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B o Ground Coefficient for Amplitude of Earthquake (IT)
——Note on the Maximum Amplitude——
M. Katsumata
BESL 3 HORBMRIR O HARIRIC (£ 00 2) — I AEB Iz DU Teverserrreianvaiinenns 1
ity : — § (Seismological Section, J. M. A.)
HWARAK - L9 #-%E B EloMBiaan B BT HTETEEIE oo vveeeeerreennes 11
1 " i Illy accepted that the geological condition around seismological stations gives great
MEEELSRE : BR394ES 7 B RS i A 2. It is generally accep geolog _
" & AR T P A o 17 effects on amplitudes of seismic waves. To investigate this fact more clearly, more in detail, the
o 30 Bk H maximum amplitudes of seismic waves of earthquakes of magnitudes 6 and above recorded at
ok 55 21~ 30 B H ik various stations are compared.

1) We classified stations into the five types, H, H-M, M, S-M and S. The M type is a standard
station where maximum amplitude shows the average value. At the S type station the
maximum amplitude shows the value greater than twice of the average value. At the H type

<&

station the maximum amplitude shows the value smaller than the half of the average value.
H-M and S-M are the intermediate types.
2) The magnification factor depends on the periods of seismic waves. Moreover each station has
Quarterly Journal Of Seism()logy its own response factor.
3) At the H type stations, the arrival time of the phase on the maximum amplitude is a little
Vol. XXX No. 4 later than that of the initial 8§ phase. But at the S type station, the arrival time of the
maximum amplitude is much later than that of the initial S phase.
4) At the S type station, the amplitudes of horizontal component are much larger than that of
Contents vertical component.
5) Some stations have their own resonance period.
6) In an epicentral distance less than 100 km, the relation between the period Tm of the wave of
maximum amplitude and the magnitude M is given by log Tm=1,74+0.36 M, where M is the

M. Katsumata : Ground Coefficient for Amplitude of Earthquake (II) e Hot 5 and 6%
dluc pelween an .

—Note on the Maximum Amplitude— «-=<asererimrmiiiiiiiiiin. 1
N. Shiomi, A. Ueno and M. Yasuda : Investigations of Seismic Regions (Mag.) %iEth % L 2oL EL T, MEHhokk
from Seismograms at Maizuru ««ecssssrreeieinimermiinarenininnen.. 11 BN X e R L B oA - oBIREICoVv T 2, 3 OfiER
Sendai D.M.O. : The Earthquake of May 7, 1964 in the Westward MRBOWRBMAMAHEOWBORIH- LI XL Bkl
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BEVEREO oLk Tws. $f, FHEONELE  EERC, RKE EHE OB SRS o o

i HHEROMNE &AM+ 52 LR T L - 5 5598 SRR (59%), Wiechert A Himgat

TLHEEARETHZ. ZorbvseahflErsE (W), WBFHSEHARNS ~6 B0 LOTHE S

KOWRBBESN TV 525, T Magnitude  pepia @i 7= =k 6 OHISE OBkl GG
p * Received April 12, 1965 # Fig.1 jz5d.

P RN

Contents of Vol. XXX
A Supplement Contents of Vol. XXI~Vol, XXX

agif—



\| \%International
“__Seismological
Centre

From the ISC collection scanned by SISMOS

120 BOm OB @ 30 %45

Electromagnetic samno%raph
b——__with visible recorder H,V)

Wiecherts seismograph(H,V)

Magnification

Strong motion seismograph

0.1 1.0 Ground Period 10 sec

Fig. 1 Response curves of seismographs used
in this investigation.

§ 2. 4RiE. Magnitude 7EE

a) Geographical Correction

HOREIH: O = 3 L — (LR &4 il ~ 29—z B &
NLHTTIEAL, BEEKCL) zoRSER S
B LEB->THEFE RS h3RE YR oz b
DAEE D 5. FRcRMmPE % AT Mag. ik % L
IEBAICR T OB ERT 5D IRV (7
L ZiE Gutenberg (1945a)). %7, F—HikoHEo
TERERRG I BN S i 2 O I - R
LOLE-TL 5.

