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THE PROCEDURE OF FILTERING THE STRONG MOTION RECORD:
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Abstract: Strong motion records of ground have been used as the ground motion input for the elastic-plastic time
series analysis of engineering structures. It requires necessary data processing before used, as they are obtained by
instrumental observations. Many strong motion records of ground have been accumulated in China, but there is a
lack of standardized procedure of data processing, causing some inconveniences to users and devaluating their
scientific applications. A complete procedure of data processing for the strong motion record of ground is
proposed, which will be particularly used in engineering practice. Three principles for selecting the cut-off
frequency of high-pass filtering are suggested, including that the low-frequency Fourier amplitude spectrum must
conform to the w? source model, that the signal-to-noise ratio must be greater than 3, and that the physical
resolution keeps consistent. The effects of causal and acausal filtering on the recorded time series are investigated.
The results show that these two approaches have their own characteristics, causal filtering causes phase shift and
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acausal filtering causes interference vibration before signal arrives. The effects of causal and acausal filtering on

the pseudo acceleration response spectrum are investigated using data collected in Lushan earthquake in 2013

together with some data recorded in 2017. It shows that the phase shift caused by causal filtering can cause bias in

the calculation of PSA in the effective period range. Thusly, it is recommended to use acausal filtering for strong

motion records used in engineering practice. It could help to guide the use of strong motion records of ground in

an appropriate way.

Key words: strong motion record; data processing flowchart; cut-off frequency of high-pass filter; causal

filtering; acausal filtering
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Fig. 1 A flow chart for data processing of strong motion record suggested by this study
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signal produced by causal and acausal filtering
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filtering (right figure represents a local zoom-in picture)
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Fig. 8 Comparison of the pseudo spectral accelerations of a
typical record before and after its causal and acausal filtering

A s LR DR SR B 3 A AR DR AR YT PSA (1)
RMFEEE, B9 4 AR 2 I I B AR il sk &
P T IEB S PSA SIEBHT PSA R #x, H
PLEAIE VAT G PSA 2 0] 22 5 BN Id 3 1
Sip AL F A S DU g A B

BT 98 B A A AR, JE S il kI
PSA S KA GX B Thay 277) FHAEZ 1/figpo
Ancheta 55272 5 07 75 %) NGA-West2 i 77 i sk iF
AT Ab BRI B2 85 KA AR SR 250 2% 1 1.5 1 LA A
¥, B:

http://www.cnki.net



328 r ®  h %
b H
= =y
< <
S £
s i
e 2 0 2 4 6 8 10 12
JEl /s
(b) IR A1)
& & o BRI
= =
< <
wn 72}
=) [0}
\lo i
= 2 12
S/ JE1/s
(c) R UEE FAL ) (d) R IEBE meEre)
0.3 0.3
¥ M bR i T o e
= =
: 5
=] =]
il ug
2 2
E 2 5 6 8 10 12 § o 2 5 6 8 10 12
- JA/s - Jas
(e) A PRIR UK e ] (f) PR T EL

K19 RRHM s B ic s e PR AN R R BB BT /5 (1) PSA X4
Fig. 9 Differences of pseudo spectral accelerations on a logarithmic scale between original and causal and
acausal filtered records in the dataset

1
1.5 i

XA DA 1 1A BBCARLE e T i 8 i A S e s
Ao BT ATCE R H R B D8 B SR
T E 8 FIFERIE (6) B S50~ Thaxe
P, P9 B0an T A7 2% 09 P F) i 3 T
PSA XF ¥ 7z, Il WANFNE SR Trax A PT2E
St BPIESE H T BIEARREE

iR W, AT R IE S AR IR IE R T 1
BME AT 0 fl, R FrfEZE AR, H
WY/ T DR RGBS 45 2R 1m0 DR BB A 1) PSA
BIEBHTARA WG, BT IRERUE B PSA [R5
ABGEE 8 Fron MAILS, i A2 #1675
MU . i B, fE iR shid AR
A PRFRRET, AR E G B fup M fip 25, A
DL R AR DRy s D8 e A B, LA R 08
BTN PSA 7 EBRGENT . T ZBIIINZE, 1519
2 RS A SR AE AR D R IE B (1 PSA LR 4R
AT IR 22, T IR WO Ty A7
B, XU IR AT (A, 1.5 TR B
XA AL SRR AN RE 58 4 X AR, BT

(6)

Thax =

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

e FE ST R EAE i
5 Z5ip

B o0 I 5 R i x5 e Ak G R A ST S —
(AR EGLRE , AR SCHRE HE T 00 ) AR S FH 1) 5 75 )
P b PR, WO SRR T AR Bl Sk DR UK
A PRRTHR IR ZE A, RS E

(1) 25 H T oy 200 8 R A b A AR A ) 3 A Ji
W, ARG e SR A0 L o R A AR B A
w2 R E WL AUR T 3. f IR S W B A HE
R, W REIER T SRR SER,
Ut TR Bl SR 1) Hiod A B BOE 45 EAT N L
ERAE IR

(2) 33 S A T DR R R I DR R e nT
SR IR RE M, 45 R B IX P A g T AR
H EFEE, IR UER RIS, T EBER
RPN 2551 AF ST HRES) .

