Modeling ot the subsurtace structure from the seismic bedrock
to the ground surtace for a broadband strong motion evaluation

#*Shigeki Senna, Takahiro Maeda, Y oshiaki Inagaki, Haruhiko Suzuki, :3 NIED
Naohiro Matsuyama, Hiroyuki Fujiwara y —

National Research Institute for
Earth Science and Disaster Prevention

I THE OUTLINE OF THE STRUCTURE MODEL TO BUILD

In order to perform earthquake ground motion prediction for a broadband, 1t is important to get to know the foundation structure model from the seismic bedrock to the

ground surface. However, in the previous research, the structure model aiming at earthquake motion prediction of the broadband 1n a wide area 1s not created. v

In this study, we are modeling of the subsurface structure from the seismic bedrock to the ground surface for a broadband strong motion evaluation with about 250m e aiertrenor: and

intervals(the 7.5-arc-second J GEM). earthquake ground motion
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Fig. 1 The relational figure of the S wave of velocity structure, Fig.2 The key map of the subsurface structure from the seismic bedrock , , ,
and the periodic characteristic in the kanto plain in Japan. to the ground surface creation Fig. 3 The flow of formation of a structure model construction

I COLLECTION OF DATA FOR STRUCTURE MODEL II INITIAL VELOCITY STRUCTURE MODEL CONSTRUCTING

We carried out microtremor observation of the single point (H/V) at intervals of about 2 km. On the other hand, In the 1nitial stage, we combined the two ground structure models (Shallow-structure and Deep-structure)
we carried out microtremor array observation at intervals of about 5 to 10km. Microtremor observation points to form the seismic bedrock to the ground surface. To use the 1nitial velocity structural model as the basis
are always seismic observation point or school. We used an integrated microtremor observation unit (JU-215, for analysis, we adopted the existing deep structure model ( J-SHIS model ) deeper than engineering
Hakusan Corp.), equipped with two horizontal elements, one vertical element, and a data-logger (LS-7000XT). bedrock, and created a shallow structure model from the geologic columns provided by the Chiba and
Ibaraki prefectures or ourselves.

The creation method of a shallow structure model and an 1nitial model(deep structure and shallow structure
combine model) are shown.
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Fig. 4 Collected borehole data = *. 7 =i

in the Kanto district (Data of Fig. 5 The Se(i:sltlllﬁ)ag f;;}t;

about 100,000 points or more )  geation which collected ~ Fig.6 Microtrmor observational data of Chiba and Figl.8 Calculation of initial S wave  Fig.9 The built 1nitial structure model
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the data of Chiba and Ibaraki Prefecture( left: single observation points, ocity (Vs(m/s))
[baraki Prefecture right: array observation points )
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reverse-analysis by the H/V spectral ratio and the phase - " ) I Joint Inversion

VClOCity was apphed on the initial model. *Decide the search ranngepending = Boundary of the shallow-and-deep E _ (I/NPV)Z |:W(f)(C0(f)—CC (f))/CO(f):| (1) CEm - - - - = e == s === === ==
/ J J J

First, the depth of seismic bedrock was adjusted with the Land surface

on the observed phase velocity underground structure model (Junction) PV -

In order to create a final velocity structure model, we were i or) e s wave stucture with V=0 Sgkamis) = LR R I >
reverse-analyzed by the phase velocity created by the fhe same siratum thickness L o WRNY G —Csi | Wy o[ V)i —(H V) | (5)
above-mentioned velocity structure model, and microtremor V.7 lkinle} SR — w(f,)=1.0(f, >1.0Hz) ck (H/V),,

’ *Revise the velocity and stratum thickness (2)

observation (H/V spectral ratio) result. e e Y oy S «
. ) T w(f )=/, *05+05(f, <1.0Hz
Reverse analysis 1s conducted in two steps. The last K Sinls BL L RN A J)=7 i )

peak period of microtremor for a long cycle

1 Vs=0.9(km/s) B 7
structure model averaged the S wave velocity of the same v [ RVO(f ])/ RVE(Sf ]/ 3) Cr : Rayleigh wave theoretical phase velocity of structure model
RVH’?aX - RVI’I?&X

]R i=1 ]HV i=1

(f <0.5Hz)

geological formation model, and was created. Epp = 28 H/V : H/V spectrum ratio (Rayleigh/Love ratio = 0.72 : 4th
| Ve=1.3(kmis) 7= mode composition).

Array obscrvation IR and IHV : data number.

! et Subscript m and S : observed and theoretical value.

