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R T — 203, WMEREe AL XM X R5 &A% REID (1911) LIsk4H ¢
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OiThhz b OB, WBEDLE O stiffness 12 & » THEI RS, FHi, stiffness
WHEREE T AR ERILT 5 ECHEANCHEELRTCTHS. Thrx hEHZ LR
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Fig. 1. The elastic rebound model explaining seismological data.

An assumed rectangular fault model.

) Seismic deformation due to elastic rebound.
The heavy solid line gives deformation of a line initially normal to the
fault plane during a period of strain accumulation. The heavy broken
lines show seismic deformation due to elastic rebound. The arrows indi-
cate the elastic rebound motion.
Map view showing seismic deformation near the dislocation front.
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Bl =x L ¥ —-OHCBEFETAEVWIRL bhb, oM d REBEEEREC
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5P ER AT O D, BRIER (critical distance) & %5175, THTE
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ITHIER T U BN (tBr 52 %, Table 1l #on0HECOWT 4y ©
EERLED, L+ 1074 oBETHBE LR D,
FRESE L RERE S VOB, BERBET AR ERM TS ETEETHD, o

OEBERE d %AV IUE, WBEFAIC KT 5, WEEE= %4+ - ORI BRT 5
RPN D & LCOMEE CEEGRD) V i

V=LW(?2d) (3)
ThHEzBRD, X, KUBRWEFHOBOEEEE m # RO X SICAEDZ ENTE 5.

B T o, MBOEIFMTIZ A WEAWE oT LD, p ZEEOKEL
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m=%de(vT) . (4)

AR LT, BRI & » CHEAMCEE L, Bkt z b OmI L RETHHE
F-CH 5 stiffness & 1%

k=@K|z)pvT (5)

Tt o ThHzbha [OENARA (1973)], C i, 2 @RISR, K XEH T WHANLA
longitudinal shear @ & % 1/2, transverse shear ® & & (A+p)/(A+2p) Dffisx & 5.
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Iy BBIEAE LR T L AREFHE TR, TDL 51, MBAEEE LR, - OEHN
BT L OB X - TELT 5 HUNT, A BHhORERTEFCEEIREORD L5k
BExERLC, MEREe7 vicEE, T %

sz(léK)%; ()

Dk 5 FEB 3% [OENAKA (1974)]. = 2@ iy, BlziX byh L7- fault plane irregu-
larities © X 5 75, WiEEB X RPCEIEI ¥ LRTIERETE T2 2Chs. T HR
BEONTWBHMECOWT ¢ 2XDD L, BSHNIS R B L L c=1~2 L7c% [Table
1. (a5 v v 2 WREFPHNCKE Is ¢ B2 FFo0, T OMFED T=30sec ILBART
i DZED D B) .

L, d, dr, V, m, k s ENEOBREORE Xk BB DL,
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ELT, Zh (1) 2256 6) DFERCRATD L, ThThKRD L5 IR %2 HE 5.
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=G
= () (e
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FogXnn, HRAERE WERTOEGNEBLLE, WERR, BIEEE, stiffness ©
HEYRELzLATES, ) Rk, DIW 3EREcOESLERE (~107Y)
DORE I BITTTH S, HE, EF (1975 1%, L oE<T D/WS10™ ORIfFA
WAL % Ll XTun 5,

§3. HEEBRIRLF-—

WRITBRARC 2 b ic MR = A £ —% RS ELBETHD L EXDID
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WEMBOWMERE LOBMELIE FTRER o1, © &L, 71, & XS T23MEL
LT ETARE, 7y 2 DBAKRK Y-,

TI=p7
T2= 72
TH5, WEINBROIENETE v, BEALE 4r 3thTh
dr=1y—1,
dr=r1—71:

TE2XBRD, ZRIEKOEBOEE 7 i L i, BEERK= 1 ¥ -3k 5
2 bh b [MARUYAMA (1966)]:

E=<ﬂ>/¢LD2~M (12)
T 1—y
oL
=z =12
71 I8t

(12) KXk L > L EEFHBL DRS:

E:%@+MLWD (12%)
8), 9 Rv (12) £26 D, L, W %=+ 3,

E= %ydﬁ%i—; 13)
ELFS

E=%¢w3Vﬂ—ﬁ) (14)

25, WEMOESHE G X2 )) X - RS BRIk 3 BaTi,
7:=0 THBH» b, (14) Kix

B=—prtV (15)

