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Abstract Long-period ground motion (LPGM) can result in prolonged vibration and even damage or collapse of
structures and infrastructure with long natural vibration periods. With the emergence of flexible structures such as high-
rise buildings and large oil tanks in our country, there is an urgent need to effectively mitigate LPGM-related damage.
However, the national intensity rapid reporting and early warning project currently does not include early warning or
related information dissemination for LPGM. This paper introduces in detail the development of Japan’s LPGM business
system, including the initial proposal, system construction, and its continuous improvement. It describes key technologies

involved in the development of this system, such as the classification of LPGM and the establishment of LPGM prediction

W d B 2024-03-12; SR A H . 2024-08-26,

E&WH: FRAKREEL T H (U2039209) % 1.

BE—EH: TIn(1996-), B, WMo, % =500 b 5% shs fl e 700 J7 16 A9 A% . B-mail: 1277720784@qq.com,
FEAEME WA (1984-), B, WS B, TN T HE I S B EAL L, SRS S B SFHF S . E-mail: wla_2012@163.com,



http://doi.org/10.19987/j.dzkxjz.2024-045
http://doi.org/10.19987/j.dzkxjz.2024-045
http://doi.org/10.19987/j.dzkxjz.2024-045
http://doi.org/10.19987/j.dzkxjz.2024-045
http://doi.org/10.19987/j.dzkxjz.2024-045
http://doi.org/10.19987/j.dzkxjz.2024-045
http://doi.org/10.19987/j.dzkxjz.2024-045
http://doi.org/10.19987/j.dzkxjz.2024-045
http://doi.org/10.19987/j.dzkxjz.2024-045
mailto:1277720784@qq.com
mailto:wla_2012@163.com

268 o oE R

R

O R

2025 4F

technology. The paper also summarizes the application of the LPGM business system and the research and development

of supporting disaster reduction facilities. Finally, based on Japan’s experience in constructing a long-period ground

motion service system “Observe business first, then develop predictive technologies, and finally implement predictive

services”

system.

some suggestions are proposed for the future construction of China’s long-period ground motion service

Keywords Japan Meteorological Agency; long-period ground motion; long-period ground motion prediction; long-

period ground motion observation
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Fig. 2 Acceleration records of the Osaka prefectural government building during the 2011 T6hoku earthquake
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Table 2 Basic information on earthquake early warning and intensity reporting systems in selected countries
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Table 3 Framework and guidelines for LPGM professional work
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Table 6 Reference table for LPGM classification of floating-roof oil tanks
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Table 7 Overview of LPGM observation information
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Table 8 Advantages and disadvantages of different LPGM prediction techniques
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Table 9  Four alternative ground motion models (GMMs) for LPGM prediction
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Table 10 Detailed applications of diversified LPGM forecast information
e 1K o
(RRTHEER) R T 15 60D
TN R RG22, IR 3 12815 B R, 5 88
) T AE CEAR N AR IR AR 2 A L. T

IRAPN \ : ‘ 4 N S DE NS N Eh 3 E
HIRPATE B B T WK s sy 2 (R

i3k
(R i 70 P SO 3 A 50 56 )

HL B 1553 Y T i AR BT AR AR )
TRMEAG £ H A B2 D ik i & 1912
FZAL AR Skt it 5552264 F]

[ 7 0 2 IR T K
BEXF AR AN L TR
108 2o ] A2 B JE 45 AR AR AR T 4 ok

FL A ) 47 ) Cf DR 25 1) 22

FRNES DL L s R

FHELSR 1, 22K B m] S (fildn, AR

v c S50 W Y o
il G L B R ) U W PO B )
VA0 $58 05 T RS 5 1 45
BRI I W — LI B 45 5% T Kt O S IO £ 0
I . k] )
RS AR R e A A
25 LAS O fi%%%ﬁJ RN s ot WIS 1, 226 T 4
UAS
F 11 A M B R RS A
Table 11 Basic information of LPGM earthquake early warning and forecast
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Fig. 5 Example of PULL-type LPGM observation information
BN A B EAE HEAR SR FR . R, IZIE R C &I IR

