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/] ABSTRACT /

This paper investigates seismic damage potential of recent September 12 M5.8 Gyeongju earthquake from diverse earthquake
engineering perspectives using the accelerograms recorded at three stations near the epicenter. In time domain, strong motion durations
are evaluated based on the accelerograms and compared with statistical averages of the ground motions with similar magnitude,
epicentral distance and soil conditions, while Fourier analysis using FFT is performed to identify damaging frequency contents contained
in the earthquake. Effective peak ground accelerations are evaluated from the calculated response spectra and compared with apparent
peak ground accelerations and the design spectrum in KBC 2016. All these results are used to consistently explain the reason why most
of seismic damage in the earthquake was concentrated on low-rise stiff buildings but not quite significant. In order to comparatively
appraise the damage potential, the constant ductility spectrum constructed from the Gyeongju earthquake is compared with that of the
well-known 1940 EI Centro earthquake. Deconvolution analysis by using one accelerogram speculated to be recorded at a stiff soil site is
also performed to estimate the soil profile conforming to the response spectrum characteristics. Finally, response history analysis for 39-
and 61-story tall buildings is performed as a case study to explain significant building vibration felt on the upper floors of some tall buildings
in Busan area during the Gyeongju earthquake. Seismic design and retrofit implications of M5.8 Gyeongju earthquake are summarized for

further research efforts and improvements of relevant practice.

Key words: Strong motion duration, Peak ground acceleration, Effective peak ground acceleration, Constant ductility spectrum, Site
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Fig. 2. Cracking of infilled wall and ceiling failure observed in 912
Gyeongju earthquake
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Table 1. Three stations near the epicenter

Station Latitude | Longitude | Accelerometer Data logger
MKL 35.7322 | 129.2420 ES-T Q330
USN 35.7024 | 129.1232 ES-T Q730
DKJ 35.9468 | 129.1089 CMG-5T Q330HRS
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Fig. 3. Distances to the stations from the epicenter
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Table 2. PGA, EPGA and spectral accelerations from three stations

20161 98 1224 M58 ZRAIZI9| Cojx| ZHA 24 U LFIZSE SBio| AU

. Raw accelerograms Filtered accelerograms
Station Component
PGA (g) PGA (g) EPGA (g) EPGA/PGA S4(1.0) (9) S4(1.0)/PGA
VKL E-W 0.346 0.285 0.153 0.54 0.031 0.11
N-S 0.275 0.257 0.164 0.64 0.053 0.21
DK E-W 0.091 0.079 0.039 0.49 0.016 0.20
N-S 0.098 0.092 0.084 0.91 0.026 0.28
USN E-W 0.400 0.404 0.293 0.72 0.031 0.08
N-S 0.430 0.351 0.192 0.55 0.026 0.07
0 0s 0s 0.4 ‘ ‘ : ‘
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Fig. 4. Time histories of horizontal ground acceleration components
at three station

Table 3. Arias intensities and strong motion durations

Site condition Ss Sc
Station MKL DKJ USN
Component E-W | N-S | EEW | N-S E-W N-S

L 0.225| 0.170 | 0.023| 0.046| 0.698 | 0.675
Dus s | Calculation | 0.76 | 079 | 185 | 132 | 137 1.89
(sec) | Prediction 0.96~1.92 1.92~2.44
Disgs | Calculation 1.80\ 1.87 \ 11.03\ 6.10 | 5.89 | 10.13
(sec) | Prediction 2.55~5.68 5.68~7.32
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Fig. 6. Fourier amplitude spectrum of the recorded accelerograms

Fig. 7.
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Fig. 8. Comparison of two accelerograms; El Centro 1940 SO0E
and Gyeongju 2016 USN N-S

Table 4. Characteristics of ground motion used in this study

Epicentral
Magnitude | distance | Comp. P(Gf Site
(km) 9
Imperial Valley .
5/18/1940, El Centro 6.9 11.5 SO0E | 0.348 | Alluvium




Period T}7 , sec

Fig. 9. Comparison of constant ductility spectrum; for El Centro
1940 SOOE and Gyeongju 2016 USN N-S
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Fig. 16. Typical plan of example structures

Table 5. Period and mass participation of example structures

X-Dir Y-Dir Z-Rot

Period (sec) 3.02 292 2.49

39F

Mass Participation (%)|  58.55 33.68 38.22

Period (sec) 3.76 3.93 272

61F

Mass Participation (%)| 42.05 4597 65.12
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Fig. 17. Seismic response of 61F structure by Gyeongju USN
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