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MEANING OF SOURCE CONTROLLED F,., IN THE EMPIRICAL
GREEN'S FUNCTION TECHNIQUE BASED ON w *-SCALING LAW

By Toshiaki Yoxoir and Kojiro IRIKURA

Synopsis

The source processes of a few earthquakes were checked by waveform
simulation using the empirical Green’s function technique based on the w *-spectral
scaling law. Synthetic waveforms were successfully fit to the observed ones, and
their sources were supposed to be a single rupture. The small event used as the
empirical Green’s function in the synthesis of large event, could be synthesized with
the smaller event. In the method of synthesis used here, it is considered that
barriers on the fault plane are broken in the process of growth and mutual
connection of small cracks. These let us guess that the stronger barriers were
distributed sparsely and the weakers densely. And, according to the slip weakening
model, it is supposed that the f .. depends on the barrier interval on the fault plane
or small crack size. Supposing the distribution of barriers as given in the hierarchy
model, some physical parameters will be able to be obtained from the observed f-M,
relation and the f,,,~M, relation expected to be confirmed by observation. Thus, the
fmax Can be a new informant about heterogeneity in seismic source.
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; . T scaling model. ter
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Tablel. List of analysed earthquakes

Data LAat. (N) Long. () Dep. M

(1983) (d.m.) (d.m.) (km) JMA
Eq. A 6/9 21:49 40° 13.0 138° 54.2 23 6.1
Eq.B 6/10 16:20 40° 15.0 138° 58.0° 57 5.0
Eq.C 6/12 14:02 40° 12.5% 139° 00.9 42 3.9
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Table 2. Ratio of source parameters of analysed earthquakes

Q. a, fo Ro L Ao
(T/E) (T/E) (T/E) (T/E) (T/E) (T/E)

(Eq. A/Eq.B) 110 17 0.35 1.08 2.86 6.43
(Eq. B/Eq. ©) 10 1.3 037 107 269 051

Table3. Source parameters used in synthesis
N c LM L (® n Vikn/s Bku/s

B from C 3 1.0 1.5km 0.5km 30 3.0 3.7
AfromB 3 4.0 3.3km 1.1km 30 3.0 3.7
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* — % Offi% Table 3 12R9™, SRER LEAMEEOHBRTZ <2 b VIRIEHLZ Fig. 2 (a), (b)
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a—F—EEEEL D bEEEEEETR V)¥Esh3 (Fig. 4 (). 2% 0, fu MBI 2 FEEH
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w3 (Fig. 5)o

COBERIC K B EA/NMIBD R RS bV, KHIBO ., DL EOBBEE cBDT 3 (Fig. 4(0).
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Fig. 2.(a) Synthetic result for event B. Observed seismo-

(c)
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Fig. 2.(c)

gram for event C is used as the empirical
Green’s function. (Upper left) Comparison
of observed and synthetic velocity seismo-
grams of NS-component. (Lower left) Compari-
son of observed and synthetic accelerograms.
(Right) Spectral ratio of synthetic to observed.
Growth of the spectral ratio in the frequency
lower than 0.5Hz is caused by the noise
contained in the event C.

Synthetic result for event A. Observed seismo-
gram for event B is used as the empirical
Green’s function. (Upper left) Comparison
of observed and synthetic velocity seismo-
grams of NS-component. (Lower left) Compari-
son of observed and synthetic accelerograms.
(Right) Spectral ratio of synthetic to observed.
Observed velocity seismogram and accelero-
gram of event C.
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{a) ]
EVENT A EVENT B EVENT C
FUKAURA 9 FUKAURA 10 FUKAURA 12
JUN' 83 21H49M JUN' 83 16H20M JUN 83 14HO3M
c){;\CCELERATION SPECTR?O ACCELERAT! ON SPECTR?O ACCELERAT!I ON SPECTRA
Q10 | L o1, N o1 | }
n E ) E /J‘N\ wn E
1. L _ 2107 | o107 _
. 1 107L {1 107 |
10—1: |l|‘ JETILT BN ERTUT 1 -S.Elelm vuhod eaadud 3l 1 »f ml o eebued o pilod 006
10710 1.010 10° 10710 1.010 10° 1027671010 107
FR!’%%LZJS NCY FR?(})}%SNCY FREC&E%NCY
10000,
(b) E fuax

r Fig. 3.(a) Observed acceleration spectra of three events. The
change of spectral shape can be shown, both in low
Event A frequency side and in high-frequency side. The f..
e of each event is indicated with vertical arrow. The
values of fn.. used in Fig. 3.(2) are read in this figure.
Fig.3.(b) Relation of f.. to relative seismic-moment. The
values of f., are read in Fig. 3.(a). And the values

in Table 2 are used for relative seismic moment.

