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CHARACTERISTICS OF RELATIVELY LONG-PERIOD (5 TO 15 SEC)
GROUND MOTIONS USING JMA’S SEISMOGRAPH RECORDS
DURING THE 1983 NIHONKAI-CHUBU EARTHQUAKE

By Yoshikazu YAMADA, Shigeru NODA
and Makoto TOMIMOTO

Synopsis

This paper attempts to study the characteristics of long-period ground motions during
the 1983 Nihonkai-chubu earthquake from direct information of JMA’s displacement-type
seismograph records obtained at over 26 observation sites. The levels of displacement, velo-
city and acceleration amplitudes of digitized and corrected records are first examined.
Secondly, the characteristics of the records are investigated by using the response spectra
and evolutional power spectra, etc. The displacement time histories and response spectra
calculated from the digitized seismograph records at typical stations agree very well in the
period range from 2 to 20 s with the ones from some other strong-motion seismographs.
It is found that JMA’s seismograms can be adequately available for their engineering pur-
pose, However, the reliability of long-period ground motions obtained by SMAC-B, accele-
rographs is very low. Finally, the properties obtained above are compared with those
known {rom previous researches primarily on acceleration strong-motion records.
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Fig. 3 Siesmograms of the 1983 Nihonkai-chubu earthquake (mainshock) recorded at
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Table 1 Instrumental characteristics of JMA’s seismographs at typical stations
(a) Akita
Instrumental X
ConstantsNatural Period Damping Friction » Length of Dgg:gdgr‘gl?rggén
\ T (sec) Ratio v (mm) Arm ! (mm) (sec)
Component
UD 5.1 7 0.05 250 —12.0
NS 6.0 7 0.04 300 — 9.4
EW 6.0 7 0.04 300 0
Static Magnification V=1
(b) Niigata
Instrumental :
Constants|Natural Period Damping Friction » Length of Dgggzdz;an?rifﬁén
T (sec) Ratio v (mm) Arm ! (mm) (sec)
Component
UD 5.2 9 0.05 250 ~-13.0
NS 6.0 ] 0.05 300 0
EW 6.0 8 0.04 300 — 1.2
Static Magnification V=1
{c) Tokyo
Instrumental
wstantsNatural Period Damping Friction r Length of Delay Time from
(sec) Ratio v (mm) Arm I (mm) | Standard Time
Component ™~ (sec)
UD 4,9 7.9 0.05 250 — 4.2
NS 6.1 8 0.01 300 —15.4
EW 5.9 8 0.065 300 0

Static Magnification V=1
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Fig. 4 Frequency characteristics of the
Chebyshef filter with equiripple
passband (band-pass filter) used
in this analysis. The notations of
M, N, Gy, Ap and Ag et cetera
are identical to Saito (1978).
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Fig. 5 Examples of seismogram corrections at some observatory stations of JMA
due to mainshock
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Fig. 6 Influence of finite length of mechanical arm on maximum ground motions at
JMA’s stations due to mainshock
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Fig. 13 Velocity response spectra computed from JMA’s seismograms at various stations
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Mainshock (May 26, 1983)

- Niigata JMA, NS Component - Nidgata JMA, EW Component
3 = ] "
o, 5] — iMooty
v
Time {sec) v .
0 120 Y o g 120 M 68 a0
< 5 <
© ;E.x' w
= m w9
S, @ 3
i - @ = Lg - 5
2 - £
g 3 : AN t
R —————— et A erS S ———— LN VNPT NN
2 [I————" e sl N —— E % ———A O\ e et :.ﬁ
5 /e ma
g —_— ¢ {"5
~  E——————’ V.Y, WA ——— — 2
—A_——‘_—_MMN E Q;
A A 2
w AN AT L
A=
B - SEEN
\——"
o NN
(a) Niigata
Mainshock (May 26, 1983)
Tokyo JMA, NS Component Tokyo JMA, EW Component
3] AR IPP—— s ] G
o Time {sec) 0 Time (sec)
0 120 240 360 0 120 240 360
o @ i
£
EN 5 5
~ £ S &
@ & o s
© 5 e og
g NaeTfe [<5 [ s
T /R om -
e §\""a“,‘v'.~w‘” [ 5 L °f
F ‘\(‘ﬁl O:’J E
g v e AT
& s 2 A AN A .
2 é [l e (A VAl
< T 3 N NAN A
= A & e s
z VA Pl e e A e
A =
Wi
] I S A S A
——ea A S A —
o
IS IS A
——— e N e —
o
{b) Tokyo

