455 o5 4 W E T B 5 T B & 3 Vol. 45 No. 4
2025 4 8 A EARTHQUAKE ENGINEERING AND ENGINEERING DYNAMICS Aug. 2025

X E4S:1000-1301(2025)04-0040-13 DOI:10.13197/j.eeed.2025.0405

BRMEINZEGER DS
ZEEASZIMEZRES

B & AHEY

(1. TP E MRS TR AT i TR TR RS H S, BB Ip v MR 150080
2. HUARICE FiiA R S B E A LR R, BRI MR 150080)

BT HAREIM A M S-net fY 496 MR IR0 5%, 33T 6436 L1 R MR S8, B 7R
o HiL A B 8 [ A SR B R . SR MLAERE 013y 32, 5 PR K TR TR R B 4 O
Wi PR R A T IR R Sh I AR I B BN S IR T WEE PRSI A ALC ED, SR T AR
RISHA e RIS DR ISR 2 SR I, KO- 1] 5 18 1] 3303 W00 S B0 1Y) o A A7 7 B 5 25 5
VR ML R 0 1 S 88 [ A %6 1 40 2 500 5 1 K UR T R A 18 7 3 96 - Senet WIS 5 3 K T BB T
102~7830 m, 7EHF K REE/NF 1500 m A9 DX, 6 ) 551 38 il 40 S B50(E 2 A 435 1) S RV 0 O [l I 8%, T
TEME KR E KT 1500 m (4 K8k, KRB (KT 0.8 o) 10 R0 0 35 08 5 ¥ /K 5 00 7 96 i b 7 30
R i) R A e AR v ELA Il S R VAT A R R R R i U 1) R B0 1 — S B PR 3 R [RA
T A 1t 7 A 8 ) AR A3 SR e ) (2 IR S 5 KT p A AR — B 25 S 5 A R
B3 MO TH R 78 PR ANV RS M iR B R I B PR 25 R XORh 22 R S UTRR R B O E ek, AT B
ZBLE B AR NG VA SRS A M TR () 5, 2% SC B A A0 13 D0 JEC b 7% 3 R i 06 3 b 75 K 3 XU

PRI T SRR,
KR : S-net; MR MR B 5 8 ) 432 TR B S0 WK IR
FES%ES.P315.9 XEkERERD A

Empirical frequency content models and analysis of influencing factors for
the vertical component of offshore ground motions
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Abstract: This study analyzes 6 436 offshore ground motion records from 496 seismic events observed by seafloor
observation network for earthquakes and tsunamis along the Japan Trench ( S-net), aiming to investigate the
frequency content characteristics of vertical ground motion components. Using random-effects regression with
consideration of key factors like water depth and sediment layer thickness, we developed empirical models for
vertical frequency content parameters. Significance tests and the Akaike Information Criterion ( AIC) were employed
to evaluate parameter validity and model goodness-of-fit. Results show that significant differences exist between
horizontal and vertical frequency content distributions, highlighting the significance of the water depth parameter

and setting condition. For S-net ocean-bottom stations ( water depth: 102~7830 m) , vertical frequency parameters
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shift toward shorter periods at depths less than 1500 m, while longer-period (longer than 0.8 s) records increase
significantly at depths greater than 1 500 m. The water depth significantly affects vertical frequency content.
Predictions for different tectonic types show consistent differences between vertical and horizontal models. Site terms
exhibit significant differences between inner-trench and outer-trench stations, possibly influenced by the propagation
paths of seismic waves and the topographical features associated with the outer ridge of the trench rather than
sediment layer thickness. This study provides support for understanding offshore ground motion characteristics and
assessing offshore seismic hazards.

Key words: S-net; offshore ground motions; vertical component; frequency content parameters; water depth

0 5§

VE R b2 ) A AR TR 53 S 0 BE R I ) R R 12 45 BT [m] S5 (0 B B . A AT b AR 2l A3 1
SIRHERS TP Al H S5 48 B 20 220G S R R AR SRR AR A T, LS 0 3 LU b T 5 20 14 5 B AR 2 ) )
HhnR N RNRE( spectral acceleration, SA) F#H B I3 ( Fourier amplitude spectra, FAS) REHE b4 5¢ 4
BBTCR B B o 2L T FH (8 M 1A i K ( peak ground acceleration, PGA) X —Fp i S50 56 M = i
JE BT RO 3 sl A B SRR A 3R 5 S AT DR SR AR Bl 10 SR B AR A AR, 3 T LA [F]
M= Bl Z AR R R R 28 5 BT TR S bR AR o S80S R Ge 0 A T R4 T Le e, mT AR
VAL IR A S 5K 3h S R, RATHIE 45" 58 a5 1 7% 20 (445 53R B4 2 8O AT 98 R 5r T 430 A
XA T 3 AR A S8 s G T ( predominant spectral period) |- 5.8 3] T, (smoothed
spectral predominant period) FIPE34JE ] T (mean period) ., Bl , RATHJE %10 58 35 23 BT 58 K A9 B0HE 4 ok
TR JRE TR ISUR IS S H TS A T, (averaged spectral period) .

