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OBSERVATIONS OF THE VIBRATIONAL STRAINS
IN THE EARTHQUAKES, AND THE RELATION
OF THE MAXIMUM AMPLITUDES TO THE
SEISMIC MAGNITUDE

By [Izuo Ozawa

Synopsis

The observations of vibrational strains in the earthquakes by means of these strain seismographs
have been operated at Otsu Observatory and Kishu Mime.

The relations between these maximum amplitude of these vibrational strains, and these seismic
magnitudes and these epicentral distances have been calculated from these observations.

Now, assuming these azimuths of these epicenters and of these nodal lines are distributed
uniformly, a compensating factor for the constant term has been obtained as +0.20.

According to these relations, these coefficients respect to these attenuations of these strain

amplitudes for these epicentral distances are almost equal to 1.0 except few events of the near
shock.
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=Fa—F, BREE:OBEROERY LT,

OB HED 5 MBI MO HBRBICH T 2 EO0ED, - T ELEMMRE L TR EOR
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1 (1956) ZIRMOBEEEIC L 283} 0.5 logA +0.00133A, (A<750km), & 0.5 logA +0.0007954, (A
>750km) & LTW2% & O%AdDH 5, C.J. Wiedeman, M. W. Major® & AAE=S, BHEXRY X b
VAYRFy TE=T=2Fa—F, BREBLOBRELEERD TV,
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#ro Zhid Wiedeman et. al. DRDILR L4 YRF v 7OEBITLAHE 1. 7R LEEZ—BHL TS
tnzihdlnikn,

2. B A

ERICER L 0T 2B H-59 B9 B 5wk V-59 Bl (AFRAKERS, BHEIEERD
OBEHBFCHESR YWY ), oMt BEICH LIARLELETHERE, ERAV T A RGO ELAM
HELBENDL LS K14 2mm OREOLBHLHEALTwE, ZORBOERAKFRSE 1.0cm 04
vy A BORETALER 46~2m TH bo BERSEAE 30cm, & 24cm 04 ¥V 7 - BO
P4 7T, BXR6m ThHb, EROHMBOMHAEMRETF CABEICERS 1, Zillner f Y DKF
ETHEHHT, BFOREARELON, BFEFTHERLTERIND, BFICARKRL v -2l
ME =B T O T D HIEEE (¢/n) 130.3~0.7L LTH 2, ERE 1.5m & h WM TH —
5 —TRIFLNTEHYFLME V=R 2T bIich LTnb, BERFOERDOKRBSEKPITE -
TH ) LR KO LR T O REWBBRMOHIIR -T2, THLERRKEH ImHEITR b
gy = ERTE =BT EN TN S,

BTORPMRENIORSH, BRRoT 2HEETHEIYTHI. EROFPREDFHEL0.5H
UTTH20 o TEBOTRTORHBAOABMRVTFAEHOBRKENOBML Y, KEOBELIE
Vo

BIAEHRER T NI RRERBORM T. LT

log T (sec)=0.239M—1.20
BEARMRY @ SEOBZKEBORME T, & LT

log T,,(sec)=0.33M—1. 36
EROTND, BEOBEFBEEZHES L M=60T4.2%, M=7TT15.28 ¢ M & L3 TRARIIAPRIHUS.
EELNLONOBEATR 0B EBL DB -T2 DTFAEHO AHLIBEFOBEEHAR Lt OKY
u EThA DT A HBHOBRRERFERIZ V-1 +4h%® TE5 2560 h=03~07 TH B DT u>1

Table 1 Seismic amplitude observed with strain seismographs at Otsu and with seis-
mograph at Kyoto.

