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Abstract

The so-called site effect includes linear and nonlinear site response. Site effect
behaves linear in most situation; however, nonlinear site response become remarkable
during strong motions especially at soft sites. Therefore, how to consider nonlinear site
response is quite important for strong motion prediction and seismic hazard analysis. This
study tries to analyze nonlinear site effect for both inland and offshore sites. For the inland
sites, we use the Surface-Downhole stations for the analysis because several earthquakes
with magnitude larger than six have been recorded by the network and the shallow S-
wave elocity profiles as well as the site parameters are available from recent studies and
it will be helpful for site response analysis. As for the offshore seafloor sites, there was
no strong motion studies due to lack of data before. Submarine cable stations have been
installed on offshore llan, close to the active Ryukyu subduction zone, recently by the
CWAB. Seismic records can be used to study site effect; however, this study has not used
high intensity ground motion records for further nonlinear effect analysis at those ocean
bottom sites. The work items in first year project are using observed seismic data for the
nonlinear site effect analysis at the inland Surface-Downhole stations as well as for the
analysis of resonant frequency at submarine cable stations. Weak motion data were used
to calculate referenced empirical transfer functions at the Surface-Downhole stations.
Strong motions are analyzed to compare with the weak motion (linear effect) results and
clear differences caused by nonlinear site effect, ie. lower resonant frequency and
deamplification at high frequency, can be found. In time domain, amplification factor of
high-frequency seismic wave (spectral acceleration of 100 Hz) decreases with increasing
downhole intensity. This is an alternative approach to see nonlinear site effect for high
frequency seismic waves. We were unfamiliar with strong motion and site effect on ocean
floor due to lack of seismic and logging data. Seismic and ambient noise records of
submarine cable accelerometers (EOS2, EOS3, and EOS4) are used to study site effect
on ocean floor. Single station horizontal-to-vertical spectral ratio (HVSR) is adopted to
study the resonant frequency as a preliminary task. However, no nonlinear site response
was found at those seafloor stations from this study currently.

Key words: Strong motion, Nonlinear site effect, Surface-downhole station,
submarine cable station

384



1 %=

LR W RSN S -8 ‘4\15153‘;;‘“PEE§?§E,, s Tiﬁxﬁ%ﬁ;‘x\ﬁ'
BrRE R ITE KL HE B %'ﬁ@f’r/i%ﬁﬁfré hod T BEFERE AN
ABBRTHEFEARE Y T RREPIE TR @%}J%ﬁlﬁ’ff’ﬁf?—ﬂ &
SUEE G RT- R BB ﬁ#?;}'”f'fb"l’%_ A ﬁd B & BRI PR A LS S &
RfETA A~ R RTREESRF oL RRBFIIEEA O S % o

=

Fhhizl gk — 'rf,ﬁgﬁq’w;ﬁﬁ;yyﬁﬂg% S o
ﬁLE-dE'J:‘"7/E ﬁé—@#i‘iﬁzl ??{:’BEI’“ _%f: ]60 B+ —2 Tm
%%ﬁﬂ“&a#«‘}w %&3*&&*%&’?#&_/K%%5gﬁ;‘li£ TEENE T R

% Mok B3 p T Hquiﬂ—r%ﬁ@_‘dﬂ&,mﬂj\g %3 %m—l’-% i

%r-r'r"?%ﬁv MEL '}‘]LL;}%_J"#,)&L,«mﬁ:rjibﬁiif‘& ]"}Jiﬂj}'g_.]g,)%‘ma’/l
e LA R 4 A L R R SRR S A KT
LA B 1L 5 R T ga 5 106 £ S K - B FEE o 5

B

RE

)S.‘?
1’3)&

AR TE LI 56\,3,,7>y,5¢ _; & pé;ﬁ;g §§%ii,x/f—1i\!§i’4tiﬂ@‘f§\fga|~}-g
B x:mﬁrr}f by FAT A %ﬁ% W pE 3f ¥ (Earthquake Early Warning) 2. * >
FEFORE R AT G 2k R ‘%,/l%‘% 5% B e

SR aERF ERPE NATF TR ARG B IR i )Fw}i
ik (E* 5 K @%ﬁvmiﬂ@ P drpbonfls € F 2R S g A o PRy
mﬁAﬁl.gmﬁF%“% 4 gyﬁﬁﬁﬁmﬂﬁﬂmT%%i°ﬁ3%%
Fo—2 T 3 BRIk B 4o AT vé CFEF I SR RTR T S R
BuliEie VEARMATT S5 .ﬁ*@l@%<i 2m9) ESE IR CE U S T
FH b pEE G 42 B Tﬁ'{'}j— SR RESOVRFEFAY (R FFTER
B T fr+~ 2Bk S L B TR sk g p sl o Bt 0t 0 3T E R G
Bk B *rs,a%amml P BEARE TR R Ko F]s %‘/FJ%# MR
HOEIR A T RS %m%ﬁéﬁﬁ VAT b R E B R A R s
FHF I FEFFEILIBARATHET * RPREERAMET R ETHF -

1.1 7§ #5148

Bt R R TR BRI A B nE R TS 0 A R R A BT 0
a7 paﬁﬁ,Hu;‘;fi'*a‘ €3l Pam)a/ﬁt%mﬂ’u‘%k AR E RE AL RS
#iciz 2 b (Milne, 1898; Wen et al., 2008 ) - LT R R ke
A iE ’i%:«“ﬁﬁ%iﬁ%iﬁi;ﬁﬁ"”ﬁ%”*” F\i“%ﬁfﬁﬁ LI KRR R S i S
FLEu L1985 ke B e R RPN % HR 7 1986 & =i ¢t & = B (ML6.8 )~
1999ﬁ§:§:%5‘(l\/||_73) ""L’ZOOZ-EE 33wk am R (M68) 44 23 % d
WHR A @R e b 0 Fla L PRI e