HATIEEH (1954) oXEHv, BBl (A
53) 6 WS B O W B Mag. 32 T 5
Wy T OBEMEIT X B B AR 0K o B R
AT (BoBWRIC X 5HWHR L D AXvich, %R
WX 508> Sl 52 LA - Lich EanT
b5 IR BFLLEE TR

g mantle TOMEOREHIL. - 25
WREOHTERICREET 5. Zoz ramRoR
PEESNT & 58088 L e, HsAY I SRR AR IRIR O 2
EHELSHS. ZhooEEEHIET 5 bz (—50
FEE B BB D Mag. #5Eb L5 &+ 515 il
) “Geographical Correction” BB L D, R
MO T~ 5 T 5 (B z i Gutenberg (1945),
Bath (1952, 1956)).

BHETE Mag. kv 2R (4 : @ieiing, A:ig
i)
Mag=clogd Blog A+7 (0]

OFREG HUBRE TR L T s 2 LAt BEE (1954),
fiEe (1955), i)l (1958) &Sz k25T,
L Lok a=1.73, B=1, ¥=—0.83 o3
EfH b oL LTEBALTLER ESLodz i s
E GBS L BTV S, Lisdio T, S8
RIS HIREOE Uil L L CrhEo g o %
stk LTUTFoREEED 5.

b) Station Correction

I L7 (Rifto X 5 etz & A CHEHTES)
BT, FtEoR A R R 2 B 2 -
fefflid g v, Fe—B (1951) i34 13km i 7x i - EUF
L EROWHE OB 2 b L, B8 iz s 2 B
FPHO R TR S h A e, B (RS -
CEER 2 Hh T 2R UREINFT O L o L i<,
B3~9{f GBSIcE-oT200582) IchhoTYy 3
&AL Gutenberg (1956) [2fERIS 11z & 5
Pasadena HUBEBIET L, #95 km i3 h -t (8 &
#9300m) ool & ¢, Standard torsion seismometer
(EH10.8%) ZH e THBENE B v, BE0E

WS L TRIEO 4 ~ 5z - TV A LML TW S,

SHBIE, MHRO D EH O R I
REURELHZ TOEZ LERLTVS,

LT O BRI 4 S PF 0 R - 8 1o s
PILTED, £ R ECEELRLHS Lo TRk
Vo Lo 0 MRESIE Eh E o oM iz
CTEMSh 60T, EESOEEEfH+T 2wz s
DB A S bICIX e i, ok 21 Mag. %
R BHE, ZBOBMY &L o 2RI+ 2
HE—ISMER R E LT, 14, H5v-iblko
BN £ 5 X 5 B EIc iR s b S8R 2 iz
HTLBRUETHD. Thbb, boHdiN CEEN)
Fe i e offic G 5 70 o) “Station Correction”
PERENS (Gutenberg-Richter (1942), Gutenberg
(1945)).

¢) Kk AM

& DFMETCEN SRS A oA
ol ETEM s E Ll 2oy A Y

A=KiAi, ;ﬁ:ﬁ?Ai 2
POIRMOMIERE Ki ko ohs. Zhix 4 i

*OKEHREHE LN T A8, Chit b ABE
OHBEEAINIBZTNYNLH 50 TLTF IEE
FR] Ernr ket s,

HRBREOHMRER (Z02)—BX 121

I aiEmoEEnmeEiai fEL, £ olgcov
T K 23T 52 Lic X - THERR O
B, ZOBRICoOVTIRTTIEE 1B (1954)):
ek Eio FEcbo GUEEms (1952))
g cERCHy-Bh Ty 5,
LR OBPEIZ § LSy TR Sh o iEdE i Mag.
% M bihi
M=1.73lagd+logA —0.83
=1,73 log d+1log Ai+log Ki—0.83 (3}
L s, HABNAOER Al 56 HMICHY 7z Mag.
# Mi, zhk M LoEsr AMi LThiE
AMi=M—Mi=logKi 4)

