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An Attenuation Relation for Strong Earthquake Motions in Japan

Susumu JAJ *
Eiichi KURATA**
Ken MUKA]J ***

Synopsis

The authors and their colleagues have observed strong earthquake motions in Japanese
port areas for 27 years. Number of records reaches about four thousands. Using these
and other data, many engineers studied strong motion attenuation relations but most of
the studies were based on the conventional multiple regression analysis. Because of an
inevitable internal correlation within the maximum acceleration data, the conventional
analysis results in a smaller attenuation factor,

In the present study, two step regression analysis is conducted for solving this prob-
lem. The results are obtained as

log a = 0.552M--1.965log (A+30)+2.103
loga=0.559M-2.0571ogX+2.187
log a = 0.490M—logX—0.00173X+0.634

for horizontal maximum acceleration a in Gals to be given by M = magnitude by Japan
Meteorological Agency, A = epicentral distance and X = hypocentral distance specified
both in Kilometers. The relations are basically consistent with the results give by Joyner
and Boore (1981) and Fukushima and Tanaka (1989).

Key Words: Attenuation, Earthquake, Maximum Acceleration, Regression Analysis,
Strong Earthquake Motion

* Chief, Geotechnical Earthquake Engineering Laboratory, Structural Engineering Division
*#* Senior Research Engineer, Structural Engineering Division
*** Visiting Researcher, Geotechnical Earthquake Engineering Laboratory, Structural Engineering
Division (on leave of Penta Ocean Construction Co. Ltd.)
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®-3-1 WEEHUACHRESE L ERMIBE AR