Kuo etal. (2018)4 47384 3+ 4 —# T 3 Ziplzhd & 7 3 L art X sty B R
? RS PGA A BF T I BIN208 o P ow A —F THEHL RIS
P AT - AT R RERE 4 (2017) & P B A fed T
%R R E S iﬂz B B cndl 3% Sofic (Transfer Function) » T4 s 2 & x5 4
A id & 3¢ (S-wave Velocity Structure ) H 5 % £7 & i 5% 3% # B (Kuo etal, 2018)~

385



(Wangetal 2016) & = 2 979 2 T3 AT 0 R o F)3E 2 E )
T\ Hi 23 L pIEEE T e ;aligb'%é_i%?fif‘ﬁiili’f#iﬁ“ FHr % 4 (2018;2019)
- i rs*i?#%ﬂiixlﬁzié P B R REAE 27 Bp sk ai g
,# -ﬁ—;hi'p R A A o /ﬁ»LE‘Z‘f#S\E ’ ”Tl*i&f#&/#&i%ﬁaé/?]“&m*" ﬁi? Fd
o ?&ﬁhﬁeﬁimy”%%k f245 R R 9 2~3 28 » @ * TSl o
i:/% TAFRBERL R E Mf'v’ B3 V30 (3R 30 o> pTaT 4 RaE)
CHRPORR FHCZI0(H AL F 4 HEF L LR KRR ME T Y
PR B AR R GO LATR o TR %%”Lm%%ﬁﬁﬂuiﬂhﬁ%
N R T A sl Azami < an ) - Wang et al. (2016) 4 473+ & — 2 TR sk enT IS R R
iz (Q E) &5 ki (Vp~Vs)- Laietal (2016) P& A4 474 & fo2 = 3
A ROk 0% P F]5+ Kappa ©

FAPH E A (2018) ®* 5 BARAR RREATMEF AL BT H
2017 # 2% 11 p4aiT/hakr R RFREFEATEL P 4 EFIB 1208
At R AR IN(<4 2 L) faROTF §ohin- i A i 3 o Lin etal (2018)
BTN E g iT s s }%% BRRFTA O FRHEE gt (HVSR) B s b ok
@3 o HEFHEIP S A6HzE 10 Hz2 & » EOS] 3545 HVSR fp - 2. T 4r
& P Agenkg F4E 5 o Kubo et al. (2019)4 +7 DONETL jp| =k A 2016 # southeast Off-
Meit & (Mima 6.5) % 4 prengnl sl > #F R H £ ;%ﬁP#Erl’H'ﬁ% L ek

¢ * HVSR # iz DNL( Degree of Nonlinearity ) = /% 42 i H 2L 44 35t s (Wen
et al. 2006; Noguchi and Sasatani, 2008 ) 2_ #2 & > 2 I8 A Blebrr @ BRI AP 4 ¥
2B R o

12 mE Pz R &

zz:). 7__3_
f-h-

hi -'Tl a I M\m;?%

B R (ot PRL RIS 0P RARL B8 ) fok R ALk 1
(drdg 3 37 5 Rf%ggﬁﬂ4$%ﬁfﬂﬁ*Eikﬁﬁ%ﬁiﬁiﬁ
) *i*ﬁ—”:)ﬁ%m?’:fé AR ER 0 By MR o gt A —F T R
SREFE AP %% ek Boiesk 0 R A IFE o s AL e ﬁ;ﬁ#’r iz > A4 m;b%—h_
R LT L BK S ST SR A A R L R 5
BLIAZM S o DS FEL R ’Ksbﬁl,\ TR G RENLT o

A —F TR ZEP kAL h 2007 E R AeE R 0k I BB AEC6 1
BB ehsh b B edk o do 12018 # 3 7 fr 6 1 chd ik B~ 2013 & 10 0 sl ARk
~2016 F 2 7 Fke B2 2018 # 2 0 iR BRE o MY #F’ 412016 & £ )k
# % (Chenetal 2017) 4- 2018 & f-i 2 (Kuoetal 2019) ¥ Lju‘r;,;u}ﬁzz
$7 R, ’&P%%Eflﬁ%fﬁﬂ?g R B 0 3F AN B R Pl LRI TR E B F enZba
MR Ao d T2 R RBLBIT dvo 033 R b AR L KK R RS
Lk E o T gﬁ.,*;fiage ﬁvm#rlkn_‘.’ FIM N HIE G RATRITGE M RAK
e
BIp L5 E R AR R ﬁﬁﬁ?%eﬁ%ﬂﬁnfﬁeeﬁmﬁ
MEL 4B H i‘c%@‘-ﬁ;‘ﬁ BB ~ e ;?—;m?h/ii 2R ES G G o AINES
BRI P4 TN g );?, & & % (Force Balance Accelerometer FBA) &
friﬁﬂ (ShortPeriod, SP) 4 B3+ B ik o /& 5% B ReE & B 4oit 49 3047 14T

386



LK R RIS RVEL ) BN B LA R b s Bieki A kAT 0 SR g
% e ke A AT e Tk R -

2. %ﬁﬂdi%&@

LF s d—2 TRRRHAH

FHF doh otk A FR 0 p 2007 & B 4s 0 gt A — 2 TR Z RGPk
34 r@éé?éf{ié@@ 60 i iplzk (B 1)> ' 0 2t 484 § chiplab ot > ¥ o K
# (PNG)~ /| zizk sk (WLCH) ~ fg gk (LAY) 2 % § (LDU) ¥ 4 i@ b § Rl 2 >
ABALES KET R OVRE Ao - RTHEIEY RRZHAE S B
WA (R enfles o

LRl R IR AL TN RR RRE S T 2 ik B
|}31§)§(%,}};F>4¢, R L -3 ,:g%iggy%fio;gqi&,%ﬁp@p ,¢3g;§z,1%§,

