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/] ABSTRACT /

In this paper, time and frequency domain characteristics of Gyeong-ju earthquakes were investigated, and nonlinear time history analyses
were conducted for bi-linear hysteretic structures excited by short-duration ground accelerations. Previous studies showed that larger
inelastic displacements than the peak displacement of the corresponding elastic system were observed especially for the structures with
structural period shorter than 0.3s, and the similar results could be obtained when long-duration ground accelerations were used as
excitation loads. For the short-duration earthquakes, however, the inelastic displacements were not so large and almost identical to the

peak elastic displacements.

Key words: Gyeong-ju earthquake, Short-period structures, Short-duration earthquakes, Inelastic response

1LME

A201699E 12U A7 | A28 o] ghitee Zrfq] Aoz B g
2I3|8] 7L 5.89) | Klo] LAYSIAIT AGAIZ2 102 o2 FR
HOI A, Zd=o] e RIS 0] AE =2 g 2 18] 2710
ok 57 Z o o] 2]312- 1980 Htol|A] WhAYeh 0|5 2|7 0 & g
53019800, ek ol A AR Zrl 7 me] A2 197813 9ol 'y
&R0 2 238 1L 5.2 {0k AR 19:44520] B/ R =
A EEAIE 8.2 km A| o]l A] LS. 1 9] Hxlo] WGl e, 20:32
2ol IR AT A AR 8.7 km Aol A 1L 5.89] o] A
ST xlo] EAYRE 41 iL 2-39] ojlo] 914} o4 'AYsIgl o,
109 S7HA] F 50009 3] o] ofxlo] dofut 2|xlof thgt & o] A9

*Corresponding author: Lee, Sang Hyun

E—mail: Ishyun00@dankook.ac, kr

(Received November 21, 2016; Revised December 5, 2016; Accepted
December 5, 2016)

Gl RIS 2 Belghe 73 9lck X2 A 2] 13-17 kmo] %
2 Rmshe], Higlo] 152 km vl 219 o]/ RS A A0,
2 S|l A0 Q18 AN S HAL G 1l TA)) HE o)
3 A1) R} sl oLk chas] Azt Sl sla ANt
otk HFAAL IFS A Ho] ok |4 ARl

S 7 S T AR W Aol 2 S ek B ¢l
A AZA RS B B Shelol A Ayt A

Park JH3= 52| 1ol A] 221 2YA] MKL, USN, DKJ 330 254
oA AT AR 7| Zof| gt ARTE S W Fuleg o] EAS B4

495



st=2X|21E8sts =23 | 20# 72 (52 HM113%) | December 2016

SFACH1]. MKL¥}DKJ&= 2|9E2740] §, 013, USN-S 5, Ato]ch AZE
ool gt £4 47 USN 54 A5 7|50 7Hg 2 A =g
7HAIH, 0.01% 71402 A& 794100 sample) 422.2 cm/s’(0.43 g)
O] MR IEES 7HAL, 0.05% 7HA 02 AlZE 7920 sample)
281.6em/s%(0.29 g) ©] AA L EE 7j2| = A 0 2 WhEsl T ME
& 2 3o Nyquist 317} 50 Hzofl 4] 10 Hz 2 £0] & 1) 715w
717} FA] FotE the 212 FA1%10] 10 Hzo ] 1uls: Aol
ol g2 A Z1mHele- ojuglet. Fig. 12 35A1%19] #&a Al7to]E

& Hojrk 47k M ) AR A To] v AR 5 24
Kol

Fig. 24 7% A410] k4= SEE4e5 HojZr}. DKIZFMKL O] 4
2 38 527]5 71 Aol

(broad-band) SR> EAS 71X 1L Qlow, HhARIEET ) 7 2
[e]

>
m

%4 qlek

Lee CHi=25 Hzo o] 7 g w2 Aol 7P aL A el 5=

—DKJEW —DKJNS
2 0 ™ 2 0 b
8 ht 8 L
< <
45 45
o 20 a0 &0 Ll 100 o 20 40 &0 Ll 100
Time(sea) Time(sea)
056 056
——MKLEW ——MKLNS
8 3
5 0 A
8 8
< <
45 45
1) 20 a0 1] 1] 100 1) 20 a0 1] 0 100
Time(sec.) Time(sec.)
06 06
——USNEW ——USN NS
c] 1 g
g 0 g 0 +
g r g
< <
056 L L 056
o 20 a0 a0 Ll 100 o 20 40 a0 Ll 100

Time(ses.) Time(ses.)