(3) KA A HAKAF LR TR TRE)THhE
B FU R R B 30 10045 8 A% R 4 ) R 4. A
FURE 4 UL FakK R AR 3 DL B R, BB [ Bl
ERERIEBIZIF BN AL 20184E7 H7HT
- EL 7R Ty e e 7 S T 0 e R B Ry 4 G, K b T
ARG 1, MR B A S s 1T I RO %

4 NEiERE
ARSCHEA T H AR TRT G 2 8 K 1)

BN S R R Al B, HA SR BB,
b 55 56 75 Hh — TN B A B 0 55 S T R .
2011 4E 11 AJFHG, & 12 4EmF ), 44 F B EL,
e 2 BT S U Tl R B R L TR S B R A Y

H A BUR R C Al BT R 40 T30 A ] A 28 38 11 K
o] 400 i 72 20 JRUBS: I 45 HE XU 00 X 1 e, A 4R T T
H A B A 1) 3 22 sh 2= 5 I RE T .

I 7 ] ] 400 2 Ay R S A 35 it 1% bR 9 B A
e I T v b XU R, e Bl T R A
JEL M 55 S 230 7 8 BE o E T H A G R 30 3 52 5
b 554 2 R [ AR OC H RR WF 58 AR A IAIR, AR SO
W

(UE%E%&%”l%é@E%A%JDHV
e Ay AR F2 B AT 4 2 DR PR AT 3 52 9 AU

T, WA WIER 4 AR A ﬂ%ﬁ RF A
XRS5 X R IR R B, 7= T R N R
A — R, B 1R A AR UCH LG KU



554 FNEE, HAK B 30 55 R B MR AR 277

A TAE 0 R AR SR B 5 1) BAR A PEA RIS B, TR R I 52 2 S 8 X R ik B A 0T R
IR, &, 5 U bR B 2 50000 Oy R3S A R R R

W, 2E% 1K BRRFLA KR EE TE AR, X — 0000 77 B 04 52 5 P & 3 R 72 T A 1
KRR AR AT TR EETRECAGY B4R

b 7R 2 2 B Oy R HEAT Y o 3X — 7 R A S N A (3) A< Jo] 300 i 78 A P T 154 A S AT 5 0
KT M EFE AR MRS WS EER, X BITE I, EN KA RS SR i,
HAR MRS SRS A, Y AMmg K T = R R [ AR A 1 S 30 3t 7 s AR AL 5

JE S0 b 7 R I R A g b M AR K R I A R R BN, R TN T i 0 K R 0 b R R S A
), % H 4 9 KU A 45 SRR e AR R o BB
S, A 1R AR R FE LS W A T AR

M T T (A BT A R R UM i,

25 A K VA S TR B 1T, 5 5B R o R R TR 2 5 B AR R 9
VER 58 4R 6, 2 SO FEITEE H AR IE BT 1 o 4 L 72 5 A T el £
R 5 S B T R 22 SURT i . B 7 9 B 50 S 25 3 24 th 60

(2) g U S 16 e A K R I s R sh i o M ER

ER P

[ 1] Koketsu K, Miyake H. A seismological overview of long-period ground motion[J]. Journal of Seismology, 2008, 12(2): 133-143

(2] PR, HEH, LR EZ, &R HARRMEREZ MY . &5 H, 2012, 424): 1-20
Zhou F L, Cui H C, Shigetaka A B E, et al. Inspection report of the disaster of the East Japan earthquake by Sino-Japanese joint
mission[J]. Building Structure, 2012, 42(4): 1-20

(3] BRige, @28, MR F. B0 3t 72 30 W J2 3t 7% 2 A T 45 4 34 5% o 7 455 AiE 43 7 0], HB R 22 412, 2013, 35(2): 250-261
Chen B, Xie J J, Wen Z P. Analysis of the seismic response characteristics of building structures subjected to near-fault ground
motions from Wenchuan earthguake[J]. Acta Seismologica Sinica, 2013, 35(2): 250-261

(4] BREET, EATE, AT, 45 )= i 2 Ik o B PEWF 52 20k D). TR 12, 2021, 38(8): 1-14
Chen X Y, Wang D S, Ful Y, et al. State-of-the-art review on pulse characteristics of near-fault ground motions[J]. Engineering
Mechanics, 2021, 38(8): 1-14

[ 5] Cabangon L T, Elia G, Rouainia M, et al. Seismic vulnerability of shallow tunnels subjected to far-field long-period ground motions[J].