BEE & & 8 A E AT ORI HERER EBE #UIBA 15 85 0] i
1| fEmg TEmE — M ERS-C b 3 1975.12.
2| B HiBgYgr—3 SMAC-B2 Hb 2% @ 1964, 7.
30 + M ERS-C 2% 1974, 12,
4| il -3 SMAC-B2 Wi i 1984,
5| TR N -8 SMAC-B2 Hi 2 T 1970. 3,
B | M EMW-5 SMAC-B2 Hi 3 1964, 7.
T |/ Y- B SMAC-B2 HE 2 E 1987.11.
8 | EEAE B fE— W ERS-C Hh 2 T 1974.12.
BH i — B ERS-F Hi g 1986,
BifE—F ERS-F Hh# 1986,
B A — FR ERS~T HEmE 1985,
9 | Hk HfE-S SMAC-B2 ith 2% i 1967.12,
1 | AF AFI -3 SMAC-B2 Hi 2% Mo 1965. 9.
1| = EH -5 SMAC-B2 Hi 5% 1866 2.
12 | 8 BEHE-K ERS-C Hir 3% 1980. 3.
%5 - MB ERS-D Hicp 1980. 3.
13| AnniE KEAE -3 SKAC~B2 Hh &1 1965. 1. 1858. 10, &£ T
KEVERS I —S | SMAC-B2 Hh 2% i1 1968.10.
AR -5 SMAC-B2 HaEwm 1966.12.
FBNHE YL M SMAC-B2 HEwyE 1581,
14| % BE-5 SHAC-B2 Hhi 3¢ @ 1964, 12. 1968. 3. 887
HETH -3 SMAC-B2 i m 1968. 6
15 | i 4o & —M ERS-C $th % i 1979.12,
fill & — B ERS-D it o 1979.12.
15 | #E HE -5 SMAC-B2 Hh 2 1884,
17 | /NEE INEEE - SMAC-B2 Hi: 3% B 1966.1. 1979.9. 8T
MEERE -8 SMAC-B2 His 2% fn 1879.9.
18 | WREIRES | RREIRIE — P ERS-F Hir 5% i 1986,
8 | BB HEE-3 SMAC-B2 i # 1976. 9. 187111, 2T
R -3 SMAC-B2 Ih 2 i 1972.1. 1976.3. $7
MEEEE -3 SMAC-B2 Hh % 1976. 3.
20 | TE—5 SMAC-B2 Hh 2 o 1968.7.
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Bk 1 [ = 2 WEEA O RIET | B EAKIR 17 0D 1% 31 fr %
2 | R )il —5§ SHAC-T32 Hi 2% i 1966.12.
S - M ERS-D Hirep 1945.12,
Gl — MB ERS-D Hehr 1984,
22 I NEa 5t —M | ERS-B Hi % i 1964.3.
N#EE 5 —M | ERS-B 1th 3% i 1964.3.
¥ —FB ERS-F Hhop 1987,
JU i~ F ERS-F 1l 2% 1887.
Jil 8§ — FR ERS-F Wyt 1987,
23 | ®iE HiEg -5 SKHAC-B2 i 2% i 1963.1.
WFEE—§ SMAC-B2 H g 1963. 1.
WFE-M ERS- b & 1975. 4.
WFEs—3 SMAC-B2 3] 1963.1.
WTFHET—H ERS- o 2 i 1964.3.
U —FB ERS-F fheh 1987,
IIF—-F ERS-F ki 1987,
1y F—FR ERS-F HiEmL 1987,
24 | BiZHE HETR -~ 8 SMAC-B2 Hi T 1963, 3.
HE W~ N ERS-C Hh % i 1964. 3
5 | ETFoM | HFoili-3 SMAC-B2 iR 1963, 3,
% | TH TH-F ERS-F iiE i 1966, 3
27 | K K TB-5 SMAC-B2 Hb % 00 1963.3
ME-s SHAC-B2 22 1966.3
HIRKEGE-S SMAC-B2 BE i 1964.3 1974.9. 82T
HR=ZHR—S SMAC~B2 Hh 2 E 1974.9
HARKTR—M SHAC-BZ $h 2% H 1954. 3
28 | GRS 01— W ERS-C i i) 1978. 9,
29 | &l Hif~3 SHAC-B2 fih & 1968. 3, 1876.3. 82T
Hidigr -3 SMAC-BZ & 1876. 3.
30 | B2EE EHEHETE~S | SMAC-B2Z M 1963.9.
#ZHEHEAk -5 | SMAC-B2 BEw 1965, 3,
B kB AB — o ERS-B HEw 1987, 3,
RAkEE—M ERS-B & 1957. 3.
31 | AT METY -5 SMAC-B2 Hir et 1964.7. 1969.3. 5% T
PUR™ F#%~S | SMAC-B2 Hich 1969.3.
PO A —M | ERS-B WiEY 1566. 3.
PEEHE2 M | ERS-B HEW 1966. 3.
s2 | mEl | gL s SHAC-B2 Hb % 1965. 3. 1975. 2§ T
o Tl-s SHAC-B2 Hh & im 1975. 2.
MialiEe-S SHAC-B2 Hh %% @ 1854.7. 1968. 6. 85T
M ERE-S SHAC-B2Z Hb 52 T 1972.3.
33 | KK AEEHAF S SMAC-B2 ki 1865. 1.
KIEhie 3 SMAC-B2 e 1965. 1.
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P Ol A& A O FE | Wl BB R0 | B R T 0 R

34 | 2w Bf—-s SMAC-B2 b e i 1972. 3.

5 A/ MEY -5 SHAC-B2 Hi 2 1963.8.
MEHE-S SHAC-B2 1 & 4 1943. 3.
AL~ S SMAC~B2 HE 8 1 1963. 3.
[E=11 Y ERS-C Hb # i $975. 3.
JETRSS 1 — M ERS-B s 5% 1966.3.
A 2 — M ERS-B s 1966. 3.

6 N MR —5 SMAC-BZ Hb: 3% T 1968. 2.

31 Em - SMAC-B2 Hh % T 1964. 1. 1978.3. 85T
R -8 SMAG-B2 Hi % i 1978. 3,

58 | Ml FATHEE SMAC-B2 Ith % Ty 1972. 3.

39 | IEB RBI -3 SMAC-BZ Hi 3% T 1865.1.

49 1 RS KF—3 SMAC-B2 Hh 2 T 1972. 3.

Al HE WME-3 SMAC-B2 1th 25 1965.1.

42 | = B - M ERS~C Hh 2 i 1975. 8.

43 | EAE ETE-3 SMAC-B2 Hh & i 1981,

M | ERE HERE 3 SMAC-B2 Hh 186210,

45 | kiR AR — M ERS-C Hh % i 1978, i 1.