Einn, (15) ITMBAEOEA L & 1z TSUB0I (1956) ok » THE 2 bhtek & F—
ThHoT, HEFAKHAOBEHIMIRC X - TRELCMR I BE OMETE = L3 —
EZ D, Ll, —cd, ECY > CTEEHIFICEETHMER IS LixE 210
WOT, =~ (13) ik (14) R0 L 5 KR T 5003 —BTH 5,

T, WESHROHEOBRCERK =S F—DRHEKLE LT (15) XxAv5 2 2L,
—EER R Z LI B DO TEBTLLENDS S, el b, (15)XE A5 Like,=0
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(FTiebb, 12=0) ZRHEETHI LD, L LIBERRIL 1 OfECKE <AL
BoEbTHS,

§4. HRREITERILF—

RS CE, W REEEN LR RO A ORI RIS <55, X OB RN O
Xy stiffness 2 WX D HEI NS, Wb (TD) EEOBEL @) Nthx
Shb &5 BN b, WIEEESHIXEANCIDER HER

mE=—kx+ F(%) (16)

THEEIh IS, 22, Fl@) ZWEmLoBREEELFRbLT. FU) ¥ RBERICE X,
(16) K& W47 FASGHE T © RE, BBETD EBO FHEREY RO X 5T BD
[OHENAKA (1973)1:

D(t)=DyG;(?) (17)
Bl 1) 0<p<l mE &, i=1; 2) p=1 DL ¥, i=2; 3) p>1 DL ¥, i=3;

1—e~% [cos et+ (d/e) sin ef] 0<t<nle) ,

Gi(t) :{

14-e-mdle (mle<t),
G,()= 1—e2(1+6t) o<,
Gs()= 1—e-% [cosh L+ (5/C) sinh &f]  (0<#),

o=pVElm, e=~{1—pYkim, L=+ (pt—1)kim,

I D TR A R T 2 2 TH B, LB bt D) & B\, HASKELL
(1964) w7 BT, WBHBI=IAF— E, ZHAT KO X 5 s Rl LB/
K& 15% [OHNAKRA (#fif)]:

E,=(K6/[2z? -y WD? (19)
L,
0=0(alv, flv, LIW, ¢, p).

a R OHEE Y FET. 0 ORAN BB SO CAIKRT S, BAEREMF O
BNCHEALATETH S, 2L, p=1 OEHOEEIOWTik OEINAKA (1973) L
KRERTND, @ 1335 2% alv, v, LIW, ¢, p DBEETH 225, BRLh LS
5 2 ZADEOECIE CTE S, i, BFOMEOCHE, alv, v, LIW, ¢, p 133
LAE—FENXEERE LT A LTL ZOTHIIE SR 505, OIEEAE—
FENXIET B LT HERICEEND - T E, O order-of-magnitude % % 513 &
CRE IIBT LV, BT, a/f=+v'3, Blv=1.29, c=1, LIW>14, 0<p<3 #{K
€75 &, longitudinal shear o34 ©0=13~16, transverse shear O#4& 0=7.8~9.3
Th%. Lich-7T, (19) £ix, E, @ order-of-magnitude 13 &=Ec pWD? 12k »
THREDHZ LZRT,
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Fig. 2. Earthquake magnitude versus the product of ri-
gidity g, fault width W and the square of the seismic slip-
page D.

The broken line shows Gutenberg-Richter’s energy vs. magni-
tude relation: log E,=1.5M+11.8.
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(17) 3, WHRHE A X5, BWHERDEHERE R Wb ORFHBIRTH
B, WHEET DR, INERE (17) RELhEh 1E, 2EBMES T2
DEBID. WERLEORKTNEE Duax, TEHEE Dy, WIMHEE Din, 550
SEE KDY R KRO L 5 i s [OENAKA (1974)]:

Dons=2F(p, ) ({})ﬂ:zm o (;)ﬁ 1)

(Dy= %(ﬁ;—)ﬂ: 220, ) <%>ﬁ 22)

bt (4 542

(Dy=4Hip, ) ("7 - —anip, (; = (24)

ss_ D _
~~ "~ D =G(p, o

C=T;— T

ZZw F, f, G, g H, h 1335 2% p RO ¢ OB%, o XEGHEZRILEITHS.

LU p OEZHEYLFETERSC EATEE, (DY (UE Dmax), 47, D XD
BEAT A 2B LRTWS A, (22) (UL21) Kb ¢ 3R ED2D, &R
23) RiT & » THOWEOWBE EOFEHOMMMEE Y, T HEE, BT,
LUBRWDARE IR EDERAT 2 2 bEETDHIENTED.