1000

Y

Seismic Moment divided by that of event C

Event B
10 |- L
Event C
1 N
1 10

Frequency (Hz)

iKW REFEOBREOLYICLZMESMTHE (Fig. 4(0)) 74 V5 Y v THERD AN
7 bvlE, RATRIN S,

(Hw) » U(@)} = {H@) » K()} + () «werrereereereriemomiminininitinene 3)

COMBEIC L AREREIBERERC, Lo UT 50T, QRTEASNIREHRIERE
ToTWBEEZLLND,

@ROEIEIC LY, Fig. 1 OEZZRK FG) 13 Fig. 6 ICRTRBICEE S, LD -BIKBIEE
o B TERI NG, CORDRBEFNBERLEON) Y —hoELE2DTHEDTY, fo, bER
NY YD RIS E AR LB TH B EELSNB, Thid, Specific barrier model™ 'V ic
& %, Cohesive Zone DIEFIC L B fax PAE L PUTWB, LirL, BIETIRYY ¥ — 3B
WEsndh, BETRPEEINTIEEIATREI-TVS,
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‘o : T 'l"’l T ‘l]l)!l ¥ """E
logfu(w) } - 3
10" E E
3£ |e é
:f q
L .
$1d°? E o 3
s E 3
g C o ;
= . .
g 3 °
log(f 3 E 3
fo() fo(E) et 8 F 8o :
n [ %o ]
log{ii(w)] "' | : L
10 ‘ 1 11 Ill:o i 11 (B3] L 1°
N Fmax (Hz)
[ b Fig.5. Seismic moment dependency
| of f.. for events occurring
in south-Osaka region.
Solid line denotes the rela-
tion obtained by Faccioli
(1986)®. [After Kamae et
2)
L1 L log(f) al. (1990)%]
fo(T)fo(E)fnax(T)fmax(E)
log K (@) (2)
I 1 | 1 ) £ t
oMo form o6
(3) Fig. 6. Change of operation function
F(t) by processing with
Fig.4 Amplification effect of the high-cut filter H(w). Main
synthesis by the empirical of the change occurs in the
Green’s function technique 6 -function part of F(t).
based on @ *-scaling law.
{(1)Displacement spectra of
target and element events. - e VS
(2) Acceleration spectra of 4. foax 0)77__?- :; ko OEBE—X> 1)
them. Spectral fall off at KEEORBBEICHITEIEEK
fo(drawn with dashed lines)
1s not considered in present w scaling Blic B 5 WSRO BEA I £ nid,

technique. (SAmplification  ygygsric 3 ons x5 1, KMBORRUTEEAT,
shows expected behavior  AIBINBSY AEDMA > TRIL, Wb SFET o
of K(w) by w *-scaling L7zh o T, fna OEEZBIED Cohesive Zone iZ3K
(lii;n?efcyszifsrfnicgvzjiﬁg YEERTES, BREAKO <) v - CHERESZILT
decay of K(®) in the fre-  2FFictEd’ 5 Cohesive Zone %52 5 4ENH 5.
quency range higher than HiET, HEASHEBDS, TAHEBIHECH

foee Of the target event.
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LARINBET ENS, K75y 7 OWBERLEZ/Ns
5y bEl, LOMESVI Ty IOREEEEITLVER
shargitshs Fig. 7). Co&>5REMED7 5
7 DESLZ, WERLICANYY—-B3HLTHWAHEOERE
2WZ KRBT, 759y 7OEHBEBNY YAV F -V
OHETH BV, PFig. TIRShERRIL, /NROE
s h S G Y P —BFIOHL, KB
Bahzd @BV NY Y -RBBEICHRT I2EEERT 5,
Fig. T X 5158 ¥ —D53HE, Fukao and Furumoto
(1985) P DB L BB E F VT HOEES TV B, £

Fig.7. Schematic illustration of .