L b Mag. OREM AM: psRpehs. K 0BG
Lk S0l ov TORFNREE L L TEE
So AM BELIS.

gupxic K IM 2R THB L, HHBCE Y IES
SEPERICREY. £ 0ARLEEHEICOVTHE
4(1952), HigEE#:(1952), B (1954), W f4(1956),
i1 (1958), Ff B (1959) HEpisked F-fifid HlEL TH
THHFLL—FELTRYEY. I iR ERIREOM
B, TERE L fr 5 Mag. SEEMBORMESEZEZET LT
I EArvc bbby £ Biod<515
FelE X s bExExlcvha k, K AM Eli—
il LTRkiD S Z Lo LRSS S LbL, #
BHPTcoVTE IR LERM S tot LTw
Lz EAHE ERLLERIRATWS

§ 3. RIEOMBEICE S5

a) AM D55

FRMATIC BT SIRE ORI L 28 £ M 5 /=
B fitLic ) XoFHETEO M o552~
fo. S CCHEEGEOR S RS GICERT S
HEa s, R H- 5280 E-ST 3h
feHEED X vy Mag. ZHEHEE LTl % k5,
19534~ 19644 0 [ 0> Mag. 6 L) koo i (%9 70 {i)
FIRALE. WRIEEOMEY 2 k% Ay 1953 4ELIREO i
KM OB HED R oMEA R Sh Ty vz
&, SRRt 2 3 o g (Fig. 1 ) #H
Vv FREOEFEZE = 2 ovinEo EiioR kO

Y Coidd, BANERE CRAO L 0% H o 12
1953ELRIz S RE TR A - n a2 2d
PRARBMET AL SIC L. CORBHTERIT
NHBEEBcos BaeR0T, R0 0GH
FOREIEEE L0 RRhay (LhLh
X afHRE—BC T, DTHLTHI).

B) oEHEEHLE. thbb, EmEiHo L 3EER
6 LT o, 59%E L UWizc &k 28 &ici S HLLT
DLOOLREER L. £ BKREL L TERISHh
ZEOMWECHSE A KL T, 4500km LT O
FitkfEafe ko X5 hEEoREHC L £S5V TR
® bivicgiio AM DD AESHOEP % Fig. 225
+. WiEeo X 5 RO £ T il
b %<, EvltveoErgoh-0oRFEETOL
z AN, kb B X U o iR Ch B,
S TiRAH IM EoLod kLI LNBLEARN
TEAVOT, FREORBFEEHEORTEE - THO
BecHE+Ts2TETHS.

0.1 40,3 #0.140:3

aM 0.3 TS
Fig. 2 Frequency distribution of JM.
AMi=M—M;, M : mean value of
magnitude obtained from data of
many stations. Mj: magnitude
obtained from the data of ith
station.
This is the basis of classification H,
H-M, M, S-M, and S type station.
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Table 1 Classification of stations due to the amplification factor (see Fig.2)
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(EVECORRELTEZLATV A TH 5. & i N
7o, —ISSHORICHE L 124, SBRPFTc> VL £
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M CHIN S AR # = cibbd 5 B, i i o
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(1950, 1952, 1953ab, 1956, Zofih) Iz kb, Jedeps
Witk Bz RmwEAL 288, T b S M
AR L E &, W TORGOHE X VRIS L0 &
ICERShSh L v 5 HRERERAICHE S h T v
. HFlc, Moo Lok S VERMOEIzoV T
iFL{Ml<6hTv5. RlichRLzEsz—8 (1951),
Gutenberg (1956) o Lhif, 2 0EillET
DOIRMFLRE O GEE) ek v FL (S = Lo
Lot a. Hiz, IRIEHIZEEEED 5 OREEERIC
EoTLEL, SEOBTHAERICAE (haT

K IM 258850 MAZ0L sk Lok

Fig. 3 Some example of variation of ampli-
fication factor K due to periods of
seismic waves,

