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Evaluation of the S-wave Velocity Structure at KiK-net TKCH08
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Surface and borehole seismometers are installed at KiK-net strong motion observation
sites. PS-logging has been carried out at each site to obtain the P- and S-wave velocity
structures. It is important to check the velocity structure by means of strong-motion
records from nearby earthquakes. In this paper, we study the S-wave velocity structure at
KiK-net TKCHO08 in Hokkaido. First we check the S-wave velocity structure by PS-logging
based on S-wave spectral ratios of surface records to borehole records at a depth of about
100m. The observed spectral ratios are not sufficiently explained by the PS-logging S-wave
velocity structure. Second we evaluate the S-wave velocity and Q structures, which fully
explain the observed spectral ratios, using Genetic Algorithm (GA) inversion method. The
revised structures also explain the observed S-wave time histories at the surface and
borehole. Finally we estimate S-waves incident to the basement rock based on the revised
structures at TKCHO08 and compare them with those observed at a rock site, MOYORI; a
distance from TKCHO08 to the rock site is about 25km. An agreement between the estimated
and observed S-waves is generally good in spite of a fairly long distance.

I.& L & I

1997 Fic e EHIC B & L7z KiKnet SEBE K (£58T614 51) T, HFEE RTR—IVE
ICHLEE OMEERD) PEREINTWS, 2, RTR—NLTOPSKREHL»LPHERUSED
REBEIHEIN TV H, ZOHRET L —I2 & 2EEEIT, PSHRIBIC & 2 B ERE 2R
TEoic, S5, HBOREMHE (QWEE) 2HETIOIHFHTH L. o, HEE
DR 3 X - TERB~DOAFW ZHET B 201213, T OBHR L HEREOHESRPEL
2%

AT, JGiRE? KiK-net BHlS o 9 B TR 7 Rm—)VE (GL-100 m) o> S H#HEE A 3000



182 Bo BF - & %
m/s T# 5 TKCH 08 BRI EICBWT, KT KR—NT Vv —EEHEEORNH» 5 PSKREICL 3
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NOAF SHEEHET S, 2L T, BEEHY 2 km I ET 258 EHE TEINE 1172 S ¥ & g
L, HEEAFBEDORLMEIZ DWW TREIT 5,

II. ¥ o

1. KEZBBERIZEITS SHHOEE

KT ER— LT V—BUENT— 5 T, HERTHERIIRGHBIC L 2R E S 4, W
TOWBIIRGHWE D L DU &, FEREAIC L 2 —KGKTELREHREIC BT 5 HE%

—RIUEEHERIC L > CHBWICFETE S, k-7, RHr LB8F CoRERET

TN HIUE, REMWBICE 5 NEOMREFETE, FliE, MRER» SR TOREL
RKBAFEZHET 52 EHMEETH S (Hl2iF, 8-, 1995 ; HH - 84, 2000), Z2C
X, = DEF&EIZ Propagator Matrix &% v %

Aki and Richards (1980) % iz L ¢, ﬂ(:F%J%%LtP #{Z#E$ 5 SH iz x4$ 5 Propagator
Matrix Sz DWW THHBEIZF & HTHE L.

KT L BRI D b 2 BEIE HOFE SH e 2T, EHBOEED M (x, 2) THOEM(uy)
LN (ma)id
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EREND, 2T, widFEEH, p 13 horizontal slowness (=sinj/f), j iz z@h (FHz %
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Z 2T, f(2)i2 motion-stress vector & IFTh, vertical slowness #p=cosjiB B &, Th
‘i, Rref %%1%2: L/Cs

. expliwn(z— zrer)) expl — twn(z— zrer)) [le'
= . . ) (3)
iwpnexpliwn(z—zrs)] —iounexpl —iwn(z— zrr)] |Lwe

=Fw

LELZENTER, 22T, BRCaBT21(2)E zic BT 22 BT~ v 72
Pz, 2) HET 5 LIET B &,

f(2)=P(z, 20)f(20) )

T bBRAREL Z TR B, ZDHP(z, 2) % Propagator Matrix & IE(r, ##UL, UTTH
265,

1 .
P(z, z)=F(2)F z)= cos[wy(z—20)] v sin[wp(z— 2)] )