16 | Bk Bk -3 SMAC~B2 i 2% i 1986, 2. 1978, 3.
B —s SMAC-B2 1 % i 1976. 3.

47 | B HE-5 SMAC-B2 i 2 1465. 3.

48 | &R &iR-5 SMAC-B2 Hb % v 1889.3.

EE I AT Ei-8 SMAC-BZ Hh 3¢ 75 19635, 3.

56 | #i8 HiiE-s SMAC-D2 Hh 22 5 1865.12. 1875 8. 857
B -5 SMAC-B2 Hih 2% 1975, 8.

51 | H Mo —s SMAC-B2Z i 3% 1965.12.

52 | Bk FLe—s SHMAC-B2 Ha i 1965. 3,

5% | M ¥ -s SHAC-BZ Hi 2% Wi 1973.5. 1976, 12. 85T
IR -3 SMAC-B2 b IE i 1976, 12.

54 | Ea SERL-S SMAL-B2 1 3 1973.3.

§5 | f5HH -3 SMAC~B2 e 3% i 1973, 3.
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C Hb#2 WA SHTNMEHSLLT DR > 5 a4 Hif,

AHDER | FEmEL SIEs. FHE. UL M. BiE. HE. 26,

K. e, BERR., M5, BE. WMAE. WHie.
KR, KH
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B il 2

NG, B AR Mg, B TS HEEL JHE,
i, HFom, TH. @Kk, K. 2FE. MEm.
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]33 MEhCAEA L

= Yo Wifa | - g W
REAB ; BERE(m) | -V ;
& dt%ﬁ(ﬁﬁ)i WS (E4) b TR ETF
1965.4.20 | MEEAE 34° 53° 138° 18° 20 5.1 T

2 |1965.10.26 | #Hsz 43° 44" 145° 31° 160 1.1 6 1 6
3 |1968.4.1 H 5] 3t 32° 17 132° 32 30 7.5 7 T
4 1 1968.5.16 + b 40° 44 143° 3§ 0 7.9 13 13
5Oi1968.5.16 | FSHAR 41° 2% 142° 25’ 10 1.5 1 1
6 |1968.6.12 | & FE A1 25 142° 25° 0 1.2 B 8
T 11968.7.1 1y e WL e 3 35° 59° 139° 26 50 6.1 7 -]
8 [ 1968.7.5 | BRI 38° 26" 142° 13° 50 6. 4 7 7
9 ]1969.4.8 35 AR R o S 36° 4T 138° 46" 100 5.6 5 5
10 [1969.9.9 | @EEDR 38741 1 ogs 4 0 6.6 (N’
1] 1970.1.21 | dbifgi 42° 23 143° & 50 5.7 5 5
12 |1971.1.5 BB 34° 26° 137° 10" 10 6.1 8 19
13 | 1971.7.23 | (LBUEHE 35° 38° 138° 58° 10 5.3 50
14 ] 1971.8.2 | ssummh 1° 14° 143° 42' 80 1.0 6 5
15 11972.3.20 | HEREBNp 40° 51° 142° ¢ 80 6.4 § &
16 |1972.12.4 | ASLBHH 3012 e § 50 1.2 B
17 |1975.5.27 | mzmm 391 1 130° 56 60 19 T
18 [1973.6.17 | Mz 42° 5% 145° 57 40 7.4 3 §
19 [1973.9.30 | $EFP4fiE 35° 3¢’ 140° 40° 50 5. ¢ 5 1 e——
20 11973.11.19 | =hkgLah 38° 53’ 142° 9 50 8.4 3 §
21 [1973.12.22 | T 35° 1% 140° 17 10 5.0 5 —
22 | 1974.2.22 | SR 33° 8 131° T 400 6.9 3 ——
23 [1974.8.8 | FREHHH 35° 24° 140° 53° §0 5.1 5 —_
20 197059 | @R T3 L 1980 4w 10 6.9 0 ¢ g
25 | 1974.7.8 R $ik VL 36° 25° 141° 17° 40 6.3 § 5
26 | 1974.8.4 BRIk L R T A 6° 1 139° 53° 50 5.8 B 1 6
27 | 1974.9.27 | SAEEHA 33° 43° 141° 310 60 6. 4 B 5
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(1) log Y = 0.544 M - 2.498+1og X + 2.959
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