Flet kp e e s gt MO T OEERAF RO ST R REXET
LBE G EREAFTEXGT LB 2 (5% 3 Kuoetal 2018) -

r%_/%{"ip'gﬂ ﬁ'; /4}%“‘)&@5 /411#”1‘37%.,/? J -»L»ﬁ: ‘L%J?b‘?\;fé’

syT %L%Jirr—s‘ Fi7 Ty B2 Brp A SRR SRPET S 0 RPN AR

TR E T BAEF EREREFERAS T X900 2 = | 2700 2 = 2

F"* é‘»pﬁﬂs e Rk ey o LplEky o 45— it THE (FBA) frieik ¥ (SP)
LE R RERUEORKE AR 4 TN R R T o

2.2 B xRt

R E Y CRRIRE A 5 2017) 200 & 45 54 B ip| =k e %WM'&’ "
FLRMEF BT OEE > * e R2ERPF B S Ve A7 E Y sk e
3 1 CHY £ &2k s iplk 52016 # £ k0 BT % Biedk; EGFH Jo«,a oo gt
st 2013 E b4y RPEF 5E Riosr s HWA 30k o oL plap & 2018 & fEiEis R
P RS ILA T b SRR E P R Res o L FH 2Rk L
FI — Gk n A 37 SHH A7 2bo gt Pl sk & 2016 £ £k R PFF % R o4 WCHH
F50t sk e plek B 2013 E A Az G B B Y F 7o WDLH 2L ks plipl sk 4 2013
Fe e Rfr2016 £ 2k R B REH N @Y BHRM RS B FE
TRADM R AR A 2 2 AR B R RRP G = BaRlE o ©
BECH KA AT L A R B M B ow % i Riedk s 2019 & Y die b

2.3 i F% B TR AT peit

d 35 ﬁ’hﬁg‘q LR B R P"”’f*)aliwkf_ﬂ Eiéw‘a&%ﬂ
N g AT o b A A henfie B 4c@l 3 457 0 e & (Pitch) &
B XphZi s k0§t 5 g d (Rol) &R 200 F Xpngd & B > gt
7% A0 34 (AzZimuth) 3 Xgh&m 2 44 > g 50 o @ % g
G b RRIER Y ot h L plEk & R T (B 4) e aEL 2 (1) R
"'%—X Y~Zr gzt 5 E~N~Z 73w aieés

387



Dy =| —sin(6 —90") cos(8-90" 0| O 1
DZ corrected 0 0 1 Sln(—l,l)) 0 COS(—I,[))

1 0 0 D,
(O cos(—¢) sin(—gb)) (DY> (1)
0 _Sin(_d)) COS(_d)) Z’ observed

»HY Roll 4 = ¢ Pitch 4 = -~Azimuth & = 6> @ Dx~Dy~Dz % & 458 ip
Tz phw ety o DE~DN Dz 3 B EfSendd ~ 3 A frdE v dRig o

(DE cos(8 —90°) sin(6—90") 0 <cos(—1/)) 0 —sin(—t,b))
0

ERCNERRE gk £ Le %*mﬁf 3 pE > AP 7R High Gain 4= Low Gain
B REELF A RDIREE P H LB YA B A E e RERGRE D EH
Wi AP RY k2 High Gain e &350l Mﬁé:}ﬁf"«ﬁw EAN S48
i’i'f BdeBc e (8 £ AT - B endddE Rlch|4F 5k B 1»4& ERiEL2 13

T 192@3:1@ KQ =~ 1 Ztl‘/}/\ L Go NI SIS AN L £ ﬂ-ﬁ-j\ﬁjz £ /f@ﬂl_"—" G\-mi*]' ‘
/ip BeiRtgiz & 5 - X o
3. A4

MG R * ELPIET 2018 E LRI 2 p e b ﬁ;‘wif’r#&’i(m&\c N
e ;:ma R R E PR A A %2k T i TR R ’ﬁ
it B oo FR A lZ;J}'H-‘K\**'&’ DK ,_‘;c, g4 i# }if#;\e 7,\4?57" i e Ap|Eben
FEER T AT o

31 BAAviE Bk L4

AR H R T e Bissr RS TR D F T BRI & AT Pl endhk s o
T DR Sk R B (PGA) PR L S ez PGAMEF 4 — T4p b afF
o KT Fu— 5 B w3k Hp ez 4eik B (spectral acceleration) iE 7 A 4T o Fl 5 A
THFFFEFRART DA E QML 0 FE T R % S R D
Wﬁﬁuﬁt (x# 0.01 4 » 4p % *4 5 100 Hz) ~fzj§4tiifii'§ﬁln\’}‘r o ¥ g Ik
v EEETABAE ) F BN BEFRAEABERT AR AT R
GMRotD50 ( Boore et al. 2006; Boore 2010 ) % 2 & 472_ -k T & & » p* e GM X £
# %+ & (Ground Motion) - Rot ¥ £ *z & ( Rotation) > D & £ i¥ #p 4p % g & (period
Dependent) » 50 ¥ % & 4& & 7 Z & & (Intensity Measure ) £ 5 1% 50 4 i #c
T Pl PRAETERC BB AP BTN R RIFLEHAEZERE DT AT D
#BF:.MH FPoArBAR Y Gk TS B B T0E L AR F BT EPREA o
BB RASE RIS EEEN TG SNEFREE S MREFLERDERE

Agor (t;8) = a,(t)cos(0) + a,(t)sin(8) (2)

at)yfraz®)s: 3 2 22 kT pdeid Bt m OR G adh s - AP RE B AR

¥ 0.01 f/mpa-%mf)ilﬁ (Sa0.01) & b.?g‘r zZi’F' = = ] s H P T L AT

o H‘le'%'ﬂ’ m)ﬁ?;fil_ﬁ'_ o F\ IFE'}I' S&OlRotDSO 'FF" H« Z _‘!:_'!_‘%;;—\ ]f' -1 ¥ K )i%%/ﬁ»t“—i—ﬁ E'Jm
388



vl 0 A B 23 B ey (3)
AF = Sag/Sap, (3)