—oppsinflon(z—zrr)]  coslwn(z—2))
W2, B2 Lznf(2)ICBAL T, ZDP(z, 2) ZHWIUL, —FH0f(2)H 5 4 5 —Fnf(z) 23K
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EWwo 2KELL TE 5,
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(") =1£(z") (7)

LELZEYTED, ZREGRDP S, KELBEBEICENT, EnBToBRE2,01(z,) & F—
BHROBEX20(2) £ 2l TORTRUDITLZ 5 TE D,

f(Zn):P(Zn, Z;—l)f(ZZ—l)
=P(zn, 25-)(27-1)

=P(2p, 25-1)P(27-1, 25-2)1(25-2)
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LIRS, HEWEEEFR) A7 PR EET,
F 7, EB(2)NDAFIE E MENENOBRIE, GREBKL L,

£(2,) =F(2,)w(2,) =P (25, 20)f(20) 12)

EET, INEWIEODOWTHES ZEICEINRDBLZENFTE S, 22 TWORS w13 downgoing
P, waid upgoing WDIRIBZRL THB Y, B FF2, TlRw B AHENRIEEL FKT. F726(2) 1B
LTit, METREH0ICh S, MENMEMNZLET S E, 12D,

eSO N 19
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EEIT BT, AFHEOREW: X, MEOENLZHNT,
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EHET S, ZoRic k-, MKRERE» LEB~DAFBEEHET L2 EH5TE S,
B D IEMMENME 2 F o84, Silva (1976) i L 1UZ, S D slowness ST L JicE
IT 5.
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QAR ME # &1 quality factor TH 5, = = T, horizontal slowness pidEH T, £/§
THR L ThiFiEi 5%, L - T vertical slowness 7 id,

2 1 2 2
7 21+ﬁ?53( o) "
ki, JEMMAGME & Lk Propagator Matrix Ic#lA5A L2 AT E S, QIIEEEICE
LT—EH B VIKTFERETFOLEZ LN TWEDT, ZREEEL T,

Q=Qof" 19)

EXETIMET D, 22T, QraliTHTHY, a=0 DA, Q=QT, QW REEHIMKEL
TV ENBAICHLT S, 72, ORDOBEIMR T o/SETEZ LN, BHEBKE LB, 27T,
PIIENEE# &Y.

2. MEMTNLITY XL (GA) 23—

BEZEHT LT X4 (GA)IZ, BB, X, RRERL EORGBREL gL 28FEC L -
T, RERLE LB ETNERRLUBRERARRETLIFETH S (ZE 1, 1998). ZHFk3H
BETOUFNCLECHWLNTE Y, Bk EOMMERET— 5 5 6 S BHRERE 2 #ET
SEHCARITH S (BlziE, idh-AH, 1995), AFR TR, HMERERTR—ALT L —EALD
Lk R LENITZ SWART P ZOFEEZBERAL, HEL L RTR—IVESE T S BRE
RV QEELHET 5.

BARIICIE, 2T, HOERFBEANTHEEOEEBET TN E TV FACERT S, thZth
DETMI—EDRIOZHEH L L TERI N, Fb6id “BE LEThsd. K, 2nEFh
DERE “HEEDY L SEERELBENMASLEIZE BT, - DHEEHED & Propagator
Matrix Z VW THER A PVHEZHET S, ZOZA7 P EBRRZR7 Pk nEE
misfit & L, ZNDVNE WL DI EBIGE NG AR E 5, 2 DBIGEL TR D DIT EROHAT
KHEERLIMERELZEC LT, MROWIKEIT). 297 LTEESE - LEKICHL, TRPRRE
BEVIBERIT)., £ 2—FIiconT, HE—ENHEERTE Y O—D2REEELND
PRRERTHY, oKD 2— b bHETER T - T, 2226 TNEY M2 AR
BZBNOVERTHE, 25 LTIV BEEEDEAFH L WERIEE NG, Zo—HDBEEL
BT, HLwiko—EofE»BELNE, 25226 DERIEOWTEBEENETND misfit
RRTEL, BIGEICIE L TRKE 2T, RXXRRERP B S TROMRDOEERE ERKT 5,
EVS BRI IET, RMRIICIIEBELG B & D RS KEE b, B L WERDTE
TS LY, misfit b L THroa{ hd, 22 THIPSRLIZERLL, 51824764
D, ZZETRERINZEEKN S HTRD misfit D> bDeRBEBE T 5,
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KiK-net ##l % TKCH 08 [ +EDABIHETICH D, HHBRSIZRIHI0m ITHRES LT
5, BET—2ick b e, KBHOM ZIWEL LR, TOTICHENHFEL T b, HEN
HIIWEDEBRPICH), 58D Vs i 2800m/s TH 5 (Fig. 1), KEN Tz £ ¥, TKCH 08 T
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Fig. 1. P- and S-wave velocity structures constructed from PS-logging at
KiK-net TKCHO08. Seismometers are installed at the surface and at a
depth of about 100m. This figure is taken from the web site of KiK-net
(http://www.kik.bosai.go.jp/kik/ftppub/sitepdf/ TKCHO08-J.pdf).
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DB T —FPRET— 71 ED SEBEEREICL 2 I0ETCHETE P E )%, Hif ki
FZDSWAT PN ERTRIET 5.