K= mean amplitude (A)
observed amplitude (A;)
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BET I e KRRO BRIFA B2V @R as D, 4
A L EOENIEFICKE Vo HES. HElo#E
HFTCIFRIRIBIE S MFHEEN G 2, 3 jfEs L
ICHRTMENRE L, BHLZ2SERICBTakELR

e
g - .
q eisg B
-l . »
= s -
1 . -
% . - -
30 .. » .. ep % g
) .. . .« * “:
= - . -
! . * e " o RIT0.E
» . e e ®
. s 0 %apee & &
1 : A .ﬂ s .
; o1 l. “\“.uﬂ‘
on"‘ b A 3
.
. _ 8 = ,?
-
] o0 o0

0o S0
Epirentral diatanse

a ¢ vertical component

Fig. 5

BFZLEBTELEY. L L, SEOBRATELLS
CHTHIERF S RCRIRIEE, RV -HERUS oS & B L
THETLHRBICL 5L 03250, BEVRBEE
FiOHEDD L5 ABSIC L5 L+ <& hixE ol
FTRALATREY. ZhbDOMELHEmICT S
rehicik, FROBHPHC>w T, RO TMhTIELS
PETHS.

¢) IRKIRBOAFED L T
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Fig. 6b Tdh 545, Fig. 6b Cix Fig. 6a [CH -~
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FLARRSh T30, ETFRaE SEMNEs
TeRVZLBbhs. Zhiz §4 b) cilt<xS
RO T ORRIRIFEBRE O £ < L Bl L #Eks
HBILTHD. %k BRKREO ETRAOBHAIC L
HEDPIKERS L D Db v d Z Lk, Mag. oivE
FEFIHELABEOFH S ERL TV 5.

of kn (Sorisewtal teere ]

.t .
i .. Lah e nt O
"‘, * '.'=.
. e e
! . . =) - % 0"
iy o8 e
. T e AT
+ . 'y °.=‘°.ll.-
e . #s  a®
.
. . .} = doreit =
-
' r ,ﬂ‘_:‘ ¥
&
o8 Gl
I £ W0

o 0
Epicwatral distacsa

b : horizontal component

Travel time of the phase of the maximum trace amplitude.

Solid circle : S type station
Open circle : H type station.

At S type stations, the maximum amplitude appear much

later than S phase.
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Fig. 6 Comparison of amplitudes at S and H type stations
(data of earthquakes of magnitude 6.1).

Solid circle : S type station
Open circle : H type station.

The difference between S and H type stations are remarkable
in horizontal component, but not so remarkable in vertical

component.

pmitral Liidales

Ratio of vertical to horizontal
component of the maximum
amplitudes (Amv/Am¥).

Solid circle : S type station
Open cirele : H type station.

The difference between H and
S type stations is remarkable.

§ 5. BARIEOCHRE

a) LKA

ECHIEORSRE, whwa TRAEK] iz
it 2 HiB R i KRR E O SR o R L TV 5
ZERFBATYS (kA (1933)). iz, &
i (1937) (eSS o By Ao pic kLT L 0%
BHUEOH AT LERHL TS, 2055 AR
HHEOREMEORE LA K 2 AM 2 llEicz >

TH-AELLTRDAT LEEEE-L TS5 LD

(el 19 20 1
BRI = LTl Sha oMl (Tm) iz20 T
T, AEAGTELVHESRH S5, Fig 8 3%

L)
il
~
w
“w
»0
Pukushine Koty
91 7 3 & ¥ ESTUERT Y S 00N X 38 e

Fig. 8 The frequency distribution of |periods
of maximum amplitudes,
Each station has the remarkable
resonance period.
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LzbOThs. 1HREOCHOHRTHOALEOS sec
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D& CZOMOWN S, ZhPRKIRE L5556 8| e T

BE. AR, BEST S ZAUCEBIL gt H b :

Rz 4. ZoEpPO Fig 8 OWRE, AEBOFICHS B = R o .

nakake, EsicEvElokosR: s 8 L 5 o -:.o.. » P ;'..