(3) KA h F 5= Al s A 2017 4538 23 WAl
S, WEGCT PRIE U Ty 2O T R0 T R s B
(PSA) If15gmy . g5, DR RN S R IMAHAR 2
AT R TS B A B PSA 3 S SR 22, AR

http://www.cnki.net



T &

= 329

SRDEPI T W /N o DR e 080, 1 ) A B
[ 3 5 B0 SR FH A D AR g 5 3

EEPEE

(1]

Ren Yefei, Zhou Ying, Wang Hongwei, Wen Ruizhi.
Source characteristics, site effects, and path attenuation
from spectral analysis of strong-motion recordings in the
2016 Kaikoura earthquake sequence [J]. Bulletin of the
Seismological 2018, 108(3):
1757 — 1773.

Wen Ruizhi, Xu Peibin, Wang Hongwei, Ren Yefei.

Society of America,

Single - station standard deviation using strong-motion
data from Sichuan region, China [J]. Bulletin of the
Seismological Society of America, 2018, 108(4): 2237 —
2247.

W, 3R, AR C aS IR M o 2 R IR R R B
TSN E I TSR D). MRS TR S TR RS, 2019,
39(5): 1 —18.

Wen Ruizhi, Ji Kun, Ren Yefei. Review on selection of
strong ground motion input for structural time-history
dynamic analysis [J]. [Earthquake Engineering
Engineering Dynamics, 2019, 39(5): 1 — 18. (in Chinese)
TR, AR R IR, B AT BTS2 B A
o b B i N AN E PR SE AT ST D). TR D)5, 2020,
37(1): 115 — 125.

Ren Yefei, Yin Jianhua, Wen Ruizhi, Ji Kun. The impact
of ground motion inputs on the uncertainty of structural
2020,

and

collapse fragility [J]. Engineering Mechanics,
37(1): 115 — 125. (in Chinese)

SRINA, FEEL, W EG R, FRERSR, SKIDeER . SR A
= YRS HURE T VP AL T VA [0 TR D), 2021,
38(2): 146 — 156.

Zong Chengcai, Ji Kun, Wen Ruizhi, Bi Xirong, Zhang
Xiaorui. Three-dimensional seismic resilience
quantification framework for the urban gas network [J].
Engineering Mechanics, 2021, 38(2): 146 — 156. (in
Chinese)

FEEL. IR AN 70 ey 7 KR B 9 B 10 s s O
5 [D]. MR S R TR ) SRS, 2018.

Ji Kun. Real ground motion selection for multiple levels
of seismic demand in China [D]. Harbin: Institute of
Engineering Mechanics, CEA, 2018. (in Chinese)

VEYEA, 32, U dm A, AR, e s R I R )
A v R 2 i N AR BT S R [0 TR 4, 2020,

[12]

37(H T 1): 42 — 50, 62.

Wang Weiyi, Ji Kun, Wen Ruizhi, Ren Yefei, Yin
Jianhua. Impact of strong ground motion ’s process
procedure on the structural nonlinear time-history
analysis [J]. Engineering Mechanics, 2020, 37(Suppl 1):
42 — 50, 62. (in Chinese)

Chiou B, Darragh R, Gregor N, et al. NGA project strong-
motion database [J]. Earthquake Spectra, 2012, 24(1):
23 —44.

Akkar S, Sandikkaya M A, Senyurt, M, et al. Reference
database  for
(RESORCE) [J]. Bulletin of Earthquake Engineering,
2014, 12(1): 311 — 339.

Bastias N, Montalva G A. Chile strong ground motion
flatfile [J]. Earthquake Spectra, 2015, 32(4): 2549 —
2566.

Luzi L, Puglia R, Russo E, et al. The engineering

seismic  ground-motion in Europe

strong - motion database: A platform to access Pan -
European accelerometric data [J]. Seismological Research
Letters, 2016, 87(4): 987 — 997.