LIF, p M7 HECHEE L, MEOHBEEROWMIINEE % (23) U X hRDT
25, Fig. 34 v 7 29 v FHIED 24 = « X ARG BIMNEELHELZRT. 2O
vz HANKS (1974) 0325518 Lic, Fig. 3 » 6, fkmEERE Ao later mo-
tion © 1g ##iz T30 bh 5, SRR ZKHFRCIVEBRTLZ LbER
bh 5 DT, Fimeo later motion 48 A DR ARINHEEE % MM/ MIE € 7 L CHIT S
- LitEEECH %, LaL BOORE and ZOBACK (1974) W= X % &, #1&h» b 2.0~4.0sec
HE O HB Y B AR A B A FCBRC BB L WS & 5. Z OHERIRFAN
oy oz Fig, 3 235 400~600 gal BEE L fEE S h b, =24 < F2HEESh
DWEE DI km R T 555, KEEREBHOMEE L EOHEEMB L D REWER
o LEZ BZONFZEENL LIy,

2, WEEEZEC L CHEOBRUN L ACE LS &ELD L, FAIOH
ok U, i U, ks U wrhth

1 N DT
U 5 D U 5 D U 2D




) : ‘[{1261) NOSaGnH pue OVNQJIIY],
woiy seandy [euldiio ‘(p261) SANVH 1o1Je] 'H,91S (0) ‘umop (q) * MoP.S (B) ~wriSors[esde uwrep ewroded
94} jo sjuouodwiod IAIY] dY} JO YOS J10J JUSWIB[ASIP PuB £IO0[PA ‘UONIBIS[OIOE punoin ‘g ‘Siq

, S0N0335 SON003S

_
|
|

=

_
_
|
_
_
I
s
_
_

—_——_———— 0 —

—_—_ i —

=

208/wd * ALIDOTNIA




B R = 7V IC 3 bR O Y ERYAERE 199

<55, FomEEORERED U QRS LWEHEL, ShETNDHEE, BT
E,<M%ﬁb®k%éﬁ£@%ﬁﬂ5Xﬂ&&%KQ&ﬁmﬁl?h@p:%&%%
B REREEOD LI, S—7 7 4~ FHEOSHET OV R T O IR
sy [AKL (1968)] % b & i WiBE L TOAR S hicRndEE 700 gal BEXZTh
LILEEHEEL, Shmb p HkDDE p=2 %135, o
ﬁﬁOﬁ%Kﬂbﬂipu&&—%&%i%%&ﬁ%bf?Lmﬁbhhp=%4&
%b,?&bﬁﬁ,mb%Tﬁ,<b%ﬁb@k%§%®ﬁ%6hfvéﬁémomf@
PIEE Ui 23k % & Table 1 1R & 5 ki bhb, p, f Ofll%, Thih
®ﬁ%KOV1,%ﬁﬂﬁxﬁéﬁbt%ﬁﬂ%vkﬁ,X@%%k%bhé@%ﬁﬁb
t.%%”3%5@?~5@&%@T%k1K%LT&%_T%klﬁ&b#%;5m
BT OEEFROMLINELE & LTk X2 100gal &\ HRRE/LD, hAF vy 7
W, SEEHECOL TR TESRC N S W ot S ORI, FHECOWT
&i#ﬁ~3@ﬁﬁﬁ%%f&m:&%ﬁ?@#,%5bmiiﬁ0®%ﬁ%%%%ﬁo
C L ETBF O, SDLIAY LT,

§6. WRE—A>F

F&.4uﬁ%%~xybAL%JWm%Lf,kﬂ%ﬁawwgmﬁéiﬁﬂl®m
#E 2.0<M<8.5) kbhikch 7r v Lt 0 Th b, Bunicd — 23 RE1o 116 1A
DOWET, FFIE §4 o Table 2 iR LicitiEE 33 {#, HANKS and Wyss (1972) o
T%blOK%gth6%%3@,WmSmﬂBMmEﬂ%&GYMMe1K%§hT
WHHIED 5 bEIEORE ID5 2 SR TuV BHE 8 fH, Wyss and MOLNAR (1972) @
Table 1 CREATVLAHED D BIFEOKRE IR FL DR T % HEE 2 fi, ISHIDA
(1974) © Table 3 WRXA TV His5E 10 {HK 0" THATCHER and HANKS (1973) o
Table 1 TRINTHHHED 5B quality A BT AME60METH 5.

bgM;&Af&@@%ﬁaqu&%%m&@i5tﬁﬁ;<%w5n6[Wmsmﬂ
BRUNE (1968); THATCHER and HANKS (1973); 4%% (1975)]:

log M,=a;M+b, (25)

tﬁb,mJ&H%ﬁ.L#LE%Bﬁg4%ﬁ%@<ﬁ%?%&pM@@i&&%K
@x 4 (log M)/ AM pSFRgHICHAT 5 HANR LD bR D (Fic, M>T7 OfifiTs
DERNZE L) 25 S HCEERRROH 5 2 LA TRaA LA,