Seismograph

Strain Seismograph Maximum Movement

Date of Earth- Location of Epicentral
quake Earthquake Distance

L, C V, | UD EW NS

km mm mm mm u ¢ v

China (sec) (sec) (sec)

1970: 1: 5 Yunnan Province 3419 51.4 115.0 32.0 68 54 65
(11.0)  (13.5) (13.0)

1970: 1: 21 S part of Hokkaido 1046 520 916 27.0 97 83 65
(11.9)  (11.0) (13.0)

1970: 5: 27 Bonin Island 971 88.0 79.0 156 109 111
H=440 km (6.0) (6.0 (2.6)

Osaka

1971:7: 14 New Ireland 4823 56.8 33 79 120
(3.8) (4.2) (4.2)

off SW Coast 1378 33.8 15 19 16
1971:9: 6 of Sakhalin (5.8) (12.7) (10.0)

19 17 25
1972:1: 4 Taiwan Region 1909 22.6 8.6 (15.0) (14.8) (4.0)
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Photo. 1-(a) Photographic record of the vertical component of the strain seismograph at Otsu
in the earthquake of Celebes Sea ( June 12th Q1br 45™, 1972).

Photo. 1-(b) Photographic record of the $38°W-component of the strain seismograph at
Otsu in the earthquake of Philippine Island (January 8t4 140 29m, 1972).
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CHANEEMERIEREROBKL7THE, B/N07THT, ZICHERS KHOBRITRIE LA ERBLEE
"2 .

BEFSARRETEMEHORBRETOSMERITHT I RARRR, BEFOHSETFER Som, ¥
EFOEIETH200cm TH 0T, 80 BT E ke —HOFHITHT2BER 107/mm~10~"/mm
OHTHBOTEMOBBREFLTEXLEV, BEITEHE I ZRBAI NG FAMBRTORROR
KREMEHBABRCREIN T I EBLARETORKERBOBRNOMME LB L TRT, (Table 1).

Table 1 o4~ 65dFAMBE L, C,, Vs TEAULILBEREN, ZFELO®EM, F7~951
SBEEOHBHCHAI N O LHBIZALF L30T () ARBRXKEMOMBORY (B), Osaka
EBLORKEARED b OMIARHBRRED D,

# 21X Table 2 @ Yunnan Province @ 8 I3 # CRBABIZ KT R X HTE 54 2, FdL65 ¢ THRK
854 THHDTHFLMBIHICHEMBRSOBBILHL 85x80 ¢ BEX LrBbIT, BFHEHO 514
mm, ® 115mm ZH L TRERLTEXL AV,

Table 2 BRI MOKE, BE, B, OTFLAMBHOBEBERT. L & Vi RESHER 2mm/4T
BLOTEBRMMRAASIHUITE o C RERHERE 16 mm/BCHEERL LoMB TR P, S, L OR 5l
3T %720 Kishu-B i3 40mm/BT% % O CHRAREMNIZ T HHBIT & oo

Table 2 Constants of the observatories and instruments.
Otsu: Location, 34°59’N., 135°51'E., Height, 60m.

Direction Length ‘ Type Sensitivity r 83?5{23% iiif)(}r dOf Symbol
m x 1079 Magnetic
S38°W — 22 H-59-B 0.46~2.85 0.4~0.5 2 mm/min. L,
S52°E — 10 H-59-B 2.72~3.12 Oil 16 mm/hr. C,
0.3~0.6
Oil
Vertical 6 H-59-D 5.3~10.1 0.4~0.6 2 mm/min. Vs
Kishu: Location, 33°52’N., 135°53 E., Height, 60 m
Direction | . Length Type | Sersitivity | oomping | Speedof gy
m Oil
N— 4.9 H-59-C 7.7~9.4 0.3~0.4 1.67 mm/hr. B

3. mELRAT

REOBEOHBBEOBNMINBHGRRYBOS AL T 5L ER, 55—20MHL LM - LBRITHT
2hff e LoBBTHS Fig. 1) L2 OO, PHIZ KK sin20 1T, S #id cos2¢p 1, P sin2¢p
REoTHEDLENEY, FHRRBEY RFig 2085 2 REE r, 0,0 OYEREAKERE XY F@E
L+ THIZEZT 5 Double couple % %\ id Double dipole DBl *# 2 % D—D® couple D H % X #hL
Lt 2BHE (0,0 KT HMBHBOERRSE LT

o h et (pt=rry 2 . 2 PPZ
P =—id T2 ——sin @ sin 2¢p, k =Tt2n°
i(pi-kr) g
,19,:—1'1{—::’— e Ginfcosfsin2g, kt=_PP
P
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Fig. 1
) ,9,,:—:'14% el remkn) sin @ cos 2¢,