F Pacor, Paolucci R, Ameri G, et al. Italian strong motion
records in ITACA: Overview and record processing [J].
Bulletin of Earthquake Engineering, 2011, 9(6): 1741 —
1759.

Paolucci R, Pacor F, Puglia R, et al. Record processing in
ITACA, the New Italian Strong-Motion Database [M].
Berlin: Springer, Dordrecht, 2011.

AR R, R, A S, O 2013424 520 H Y )1
P L R A2 ) — AR ARFAE S AT [J]. M Bk B
R, 2014, 57(6): 1836 — 1846.

Ren Yefei, Wen Ruizhi, Zhou Baofeng, Huang Xutao.
The characteristics of strong ground motion of Lushan
earthquake on April 20, 2013 [J]. Chinese Journal of
Geophysics, 2014, 57(6): 1836 — 1846. (in Chinese)
Goulet C A, Kishida T, Ancheta T D, et al. PEER NGA-
East Database [R]. Pacific Earthquake
Engineering Research Center, 2014.

KA. MATLABEL 75 5 Ab BI85 ST S A DF: A
[IENHER M), bt AUt iR RS A, 2016.
Song Zhiyong. MATLAB digital signal processing 85

California:

practical cases: Entry to advanced [M]. Beijing: Beijing
University of Aeronautics and Astronautics Press, 2016.
(in Chinese)

Ancheta T D, Darragh R B, Stewart J P, et al. PEER
NGA-West2 database [R]. California: Pacific Earthquake
Engineering Research Center, 2013.


https://doi.org/10.1785/0120170290
https://doi.org/10.1785/0120170290
https://doi.org/10.1785/0120170276
https://doi.org/10.1785/0120170276
https://doi.org/10.6052/j.issn.1000-4750.2019.01.0042
https://doi.org/10.6052/j.issn.1000-4750.2019.01.0042
https://doi.org/10.6052/j.issn.1000-4750.2020.04.0219
https://doi.org/10.6052/j.issn.1000-4750.2020.04.0219
https://doi.org/10.6052/j.issn.1000-4750.2019.04.S003
https://doi.org/10.6052/j.issn.1000-4750.2019.04.S003
https://doi.org/10.1007/s10518-013-9506-8
https://doi.org/10.1007/s10518-011-9295-x
https://doi.org/10.1785/0120170290
https://doi.org/10.1785/0120170290
https://doi.org/10.1785/0120170276
https://doi.org/10.1785/0120170276
https://doi.org/10.6052/j.issn.1000-4750.2019.01.0042
https://doi.org/10.6052/j.issn.1000-4750.2019.01.0042
https://doi.org/10.6052/j.issn.1000-4750.2020.04.0219
https://doi.org/10.6052/j.issn.1000-4750.2020.04.0219
https://doi.org/10.6052/j.issn.1000-4750.2019.04.S003
https://doi.org/10.6052/j.issn.1000-4750.2019.04.S003
https://doi.org/10.1007/s10518-013-9506-8
https://doi.org/10.1007/s10518-011-9295-x
https://doi.org/10.1785/0120170290
https://doi.org/10.1785/0120170290
https://doi.org/10.1785/0120170276
https://doi.org/10.1785/0120170276
https://doi.org/10.6052/j.issn.1000-4750.2019.01.0042
https://doi.org/10.6052/j.issn.1000-4750.2019.01.0042
https://doi.org/10.6052/j.issn.1000-4750.2020.04.0219
https://doi.org/10.6052/j.issn.1000-4750.2020.04.0219
https://doi.org/10.6052/j.issn.1000-4750.2019.04.S003
https://doi.org/10.1785/0120170290
https://doi.org/10.1785/0120170290
https://doi.org/10.1785/0120170276
https://doi.org/10.1785/0120170276
https://doi.org/10.6052/j.issn.1000-4750.2019.01.0042
https://doi.org/10.6052/j.issn.1000-4750.2019.01.0042
https://doi.org/10.6052/j.issn.1000-4750.2020.04.0219
https://doi.org/10.6052/j.issn.1000-4750.2020.04.0219
https://doi.org/10.6052/j.issn.1000-4750.2019.04.S003
https://doi.org/10.6052/j.issn.1000-4750.2019.04.S003
https://doi.org/10.1007/s10518-013-9506-8
https://doi.org/10.1007/s10518-011-9295-x
https://doi.org/10.6052/j.issn.1000-4750.2019.04.S003
https://doi.org/10.1007/s10518-013-9506-8
https://doi.org/10.1007/s10518-011-9295-x

