8] 13}gick KBC 2005 9] A8 E 8- AIK 20000] H]3] 2]qto] ok 24>
£ 37 S, AFHo AARNsHEe] A S7HEUE KBC
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Fig. 2. Elastic design spectrum (strength design level)
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Fig. 3. Comparison among KBC2009, 1940 EI Centro, and 1952 Taft Spectra
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Table 4. Classification of facilities to “seismic design categories” [5]

EPA on rock Special . High con— Ordinary | Temporary,

under MCE facilities | sequences facilities | not for people
EPA<0.045¢g A A A A
0.045g<EPA<005g B A A A
0.05g<EPA<0.06g B B A A
0.06 g<EPA<0.075¢g B B B A
0.075g<EPA<0.085¢g 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<0.15¢g D D D B
0.15g<EPA D D D D

* Special facilities: essential in post-disaster emergency, or with hazardous
contents.

** High consequences: large occupancy, congregation areas, etc.
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Fig. 4. Design spectra for Seoul (KBC 2009) and Melbourne (AS 1170.4:2007): low-to-moderate seismicity regions (RP: Return Period, ULS:
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N(M=5) in 50 N(M=5) in 50 years
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1,000,000 km“]
Australia 7,692,024 45 6
Brazil 8,515,767 33 4
Eastem US 2,291,043 13 5-6
Eastern & Central China| 1,550,974 14 9
France 674,843 4 6
Southern India 635,780 5
Germany 357,021 1 3
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Korean Peninsula [14] 223,348 3 13
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Fig. 5. Effective PGA
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Table 6. Earthquake scenario for low seismicity region based on PDD Table [9, 11, 16]

Bound Scenario Peak Displacement Demand (PDD) Effective Pgak Ground
Magnitude (M) Rupture Distance (R) Acceleration (EPA)
Lower 6 30 km 20 mm 0.09¢g
Mid 6 20 km 35 mm 0.16g
Upper 6 15 km 50 mm 0229
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