AF 52z~ & 5 (Amplification Factor) » Sas  ++ % 2 3 +4rig & > Sap * & ¥ T Z 4o
#ER ALY 5 Sa0lrotpso o o FHAvid B s Bt > NPT L 473%R]
w2 B E AT PR Hn vl

2 oA A

B TR TR & bR v 2 (Borcherdt, 1970) bR R
b A kDo BRI BT RR R FasihaB R AEREREY
= Bl endB 4 (convolution) > 7 st (4) %7 o

N

a(t) =S, (t) xP(t) * S;(t) (4)

B9 a)i A e Red So() P~ Si0R M R BER Y AR R B
EHpb sl o F1* F 2 E i KPR S en Bk So Bl P S 80 12 0 3B e Ul‘%/j}
S

A(f) = Sy () x P(f) x S, (H) (5)

EFAPELFEBEL SIS 2T S fﬁi%h_”?iﬂ' *iﬁ%ﬂé? » B3R :gr*s [-E =
TeFlhe - ¥ RFUELE PRI FBEARFY R FEFCL BT A 0 RIE G AR
WA R RIRArE T o 1T A A k2 Wm%@k<x%

A _ $:(D
Ay Sy (D

(6)

e & I—ﬂm imxj¢$##jgﬁt|1#§z,1, o
o FER B o R @ A g g

TR D ;;»ﬁihu'xz@
TRl R E S AR g &

it F) L BEREE @ 2 5 > Nakamura (1989) 411 % jicd #frds Ben? & Fplie 7
Ao BT HpAE L2 > d 3 2 2 TR R b PR L
* > Lermo and Chavez-Garcia (1993) » &7 cfgq gt 2 j2 5 7 % 20 B FoRL 1}

389



d bk kg 0 Sabon ko ST A7 &

S
ST = HS/SHB (7)

P—H

SHs # ¥ % ;v K T #F 3 - Spp & ¥ T se sk T i o it F] St gi 1335
2 F kel (Bs) PR Srt g &g 3 g ik 2oefk > RIS (7) 77l 5 5
(8)

S
Spp =T 8
TT /Es (8)
BR(8) PR &G Ik L sk T A R
Es = Y5/ (9)
S SVB

Ho Svsé%%é’«frj,ﬁ ré-?}ﬁ;}‘)%’SVBéﬁTg?«fljiﬁsi.iré,éi}‘@ n._t“”‘ A BE
R - A BEXFT IR RTw 2 23 ri??‘*i)@ifﬁ“i"ﬁ“—ﬂa;fpfr;{ﬁ—rm,]\l
2Ad-F RS o A R THELT >N (8) AL LE TS

S
Srr = HS/SVS (10)

(10) i F R o Rt Solick T B AV T e f FHfrd-E rar-lip o g o
LA S s Qe ojir%yféjjfﬁtgu/é ST R T R AE S A B E A E
wEaie 2 FAg X Efels sk o

MR £ A4

F et S LA AR R 2 2 2 > Wen et al (2006)F L3 41 i@ * H sbAp
VR LRIGRZESUMET R E W A B R B e FREME SR T R 2 % F
g 4% % - Noguchi and Sasatani (2008) 5] :& - dﬁ#‘t g it 2tmir sz R (Degree of
Nonlinear Site Response ) iy #% DNL » 2 2 & 3 °

EHVstrong .

DNL = £ | e

Af (11)

390



g

H ¥ EHVstrong » 1€ * 53 B iodk o718 enH sbAF 25 > EHVyer 5 53 20 B shidg 3t >
WIS R (AT AR S Z A B PGA<300al) H Rzt 2 T35iF 5
P L ’Afﬂlpﬁ'ﬁ&" W REHE % k3t B DNL 25 g 5 0.5 Hz
32 20Hze #5773 ¢ 3B auE #%r2 Konno and Ohmachi (1998) z_ Hjivie 7 T
FREEFEEE o ARP o Chenetal (2017)% rapt > 2327 £k BpFd
BT R AR T AP AT R H A —2 TR A F T @
gt (HHSR) gt psvipe i % rabip o 550 (11) 3 @ o8 sbigsd > 212
TE ek 238 DNL -

I

HALPE CHY £.4% 2 ~ EGFH k4 sk ~ HWA foixk - ILA ¥ ff 2k ~ SHH #7
fbzh ~ WCHH §5 1 5 ~ WDLH &L = =% = B & —2 T p[=hi (7 348 Rk o9 &
FRLotr o APy e REEPI00HZ 3 4vif B35 2 TR Akt B :3,: ;
RIS A48 % {5 By Rish » 4 frffmmmw ®R3T P s 4
A BFT A i (2546) ’I\H’W*gl}ﬂ@%%\i”{@" /’a\ﬂ}fr*% 3]}1’7
] B E_7 F\?@J@”E@/i W2 ABEFTEESL s L RE AT - Mﬂﬁim
PR v AP EEFRFTIDE BTN L RF @Fgm/»\ﬁﬂ »100 Hz %
AR B e Ao R € ST ApE 0 e beendc @ B B 0 F]0t ¥ 02 Sa0.01 (i
0.01 fj2 d#+cik & » T 5 100 Hz 2 3 4cid B ) kipst PGAo 0 @ 4 PGA #r3
AEavpE A - pfR s A F 0 Sa0.01 R A FAHE R o APF GRS LRI
B RA A F]F (Y gh) SEF 2 TR Sa (X b 7ARG # &Rk a4
BRE) P bedm F o) AR T L AR SR B E & AR - o
BAKARCHY E&:ba473 % (Bl 5a) Rl FH AR L TERABFH5 4>
T Sa <t 10gal pF o Tk B p P REents K > o ) 5 3.5 EGFH
kipsk (RIBb) 2 FAE M L%+ BF 4 95 45 e &2 7 Sa =310 gal
P T ok B p P AR s o HWA f5 585k (] 5C) eh #F Bk e+ 5 Bl
Jm B IRk 1%’ R ;‘éc’c{rr?‘ EE koS 3 za;?:;‘j,%#s* Rl Ry
52018 F# 2" 6 p iy Raned 22X T Sa001 g iEir 0390 ILA 7 b
(W 5d) % Risded® » BE2R ¥ Mug g 1 # 7 Sa & ¢ 109alfﬂ%%m LR
oy Mok fe 7 BT > H x5 R Ay MdF % 3 2+ - SHH «??l""&» (&
Be) BAF Rk HHPIRL B BEMTERA BRI GALE R > i 4 gal ~
10gal Z Femex B 34r2 33 6% 2+ 0 2 3ot plxt# 7 Sa0.01 ¥ 0.1 geide &
PR BEF A ITRI 3R EE é;r,:.a 2016 # 2 % 6 p enEEE R WCHH
it (B 5f)~rsﬁﬁ;"%;ﬂt*wf‘rf BplEEx 5 A BT BENEF

