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ABSTRACT

Purpose: The risk assessment for earthquakes was conducted in accordance with the current design
standard (KBC2016) for the Coalescer facility, which is a major facility of energy storage facilities.
Method: The risk assessment for earthquakes was conducted in accordance with the current design
standard (KBC2016) for the Coalescer facility, which is a major facility of energy storage facilities.
Result: In this study, by statically loading earthquake loads and evaluating the level of collapse
prevention of special-class structures, facility managers can easily recognize and evaluate the risk
level, and this analysis result can be applied to future facility risk management. Earthquake analysis
was performed so that. Conclusion: As a result of analyzing the Coalescer facility according to the
current design standard KBC2016, the stress ratio of the main supporting members was found to be up
to 4.7%. Therefore, the members supporting Coalescer were interpreted as being safe against earth-
quakes with a reproducibility period of 2400 years that may occur in Korea.

Keywords: Energy Storage Facility, Earthquake, Risk Assessment, Building Structure Standards,
Risk Management
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Table 1. Major recent earthquake

Earthquake name Year of occurrence Scale deaths ‘missing
Indonesia Sulawesi Earthquake 2018 7.5 7,256
Earthquake in Chiapas, Mexico 2017 8.1 98
Nepal Gorka earthquake 2015 7.8 9,120
Japan Tohoku Pacific Ocean Earthquake 2011 9.0 19,846
Haiti earthquake 2010 7.0 222,570
Earthquake in Sichuan, China 2008 8.0 87,652
The Great Earthquake in South Asia, Indonesia 2004 9.2 283,106

Table 2. Earthquake outbreaks around the world from 2000 to 2017

magnitads year 2000 2001 2002 2003 2004 2005
8.0~9.9 1 1 0 1 2 1
7.0~79 14 15 13 14 14 10
6.0~6.9 146 121 127 140 141 140
50~59 1,344 1,224 201 1,203 1,515 1,693
40~49 8,008 7,991 8,541 8 462 10,888 13,917

Sum 9,513 9,352 8,681 9,820 12,560 15,761
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Table 2. Earthquake outbreaks around the world from 2000 to 2017 (Continue)

year

magniteds 2006 2007 2008 2009 2010 2011
8.0~9.9 2 4 0 1 1 1
7.0~7.9 9 14 12 16 21 19
6.0~6.9 142 178 168 144 151 204
50~59 1,712 2,074 1,768 1,896 1,963 2271
40~49 12,838 12,080 12,292 6,805 10,164 13,303

Sum 14,703 14,350 14,240 8,862 12,300 15,798

magnitude yedr 2012 2013 2014 2015 2016 2017
8.0~9.9 2 2 1 1 0 1
7.0~7.9 15 17 1 18 17 6
6.0~6.9 129 125 140 124 127 106
50~59 1,412 1,402 1,475 1,413 1,506 1,424
40~49 10,990 9,795 13,494 13,239 12,771 10,990

Sum 12,548 11,341 15,121 14,795 14,421 12,527

Table 1-2 200095E 2020 7}A] PAYSE =0 734 F0e} AFFAZEREE HolF 11 9) 9™ Table 2= 200004
20173 521 A AJA] 2171 9l 812 Hod5= 11 Itk Fig, 1-22008 5= 2340 27,2010 ofo€] 2|7, 2011 YE =5F

[2011 Japan Tohoku Pacific Ocean Earthquake] [2015 Nepal Gorka earthquake]

Fig. 1. Major earthquake damage cases
(material : USGS Real-time Earthquake Map with exact dates and live earthquake reports)
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Fig. 2. Earthquakes in Southwestern Japan and the Korean Peninsula
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Fig. 3. Number of earthquake occurrences by year in Korea
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Table 3. Classification of seismic level of facilities

Reproduction cycle(year Function Prevent collapse
50 Grade I -
100 Grade | -
200 Special grade -
500 - Grade I
1000 - Grade |
2400 - Special grade

Table 4. Seismic rating and performance target

Performance target

Seismic rating

Performance level Earthquake risk
. Function (or immediate residence) 1.0 times the design spectrum acceleration®
Special grade ) ] . ) )

Safety of life and prevention of collapse 1.5 times the design spectrum acceleration

| Life safety 1.2 times the design spectrum acceleration
Prevent collapse 1.5 times the design spectrum acceleration

I Life safety 1.0 times the design spectrum acceleration
Prevent collapse 1.5 times the design spectrum acceleration

VIt is decided according to the performance target level of the user or designer.
In accordance with the provisions specified in 0306.3 Seismic Risk.

LHZ! SHA =L
Computer Programs
(D MIDAS-GEN, POSCO Co., Ltd. KOREA
@ MIDAS-SDS, POSCO Co., Ltd. KOREA
3 DESIGN-A, HYUNDAI ENG. Co., Ltd. KOREA

AR5

oA A el F8 AdER] Coalescer AVd a2 tVd o= AP AP IHKBC2016)°] mHt 2|0 tieh 91994
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Fig. 4. Node model Fig. 5. Element numbers

Fig. 6. Static seismic loads(X-Dir.), N Fig. 7. Static seismic loads (Y-Dir.), N
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Deformations

Fig. 8. Dead load only, Max : 0.28mm at the node 455 Fig. 9. Earthquake load (X-Dir), Max : 0.41mm at the node 446

™

Member Stresses

Fig. 10. DL only Fig. 11. Earthquake load (X-Dir)

Result Summaries

- Reaction

Table 5. Reaction Forces

SUMMATION OF REACTION FORCES

Load Case FX (kN) FY (kN) FZ (kN)
DL 0.00 0.00 83.88

EX -12.28 0.00 0.00

EY 0.00 -12.28 0.00
Service Load 8.60 -8.60 83.88
Factored Load 12.28 -12.28 117.43

KOSDI
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- Member Stresses

Table 6. Principal stress

Elem. Max(MPa) Ratio(%) Elem. Max(MPa) Ratio
25 4.49 1.6 38 0.63 0.2
26 4.03 1.5 39 0.83 0.3
27 435 1.6 40 0.78 0.2
28 4.08 1.6 41 4.08 1.6
29 0.78 0.2 42 4.34 1.6
30 0.83 0.3 43 4.04 1.5
31 0.63 0.2 44 4.51 1.6
32 0.74 0.2 47 0.10 33
33 2.11 0.8 48 11.10 33
34 2.31 0.8 63 0.03 4.7
35 2.31 0.8 64 1.25 4.4
36 2.11 0.8 65 0.16 4.4
37 0.74 0.2 66 1.25 4.7

Steel Code Checking Result Ratio. (Combined)

0.05 —

0.048 — Bl r=-uis Basic

0.048 —

0.044 —
0.042 —
0.09 —
0.038 —
0.03€ —
0.034 —
0.032 —
0.03 —
0.028 —
0.02€ —
0.024 —
0.022 —
0.02 —
0.018 —
0.01€
0.014
o.012
0.01
o.008
0.00€&
0.004
0.002
: winmm AN Smmmn

nnnnnnnnnnnnnnnnnnnnnnnnn

Ratio. (Combined)

% M mm R B AR B AR A R AR AR ARSI ¥ 3T S 5 3 - F 3os

Fig. 12. Result ratio(combined)
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