UTAERE T il b b 52 B 10 S4BT 30 B o AR Y 7 1 2 T AR IR 1 B IR . S [R5
R X Bk R 1 SRR, T R T 2 MR 3 ALl 7 ( eround motion prediction equations, GMPE) ,
0, LEE % 366 5 2L _E AR S0 R4 A AR i S 500 M AR S B S 7L YAGHMAEL-SABEGH ™
T BRI 78 T /INEIE S (3.7 LA ) BRI T, T, R T, 1 RE S UMK RS DU ol RO
T RS H 0 (pacific earthquake engineering research center, PEER) Z0H8 A {02 HH T T B4 TR AY | AR
Tl e T SR BT EE S (V) OS2 ; CHOUSIANITIS 2510 Fl LASHGARI 251107 43 51 (i 1 5 B B30 0 o B
PRI T RTINS AN, YAGHMAEI-SABEGH 25 JE— L WF5Y 1T 1 w45 08 B8 b i =1 i A0 i
SRR, 22 A AR R TR ARG 1 2 A0 (1 5 i i 5 (R 0T 9 45 2R 52 B 8005 1t (9 B /) ; RAMOS-CRUZ %511 fff
FABGE IR 73 B 75 12 S LR 2% 20 05 1 ( SRR 1) i AL ) A7 5 R AR (B AT A N M RE il sk iy T, T ASC Y

Wit e T AR PR R IS AR B MR AE S R T2 G AR AR S o A Dy TET, TAN 2517
SR T HAR 2 YOO RR AR I AR AE | 45 2R S 78 T IS 4 752 3010 5% B9 33030 1L S 00T Y (8 i DR T Bl
HoFE B, HU %" i S-net 0S40 T H AR TR EC M 7% 3h 1 351 58 B4 2 IURFAE | D ST T 7K T i VA I b 7
YR I ARRIZE AR T R R R IR BRI 1 B AE AN R IR L TR A
C A Rl AR [ 14 22 5, (L) R R T DU b 7 8 1) s o) AR P S 2 el PR R HEA T IR AR

SRS B A WA IR M= Sl K o R Ly S 807 T R T R, {E0 8 oy e R K HG 2 g
FEBFFEIRANE . B i) 43 (4 M 5R SRR X TV TR S5 A BT RR BT 256 2, BOORE % 3 i Xt
SEMS 13 e 5t A IEC B8 AR AU A AT , $7s 17 VR I ML 72 20 ¢ i 43 A2 BN KM IR TR S . DIAO %515
Tt PRRSAALL 2PN T A2 0T s 1) M T2 Bl 2 ) R )2 K2 P IR S B A AR B AR X R
S 551 KRR ER A BT BHBT LU 2 UIAE G . A, T I AR 20 %8 1) 43 i I AP SR AE V/H SO 3% s HVSR
T AT A EABE . CHEN 262V F H AR ETMC 5 9 (14 3 5% 10 5 26 I R s i V/H SR e Je
JE B A TR R B A0S H . TAN 252 ] ETMC 65 RC R H ARSI ST T V/H 3% F
BRI T T 45 Gl A 22 5 S P T S-net TCSRMT 1 H ASAR AR S b X 8 M, 7.1 9458
SR SEARRAE X L TR [ BE TPy V/H RS IR R 22 5, AR SR HVSR i Oy i
5347 T DONET1 IS £ Sliic s il ORI, & IUAR 307 20 37 b A5 PR R IS B X0 T I 65 30l 1) 3% LU AP AR AT 2



42 ok TR 5 TR kg 545 %

FR X SEATFE R TR AR B0 B ) iR R S AR N R AR O, T LR B B IR K IR R TIRUR R
FHE,

ARTCE SN 1 e MR B0 8 i) o3 AR B Z R0 AT TR OF SOk i A FRIE BEAT T X Lo
B, AU Z 01 22 52 . BB, FES 75 T HU S50 52 i 7KOF- 23 o003 i 3 20 AR =1 ik I
8 TR X — E R PR A 13 T I R R Sl 1 B O B AR R AR SCIRA
PR TR e 7 M 30T 4 Bt T K TR 2 R PR 88 25 52 Wil R 2% ) 28 A AR, Ay LA R 000 G b 752 Sl Rk %
TR O KB PPA S I S0

1 BRMEICE

S-net 5 ML WA . S-net S M H S1~S6 1Y 6 I~ T REH M, A 150 N EE 53 (ocean
bottom seismometers, OBSs) , H:H1, S1~S5 F R G0 OBSs M+ B AN kAl 15 , 7K RIB% 20~ 30 km , B[]
IRy 50 km, H 2016 4F 5 A JF4RiafT,S2. .S3 M1 S4 A B B H AR F-AE 2 s e rh X, S1 A S5 il
PR IXASKAAAET | R KRR XU 5 S6 F R SGEM OBSs 1AM AR, H 2017 4F 4 A FFIRisTT,