Soil Dynamics and Earthquake Engineering, 2024, 176: 108313

1 vk S R S A TR KBS AR B R B HLARWE 5T [D]. M /R . MR /R I ol K2, 2016

Qiao H Y. Research on the seismic behavior of long-span suspension bridge under the far-field ground motion[D]. Harbin: Harbin

Institute of Technology, 2016

2R i 30 T M R B TR AR M ROV R KB R A b R R R 43 BT (D). B A AR RS K4, 2018

Li S. Characteristics of near fault ground motions and its influence on the seismic performance of long-span cable-stayed brideg[D].

[7

[

Nanjing: Southeast University, 2018
[8] ZhouY, Ping TY, Gong S M, et al. An improved defining parameter for long-period ground motions with application of a super-tall
building[J]. Soil Dynamics and Earthquake Engineering, 2018, 113: 462-472
b, FEOCHE, SEME K, LI T A RN A PR R B I aE 2 A Tk R 0], A AR TR, 2022, 38(3): 221-235
Wang C, Qi W H, Dang P F, et al. Some advances in research on seismic fortification based on basin effect[J]. World Earthquake
Engineering, 2022, 38(3): 221-235

—
=)
[

[10] DaiMH, LiYM, LiuSY, et al Identification of far-field long-period ground motions using phase derivatives[J]. Advances in Civil
Engineering, 2019, 2019: 1065830

[1L] Ak, RIHH0, Bl R, 55 B0 M 8 3% 5= 3l 45 AR K H ek 8 99 45 7 52 i 19 43 A (3], By 0l R AR AE 4T,
2009, 29(4): 473-478
Yang W L, Zhu S C, Hong H C, et al. Characteristics of far-field ground motion of Wenchuan earthquake and the effect on long-


https://doi.org/10.1007/s10950-007-9080-0
https://doi.org/10.3969/j.issn.0253-3782.2013.02.011
https://doi.org/10.3969/j.issn.0253-3782.2013.02.011
https://doi.org/10.1016/j.soildyn.2023.108313
https://doi.org/10.19994/j.cnki.WEE.2022.0074.
https://doi.org/10.19994/j.cnki.WEE.2022.0074.
https://doi.org/10.19994/j.cnki.WEE.2022.0074.
https://doi.org/10.3969/j.issn.1672-2132.2009.04.020

278 oE R o o R 2025 4F

periodic structures[J]. Journal of Disaster Prevention and Mitigation Engineering, 2009, 29(4): 473-478

[12] Liu W, Xiao C, Zhou H, et al. Experimental investigation of liquid-tank interaction effects on full containment LNG storage tanks
through shaking table tests[J]. Thin-Walled Structures, 2024, 196: 111527

[ 13 ] Furumura T, Oishi Y. An early forecast of long-period ground motions of large earthquakes based on deep learning[J]. Geophysical
Research Letters, 2023, 50(6): ¢2022GL101774

[14] AT, REE, FHEE, 5. 52 N0 % &K I 1 7= 2h 6908 = B #F 5T (1] T/ J12%, 2020, 37(7): 189-200
DuD S, Song B X, XuZ W, et al. Seismic retrofit of a high-rise steel structure considering long-period and long-duration ground
motions[J]. Engineering Mechanics, 2020, 37(7): 189-200

[ 15 ] BRI strong motion network[EB/OL]. [2024-03-11]. https://smo.kenken.go.jp/ja/report/201103111446

[16] w24 ok [ 3 J7 Kb = 09 g W [9]. 7 ¢ B %, 2021(5): 16-19
Gao M T. Be alert to the threat of large earthquakes from far away[J]. Overview of Disaster Prevention, 2021(5): 16-19

[ 17 ] 2003 Tokachi-oki earthquake oil storage tank in the Yufutsu basin of Hokkaido damage and fire[EB/OL]. [2024-03-11]. https://images.
app.goo.gl/'VmMx3EiHVt6HaCZQ7

[ 18 ] Japan Meteorological Agency. Information review committee on long-period ground motion[EB/OL]. [2024-03-11]. https://www.data.
jma.go.jp/eqev/data/study-panel/tyoshuki kentokai/index.html