BRIT—s L LTid, BROBESH50km IR T, BREBIRENGRE D 2ELAOHEIC
L BEGBEFEAL 72, 2T, SEDIZITHEANDRE LB T2HTH 5. U EDFHICEEK
THREEL L T3ITMEERAN (Fig. 2(0b). WP RUFHENT—2IZD2WT, SEEEERS%
WO HL, £OWEGIC 0% D254 > T —3—%»lF, ZNENDART v L & RN
WE2EETS, 7474 F73RAFEDHBELREITL25H 1024 L, 512, SERS
DANZ PR EBHEICIE, SELIVHDERBGNZAZ MV /4 X227 VELT, %
DELDLRELIRBEET L SEARZ VDA RBITICAV, E5ICEBNART L
HicowTzogi e ), 22 FHL2302BAR27 ke 15 (Fig.2(@). o
P—RTLEERFERL LHEIND A7 P ks (ADRicHEl) & s 5.

BHERANRT PNVHOGEORICIE, BEEEE L CIRET—2 28, HTFTB~DSENA
HAZSETH D LFEL 2. BEIZ 2000 kg/m?® LIREL T b, QEIZBEIARI Flbev
R b iz, WEMIC Q=5 L7,

B A7 PV EER A7 P E DB E Fig. 2@CRT, 2hd 6, BN AT bV
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Fig. 2. (a) S-wave spectral ratios of surface data (GL) to borehole data (GL —100m); the average
and standard deviation are shown by gray curves. The theoretical spectral ratio calcu-
lated using the S-wave velocity structure shown in Fig. 1 is drawn by a bold curve. Inthe
calculation, we assume the vertical incidence and @=5f. (b) Map showing the KiK-net
TKCHO8 site (A) and epicenters (O) used in estimation of the S-wave spectral ratios.
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HO—REe— 275 ) TNTCH B L0505, ©—7DMER S EOEBEERICEGRL TS
D, BT — 5 BT — 0 bHBEEINLERESB> TVEIEEERL TS, F72, 7T—
0HzZIcBWTOMBICKRELZTNID Y, THZBARRT PNVHICREBT— 3525 DEET
BHEAINLWHBEIALNEZ L Z2EKRL Twb,

UEDRBAR7 v T, RREIFEBOREBICOHETLLEZ 605, 22 TLORE
QDR & » C, HFTEEH LIPS, MPEESr L MBS LHB/UICFTEL, ThFho
BRI & gL 72 (Fig. 3). TR B, BRREEEEOWGIC B W CHERIC A—D
RonadzZedbhrsd, 22T, BT — 2 0WERELTHICHBTE ZREBEL IR
HBEZ EELT,

GA 2RV EERVQEENDHETIE, BEBEETNE4BEL, FTIZQ 2 EENICEE
LTBWE GAZHAWTEEREE SEREZHET L, K, BoN-BELTEREBEETLER
WTBUGA TQT7A—F 2 MET S, T3, FEBELQEEL2—ECHET L, HH
Er@mT ETRRIREL L WTHTH 5,