Fruk, EREOMERLSERETRCAERORESEHFLTEDY, KIEIF ERERT
4fVVaV&%OC&,&ﬁﬁ@®ﬁ%§%%O%Eﬁ¢ﬁﬁﬁﬂﬁ<@ﬁﬁk(ﬁﬁ
EE?(V%%Vﬂﬁ%?%t&,%%ﬁh@%b@%%?@<b%ﬁbﬁﬁmu%@%
fhﬁ@%:a,@:o@$%m£<.%%@ﬂ%ﬁﬁﬁ%ﬁféhw,mgM;aﬂfo
@%&LT(%)ﬁ®l5kﬁﬁ%%%ﬁﬁbﬁé.Lﬁﬂaﬁiﬁuﬁ%ﬁkﬁkbﬁﬁ
m@?4xvvavaﬁ?é%ﬁ@<v%ﬁvﬁﬁ@ﬁ@f%%ﬁt&ﬁ%?étm,%
%@W@%ﬂﬁ?ﬁﬁéh%%%ﬁmu%@%fhﬁif%.COt&,t&iﬁ%%—
vaﬁlw~wmwmmn@i5&ﬁ%ﬁ@%ﬁf%,%hm%%bf%@ﬁ@mk%




5 ve'
c % /s 7/
% 26 - OO./ .
< ié’fa
E 25 o/, ]
o Oo
= /o°
o /
L 24} ’ -
4 % o8
{
23 | oo i
oao’e
[0
o 88
22 |- &% 4
0/°
o/0
21 f 3 i
00
20 |- 0/0 .

Fig. 4. Plot of the logarithm of seismic moment M, against earth-
quake magnitude M.

@, the earthquakes occurring in and near Japan; O, U.S.A.; A, Kurile
and Aleutians; A, Iran and Turkey; V¥, New Guinea to Fiji Islands;
V, South America and South Sandwich Islands.
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Fig. 6. Deformation due to elastic rebound.

Seismic moment per unit area on the volume element 1Xdyx1 about
z-axis is y(0ry./0y)dy.
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Fig. 7. Plot of the logarithm of seismic moment per unit length
M,/L against earthquake magnitude M.

See Fig. 4 for an explanation of the symbols used.
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Fig. 8. Plot of the logarithm of seismic moment per unit area
M,/S against earthquake magnitude M.

See Fig. 4 for an explanation of the symbols used.
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11. A Physical Basis for Earthquakes Based on
the Elastic Rebound Model.

By Mitiyasu OHNAKA,
Earthquake Research Institute.

The elastic rebound model explaining seismological data quantitatively is derived by
developing the original elastic rebound theory proposed by H.F. Reid. An important
point to be considered is that a release of tectonic strain energy is effected by the shear
dislocation propagating with a finite velocity which is induced by an elastic rebound
over a finite fault plane. Friction on the fault surfaces is another important factor to
be considered in the light of the fact that an earthquake source is a shear dislocation.

Assuming that the dislocation front propagates in one direction along the long axis
of the fault plane, the shear strain drop 4y, the earthquake volume V, the stiffness % of
the fault, the mass of inertia m and the total wave energy radiated E, are evaluated in
terms of the fault plane dimensions, the seismic final dislocation D, the propagating
velocity of dislocation v and the shear wave velocity 8. The elastic strain energy re-
leased E is also evaluated in terms of V, 47 and the initial shear strain 7;. It is shown
that the order-of-magnitude of E, is virtually given by #WD? where g is the rigidity
and W the fault width.

For earthquakes whose source parameters such as D, the slip velocity (D), the stress
drop 4r and the fault size have already been estimated on the basis of seismological data,
the order-of-magnitude of the initial slip acceleration Ui on the fault plane is estimated
by making use of the formula derived in a previous paper.

The moment of the elastic rebound force is calculated. The maximum amplitude
of the far-field wave motion is in proportion to vM,/L, where M, is the seismic moment
and L the fault length: this predicts that log (M,/L) is linearly related to the earthquake
magnitude M, if v is assumed to be almost constant for actual earthquakes. The good
linear relation, log (M,/L)=1.2M+11.7 (M,/L in dyn), is found empirically over a wide
range of M (2<M<8.5). The directly proportional relationship between the logarithm of
seismic moment per unit area and the magnitude seems to hold empirically.