Sa0.01 e 4c > — F:'ra'ﬁ\i—‘-? P RE SR bR ] miﬁ:_,@\ )y fe B TL;§4cif§‘\“‘S?5ga| {é
T B z‘r'ﬁ A b fe Fizaplsk ¥ T Sa0.01 B 3t 10 gal Hedr g 24 5 A3F
TR P RS LIE N e 474 A T fRERIsE A & i o WDLH L 2 sk
(B 5g) Aa:e%ﬁff Sa0.01 % &2 gal 2+ > %ﬁﬁﬁiﬁ»)’i&%&;’ﬁ TR B F AT
B g A > RHITR R S o P LRI FEET ST A 2 PR F
TAARMAT L i ko B R S CHY £ RS ILA T R B-# A
R R 0 B @RI ER R Y C #gipl sk (tiff soil) > e A FT g @ % end TPk R

B S 1

"m

391



BT%300 2 0 Fptd 29 V30 Wi o

AN g A 2 TR RN T b R 2 A5 E LA R

B0 RBIEEREAUBENE 6 IR 12 FREE A (2017) @ FebapiEe o
F % PGA /| % 30qal cgedsit B 35 Rifdk ol I 0 ML TE 0 FES N
Rl f - BAHRELFERF - &Ry L4 Risd? > FkTeid- ~» 82 PGA
<3 0.1gR#-EAR LR > F AP Bivsh PGAAZ®E 0.1 g P12 PGA £+ 2 #
RFRIWLRAFTEAL - BREBHIFE I dREL > T ()8 E
45 22 DNL 73t & Bl &b 3 & pleberiF o - mf»rw“i B & AR o
ERsETIE Y 03 Riesk: HRR TN A 3 A2 24 B 6 5 CHY
EEsbS R RN A BRI AL M AP 1 R AR AR M AR FIER
W R gk o B 7 L EGFH kfp bz £ Rtk o BAER A TR
ot P AR BRI A BRAR AP R Kf gz ¢k d 2013 £ 10 ¢ 31
P s ff5s Bieskeh HHSR (B 7a) » B 1% — X 3R AP B o HUE HﬂifL
Jo o 33 R TIOHHSR 0% - £3RA MY 5 1.2 Hz» fe gt 35 B 3e4k2 HHSR 2

E RN 1‘&,1_ 0.8Hz: iz 8 d »v 9 4 i "5 MAr s RenP it > plig Riord IFL
#Baﬁf—’ﬂ' |ezb i an o e e B 8 5 HWA Tmifsbe &5 Renh 478 % > 1
2018 & 2 " 6 p feiEig menicdr (B 8d) 2N lgF bl » B
BAITR ORI R FRAE * 0 - RRAFEORBL Y HEF  BRTE
HHSR =i 4 5 0.75 Hz > @ 33 2 5 HHSR P i< 5] 0.45 Hz - ILA ¥ ff = & PGA
X3 0.1 g 5k Bisdk o 103%R) s PGA B X isd (PGA %% 60 gal) 175 % 2
AAT2e ik o 4o B 9 T 0 BAEING (BHz~35Hz) i AE vt A7 2 % - SHH
Ariteb4 15 PGAACE 0.1gehss B > 5 2016 & £ k¥ R ehss Rodd o oL Rk

2 A% e B 10 #rm 0 2 25HZ 3 20 HZ P P AR TR R 0 @ B
- E£RAHL 4 %09 Hz*% <3 0.75 Hz - WCHH § nbvwgviumag,apc&r*ﬁ
G __w\ W% 2013 & 30 e 6 ! i Ar e K R e A 15.5% % 4o Bl 11a fr 11b
ATOE o0 B ARe Bad 2 B BR B F TR l‘?ﬁ i ﬁﬁﬁﬂ@‘&? (A B 12 5 Lok
ATk Rl E G 4R LR R R rg%i;')g‘ﬁ{’b”‘ 7 T 0 &
- ERAMF TS GRS R (B 122 fo B 12b)’ e 2017 & & A5 B ioskin
A% (Bl 12c fefl 12d) Al 2L B & ehd SE R A IR % 0 Flig D 425 Ries
cp £ PGA & % 5 119 gal §- 131 gal’ WHG R R DA N Ao B R 0 AR
Ay o it 2 B E 22 DNL#E 433 832 F%it -