- Change of Vs val -
A Change of stratum thickness ange oS vate E=05Ep,, +05Ey,, ) W : weight function(Wr=1.0 and Wrv=1.0)
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,  Dispersion curve Co(f)) 1s the observation phase velocity. 10°
Cc(fJ )is theoretical phase velocity.
> Freq Ltesidual W (f]) 1s a weight function.
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. . . , Normalized R/V Fig.14 Joint inversion result by H/V spectrum and phase
Fig.10 The flow of reverse analysis Fig.12 The key map of the modeling method by space velocity.(Brackline:microtrémor(H/V),Blueline:Past

interpolation of the analyzed structure models Fig.13 Joint inversion result Study,Greenline:Initial model,Redline:This study )

V THE CREATED STRUCTURE MODEL ( LAST RESULT) VI VERIFICATION OF THE CREATED STRUCTURE MODEL
In addition, the spectral amplification rate obtained from our model is consistent with that of earthquake ground motion (REFERENCE INFORMATION) Finite Ditference MethOd(FDM)

recorded by strong ground motion observation point. As a result, the velocity structure model which can mainly explain | (f < O-SHZ)
the excellence period of the range for 2.0 to 0.5 second was able to be created.In response to this result, modeling from About the structure model which we created by this ‘ N T

the seismic bedrock for earthquake motion prediction to the ground 1s due to be performed 1n a wide area from now on. study, after dividing the short period and the long
period, accuracy was verified. The site amplification
i S | : _ . L _ factor of the observation point by conducting
AVS30(m/s) AVS300(m/s) | y VR, VRS Depth(m) spectrum conversion analysis of earthquake ground
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date time latitude | longitude depth M; Mw Mo strike dip rake data

° N °E km Nm NIED Chiba Ibaraki
1998/8/29 8:46:42 35633  140.029 646 53 53 9.80E+16 111 64 -27 31 - -
2003/5/12 0:57.06 35.869 140.086 46.9 53 52 7.07E+16 135 50 -5 56 57 -
2003/5/17 23:33:10 35.739 140.651 473 | 53 53 1.13E+17 193 24 91 60 - -
2004/3/11 11:34:57 36.322 141.008 475 53 5.3 1.04E+17 5 72 66 50 22 30
2004/10/6 23:40:40 35.989 140.090 66.0 5.7 5.7 452E+17 360 64 83 65 59 63
2005/5/19 10:14:26 35,559 141.082 334 54 53 1.21E+17 301 61 99 52 34 8

"?'n?fﬁ“ : - - - S St sieade - = e 2007/8/18 _16:55:08  35.342  140.345 202 5.2 5.1  5.J2E+16 236 20 76| 57 - 17

moo- , . . > - e e TSR TR Fig. 19 The earthquake (left figure) used for calculation
E§§§§§§ " g 1 N A 1 I A =R R < ¥ Ml of a finite difference method, and the observation point
2570 - o0 55,4 ' SRl e , P 5 which performed waveform calculation (right figure)

- ° - s Eeminzmmmriias i IBR.082
Kilaura __Tamatsukuri creto

V$900-1000 V$900-1000 e e e Vel cms) S

: P ‘ B ‘ L . 1 S | I . 1 8 | LR . - Obs.
140 140.5 141 1415 1385 139 139.5 140 1405 141 Tl \ _ + 0,59 % Obs. 036
e b R - I Y Y R NS ] NS
W R L - R i T | e r
WS BCE c =

140° . . i a6 e S , L H [ ik NEW e, 0:26 T NEW A s 020
I | = s ¥ 1 2523] P et ¥ 23] 3

. _Sﬁip_tnnc [{mvachl ,ﬁalguragaw;i SHIS e, 016 & JSHIS el 017
Fig.15 Vs30 map and Vs300map from the 7.5-arc-second JGEM K- e e AR e it ot : |
(about 250m mesh) in Ibaraki and Chiba Pref. | , | : e e T s

PN

e =

_ 3 = : P = ¥ HE 3 ===
@ Past Study(miyake et al(2006))[1] QY : : Yasato —HHE Kasumigaura | Miihari
@ Ibaraki Initial model : ] $ 0.1 1 0 01 1 0 01 1
‘ Chiba Initial model L : PERICIDNS] PERIODS) PERIDE S

@ This Study

2
S o
¥ 003

Fourier Spectrum {cm/s*s)  Fourier Spectrum (cm/s*s})  Fourier Spectrum (cm/s*s)

(8.D.)

y
ON=""upM < h) 0= N = 1) 1
(b =0.44, a = searches for 0.1 to 100 ) Amama F s e

0
Time (s) Frequency (Hz) Time (s) Frequency (Hz)

Vs700 Vs900-1000

139 139.5 140 146.5 141 14|1 £ 1385 139 1395 140 14;’).5 1M

o
o :
sovgl s

deviation

Fig.16 Upper surface depth of the deep structure , , . .

Period(sec) model created by this study and previous study Fig.18 Identification analysis result of Q-value, black: Fig. The VCIOC'DIty waveform in two points of course-of
Fie.17 Joint inversion result by H/V Spectrum and phase VCIOCity (J -SHIS) (Upper . VS700(m/ S) . Middle : Vs900- observation am hfylng characteristic (spectrum mver- -traverse A'A of the F1g16(16ft ﬁg_ure), and compans.on.
(Blueline:Past Study,Greenline:Initial model,Redline:This study’) 1000(m/s), Lower : difference of two models). sion result), li% t blue: result of AVS100, blue: average of the Fourier spectrum. Observation record (black line:

: : _ N - : - Obs) . The analysis result (red line: NEW) using the
(Standard deviation by structure models to the microtremor value (a=10.6), green: identification analysis result foundation modal of this research. The result (blue line:

observations shown in Fig.14) (15 Results of Ibaraki Prefecture) J-SHIS) of having used the J-SHIS model.