B . Al e’ .
Z 4L 6 O IREN RV, BT AL © MR 0 ik o [ ".f-'.. & "f""&: L3
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5 LI REATAP ) EG2 5 L0 LBOIS. RS o g A A A ¥

DO BB C IR O R AL - Prartei WAy

BRTCBOT, MEDLS &S &b EBIH G £ S it ehi :
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e e oo 5 30 o M 0 LB g R I X T2

Fig. 9 Relation between epicentral distances
and periods of maximum amplitudes

5. HEATRERC 81 2 £ Ao Mo dic L 3%k (data of earthquakes of magnitude 6).
ZowTid E VHREZEFERS h Thiv. KK log Tm=—1.74+0.36M
RiFO L 5 LfHE LT~ zov TIEREOBERR 4=<100km, 5=M=<6¥% (5
EHICHMTAMY X ThHS. Fig 9 i3 Mag. 6 log Tm=—0.87+0.22M
HgOEE (FEOMER, ACSERZ M) Zflick - 100<4=200km, 6=M<7 (6)

T ITm~d ORERLIELOTHBED, dVHT LR LA ELTRGIRIENS ~ 6 BhoHFE & @ L
VM OEO BT 2 RENE L R LB hNL S, T mm Sh R KRR OB T AR CH B D,
—IEZ Mz kEREEICVILT 45 100km B (Mag. : RO E b DoV TIRERHE 7 0 BEB S 5. %
5~630), 4:100~200km (Mag. : 6~7Y%, 7272 L[58 7=, Mag. 634 L) iz 2 TIREEHL AR v 0T 631t
RPPHID) O 25DBEICHY T Mag. ~Tm ORfRE  Lr-Lpchsn, 4100km LN, Mog. 5~6% ol
WSz, ZORRE Fig.10a, b 2R K5 IHRICE Blor—Is6 ARy o b Er TL v Ths 5.
LROBES, b Mag ~Tm ORRERDBZ oL BK oMM = OBRE, 08054
ERRETHS. £2C Mag. BN AEREICHT, & e LRl -EETLH 20T, Gutenberg-Richter
KIAO Tm OVgeRd 5L Fig 10 27w v b (1942, 1956), %05 (1957), &3 (1958), #i4 (1960)
LLoiEhs (B Fig. 10a od o, HiLEFig. 2OME L DAKIZE - THREShTY5. TEBLT
Wb Do) Zhirt Mag. ~Tm OBRERDZ L FIHHEROCHUB LR TOEM, BEOLDERD

Table 2 Relation between magnitudes and periods (see Fig.10).
Comparison of A and B in log Tm=A-+BM.

o % % f aadi e BT i T % e
Gutenberg-Richter 4B Ll I‘U)_ﬁﬁ (Mag. 7 £LF),
ES) ‘ ! WAMHEIE & 72 5 & 5 G RO oL T
_35 B‘ﬁ—(l957) ‘ :t2lgg ‘ i BUBBIC S0, BHA < bV ORKME S 5 N
& I (wssL' _1.70 | 039_‘_@,:&&:@ 100km HECOH, TN~
A& (1960) ‘ ~0.19 i 0.25 ]_ S1 (Ffrz |w)mxng._a_:;—;samaa)1o) (75 .73




@nona\ From the ISC collection scanned by SISMOS

Seismological
Centre

B OB oM W 30#E4L4H

126
Tm
sec
10:
: L
5 | L sd.
[ b o4t e
Il .:t:& r. i.' -
prrfei ; Li8-
i
1 :o\ :' g:
E) FL T
o KN ]
e Py
0.5 rl .o . .
sl e
| 1 l |
5 5% 6 6F o,

(4: 0 - 100km )

a : For epicentral distance less than 100km.
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¢ : The average of the above figures.

Open circle shows results from the date of a.
Solid circle shows results from the data of b,

I
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D

Fig. 11 Frequency distribution of periods

of waves of the maximum ampli-
(data
earthquakes of magnitude 7.5).

tude in each station
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(4 : 100 -200km )
b : For epicentral distance between 100 and 200km.

Fig. 10 Relation between magnitude and
periods of waves of the maximum
amplitudes.
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Third : Example of remarkable resonance period
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