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/ABSTRACT/

This study experimentally and analytically examines the seismic vulnerability of steel rack storage frames subjected to Korea earthquakes
(2016 Gyeongju earthquake and 2017 Pohang earthquake). To achieve this aim, this study selects a three-story, one-bay steel rack frame
with a typical configuration of rack frame in Korea. Firstly, the local behavior for frame components is examined by performing monotonic
and/or cyclic load tests and the global response and dynamic characteristics of the subject rack frame are investigated by conducting a
shaking table test. The analytical model of the rack frame is then created based on the experimental results and is used to perform
nonlinear time history analyses with recorded Korea earthquakes. The seismic demand of the rack frame is considerably affected by the
spectral acceleration response, instead of peak ground accelerations (peak floor accelerations). Moreover, the collapse fragility curve of
the rack frame is developed using incremental dynamic analyses for the Gyeongju and Pohang earthquakes. Fragility results indicate that
the ground motion characteristics of these earthquakes do not significantly affect the frame vulnerability at the collapse state.

Key words: Gyeongju and Pohang earthquakes, Steel rack storage frames, Lateral load and shaking table test, Collapse fragility
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Table 3. Shaking table test cases of steel storage racks

Horizontal (g)

Standard Sps zlh
ArxH AricH
KDS [11] 0.37 0 Fixed 0.15
10° Required Response Spectrurp

Acceleration, Sa[g]

10'
Frequency [Hz]

Frequency (Hz), df=0.25 Hz
Specimen | Dir.
1st 2nd 3rd
X 0.66 3.41 7.03
A Y 2.41 - -
X 0.44 3.63 6.84
B Y 2.00
X 0.75 3.50 7.50
c Y 213 - -

Table 4. Damping estimation result

. . PGA (g) / Damping (%)
Specimen | Dir.
0.1 0.2 0.3
FEMA460| - 5.00 10.00 15.00
A X 1.34 2.89 2.76
B X 2.44 3.24 4.02
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Fig. 18. Input ground accelerations

Table 5. Peak ground acceleration (g) recorded at stations

Earthquake | Station disEtZinfcegt{l?rln) = PGA@ NS

DKJ 22.15 km 0.078 0.092

Gyeongju MKL 5.86 km 0.285 0.257

USN 8.23 km 0.404 0.351

CHS 25 km 0.021 0.028

Pohang DKJ 28 km 0.024 0.050

HAK 25 km 0.026 0.035

PHA2 9km 0.246 0.283

El Centro 12.2 km* 0.271
* Hypercentral distance

A (KMA) [30]°14] &35h= ¥3 (PHA2) ﬂéNﬂ] 741%% A7 5jo])

el IR Fig. 189 VRERISL, 44
Table 51| “g2]a}3Ict Begh =] A% J}w“OHL %89 =
HEZ &) A4% El Centro-EW AJH-¢] HthAb = 0.271 g2
*1 BFAR »H AlE] (MKL) Y5249} 3k te] 31 (PHA2) ¥

ool B3 ARl Ak A1 gk 7P, s
A ARl dhe 1) 52 Aztel e Rel s et 3 5
A AR RS, A5 ARSHE B0 A sl
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2% 33 Zo) SR 2121 1.689%, 3.433% 2 3.801% = LFERS:

t}. El Centro |2 5}ke] HohA|ulr 127} 237 75 A2 m}) 5238} 2] 215}
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Table 6. Maximum story drift ratio (%) at each floor level for rack
frame subjected to Korean earthquakes

Story level
Earthquake
First Second Third
Gyeongju (DKJ-EW) 0.193 0418 0.486
Gyeongju (DKJ-NS) 0.204 0418 0.506
Gyeongju (MKL-EW) 0.279 0.505 0.734
Gyeongju (MKL-NS) 0.448 0.770 1.099
Gyeongju (USN-EW) 0.324 0.575 0.759
Gyeongju (USN-NS) 0.332 0.530 0.827
Pohang (CHS-EW) 0.089 0.190 0.247
Pohang (CHS-NS) 0.104 0.233 0.279
Pohang (DKJ-EW) 0.100 0.209 0.289
Pohang (DKJ-NS) 0.163 0.310 0.391
Pohang (HAK-EW) 0.158 0.309 0.381
Pohang (HAK-NS) 0.186 0.372 0.468
Pohang (PHA2-EW) 0.398 0.812 0.873
Pohang (PHA2-NS) 1.301 2.525 2.821
4 ? T
=3 3
3 :
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Fig. 19. Peak story drift distribution
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Fig. 20. Response spectra at 5% critical damping
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