Fig. 1. Ground Accelerations of Gyeong-Ju Earthquake (Sampling
Rate 100 Hz)
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Fig. 2. Frequency Responses of Gyeong-Ju Earthquake (Sampling
Rate 100 Hz)
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Fig. 3. Original and Low-pass Filtered Ground Accelerations of
Gyeong-Ju Earthquake (2016, MSN NS component)
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Fig. 4. Ground Acceleration and Duration of Imperial Valley Earth-
quake (1940, EICentro, NS component)
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Fig. 5. Ground Acceleration and Duration of Gyeong-Ju Earth-
quake (2016, USN, NS component)

Case 1 Case 2 Case 3

Damage patterns Definition Toin = 0.05 Toin = 0.075 in =0.10

Tiax =095 Tiax = 0.925 Tinax = 0-90
Imperial Valley (NS) 0.35 24.44 23.82 22.38

Imperial Valley (EW) 0.21 24.25 23.52 23.1

Taft (1952, 69Deg.) 0.16 30.54 25.46 21.42
Taft (1952, 339Deg.) 0.18 28.88 24.72 20.24
Hachinohe (1968,EW) 0.23 27.92 24.95 23.00
Hachinohe (1968,NS) 0.19 24.4 22.26 20.41
Gyeong-Ju (2016,DKJ,EW) 0.08 10.5 8.67 7.06
Gyeong-Ju (2016,DKJ,NS) 0.09 5.0 2.63 2.02
Gyeong-Ju (2016,MKL,EW) 0.24 1.9 1.30 1.21
Gyeong-Ju (2016,MKL,NS) 0.24 1.7 1.35 1.23
Gyeong-Ju (2016,USN,EW) 0.37 4.8 2.46 1.88
Gyeong-Ju (2016,USN,NS) 0.35 8.46 4.05 2.71
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Table 2. Ground motion records in this study

JHE KEVHEER J1EE BRI| A2 HHEE EIt

PGA(g) ty(s)
Earthquakes Magnitude | Distance (km) | Scale Factor
X Y X Y
EQ-1 : Morgan Hill, 1984, Gilroy 6.19 15 2.56 0.16 0.25 9.4 8.5
EQ-2 : Friuli, 1987, Tolmezzo 52 27 2.58 0.33 0.20 21 4.1
EQ-3 : Kalamata, 1987, Kyparrisia 53 17 2.63 0.27 0.30 4.8 2.8
EQ-4 : Sierra Madre, 1991, Vasquez 5.61 40 2.36 0.23 0.30 4.2 4.2
EQ-5 : Coyote Lake, 1984, Gilroy 5.74 11 1.78 0.16 0.20 6.7 57
EQ-6 : Friuli, 1984, Tarcento 53 8 1.45 0.27 0.13 3.2 3.7
EQ-7 : Friuli, 1977, Somplago 54 9 1.44 0.28 0.14 1.7 29
EQ-8 : San Francisco, 1957, Golden gate 5.28 1 212 0.18 0.20 3.5 3.0
EQ-9 : Friuli, 1984, Tarcento 6 12 1.42 0.19 0.16 6.8 7.4
EQ-10 : Kozani, 1995, Kozani 6.5 17 0.97 0.20 0.14 6.4 8.7
EQ-11 : Bingol, 2003, Bingol 6.3 14 0.35 0.17 0.10 4.6 6.6
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Fig. 8. Ground Acceleration Records similar to Gyeongju Earth-
quake and Acceleration Response Spectrum of the Records
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Fig. 12. Ratio of inelastic displacement to elastic displacement
excited by Long-Duration earthquakes in Table 1

R=2 R=4

0’8.1 0.2 0.4 0.5 8.1 02 03 0.4 0.5

8.1 0.2 0.3 0.4 0.5 8.1 0.2 0.3 0.4 0.5
Period(sec.)

Fig. 13. Ratio of inelastic displacement to elastic displacement
excited by Gyeong-ju Earthquake(2016, USN)
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Fig. 14. Ratio of inelastic displacement to elastic displacement
excited by Short-Duration Earthquakes in Table 2
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