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/ ABSTRACT /

In this paper, comparative analysis of the 9.12 Gyeongju and 11.15 Pohang earthquakes was conducted in order to provide probable
explanations and reasons for the damage observed in the 11.15 Pohang earthquake from both earthquake and structural engineering
perspectives. The damage potentials like Arias intensity, effective peak ground acceleration, etc observed in the 11.15 Pohang earthquake were
generally weaker than those of the 9.12 Gyeongju earthquake. However, in contrast to the high-frequency dominant nature of the 9.12
Gyeongju earthquake records, the spectral power of PHA2 record observed in the soft sail site was highly concentrated around 2Hz. The
base shear around 2 Hz frequency was as high as 40% building weight. This frequency band is very close to the fundamental frequency
of the piloti-type buildings severely damaged in the northern part of Pohang. Unfortunately, in addition to inherent vertical irregularity, most
of the damaged piloti-type buildings had plan irregularity as well and were non-seismic. All these contributed to the fatal damage. Inelastic
dynamic analysis indicated that PHA2 record demands system ductility capacity of 3.5 for a structure with a fundamental period of 0.5 sec
and yield base shear strength of 10% building weight. The system ductility level of 3.5 seems very difficult to be achievable in non-seismic
brittle piloti-type buildings. The soil profile of the PHA2 site was inversely estimated based on deconvolution technique and trial-error
procedure with utilizing available records measured at several rock sites during the 11.15 Pohang earthquake. The soil profile estimated
was very typical of soil class D, implying significant soil amplification in the 11.15 Pohang earthquake. The 11.15 Pohang earthquake gave
us the expensive lesson that near-collapse damage to irregular and brittle buildings is highly possible when soil is soft and epicenter is
close, although the earthquake magnitude is just minor to moderate (M 5+).

Key words: Strong motion duration, Peak ground acceleration, Effective peak ground acceleration, Site effect, Irregularity, Piloti-type
buildings, Non-seismic.
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(b) Severely cracked shear walls

Fig. 1. Damages observed in the 11.15 Pohang earthquake
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Table 1. Summary of characteristics of ground motions from the 11.15 Pohang and 9.12 Gyeongju EQs

Earthquake 11.15 Pohang (2017) 9.12 Gyeongju (2016)

Station CHS HAK DKJ PHA2 MKL USN
Epi-distance, km 25 23 28 9 5.9 8

Soil condition Ss' Ss' Ss' Unknown Sef S’
Component EW NS EW NS EW NS EW NS HGE HGN
PGA, g 0.018 0.014 0.023 0.035 0.017 0.036 0.131 0.189 0.285 0.351
EPGA, g 0.010 0.012 0.020 0.028 0.006 0.018 0.073 0.098 0.151 0.189
EPGA/PGA 0.547 0.864 0.871 0.807 0.371 0.498 0.555 0517 0.530 0.538
S.(1.0), g 0.003 0.015 0.003 0.015 0.004 0.009 0.054 0.204 0.031 0.026

S, (1.0/PGA 0.191 0.210 0.648 0.419 0.233 0.243 0415 1.080 0.073 0.107
In, Vs 0.002 0.002 0.005 0.007 0.002 0.004 0.080 0.158 0.225 0.675
Ds.75, S€c 6.000 3.650 3.600 1.500 5.750 1.600 0.900 1.400 0.760 1.890

Ds.g5, S€C 16.150 15.800 11.700 8.550 20.150 9.900 2.950 2.450 1.800 10.130

" Estimated by [5]
*:: Estimated by [6]
*: Estimated by [6] and [7]
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Fig. 3. Horizontal ground acceleration time histories from the 2017
Pohang and 2016 Gyeongju EQs
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Table 2. El Centro and Mexico City EQ records used in this study

Mexico City 1985 -
El Centro 1940 - SOOE CHANS, 3230 Doy
Magnitude, Mw 6.9 8.1
Epi-distance, km 16.9 400
PGA, g 0.34 0.17
Remarks Standard earthquake Fg::::i s:::qo:;l;e

— ElCentro 1940 SO0E

Mexico City 1985 CHAN3: 360 Deg
Gyeongju 2016 USN.HGN

Pohang 2017 PHA2.NS

Period, sec

Fig. 7. Comparison of constant ductility spectra constructed from do-
mestic and foreign records
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Table 3. Eigenvalue Result

Mass Participation Factor
Mode Period (sec)
UXx uy Rz
0.481 0.1257 0.5426 0.336
0.223 0.847 0.0767 0.0458
0.188 0.0003 0.2958 0.5063

Table 4. Information of Column (C1)
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Table 5. Elastic Analysis Result of C1 column (unit : kN, m)
. Demand Capacity
Demand Capacity Ratio
THA | Design | THA |Design| THA | Design
Axial
Force | 3004 270.6 3,541 0.085 0.076
(Comp.)
Bending | 4906 | 4426 | 2721 | 2600 | 1.836 | 1.645
Moment
210.1 (QV,) 0.944
236.1 2225 (TypeA) | 1.061 ——
Shear 236.6 (Vs) 1.063
Force 210.1 (QoV4) 1.208
236.1 1739 (TypeB) | 1.358 ———
236.6 (Vs) 1.361
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Fig. 18. Element forces of C1
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