Fig. 14 Typical examples of evolutionary power spectra with acceleration time history

3. SMACRMEEN L RRFEAREMETIORO LB

3.1 # B

LSBT 1 ERR ARG STHBEIME LTRRINTV S, Lkd, PPORESFROMEBEZEE
IERTEIHDELTASNTV S, CORBIREMRBOBO LNV TERERLTEY, I
10 gal DIFTOENLRATHHHCIGT B, CETELRKAIRIER, KEEHT 3em, EFET 2.5cm



WWH - BFH - BA KR 1 AREHRRICE S RIS OB e 47

Thbo -T, KHERKICIE, HicBREED/NRW (K100km) AT, EoPhTLE S,

—7, SMAC-B, BIEFHCREI NI BBIGEEI RS 3 MEF L ~ALT YA~ L, EFmRID
SFOMMY 5L 5 XBREMOBWHATS, BMUMSTETHZ. 0 SMAC BEBIREF OEE IE B3I
7.14Hz, WHEERIZ1TH 5. - T, SMAC-B, HBEHORERSIL, BHEBIBDIVENE, 837
5y FThD. L, BEFH0. LUBIZE LG, AR EOBET & OEEOBETIES
TOBHICIBEEMED . COXIWTEDD, ThE T, SMAC-B, MEBHEHEOLLERYPRS
SEBLUE) OBEIKSVT, MHEEBRPEEBFICEEYIab—Ya v OLRIIA T,

ARETRE, F—fkicd > GEELCHATES M, K57 1{ERBEks SMAC-B, MinsEsD
O E L IEEISER 7 b v (BEEK2 %, FHHE2 ~208) 242 &ickd, BED
—EEERA L. BT 2k, ERMEERCST 2857 | BRBRHTEIBVEEELEE L TEY,
ZThREMBEORNC ERERLI. 20L&, ABEOHERIZ, SMAC MAMBRIEFESOHYL0R
HIBOBEICDVT, HicEAT260TH 5,

SMAC
\
Hakodate
o MA
0 1 2 3 4dum et 23 4um™ Muroran
(a) Hakodate (b) Muroran
Sakata

SMAC

Hachinohe

(km)

(¢} Hachinohe (d) Sakata
Fig. 15 Map showing locations of recording stations of PHRI and JMA




48 FABF KRB ETER HF285B-2 (1R 60. 4)

Fig. 15 i3, FGRE » 2 « \F « BEICBY 3, 8ERE - WRFOME JMA TRT) &, SHRAGE
TR SR IRIC B T BRI S (SMAC $ 543 ERS TRT) MR EIcRLE H0DTH
3o ¥, KHSSE & LEEOMBEFE, BICRT Fig. 18 0L5TH3,

ISR EENTIE, 2 >0BROBEIHMELN TS, —2IF, Fig 15(a)icoR 3 AR D K
o, EREREEE ke Le BERS BB TH B, 52k, SMAC-B, iR LIFEN, F 711 SRAN
s A E LRSS TH 5o ERS-C MEEt OBHEMLEL T 3700, HRBORBBEFEE LT,
BAEHN=3z, BEER=1T%, TEEORUNHLEL LT, BHRIK=250Hz, BEER=0.7H
Wit Y, MBI L TEESN A MEFHOMERZ, FHIBHT2EIIEETY 5.