LI p REE, p IMBHEOE, A, 21t Lamé oFMEES, £ R, A BERTH L, 2, o9
R pBOELRD r B, 96 9% BENEN SHED 0,0 BRATHD. ZOMDEE, 296 59 9 & T
RTOTHb, IN2LLRDLNEVPFHDO S BHRSR

i(pt-kr)

a‘3u=—iAL ¢ przz sin 26 sin 2¢p,
i{pt-k7)

Seg= iA_%we 22 (1+4sin?0) sin 2,
i{pt—kr)

s&,,:—ZiA% ip?z ! cos 6§ cos 2¢p,

—HIZHEKE L m oBRFMOERPT A

. k e'i (pt—kr) . . Co,
e(l, rn.):zAT = [{—12 sin 260 +m?(1 4 sin? 8)} sin 2p—2Llm cos § cos 2¢]

Lih, HBREBEOBE, 0=—F-0LEnR
k ei(pl.—-kr)
u r?

Thb, ZOFE m=cosae D ¢ OFXTOEDEEMEIT

1 ) k et (pt-k7) . * 2 . k et pt-kr) |
—n—{zA—#— —— 2sin2¢p }Sncos ada = zAT Ly sin 2p

Thb, T, TIO ¢ OFTXTOEDFEHMHR
i{i/{—k— et eokn) }S:/zsin 2¢-dtp={iA% ei(“-kr)}_z_

F3 P r? r? T
ERDOLNZOT, 25HFBTOTAOBAELL Tt %, $XTOFADENWR2OORBIT—HITH
ZLOBRHBABLTRY, FRINLOMBOMBOF MY —RRIIRL TH-Tel &, ThODHMEO L
XBUIND SEOBRKEMOKHTELMITHT 2MIERBL 2/ TH 5, H. Honda® RMNOJ®MAH
DEBREYLTVWAINEIBERBEIALC LS RO LNS,

DT EBL—Oo—DDRAT LIZBHAERYE LD TIEARILOERBSINTE—BREOME LTI
KEEALREBBRECEHW Lo 22 TCOTLHBHO—2—20BAT LR ENFNORKIEN em: %
Fh, BRABRKBEINTNE= S =2Fa—F M LERQEL LTHRBAREEORRERE Akm, FiC
EEEMRCTRIRBREOBRERLANT

e(l,m)=i4

[2m? sin 2¢]
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Fig. 3-(a) Relation between the maximum amplitude of the vibrational strain of the S38°W-
component at Otsu, and the epicentral distance and siesmic magnitude.
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Fig. 3-(b) Relation between the maximum amplitude of the vibrational strain of the S52°E-
component at Otsu, and the epicentral distance and the seismic magnitude.
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Fig. 3-(c) Relation between the maximum amplitude of the vibrational strain of the vertical
component at Otsu, and the epicentral distance and the seismic magnitude.
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Fig. 3—(d) Relation between the maximum amplitude of the vibrational strain of the N-S
component at Kishu Mine, and the epicentral distance and the seismic magnitude.
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log epox=M+a log A(km)+ﬁ ........................................................................ (1)
DRICHT 2 @, B OEER/DERETROLZLE LT 39, BAIWMo T XTCOMBITHT S 0,8 0
HERD, 2ECMoOKEZR], M<55,55<M<65,65<M 032507/ v—F7OHMBIZATTERZFR
Da,f OEERDI. DWTRICEBRERE A<500km OMBREIEMOYBLTCELZRIIHT S o, 8
DiEERDIc. Table 3 Kz hbOffi%Rd. 37, Fig.3(a)(f) X «, B £RDIVAHET V-
TOMBOBAD log emax (HEED & log Alkm) (H#) LoBRERT. KPOHRR¥FEO< S =F
2= FEHT 5 emax EALDBEROHEMERT

Table 3 Analysed values of & and 8 for formula (1).

