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Fig.1 Geographic relationship of the manufacture site and
nearby seismic stations
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Table 1 Information of seismic stations
RFEZE i FIAVEE  BET)BE

4

g wEES (sps) (s) (dB) B (km)

A BBVS-60 100 0.02~60 >140 90.2

B BBVS-60 100 0.02~60 >140 443

C CTS-1 100 0.02~120 >140 13.9

D BBVS-60 100 0.02~60 >140 53.8
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Fig.2 M-T diagram of the selected earthquake events
during 2014-2023.

:
|
|
|
I
I
|
1
:
3

[[C) T

2024

®2ARMMREANELER

Table.2 Information of earthquake events that imposed

damage
7 0 P MHEE RIRIR RRYREE W
(km) [E(km)  (km)
2014/11/22 63 DUJIIH#AIN 800 15 800 0.30
2015/4/15 5.8 P 654 10 654 0.35
0
2015/4/25 8.1 JERIERIN 2616 20 2616 0.25
2015/530 8.5 HA 2800 690 2884 0.20
2016/1/22 6.1 FHigFmgALMN 724 10 724 0.53
2016/2/6 6.7 BT 1699 15 1699 0.09
2017/8/8 7 PR 447 20 447 0.94
2018/9/12 53 BRPGIHTHT 297 11 297 0.12
2019/4/18 6.7  BEIEEE 1639 24 1639 0.02
2019/6/17 6 TNEFET 754 16 754 0.61
2021/1/12 6.8 e 1900 10 1900 0.11
2021/5/22 74 HEFIEMN 961 17 961 1.00
2021/9/16 6 P 854 10 854 0.10
2022/1/8 6.9  FHiggdL 877 10 877 1.00
2022/3/23 6.6 GEGAHRE 1714 20 1714 0.04
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Fig.3 Schemes of velocity records of seismic data and the
spatial distribution
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Fig.4 Distribution of the fitting parameters of relative
energy-equivalent velocity spectral intensities
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Table 3 Relative difference between comprehensive
fragility and single station fragility
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iz A Dsi B CH
6(um/s) 14.1 -0.91% -4.55% 7.10% -1.58%
B 0.680 -5.15% 6.62% -6.62% 4.41%
L =267 -8.73% 11.72% -8.29% 2.72%
R? 0.926 2.54% -6.95% 6.03% 0.04%
D 0.265 -31.26% 12.45% -38.30%  -22.44%
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Table Al. Information of the earthquake events

WEFS b= B i) R B B BEIRE BIEE S DR
1 2014/11/22 V9B 1R 6.3 800 15 800 0.30
2 2014/11/25 V9 Ho 1R 5.8 800 15 800 0.00
3 2015/4/15 5t A X R 5.8 654 10 654 0.35
4 2015/4/25 Je R 8.1 2616 20 2616 0.25
5 2015/5/30 HA 8.5 2800 690 2884 0.20
6 2015/10/12 RSO AR M 52 961 9 961 0.00
7 2016/1/22 HEREALEUE 5 A M 6.1 724 10 724 0.53
8 2016/2/6 BV T 6.7 1699 15 1699 0.09
9 2017/2/11 BV T 5.6 1699 20 1699 0.00
10 2017/8/8 VY BT S FE 5 ¥R M 7 447 20 447 0.94
11 2017/9/30 e 5.4 447 447 0.00
12 2018/2/7 B IEE FLg 6.1 1639 12 1639 0.00
13 2018/9/12 e PE X H Tl 53 297 11 297 0.12
14 2019/4/18 B E FL 6.7 1639 24 1639 0.02
15 2019/6/17 7)1 B =T 6 754 16 754 0.61
16 2019/7/4 PN E = 5.6 754 8 754 0.00
17 2019/9/8 DY AT 5.4 854 10 854 0.00
18 2020/4/18 HA 6.5 2800 470 2839 0.00
19 2021/1/12 g 6.8 1900 10 1900 0.11
20 2021/4/18 BEIER 6.1 1714 5 1714 0.00
21 2021/5/22 TS UG H R N 7.4 961 17 961 1.00
22 2021/9/6 2 5.3 1900 10 1900 0.00
23 2021/9/16 DY 1 M 6 854 10 854 0.10
24 2022/1/8 HIFIFALUE B M 6.9 877 10 877 1.00
25 2022/1/12 HEREALEE B A M 52 877 10 877 0.00
26 2022/3/23 BB G KB 6.6 1714 20 1714 0.04

27 2023/4/4 E e 6.2 2834 10 2834 0.00
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Table A2. Summary of ground motion intensity measurements
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Functional loss assessment of a type of precision manufacture

equipment under far-field earthquakes
Tianyuan WEI'2, Tao ZHAO?, Pan LIU3, Zhe QU'>*
(1. Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics, China Earthquake
Administration, Harbin 150080, China; 2. Key Laboratory of Earthquake Disaster Mitigation, Ministry of Emergency Management,
Sanhe 065201, China; 3. Earthquake Administration of Shaanxi Province, Xi’an 710068, China)

Abstract: Building resilient supply chains requires effective prevention and control of the risks that natural disasters, such as
earthquakes, may bring to key nodes in the supply chain. With the increasing popularization of the application of big data, Internet
of Things, artificial intelligence and other technologies, the manufacture equipment of precision electronic components
(hereinafter referred to as precision equipment) has become the key link in the supply chain of the microelectronics industry, and
is also the most expensive component. The reasonable assessment of its functional loss is an important basis for the prevention
of the seismic risk of the supply chain of the microelectronics industry. This paper takes a precision manufacture plant as the
research object, uses the events in which its certain precision equipment suffered functional loss in far-field earthquakes from
2014 to 2023 and the seismic ground motion data obtained nearby to establish the precision-manufacture-oriented functional loss
model and assessment method of loss levels. The results show that, compared with other ground motion intensity measures, 1/3-
octave root-mean-square velocity with a center frequency of 0.4 Hz(Vrms(0.4Hz)) has the strongest correlation with the damage
rate, and the functional loss curves based on it are fitted with the highest quality. When Vrums(0.4Hz) of the ground motion around
the precision component manufacturing plant is only about 12pm/s, it is possible to affect the normal function of the precision
manufacture equipment at a serious level.

Keywords: precision equipment, precision electronic components, ground motion intensity measures, seismic resilience,

seismic fragility analysis