SEFE ] ERENE SMAC HB@HRE bicvEENTH S, MEOLELLBT 21T, HiggEt D
bR, WiElL, RBOWME, HEME., BEHSUEOREOIEM, HWRREORNEERT 5T LA
TECH B, Figs. 15 L 18 pobhb kI, KHOKRE REF EcTigho S icirE L, Bk
R E O EZL DN G, —F, EERKESHBETS 5. BN ETHETT 3R, HREHOEL—F
B ORERETH S S IMA & SMAC OIS km BEBN T 2,

3.2 [GERRY FUDDH-SMA CHINEERROERECONOT .

A% (5/J26H) 4% (6H9H M=6.1, 6 A21H M=T7.1) BOEEEER <Y bvO—FI2RL
-0, Fig. 16 TH 5. BllhEsAE L TENUT, [T 1 HEEMUHTERS SMAC & %3 ERS &
BBEHIIED SROIIEERER <y b, BERNCRRLULSBHEEET S 9 Th b, Mickhid,
5 §26BicE 1 55 UD ROOEEEE 58108, BUL EH NS RAOEEFEM 5 ~108, EW 55}
D10~20%, T UD RASOEHEL3~108, 64 9Hickd 5KE EW BA0 2 ~10B12 EORET
HESNEBURFARBREDHEEE S 005 %, Lirl, —fic, SMAC RIS RO MBEEICE
27 FVDFHEERT 1 BRBITRD RO OO LD EICHHEMICREL, TORRBRMAICELT
Whe 7, ERS-C BEIABE SN TOSHBICREINDE LS I, HEOLPINERICLEILEDH S,

MBI TGOS, AR (58268 OFEM - fKH - 20 EHig . AFTEDBD, 120,
120.5, 59.5, 90, 90.5 (EW Bisridol) #, BAKEE: (6 A21E) 0EH - WA TIIEGCL, 88.58, 6
H 9 HORBMOKATIRIBDTH» o —F, EMNRBRBIHICELTE, ABHICB ARELER (&
bic UD &4, Z5IRBAKEGADLZMTTH AR (RB) LKA (65 9H) THWE6, BRERE
BSDTHRIT 4 502 & DI MIEL Uice 72721, HEBIREICEY 3 ABHOLGIED 5 1 5408
FCEIELTV S0 COESIC, IEETEOMEHEIREMBO bDICHNTHRDED . AETHREE,
IEREDEMNTRT LD b - EROBEIRTICD » T, BRANOEIMEBEIRET 5. #E-T, HHE
SR ORISR E R <7 P VICRIEFTEER, BRAPRSOREICI-TRE-TLBLEALN S,

IEREEEGZ O b O BB EOBRMRA ST AEEATO 254, mRLE, SRDIIEEX
<y P VRABREIEBEEELDNG, LbL, RIEL <N, REAYRSODROIEELEOS
A, TEHOROIIEEISEIC RS ZEBENH Y, RBIMEEIDEICK BB DHERILEKRFMICIE B0
bBBA, COBEMC, FHAOHRBREEDE LVED, SMAC MR HAOHENERT, FAFRIER
& D BRIMEIC DI HB T EMEL SN B

GEFT 1 BN S IEERRI OWEIC L ZMERISER <7 PvORBHE LT, DRA—OHMRLDE
T b, BACETHBRN L BEEER LD WA, ABBROAFTHLNBER, KFERDPD
SISHEND, UD R REAEN 3 ~10813 & OB THRIN—& LTV 3), 2)FE—DHEO—DDHK
5 B, 67 9HOKED EW B TH-Th, HMicHZE, EERAMOD2HRTRIMEICE
Bk —B LT A%, Z0MoBLEMTIREEOHEINCK A7 FVOHHBRIEDA RS vk
DLBICREDICIZ->TNE, TEBENBTF LN,

SMAC-B, B EMSIIMRERIC LhiT, MEEDED SBENERD I & &, BF0BHRICENT
10~20%BEDEELHE TS EDBHON TN 5. ERBELHTRE K ORGBRABRIET 570, #BE