NG G H O RAR L 2 A 47 A BT R S 45 Bl 13a & EOS2 Bk
33 %;?:b—mﬁf L4 2% ¢ (Earthquake H/V Spectral Ratio, EHVSR) » %] 13b ] 5 # #
;«’\‘EL ik enE S (Microtremor H/V Spectral Ratio, MHVSR) » & #& 7 4L 4 45
%%kamﬁxﬂmiﬁ—*‘ﬁﬁ—,?ﬁ" 9 10 Hz» & 1%4“02 Hz iz 4 ¥ - % & >
MHVSR Bt PUAE A 3 Ap 3 10 Hz Aol L P AF > @ EHVSR B {10 Hz i
k7 o @] 14a {-®] 14b 5 EOS3 33 R ¥ § fein ¥ ‘:‘_L%E?‘;%‘ LR G iﬁ R TR E
B 15 Hz A4 crslg vt @02 EHVSR #.% - B 15a {- & 15b 5= EOS4 33
Afr¥ Rl it S 5% CEHVSR 82 2. 0.7 Hz e 1LOHz'2 3 & B¢ & >
e H B EIRATF A A E > MHVSR £ JR4E 5 o B3 P9 B > (2 fE 5 K30 0.2 Hz Ao
00 B AR BT I g o BRI R 0 B R TR feF F R ?%’*"7 7 "4'] g % 0 e
HVSR > e HAF 3 B A & 31T o M ~ 7% % (EHVSR v MHVSR) + 2| YT s Tk

392



Rk JRIE S ik L H B TR R E ) RO T R - RS R R VA 4 e
AN REFTM

o A LS LSRR 5 Rt e 2010 B 0K R st
EOS4 4 — 4 :e452 PGA 46 50 gal » F]pt ~ 47 7 i 4 prE # PGA > 20 gal :h
jd s A St HVSR RRIGE & 4 BRIk 3 8 5 fl 0 #5240l 16 3 ] 18 977 -
EOS2 £ 4 5 e & b it » Apy $tigt 235 4 DNL» 24 HVSR
2t i (R 16) 1 » PGA > 20 gal e R 12 (&4 B A TR o
EOS3 2. % - 434 & HVSR feT 35 HVSR 4p§ 37 > e 2 HVSR iri B
ek o BARFAOHVSR 6% 0 T30 % « EOSA i L3¢ ZE BRI F & b MM Ak
TLATR TR % o

5. %

AL BRI NS AR R o § R B A2 TR
TUEREATEIHRACA BFERAERRDFNE (WeBl 5) <304 Rl
Gt A RS W REF BB R e B ORATR IR % > 82§ SHH #71t skfe WCHH i?;ft
BRI R SRR LSRR HP A R et 2
MEEcEFFons ] FrHEHFERF B 6 2B 12 5 2B “J»?E;a”f\—"ﬁifa
HHSR 2+t .3 % > 974 58 & HHSR % % I 41§ 412 + S 4558 chfye e 4 PGA
A BB RS A NAMBHB PRI T TR E T E RRAFRRS
Tﬂﬁ“;ﬂliﬂmﬁ&#w&‘)}-‘% P AR o

TG
g NP2

)
£

ﬁ\lﬁ ¥z BafFplsbiead £ R 347 0 718 4 HVYSR “,% 7 EOS2 B
#hoh m&p.gmn W o ¥ ki@f’r@&ﬁﬁréé EF S F S I SERURTS N L
e TF va fep ARMAT Y é\%(Kuboetal 2019) % + 4p e o 24 IFB#" PGA
A PE - REERVHE PR G G AT R R TR R st
ST DI o 2% Lin etal. (2018)1 Fig. 7> ¥ 97 %)=k EOSL (¢ it i&
i) h HVSR feizs= 3 ¥ ¢t ié * 7 MicroOBS Plus Fv Yardbird = & 547 = B & 0
HVSR % i‘lm« va Jer Ay P KB E BT e ha Rk HYSR £ B R (3
= jL o om s /EJ:;LETJHVSR 4 2 0 TR LTI S A fep ﬂ\PjL = % B )e
A 4 ip) 0 EOS2 ~ EOS4 2 HVSR frli 25 LR RAAFTRRTF)F - o pho
EOS2 ~ EOS4 #7i¢ * eni v A3 RiRM 2LHAESH R R > FOH T L & L3R4
FRAAR V- T RTF A %_f?i‘”"ﬁi*mi%‘h_wl fra a2 p AT Y
Blrbor e p £ B s o

FEGEFL AR EPEGIELE - E Sk g p e R g W
meilﬁvé%*# PERETF LSRR bR T wﬂaﬁ
"} ¥ .J.’.Hb %/F :%_/‘?a\ K’fl"‘_‘l rs"ie"g l‘,&,‘i)ﬁ:rﬂiﬁ—h_,,;;,@\&_ A Y ,g’# i

= pﬁ’} KA 1575 R AR T A g o

1‘

393



6. Zs—i‘g’égk-

Boore, D. M., J. Watson-Lamprey, and N. A. Abrahamson (2006). Orientation-
independent Measures of Ground Motion, Bull. Seis. Soc. Am., 96, 1502-1511.

Boore, D. M. (2010). Orientation-independent, Nongeometric-Mean Measures of Seismic
Intensity from Two Horizontal Components of Motion, Bull. Seis. Soc. Am., 100,
1830-1835.

Borcherdt, R. D. (1970). Effect of local geology on ground motion near San Francisco
Bay, Bull. Seism. Soc. Am., 60, 29-61.

Chen, C. T, S. C.Chang, and K. L. Wen (2017). Stochastic ground motion simulation of
the 2016 Meinong, Taiwan earthquake, Earth, Planets and Space, 69, 62.

Lermo J. and Chévez-Garcia F.J. (1993). Site effect evaluation using spectral ratios with
only one station, Bull. Seis. Soc. Am., 83(5), 1574-1594.

Konno, K. and T. Ohmachi (1998). Ground-motion characteristics estimated from
spectral ratio between horizontal and vertical components of microtremor, Bull. Seis.
Soc. Am., 88(1), 228-241.

Kubo, H., T. Nakamura, W. Suzuki, Y. P. Dhakal, T. Kimura, T. Kunugi, N. Takahashi,
and S. Aoi (2019). Ground motion characteristics and nonlinear soil response
observed by DONET1 seafloor observation network during the 2016 southeast Off-
Mie, Japan, earthquake, Bull. Seis. Soc. Am., 109(3), 976-986.

