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near-fault ground-motion records. The pulses in these records can pose severe ductility or
strength demands to the near-fault structures and can subject them to higher collapse risks. Fur-
ther research on the characteristics of pulses in near-fault ground motion is beneficial to deepen
the understanding of the response of structures close to faults, and provide theoretical basis for
the aseismic design. At present, methods related to strong motion processing and identification
of near-fault pulses mainly focus on the single pulse in a record, so the multi-pulse characteris-
tics of near-fault ground motions are less involved. Hence, a set of methods based on Hilbert-
Huang transform (HHT) are proposed here to investigate the multi-pulse characteristics.
Firstly, the raw near-fault record is corrected by the proposed HSA method, and then the ideal
pulse signal can be extracted by the HHT method from the corrected record. According to the
extracted pulse signal, the statistical relationships between pulse parameters and earthquake
parameters are investigated. Finally, an effective strong motion duration is defined based on the
pulse duration, which is verified by the nonlinear time history analysis of multi-storey build-
ings. The developed methods are particularly suitable for multi-pulse records. Stable peak ground
displacement (PGD) and physically baseline offset time history can be obtained by the HSA
method. Each velocity pulse in a record can be located in the time domain exactly and automat-
ically by the HHT method. The proposed definition of strong motion duration for near-fault re-
cords can well characterize the intensity of multi-pulse records.

Key words: near-fault ground motion; multiple velocity pulses; Hilbert-Huang transform;
baseline correction; effective strong motion duration
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AT W7 J2 3 52 B0 X Wik 3T U 22 45 R ) Y S 3 R R 2 YR TR K A £ BT IE 92 (Housner,
Hudson, 1958; Housner, Trifunac, 1967; Bolt, 1971; Iwasaki et al, 1972; Hall et al, 1995) . W3¢
FH, XM R B P AR | DR R b R A 5 R 7 AR O B RN, e e i 2 T R 2
) 77 A 1 IR /Y 35 35 [H (Bertero ef al, 1978; Anderson, Bertero, 1987; Makris, 1997; # 25t
JE 8 o6, 1999; £ 7R TH4%, 2003; Kalkan, Kunnath, 2006; Luco, Cornell, 2007; Champion,
Liel, 2012; R 2%, 2017; R 1F5F, 2022) . X 1T W7 )2 M52 2l bk vh e 59 TR A BT 58 F] T
TR i x0T J2 23540 52 17 TR, DT Ay 3 T 22 DXl 4 4 1) e 5 8 4 (it SO K 4

RT3 B8 Jok e 3 o 30T W )2 M RR Bl A 1) BT 1) P ARONE RN e AL N SR L R T MR B
W4 B BOE BURLASR I L O R B K s T 5 b T K A R SL RS AR O, A B AR B R T SR
14 FL AT 7K KL RS 114 3 B2 Bk oh (Somerville e al, 1997; @775 #F, & 8, 2001; XJH J7 %, 2006;
WIHEZE, WHALSL, 20115 BAEAE, 20155 ¥, JWGE, 2016; MR AEAE, 2018; BXBRIF4E, 2018).

X 3T T J2 52 0 UK e A R AR S IR T R R SR VR SR, TR R AR
MR P T AR SO AR} ) 45 DXL 3R R i, i s b 752 50 o 3 R L S S T sl i b A A R D A% (]
B (Boore, 2001; F EAL, JE4570, 2004; Boore, Bommer, 2005; #2/NE4E, 2011) . T 7E )R 4G
5¥R 7 T S i 2 W A R R R FH 4 U8 8 5 ¥ (Chiu, 1997) , 23 T BRI R AON 51 & K AL RS, AN
TR W R R . o B IR TR RIS BN iR, 2 H R B2 8 R 0 R AR A E R
i J5 ¥ (Iwan et al, 1985; Boore, 2001; BB 4%, 2007; Wu, Wu, 2007; Fi#34E, 2009; Wang
etal, 2011; WRZESE, 2013; ZRAHKSE, 20145 555, 2020) . SR Iy EE A A2 AL
BB TRKANEE, (HNZSHER EMMER R, RIESRZRRKR, LSRR
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FE By b 17 W4 {E v F% (peak ground displacement, 45 4 PGD) . BbAh, FEFEL ML 0 F & i
S 2%, WSO B 2 i A ak B A R R R R AR AL, T A% B8 43 B T K e 4 A RS B Sy fin
FE AR 1A B B B BR pR R, R R TR A KR R A Ok, BUE
A3 T RT3 5 T SR P B LS R R A (AR ) 13 R T R A R, B E T BRI R
# 20 s LA F(Buyco et al, 2021), P A 0622 A &7 1) FE LA IE J5 v DAl i A 1 TR oK