Acc. Response Spectra(gal)

Acc. Response Spectra(gal)

100

1

100

10

Acc.Response Spectra(gal)

IhE - FH - BA  [QEF L EERERREERICE S ABLIODRIR OB 49
T —T Wl e
Hakodat: Hakodate Hakodate Hakodate
mﬁge3 May 261983 Jue 21,1983 \/},June 211983
h=2% h=2% E\x‘I=C0‘° b n
1 NS Comp. UD Comp. o mp. \\"‘ 'v )
100 100—r% 10 o
1 . \ 1
‘\\ » -'l ' \“"\ / J’ ' \\l
wl ‘N J N
,\ \ A N
i 10 e O—~—¥= ' mm
UD Comp.
— JMA(V=1)
— JMA(V=1) — JMA(V=1) — JMA(V=1 TEpa
---ERS-C ---ERS-C | O ERS-C B
1 10 1 10 1 10 B 10
Period (sec) Period (sec) Period (sec) Period (sec)
(a) Hakodate
. 1 . 1 1 .
Muroran 00 Muroran 00 Muroran 00 Muroran
May 26,1983 May 26,1983 June 21,1983 May 26,1983
h=2%% h=2% h=2%
» EW Comp. EW Comp. UD Comp.
[ R M
10— 10 —— 10 —
w \ V“ /na R
’ \
\N J \‘ |}
W *
1 1 \ 1 1)
— JMA(V=1) a— =1
----SMAC-B. - M%——g — JMA(V=1) :JMA(vf1)
' 0.1 i 01 LM 0. e
1 10 R 10 " 10 " 10
Period (sec) Period (sec)  Period (sec) Period (sec)
(b} Muroran
Hachinohe - — Hachinohe - — 100 Hachinohe -
May 26,1983 = May 26,1983 e May 261983
h=2% | O h=2% o h=2% UD Comp.
NS Comp. © EW Comp. ‘é A i\
\
1 N R3] RPN AN
00 ',\‘ g- 100 /\ .g 10 \Vyw “
4 0 W a S,
| ] b A 8
\ - [ 1 FORY
10 MIA LS Ay 2 1
g TV
& V| &
— JMA(V=1) J ~—— JMA(V=1) 3] — IMAQ=)
----SMACB; & ----SMAC-B, & -
1 i ] 1 i o.l n L
1 10 1 10 1 10

Period (sec)

Period (sec)
(c) Hachinohe

Period (sec)




50 AR EFAESR 285 B-2 (W 60. 4)

- Akita 100 rxda 00 1"
] May 26,1983 A June 9,1983 June 9,1983(M=61) June 9,1983(M=61)
Koy h=2% 4 (M=61) h=2% h=2%
1] UD Comp A\ h=2% (7 EWComp. UD Comp.
] 1 NS Comp, (K\, A,
@ 100 5 10 v 10
Q. A A
[72) Vi \
[} \ LVAN
n LA 1}
c N \
15} ) .
ﬁ 10 V1 1 * 1 ~
o
3] — JMA(VE] — JMA(V=1 — JMA(V=1)
g oy - ~---SMAC-B;
1 i 1 0'1 " 1 0'1 1
1 10 1 10 1 10
Period (sec) Period (sec) Period (sec) Period (sec)
v {d) Akita
— Sakata
’g May 26,1983
N h=2'l.
© UD Comp.
T 10
Q A
‘0
a
ﬁ 10 "‘\‘ Fig. 16 Comparison of response spectra (damping=22%)
o e, computed from records of JMA-type strong motion
8 — JMA(V=T) seismographs with those of SMAC or ERS records
<< ==--SMAC-B. at near sites
" 1
1 10
Period (sec)
(e} Sakata