Kuo, C. H., K. L. Wen, C. M. Lin, N. C. Hsiao, D. Y. Chen (2018). Site amplifications
and the effect on local magnitude determination at stations of the surface—downhole
network in Taiwan, Soil Dynamics and Earthquake Engineering, 104, 106-116.

Kuo, C.H., J. Y. Huang, C. M. Lin, T. Y. Hsu, S. H. Chao, and K. L. Wen (2019). Strong
ground motion and pulse-like velocity observations in the near-fault region of the
2018 Mw 6.4 Hualien, Taiwan, earthquake, Seismological Research Letters, 90(1),
40-50.

Lai, T. S., H. Mittal, W. A. Chao, Y. M. Wu (2016). A study on kappa value in Taiwan
using borehole seismic array, Bull. Seismol. Soc. Am., 106(4), 1509-1517.

Lin, J. Y., Y. F. Chen, C. C. Sy, S. J. Chin, W. B. Chen, W. N. Wy, C. W. Liang, H. S.
Hsieh, S. K. Hsu, and Y. C. Lin (2018). Seismic site response of submarine slope
offshore southwestern Taiwan, Terr. Atmos. Ocean Sci., 29(1), 51-63.

Milne, J. (1898). Seismology, London, K. Paul, Trench, Trubner & co., itd. 320 p.

Nakamura, Y. (1989). A method for dynamic characteristics estimation of subsurface
using microtremor on the ground surface, QR of RTRI, 30(1), 25-33.

Noguchi, S.and T. Sasatani (2008). Quantification of degree of nonlinear site response,
Proceeding of 14" World Conference on Earthquake Engineering, Beijing, China,
12-17 October 2008, 03-03-0049.

Wang, Y. J,K. F.Ma, S. K.Wu, H. J. Hsu, and W. C. Hsiao (2016). Near-surface
attenuation and velocity structures in Taiwan from comparison of wellhead and
394



borehole recordings, Terr. Atmos. Oce. Sci., 27(2), 169-180.

Wen, K. L., T. M. Chang, C. M. Lin, and H. J. Chiang (2006). Identification of nonlinear

site response using the H/V spectral ratio method, Terr. Atmos. Ocean Sci., 17(3),
533-546.

Wen, K. L., Lin, C. M., Chiang, H. J., Kuo C. H., Huang, Y. C., and Pu, H. C. (2008).
Effect of surface geology on ground motions: The case of station TAPO56 -
Chutzuhu Site, Terr. Atmos. Ocean Sci., 19(5), 451-462.

HEAS ARG R F - R PR T ¥ (2018)- F3t =
AR R R ATE ST B AL B LS SR A AT > R L F R

B ER L R % > MOTC-CWB-106-E-05 -

M R X 7 kPR pF S B (2018)c FE S AT
B 0 R e AR LA AT R A 1L L F A
¥ B3 #TIR 2 f % > MOTC-CWB-106-E-05 -

BRSNS s FTE E AR ;;'?—_m;;gé N e:;;g > (2017) > Fite £ —2 T op
i AR B () I L F kbR R R
% 67 ¥ » MOTC-CWB- 106 E-08 -

BRI FHR AR P R pF 4~ R (2018)0 107 £ B F BT A2
/‘%frf@;?f——"r *Lﬁﬂ PR R 4,»' Bz #iesifim 452 Tplsbad R 0 R
WY L F g h RHNRE R % ¥ 68 % > MOTC-CWB-107-E-06 -
BRHE G S s EAA (2019)0108 £ A RFE M2 AR —F P F -
e b %xé&v]wrﬁw\ﬁ“ TzEJ«éﬂi&’f#w CH ) 2@ PLfdh
B IR L R % > MOTC-CWB-108-E-06 -

AR L T 507 (2010) 0 RS UTR A F ] o

395
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iR =k Lo w 2 A e
i A
EOS2 ~ EOS3 ~ EOS4 2.156E-05 2.156E-05 2.156E-05
i3 ts
EOS2 - EOS3 ~ EOS4 1.078E-05 1.078E-05 1.078E-05

% 2~ A FEY o A —F T Ik $ 8 VS30 o

R PS-log EGDT TF RF

CHY 479 202 292 300
EGFH - 557 610 480
HWA 301 504 406 481
ILA 233 242 221 353
SHH - - 386 595
WCHH 501 451 415 453
WDLH 358 - 358 522

T IPS-log: # A -2 T plhand ik £ B2 e o EGDT ! § % & % B xk2 Vs30 (Kuo
etal. 2012)° TF : 1 * 3 S ficds 5 22 VS30 (R RIHR%E > 2017 ) - RF @ 41 * E o
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F03~ A A — 2 TplsEr k2FE R HHSR i BE 22 B H A sk T

PGA = PGV > 2 # DNL -

P = FRERTEPY PGA (gal) PGV (cm/s) DNL
-EW /NS -EW /NS
CHY 2016.02.06 171.3/126.7 24.6/18.0 3.7
2013.10.31 404.2/321.9 31.9/31.6 7.8
EGFH 2013.11.03 120.6 /124.3 3.0/3.7 6.4
2014.05.21 216.0/276.0 10.6/18.2 8.3
2013.10.31 94.0/101.2 135/11.1 4.5
2014.05.21 103.3/72.9 6.51/4.56 4.4
HWA
2015.09.01 110.2/ 1245 5.0/5.1 4.0
2018.02.06 390.8/396.1 127.6/85.8 7.1
ILA 2016.05.02 60.3/57.0 10.3/7.7 4.3
SHH 2016.02.06 426.3 /246.3 70.0/29.7 6.0
2013.03.27 133.7/91.4 7.6/5.8 3.0
WCHH
2013.06.02 127.9/161.0 7.3/5.7 3.7
2013.06.02 103.6/163.1 18.7/16.2 7.9
2016.02.06 120.7/121.6 15.0/9.5 5.8
WDLH
2017.11.11 118.9/67.5 4.4/5.2 5.8
2017.11.22 131.0/96.2 3.6/3.8 5.0
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Abstract