S-net HFIIE 5 W 5 0 1Y A1 1507 232 BIEK B BE 19 52, 4T K IR BE (D, ) /N T 1500 m I, OBS Ji & 71
JETHZHY 1 m DRI ASCRR g E Gl it 41 A4S X moics 7 =X 5 el D s i e s skl &, B 1k
ool 5 22 5 K R EE T 1500 m B, OBS [ HHACE 2RI , A SCRRON AL &3, 3531 100 4, BISRMYZ,
A 3K /NT 1500 m BYEEIR & B2 AR G b, 739028 SINO8 (D, = 1387 m) \SIN12(D, =1239 m) F
S6N24(D_=1276 m) .,

Sk He T IS MR 0 s K o3 B 45 6 1) B RUR SRR, AR SO T BE B 605 1 496 MR
(1 6436 ZHEIRHLR SNIC % RG] 4.0~ 7.4 9 FEUREE 300 km LAPA (4 W2 A5 BT TR IR =R,
LW R BN AR R A o TR MR R A A I TRIET 1 min JFARAY 10 min BB, i
P& {5 M EE ( signal-to-noise ratio, SNR) KT 3 AYMEIRMFE 30 5% ; S-net IOHUERAUICE TR A48+, Hid
SRR SR/ i i B /NT 0.1° (R I Hb% i s> WA B3 A Al TAKAGT 487 Al
TR A0 PR A T AR R4 B C S XY Z A3 4 /g EW NS 2 UD 34 SR 5 BRI T 45— Ab B A0 4% JE 401 1F
(fl FHAERT 1 min 30 SRIY(E) F1 4 BraiF i@ dEd (0.1~35 Hz)

MR P RIGR IR ULIE 1, 18 1(a) KRB /NT 1500 m ARG £ 0l 10 SRR PR IR I 3 A
FFE 41 AR G E S 3 AR SR (SINOS SIN12 K2 S6N24) 5 [&] 1(b) KifF AKEREER T 1500 m (1
VRIS 5 Sl SRR PR TR IR A, 2 AR A i 5t . KA ZHAO %578 S H i b 2 432y S i e it 4y
R b g i E (shallow crust earthquakes and upper mantle earthquakes, SC&UM) A iy H 6] Hb 72
( subduction interface earthquakes, INT) FIff 47 A PN i 5% ( subduction intraslab earthquakes, SL) ic 5%, 7
B ol R SUE G = MIEMLLOTTIEARCERR . S-net 18 5 85 TEKIRE/NT BT 1500 m
S -netiE IS 5 5 B0 SOC A5 B LR 1, B TAAAE 3 MK IREE/NT 1500 m WIS 65 3l 2 AR 3 5 0 (B
SINO8 \SINI12 F1 S6N24 ) , K LI K EE/NT 1500 m 4 S-net WIS £ 5 Bt L3 & & 550t 22 3 14,

8 8
x SC&UM 000 moo Mo oonomr x SC&UM
7 | & INT 05 B D 7L A INT
o SL o SL
= 6t N
- . )
= =
8 ,| B,
3 - - : : 3 ‘ : ' :
5 10 50 100 200 300 5 10 50 100 200 300
PRI /km PRI /km
(a) WFKIEE/NT1 500 mIHEE & i 5% (b) HKEEERT1 500 mAIHEEER & uhid s

B1 BELBRESS

Fig. 1 Distributions of moment magnitude and source distance
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Table 1  Information of S-net OBSs with water depths less or greater than 1500 meters
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Table 2 AIC values of the GMPE considering different explanatory variables

AIC
To Ta\g Tm
My, R, h 4198.232 6252.216 5801.195
My, R, h, Dy 3534.347 5929.121 5440.504
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Table 3  Regression coefficients and deviations of proposed models

E 4 T, It T el T, el

¢ -4.936 150.311 -4.052 100.642 -3.871 100.633
2% 0.709 97.838 0.594 67.228 0.549 65.025
€3 -0.001 4.972 0.003 17.400 0.004 19.598
et -0.007 16.772 -0.011 21.000 -0.012 25.588
es. 1 -0.000 17.921 -0.000 11.542 -0.000 13.036
e 0.679 75.412 0.614 55.688 0.586 55.632
¢ — 0.004 15.919 0.004 17.434
el -0.007 7.553 -0.017 14.317 -0.019 17.325
cs 1 -0.000 26.836 -0.000 15.135 -0.000 15.303
e 0.692 101.886 0.565 68.323 0.514 65.154
e -0.001 3.896 0.003 17.056 0.004 19.524
cam -0.004 10.480 -0.007 15.061 -0.007 17.200
es 0.000 12.675 0.000 8.342 0.000 9.339

¢ 0.301 0.363 — 0.347 —

T 0.166 — 0.198 — 0.211 —
b, 0.219 0.254 — 0.219 —
beos 0.207 — 0.260 — 0.270 —
o, 0.275 — 0.322 — 0.304 —

oy 0.344 — 0.414 — 0.406 —
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