BESICRESABCEHBTFRING, &7, NIES®O, WEEMDOMERISER <7 P vOHEEMR
AmRERE, BRESFEAOTEEL T2, 2O8E, EREBMOENESRE 1/3Hz BEEE L
Ba 2EHGDOROIMBEADISER <7 P VEEEEAEOREEEOX <27 v L BEY
BLULTVB, BESME, WET 1 v2 —OEREMMOENIREIM% 0.03Hz 75 0.3Hz 3 T&(Lx
H, BURECRARBCS L ZHBERIT LT 3, ERBMRSOREE & b ICBIRIBSRDT 36
AZRLTO S0, €OEMIZATMBEC &icE LT 5. EHRENESRE LTk, BEMIc 0.125
~0.15Hz MY THBE LT3,

LEDBREDOFERE LTI, BHERYOicbhd, DEOT « B, BELICkLS B D B, SR
ERRICK B%E, MR OBMNEY, AM~— KX 3EXDEEDL D, WEMREL DR B0,
—J, L5213, SMAC IEEBREEH»ORDIISENEENEBTRRICIESC &8, ~v & TEE
ORICHFET 2EROBREHFERTHB L LT, ¥EY 2L~ s VickDBER UK. BEAI L 3RK
IERER ofr (SMAC B OBE, w=7.14Hz) TH2B. RV EM 2~3¢r &9 3 &, REMEEER
3gal BELILE, COCEEHEL, Fig. 16 2R3 &, COBBROEET, DOEHYEETO SMAC
LEDIEEBRES B oL EBBEBEREAL OGNS, LHL, BEPNEOLS T, BEHFZG TR
DOHIRVIZE, IR D 5SROI IEEISESEMHA P SHBE LS E LD bBEBICKE>TW 3,
ZNODRITDVT, I 5IHMICERTET 28 ENS 5.



hm - BH - BA [T | FREIRESICE S AP ER ORI 51

DLEESRAHICHNTT 5 &, SMAC BOT R mEERRE AN 6~7 B EOR BN £5FET 5
B, ST UHHTEEE ISN T LdbhBe 5T, BREE L « RABEDGHS ¥ 7 Biczo
vy v7) OWMBHERFTSiCY->TR, SMAC MRBHEHELZOFTEMT 54575 &TENR
BBCEMEETH 5o

4 POREAGHFRCHIIENYBBITEROKE

4148 B

FIETRLA LS, SMAC BBHIIMEEIHTH Y, »o7+usRTH5H, SN EEHNT &
KO ERT, PPEAMFRICEY 2+ ERsE 0B Esbhofce DXL E, BER
5~ 6 BOKRRT 1 EBRBHDOEREBITT A EREREELON S, COENMBDIEEIRITICTHZ
3BBDTHBL MR, BTN DHRIN T 320029,

AFETE, AXRBPBHEBORREERERO 1 ERBHEGEHAVT, £1F7 37 « LYV LEARR
VY VDED, MOBRBSHORREERT A Licky, ENEABRTSEANE TEELBITTE 3L
EERERIICHE Lo UTFICRT XS i, B2~ 200 0fEicE ) 2 BIOL MR & BEFISE R <
7 POREEIRBLT, ZhRZGOREBROF —2 2F—HIcHE « &RE U RARMICRY 5780,

4.2 BFCRAGCHRETORBELSEAR

K[ET L f5mEETEREE (UT IMA L9 3) LoHBOKYD, KD 5 DOMBERHERA L.
DAHKNER YRS (UTF OMORI &829)

Table 2 Instrumental characteristics of Omori’s long-period seismograph at Tokyo
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Fig. 17 Sensitivity of JMA’s low-magnification displacement seismograph
and some other strong motion seismographs used currently
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Fig. 19 Comparison of displacement wave-
forms of ground motions calculated
from JMA records of large aftershock
with those from Omori’s long-period
seismograph at Tokyo
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Fig. 20 Comparison of displacement waveforms
of ground motions calculated from JMA
records of large aftershock with those
from strong motion accelerograph (PK
130) at Niigata JMA
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