BT AE S BT W2 02 10 sk, AT DL TR BE ok o O X bk o 2 RS T R T R TR B
g8 . WSS HUR M R, @ ORISR IR o % AR REHET Hb A AR Ik b B 52 3 1
FHR B 4546 e g AV IR AILEE . A DG 58 7T 43y B0 AR A R AE K ot (Menun, Fu, 2002; Makris,
Black, 2003; Mavroeidis, Papageorgiou, 2003; Z=#7 ik, AHi, 2004; Alavi, Krawinkler, 2004;
M EFL 4, 2007; 22004, 2017) F15E T 15 5 40 B8 R 19 75 ¥ (Baker, 2007; Lu, Panagiotou,
2014; Chang et al, 2016, 2019; Xuetal, 2016; Zhao et al, 2016; Zhai et al, 2018) FiZs. ¥ %
A5 SR AT b 7R B0 Ik o AR T LK 20K o 7 b R b o R Bk v R AT GE, B EE S
RO AR ET S, T N R M B AT Dk e R B U LT E R TR S A B R T 1
YR E T Z Bk vhic 5% . Lu #l Panagioto (2014) 48 Hi i 22 3 B ik b 3 10 42 U ¥k L 9% 56 1 2
T Z B K E O, (AR R BB I AE S AE BT B E AR S, TOUE U 2 LA Kb i A B
Z\; Zhai 55 (2018) 4 i 1Y 22 Ik ih b 52 31 22 12 4 7€ 19 B 12 0 A 0T W 23 M 52 0 ik o s M 10 F 9 42
BE TR AL, ABAE 22 K o R B S H0R Uy T A7 A TR AE

R 30 T 2 M 5E 3N i 2 TR Bk b 5 45 A Rl i R N B B R IR o R K R B % (Gade
et al, 1995; Cordioli et al, 2010; Z=UN%5E, 2016; T 5445, 2017; A B HESE, 2019), (H2 32
T2 WK B8 XS8R O 2, BHETZ KR R AR W sk =, FE45 M0 o i h
WAR LTI . ST 602 MR B i AR IR 1, A5 MR AH DG 19 S B0 2 DA B 1 4 34 5l
W 2% b 7% B 09 5 BE R R RF B S AR N B 51 OA I )2 M AR S R M 4 B ARt (Bommer,
Martinez-Pereira, 2000; Riddell, 2007; #: %< 7145, 2020; Mashayekhi et al, 2020; &} & -4,
2021; Lopez-Castafieda, Reinoso, 2021) . # HBYSREZFE N 848, Q01— BORRI | 45 5 15 B A0 fif 5L
V37 (Arias) £E 5 (Arias, 1970; Bolt, 1973; Trifunac, Brady, 1975) %% )5 F i & i 72, Afig
YHE T 1 3 AE EL AT R AR 4 v %) bk b B0 i %3 B (Sarma, 19715 Shahi, 2013) . Repapis %% (2020) 3%
F M&P - J E AR FE IR “Rkob” , g BCLL “ I Bk eh” R S ()T S AR A R I sk
PSSR RN AT, BAEIZ T, BRI “Bkoh” A58 e o il b i B S ko, “F
Bk op” B0 B, WP L B 2O, LK e R B R b 22 1) YOG RN B

g5 LR, O T 2 Ik ofeRe v 0 TR B ST 2 O W8T )2 Ml R Bl I O B R AR S A B R i
o R T i R0 (). 22 R K b R R S A S TP IO L R RR I A AR ), 22 B Ik o R E B
P B WROAT AL Sy 1 52 A% 5 8 15 B 3l () B R A7 78 i IR B i 7 . SRR S AL AR L,
i JRAA HF 25 75 $ (Hilbert-Huang transform, 455 S HHT) 7 B 38 471 3e8, ][] B 512 B0 488 5 40 9 2R,
A =R B 4 (2006) B T [ P4 S b T HHT X 37 b i Ak #E 471853, 5K AR L A RUHT (2014) 4
BT HHT #2  7HE PR = sh i B 7 5, BRI Z A0, W 1 25 0% HHT i H] TR T
FRATBE BT 58 (A 8%, AL ST, 2003; 4 &7, B A, 2003; KARIL, 2003; Zhang ef al,
2003; ZEWE [R5, 2007; BHE, B KZD, 2008; BRIEF5, 2010; IG5, RKEF, 2010; 415
A, 2011) . FEASC, VR K B HHT B30 5 43 BE R 0 B 9 8, BE X W7 2 b 8 3, 42
o TR 5 AR 0 SR R ZR A IE | 2 B ik b YR 0 R BRAR i b O SR B R G vk, TSR TR U
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1.1 FHRAFEEZHEESHT (HSA)