N the basic idea about the C /& W DRI 12 BHEEY S 7' 2 DB B L2 DB
detailed structure of seis- &»3BETREFNLES (XY ¥Y—A v 5—r) %H-
mic source, according {0 - BB ASIERBEN LIRS B0 T DIABE THIREA
Irikura and Aki (1990)%. MR Y, R RRORE~EY, —
The large crack (solid line) i - ’ £ - v, —Ey
is composed of the small AEBRY —niBiE L CHIBERIETT S (Fig. 8)o
cracks (dashed line) which - pEFLTHEEINTVAERDO 70 v 7 BEIRS v 74
have been mutually con- A - . fots
nected by the breakage of Tﬂi&iﬂﬂ']'sz’é abeRob0Tss (Fig 8), Bk, KE
the barrier between them. TEEFAP TR, BIROTLADOBOBBERM OREEIC LD 2
The small cracks are com- Y v 7BOEN®IE, EEIh TRV, Lhl, EFHRT
posed of t’he sn;aller cracks #2513 Fig. 8 iIoRd REBEEOAHICHEDT, T
(dotted line) in the same . y e
way. The high frequency & TP&5 S5y L R L PRSI T B0 R
components of seismic wave IEBAIOHAILLE2Y » 7TROMMEZERT 205013,
are emitted from those in- w9 po—+ —EEMCPOHBOFEE, - —FHEEL
ternal barriers. If some ) ; .5 . .
barriers rest unbroken, MFTCO){&%E B OREICHEL, fon IO <SP
multiple shock event will HEEICIIEBLEL,
appear. The pelimeter of  FIgEMORENSTIL, Slip Weakening Model & D
cracks denotes the barrier BEEATHT DSTJRE T H Do faax 1 Cohesive Zone Size:d &
interval in this expression.

Ol =02 _
— /
\\
> o © __\,é;\
Y
yr—

Fig.8. (Left) A model of the rupture expansion in hierarchy model. Rupture
grows by repeating the cycle shown in the figure. (Right) Self-similar
fault block structure which is neither completely random nor regular.
[After Fukao and Furumoto (1985)*] It’s very similar concept of Fig.T.
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KA TBIRAHF 5 B10%),

% 7, Cohesive Zone Size : d, Average
Cohesive Force g, B LTWA/[NY 59 7 D¥ER
0, RO Y 5 v 7 DIGTIE MR 4o i3, Cohesive Zone
MOBMERFYS ) OBHEx 2 V¥ - G LROBK
2Fo" (Fig. 9) ’
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(Top) Smoothening of the
stress singularity at the
rupture front, due to the
presence of the cohesive
zone of length: d, which
assumed to exist just behind
the crack tip. The slip
necessary to break the bond
of cohesive zone completely
is denoted by D. The aver-
age value of the cohesive
stress, assuming the latter
to be uniformly distributed
over the cohesive zone, is
denoted by o.. (Bottom)
A schematic representation
of constitutive law (cohesive
force diagram) of the “slip
weakening” model. [After
Papageorgiou and Aki
(1983a)™]
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Fig.10. (Left) Schematic illustration of the source model for Moo<f,™® (constant
stress drop) series. The shades denote barriers assumed to be disributed
over the fault surface obeying to hierarchy model given by Fukao and
Furumoto (1985)®. The weakers are distributed densly and the strongers
sparsely. The small cracks (dashed line) emit high-frequency components
at it’s edge (the internal barriers), then grow up to the large crack
(solid line) through the growth-connection process considered by Irikura
and Aki (1990)*. In this constant stress drop series,of which ratio of slip
to radius is constant, the radius of large crack may be proportional to
that of small crack, corresponding to typical barrier interval, because
of the hierarcy. (Right) Schematic illustration of the source model for
constant corner frequency (constant source size) series. The stress drop
increase from top to bottom as indicated by a long arrow. Because of
the assumed hierarchy, the radius of small cracks (dashed line)
composing the source (solid line) may be constant.
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