GAT74 T4 DE—"57 b EGBBRART P E, SEICHEFAXZ M AKED
# (Fig. 2) CAV b D LR L Th D, 7, HEBEZHET 2 GA T3, B4, BE 2000
kg/m®, Q=5f, $REAN & L C, HEHEET /LH 5 Propagator Matrix # v THEER A7
FVHEFEL (Ralf)), BRART FNWHRas(INDT 4 v TA Y TRITI. 749 T4 > 7
NEPIZ 0.8—10Hz TH 5. BRREHIIRBET— 25Fic L C Table 1ioR-T & icikEL
2. BICEREBFOMBEZHATE S L), BERBICE (RENECVBEANLNL LI &
BREHIF & L7z,

7, REBEOWEEMEL L THEERLERLE. »o50 LOBRMEEL LHEAM -2

GL GL-100m
observed Max:23.531 gal ; observed Wax: 7.692 gal

calculated Max: 20.330 gal ; calculated Max+10.292 gal

Time(sec) Time(sec)

Fig. 3. A comparison between observed records (upper) and synthetic records (lower).
The synthetic records are calculated based on PS-logging data shown in Fig. 1. The
synthetic record at surface (GL) is calculated using the observed borehole record, and
the synthetic record at borehole (GL-100m) is calculated using the surface record.
The @ values are assumed to be @=5f.
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Table 1. Left: S-wave velocity structure obtained by PS-logging at KiK-net TKCHO08.
Right: Searching range of the S-wave velocity and @s structures used in GA

inversion.
layer PS-logging data GA searching range
thickness(m) | Vs(m/s) | thickness(m) Vs(m/s) Q, alpha
1 4 130 0.1-5 10—200 01-10 0—-1
2 32 480 1-40 10—600 1—50 0—1
3 42 590 60—80 200—800 10—50 0—1
4 25 2800 2000— 3500 50—100 0—1

BEERE, FEBETTLNOBGRERIKECEISEECE, ZOETARTEALT S, $72,
TR Y misfitic3BEKE T L IcBA (TROF) 2072,

mlsfil‘ :LNZN:[ IOgRobs(fi)fzslochal(fi) ] + Tdiff QO)

=1

I, Tar \3ERT, RT NN BEERES0.16—0. 18 BWLUN DS MBI NEFNVT 4 T
HoD, ZOEROEGHIZBREEY LHRAR- 2 EEBOGHHE TH 5. Turld A7 F Lk
bDOmisfit i3 LTI 29I KRELBEICREL THE2H (22 TR 100 4 &), ERD Lo
ENNBZERPBELDBIEHETF L 5.

BRI ZEHRIC BT, BEREIS 50, A% 100, F7z, RRHAEERIZ 0.7, ERMERIZ0.1
EL7 SLICEENTELRER CT5 BFHE 24TV, 20 TR Y misfit D/NE o1 =T N2 Bl
Bme L.

2% Fig. 4(a), ONRT. b DHEICIZ, BOLE 2T 372012, BB,
misfit ' RAME+ VG DTHEMNICH 2RO TRENTWDE, GAAL > =Y a3 > THLALETL
Tk, WP 25mAPEICRR 2L F TR FDREVREFEI TETVRDZ DD, ZHETNVE, &
PRENIIBRFRER E RE L AEVE ) DTV, Bl T LTI EBEET TR E e BiEH,» R
LENBH, ZTHIRES1.5m, SEHEHESOmM/s v IRERICE2HIE H2VWiEIEERELZD
TCTOREDEE 2> 7Rk b0 Bbhn b,

ki, ERRTKOLEELEEBEZ A TOBELHET L. BRT LT A—-FIIEET
EDQBIURAEBKEEEZ2TRT T A—2aThH 5, WEEHIZ Tablel {Z/RL Th 5. misfit
FUTORE L7

misfit Z’}vigi'lOgRobs(fi) —logReal )| + Wk”glzi Qor— Qorc—1 21)