[19] W&, MITH, T B = W2 IR 55 00 8 K H 1 PR HL 42 (0], R E 2, 2022, 37(2): 138-144
ZengL, TianBW, WangT. The progress and international comparison of earthquake early warning service[J]. Journal of Catastrophology,
2022, 37(2): 138-144

(20 ] 748 8RR 3 52 % (9): Hb 52 0% =il [7]. [ FR it 52 8 45, 2019(9): 32-40
Feng R. Interesting seismology (9): The trilogy of earthquake warning[J]. Recent Developments in World Seismology, 2019(9): 32-40

[ 21 ] The Headquarters for Earthquake Research Promotion. Reports on evaluation of seismic activities in Japan[EB/OL]. [2024-03-11].
https://www.jishin.go.jp/evaluation/long_term_evaluation/lte summary/

[ 22 ] Japan Meteorological Agency. Committee on information on long-period ground motion[EB/OLY]. [2024-03-11]. https://www.data.jma.
go.jp/eqev/data/study-panel/tyoshuki_joho kentokai/index.html

[23 ] Satoh T, Okawa I, Nishikawa T, et al. Prediction of waveforms of long-period ground motions for hypothetical earthquakes using
empirical regression relations of response spectra and phase spectra[J]. Journal of Structural and Construction Engineering, 2010,
75(649): 521-530

[24] e, RNIW, WK, % REYH =D EB O U R & 2011 48 b 77 K i i 5= o) = 6 19 3t 72 B)
v 3oL —3a )] HARMEE T 225 8, 2012, 12(4): 354-373
Satoh T, Okawa I, Nishikawa T, et al. Revisions of empirical ground motion models and the simulations of long-period strong
motions of the 2011 off the Pacific Coast of Tohoku earthquake[J]. Journal of JAEE, 2012, 12(4): 354-373

[ 25 ] Morikawa N, Fujiwara H. A new ground motion prediction equation for Japan applicable up to M9 Mega-earthquake[J]. Journal of
Disaster Research, 2013, 8(5): 878-888

(26 ] B HH 5%, My 2w/, KA, 5. KR I 7% B oo BE Ak I8 5 X OF B R R R (00 H AR b R T SR O, 2011,
11(1): 81-101
Takashi Y, Ikeuchi K, Yahagi T, et al. Attenuation and amplification of long-period component of ground motion[J]. Journal of
JAEE, 2011, 11(1): 81-101

[27 ] Dhakal Y P, Suzuki W, Kunugi T, et al. Ground motion prediction equations for absolute velocity response spectra (1~ 10 s) in Japan
for earthquake early warning[J]. Journal of JAEE, 2015, 15(6): 91-111

[ 28 ] Japan Meteorological Agency. Long-period ground motion Information[EB/OL]. [2024-03-11]. https://www.jma.go.jp/bosai/map.
html#5/39.893/137.637/&contents=ltpgm

[29] Oba A, Furumura T, Maeda T. Data assimilation-based early forecasting of long-period ground motions for large earthquakes along
the Nankai trough[J]. Journal of Geophysical Research: Solid Earth, 2020, 125(6): ¢2019JB019047

[ 30 ] Furumura T, Maeda T, Oba A. Early forecast of long-period ground motions via data assimilation of observed ground motions and

wave propagation simulations[J]. Geophysical Research Letters, 2019, 46(1): 138-147


https://doi.org/10.3969/j.issn.1672-2132.2009.04.020
https://doi.org/10.3969/j.issn.1671-6310.2021.05.004
https://doi.org/10.3969/j.issn.1671-6310.2021.05.004
https://doi.org/10.3130/aijs.75.521.
https://doi.org/10.5610/jaee.12.4_354
https://doi.org/10.5610/jaee.12.4_354
https://doi.org/10.20965/jdr.2013.p0878.
https://doi.org/10.20965/jdr.2013.p0878.
https://doi.org/10.5610/jaee.11.1_81
https://doi.org/10.5610/jaee.11.1_81
https://doi.org/10.5610/jaee.11.1_81
https://doi.org/10.5610/jaee.15.6_91
https://doi.org/10.1029/2018GL081163