Ground motion prediction equations (GMPEs) are powerful and useful for building
and structure design. The previous GMPEs for Taiwan are mainly established by seismic
records of surface stations and considered the site-effect of near-surface structure by site
classification or site parameters (e.g. Vs30). However, for important public constructions,
such as nuclear power plants, which are built in the engineering bedrock, the seismic
design is estimated by the general ground motion attenuation equations may be
overestimate and cause large cost. Therefore, the engineering bedrock GMPE would
provide a more accurate seismic design reference. Until 2020, Central Weather Bureau
has deployed 60+ borehole stations in Taiwan. Thousands of earthquakes have been
recorded by this borehole network, including 2016 Meinong and 2018 Hualien earthquake.
Their seismic waveforms are useful to establish the engineering bedrock GMPEs in
Taiwan. In this study, we will collect all necessary parameters and build up a database for
earthquake waveforms from the borehole network in Taiwan. We will further apply the
database for the first engineering bedrock GMPEs in Taiwan.

We have established a standard procedure for processing the borehole records. To
calculate spectral accelerations, cutting suitable seismograms from continuous records is
necessary. We applied the standard procedure to the borehole records in 2018 and
accepted 1162 waveforms for further analyses. We then followed the data processes by
Pacific Earthquake Engineering Research to calibrate these records including baseline
correction and filtering. In total amount of 381 events with 1131 records were considered
into database. These corrected records were used for calculating pseudo displacement,
pseudo velocity, and pseudo acceleration response spectra. We further applied the model
proposed in Lin et al., (2011) to estimate the preliminary engineering bedrock GMPE,
In(Y)=-6.099+1.131M+1.396In(R+0.191e0-697M)_ The residual is 0.788 without significant
trend with the distance (Rrup). Compared to the GMPE on the surface reported by Lin et
al., (2011), we found that the amplitudes of the waveforms recorded on the surface are 10
times larger than those recorded in the boreholes near hypocenter. It suggests borehole
instruments are deployed on relative hard sites which avoid large amplification. The
amplitudes recorded on the surface decay faster than those in the boreholes which is
interesting for further investigation in the future. In final stage, we calibrated the azimuth
angle for the borehole instruments by using 2016 Kumamoto, 2017 Sichuan, 2018
Hualien, and 2020 Alaska earthquakes. The results suggest the calibrating procedure is
stable. The time-dependent changes of the instrument azimuth are mostly related to the
instrument replacements and maintenances.
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2018_0112_0855_48,

EWT, 13120855.P18, Filtered,
Mw = 3.3, Rrup = 25.6 (km)
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Abstract

There are thousands of earthquakes take places in Taiwan within a single month, but
there are not enough researchers to process the data. Nowadays, researchers can leverage
the power of artificial intelligence to accomplish repetitive tasks. In this project, we will
develop anew method to pick seismic arrival automatically and optimize the existing data
processing flow. Currently, the Unet model with self-attention mechanism trained over
3,000 training data can achieved F1 score in 0.86 and 0.64 by P phase and S phase
successively.
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Abstract

This project re-collected and sorted out the cases of soil liquefaction caused by
historical earthquakes in Taiwan. Atotal of 43 earthquakes with 464 soil liquefaction
phenomena were recorded. Among them, there were 20 soil liquefactions caused by
10 historical earthquakes before 1900, and 444 soil liquefactions caused by 33
earthquakes after 1900. Application of GIS established the possible locations of soil
liquefaction on the 1/25,000 topographic map. The result is built into a soil
liguefaction database. According to the data of 444 soil liquefactions after 1900, the
number of soil liquefactions located in the plains is the most, followed by riverbeds,
backfills, basins, terraces, and hills. Soil liquefaction occurs most frequently in
Holocene strata, followed by Pleistocene strata, and Pliocene strata, indicating that
soil liquefaction is more likely to occur in strata with young geological ages. There
were 11 soil liquefactions in the area with intensity 4, accounting for 2.5%, 182 in
the intensity 5 area, 41.0%, and 251 in the intensity 6 (including 7) area, accounting
for 56.5%.

Comparing the liquefaction distribution map with the liquefaction susceptibility
map of Taiwan, the results show : Only 3 soil liquefactions caused by the 1909
Taipei earthquake at the edge of the Taipei basin (low soil liquefaction potential),
while no soil liquefaction was found in the high potential area. There was only 1 soil
liguefaction on the edge of the Yilan Plain in the 1986 Hualien Earthquake (low soil
liquefaction potential). The East Rift Valley is an area with low potential for soil
liquefaction, but many earthquakes have caused soil liquefaction in this area. In the
Hualien area, the northern section of the Rift Valley, and the Yuli-Ruisui area, the
middle section of the Rift Valley, soil liquefactions have repeatedly occurred in
historical earthquakes. Many soil liquefactions are located in uninvestigated areas,
and the most significant is the Hsinchu-Miaoli area. Soil liquefaction has not been
found in the high liquefaction potential areas in Changhua County and Yunlin
County. Instead, there are many soil liquefaction phenomena in low liquefaction
potential areas and uninvestigated areas. Most of the soil liquefaction in Tainan
occurs in the medium and low potential areas and the uninvestigated areas. Based on
the abowve, it is shown that the "Liquefaction Susceptibility Map" of the Central
Geological Survey is only based on exploratory well data, empirical formulas and
statistical methods, and the estimated distribution of soil liquefaction susceptibility
is still insufficient. Therefore, the soil liquefaction database caused by historical
earthquakes is of great reference value for the intermediate soil liquefaction
susceptibility maps currently being built by counties, or the revised version of the
soil liquefaction susceptibility maps in the future.

Keyword: soil liquefaction, historical earthquake, GIS
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