ZZT, BIHEHR, ABBOQIFDNTELEDBOQ L N NECEEIINL, FDLDEENDE
EmisfiticET 52 & 2R, WREABET, LOBOQOHINEWEAIZ0EES, &
B, s, A%, TR ERER FEONBIEEBERENRELFELTHS.
HEHRIZ Fig 40, @IRLTH 2. INLOHEICIE, BOKEEEZRET 220K, &
WROMNZ, misfii B BRAMEF IR OHRWICH 2BMLREINTWD, QEEIRAN7 P vk
-7 DRICDAHEL, FORZFRICHEEEEICL > THRE-> TR I b5, F72,
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Fig. 4. Estimation of the S-wave velocity and @ structures by using GA inversion. First we

estimate the S-wave velocity structure assuming @=5f. The results are shown in (a) and
(b). Next we estimate the @ structure assuming the most suitable S-wave velocity struc-
ture. The results are shown in (c) and (d). (a) Comparison of the observed spectral ratios
(dots; the average values shown in Fig. 2) with the theoretical ones for various S-wave
velocity structures shown in (b). A bold curve is the best fit one that shows the minimum
misfit between the observed ratios and the theoretical ones. Gray curves are the second-
best ones that show misfits within the minimum +109%. The theoretical ratios calculated
based on the PS-logging data are also shown by a thin solid curve. (b) S-wave velocity
structures used in calculation of the theoretical spectral ratios shown in (a). Various kinds
of lines correspond to those of curves in (a). (c) Comparison of the observed spectral ratios
with the theoretical ones for various @ structures shown in (d). A bold line is the best fit
one and gray lines are the second-best ones with misfits within the minimum+1%. (d) @
structures used in calculation of the theoretical spectral ratios shown in (¢). & and « for
each layer are shown. Bold symbols mean the best @ model, and gray symbols are the
second-best models with misfits within the minimum+1%.
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Fig. Ad)z R3¢, BERBEETBOQMEII ZNIZIEREL TKE - Tt WIZ &9 H 5. &
NEZDZBOQQENK AR PNV D E—~ 7 DBRICITEAEHEBEZE52 TwEWZ EERLT
Wa, ZHCHL, ZOBENPTEHREICRLFSLTWEN0°3EH, kK T2EBHLEbN
5, BEICGANE BB TRE -7 SEEEBEDP LA TYH, ZNTEE SEfBEBRT 202
2o BRERIZ RN ERNOK 80% % disH T 5, EEE, Fig. ) TZ DR D Q D EIZ RV T
BEz->T05E, ZOZBNMEIZ 0FIBEL>TWED, ZRIEZINE THR=5F VI EEELF
BET2L0Tikiw, Bz, 20O QENFEEF10f2 32 ¢, 2Hz THOQEIZ11.5 &
e, Q=5/DFAICIZ2Hz TI0 THb, LizH->T, —RE—7DFIRFELLTLITLA
EELIch S, Fz, TERBEEBEDN T4 v T A Y I TRBERESCICEAEZOIT D, B
BEEHETHOE— 70 EOICKEL LD2ME L Tvizd (Fig. 4a)), QEEN 74 v T4
T TCREEKF, a /N TR ETENEREL T3 (Fig. 4(0)).
29 LTHELNIRREACCHIER () DEEr Lih (MK OBEL2ETL L, Ik
&, AAEE DIk <A ) Z &% 5 (Fig. 5). RBEEG %GR D Fig. 31IclkR3 & L (4>

GL GL.-100m
: observed Max:23.531 gal

observed Max: 7.692 gal

calculated Max: 23.560 gal calculated Max: 7.250 gal

Time(sec) Time(sec)

Fig. 5. A comparison between observed records (upper) and synthetic records
(lower). The synthetic records are calculated based on the S-wave velocity
and @ structures estimated by using GA inversion. The synthetic record at
surface (GL) is calculated using the observed borehole record, and the syn-
thetic record at borehole (GL-100m) is calculated using the surface record.

Table 2. S-wave velocity and @ structures obtained by using
GA inversion.

Result of GA searching
thickness(m) Vs(m/s) Qo alpha
1.5 49 4.0 0.80
22.5 382 10.8 0.33
64.1 757 12.7 0.07
14.9 2909 90.0 0.47
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T 2%, M EDBRERD 6 — 7L T2 BHH 0.3 BDBEIIBATE Thukn, I
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Fig. 6. A comparison between incident waves (velocity seismograms) at TKCHO08
(black lines) and those at a rock site MOYORI (gray lines). The comparison
of S-wave spectra (time window of about 20 sec) is also shown on the right
panel.
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Fig. 7. (a) S-wave spectral ratios of MOYORI data to TKCHO08 data. A bold
curve shows the average values and thin curves, their standard deviations.
(b) Epicenters of selected earthquakes used in calculation of the spectral
ratios.
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