T
Division of Observation g::?hze; a(l):;t ‘ a ' B

Otsu : S38°W Total 129 1.37+0.07 9.4210.22
” : ” M<5.5 18 1.72+0.19 7.964-0.49
” ” 5.5<Mg6.5 66 0.464-0.08 12.2740.29
” ” 6.5<M 51 1.204-0.10 10.26 +-0.34
” ” 4<500 km 18 2.1940.36 7.5540.99
” ;. S52°E Total 164 1.064-0.16 9.9740.49
” ” M<5.5 65 0.544-0.09 11.08+0.25
” ” 5.5<M<6.5 68 0.48-+0.08 11.824-0.26
” ” 6.5<M 41 0.91+0.11 10.78+0.40
” ” 4<500 km 36 0.57+0.13 10.144-0.32
” : Vertical Total 107 1.1340.11 10.03+0.33
” ” M<5.5 22 0.81+0.10 10.464+-0.25
” ” 5.5<Mx6.5 56 0.3440.21 12.38-+0.21
” ” 6.5<M 35 0.95+40.12 10.944-0.42
” »” 4<500 km 34 0.894-0.41 10.234-0.99
Kishu : N-S Total 183 1.0140.01 9.90+0.19
” : ” M<5.5 30 0.50+0.25 11.7440.68
” ” 5.5<Mg6.5 102 0.50+4-0.06 11.344-0.19
” ” 6.5<M 51 0.69+0.10 11.774-0.33
” ” 4500 km 34 0.89+0.41 10.23+0.99

LOED B OBITEMERIZEZ L TWE W,

4. & ®

ZMBMBHORK|EME S =2Fa—F, BREML OBRR (1) OBRERIET IR « Ol
ZLDBE15~2.00DHE > TVD, LTcMo TEMBHBHIDODNIBKED &L 0FAMBEHIT
bobhaHEREMNSAMBTINE, BDFABEBEHIATS @ OfiIZ2.5~3.0 L %5%TH5. L L,
FHEORDTIMEIZ S38W-KFD A<L500km, AL M550 1. 72 %R THREND1.37 L h/ME v
ETH-7c0 SIW-Fsr D A<500km, M<55 GEROB IV 2D »>Tr0 BEHOBNIDIR 1 IGENWE
EFRLTn5, ZOZLRBNOBBERZIZBREMD 1 RIREAL T2, ThbLEDED D FIRIE
LAEFENIZHEE > Tnd LI RN S, ENBMBHOBAED ¢ ODEIDINIWILEHLLK
BREMORDLNIMHEBRE> TWEZ LKL ZEBbN 5, Photo. 1. (a), (b), (¢), (d) 12D+ 1B
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Photo. 1-(c) Photographic record in the eauthquakes of E. off N. Honshu (June 17t 2027 53™ and
June 18t 038+ 57™ 1968). The upper record is of the vertical component of the strain
seismograph at Otsu. The lower is of the long period’s seismograph at Kyoto.

*N‘M?*"MMWWMWW

Photo. 1-(d) Photographic record in the earthquake of Taiwan (Fébruary 26t 1gbr- 51m, )
1968). The upper record is of the vertical component of the strain seismo-
graph at Otsu. The lower is of the long period’s seismograph at Kyoto.
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HoRg, chiRAUHBYERNEMMMBE RTEY 0D, BHRM0BKS: N CBRE GAF,
REAZHEWBEEEE) LB L thBITRT, CORKRTROTABRIOHFIES LMERD LI
CHTV2 L5 CBbNd, TRV EATRECERDORBLEREAADILY LT, ThbOfL
HOFELWHBRBOBIIIAL T,
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