A RAAFE T AR $ (HHT) J2& i 3045 55 T 1998 4R 2t iy 58 4= A AE i AR L B PR %
B 4343 #7125 (Huang et al, 1998) . 5/ A A0 tb, HHT 76 i 888 A5 48 43 25 O 1i B AL .
HHT A 320 A Ve BB 29, SCTE T5 5 19 R Al A5 P, 78 SR Jmg 75 00 48 Iy A 5 28 1) sl 42 33
25, JIf HAEAT B0 20005 09 43 B R B8 2 A2 E 1Y (Huang ef al, 1998) . 3T W7 23 5 1 7= 8 v i)
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AR G 5k v b R ECE RO 1 S RS

HHT 434 4 50 B35 41 f# (empirical mode decomposition, %5 4 EMD) F1 X} 43+ fi# 15 21| B9 A< ik
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S HR AR 5 AT Rk
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A, ORI, @ IR, x(0) RIS S, o F5 i BT IMF, 0,(0) AR o6 KL, 7 k48R i
S AHAL PR B AR R IR

WA 4 iR J5 (15 5, AT EAT A R 0 7 B 5 %5 B2 3% 43 BT (Hilbert spectral analysis, 455 4
HSA) . B335 T 1998 4F 1 K42 Hh 7 JR 1A 518 50 B B9 E & (Huang ez al, 1998) , i &7 LA A i) =35t
FR A% () N Y RE B o A kAT SR E B E S, BR O Ay KA A BB B % 3 (Huang et al,
2011) . Lk ¢; Rl co; 72 52 4 OO A 194 i 2 A1 45 BB 2 % J3E W R 08
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A A F Aw 53 53 Sy I ) FUIUA 950 23 (6] B 5 a0 56 kA4S sOROIRAE SO 5 ¢, R o) 53 351 R 465
i A I B 73 FER AN AR 3 5 n S A A Y HSOHE SRR

5508 B3 3 B RN AR AT AN TR, 7R A SR AR R R 0 RO A A, R ) 0 A ) g LA
At Ao BJEJRN 53 n A AR, J3 BE R IR T 5 A 1 ROST, 5 B S BE IR R AR R TE
Ko BB RUAR B A AR RE S S, 500 BT Al O ) 1] AT B3 ), BRIV R] AR5 fig &
bR, B

N
hw)= 3 Hww)Ai=2- 3 @, (3)

i=1 k=1



828 i = 2 Eire 44 3
B ] R A5 15

13 B35 1A A o B AR A () 090 3 R b A o B8 0 A . 4 0 s i X AR P R

2 HZKIER HSA 7Fi%

AR SCHR H B B 2 IE T vk A HS A 0 A a2k A QR JUHT OR 52 7 e 19 1l 72 3 = BB 1 TR
g3, TG B TS Y F A AT R B — B b B, R A A AT A AR AR A kA W K A B LR
SE 14 30 T U6 FL 32 B (PGD) , itk 1AL 5803 BURCIE D7 ik b, BEIE S RANERS € Sk 2k fin 7% 5 e PR
REARABURE 9 ) L, [ B 48 I HE FL A 0 B S 28 24 i % o 7

1.2.1 #BRTERS

i 7E B (55 22 EMD 20 0 4 B 28 4 52 (IMF) , Xt AR [ IMF, 15 Y4 B AR, M
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Fig. 1
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Energy density distribution in time-frequency

Taiwan, the same in Fig. 2)
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Fig. 2 Displacement time histories of unconta-

minated components extracted from each level



518 FART A« ST A SR AR R S 4 30 DB 2 M 72 ) K e R R A 5 829
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TCU129 (EW) during Chi-Chi earthquake TCU129 (EW) during Chi-Chi earthquake
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