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OBSERVATIONS OF THE MATSUSHIRO EARTHQUAKES

On the Response Characteristics of a Building Structure
and Neighbouring Ground (Second Report)

By Takuji KOBORI, Ryoichiro MINAIL, Yutaka INOUE,
Yoshihiro TAKEUCHI and Teruo KAMADA

Synopsis

The dynamic characteristics of a coupled ground-structural system are investigated in
this paper, based on the spectral analyses of earthquake responses of a two storeyed
concrete building structure and its neighboring ground in Matsushiro earthquake swarms
area. And the vibrational characteristics of ground in the same area are discussed herein.

From the analyses of microtremors observed at the ground and structure, as well
as the results of free vrbration test of the structure, it is indicated that the dynamic
characteristics of ground have considerable effect on the dynamic behavior of structure

during earthquakes.
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BROBWECOWCIIRCATRPIC R TEHEY Lo 2ATH D, FRTIBRHRTH L 28T 55,
BRI O E L COEEY S L 0L ORI, RERIARBESSERO 2ME RC BEREs JU%
DOIFICHE Lz 0mx70m O F =R« a—+TH 5, BUCHEALL wBHIBERRERDHEK 1c/s, RE
1.45 volt/kine DEh= 4 LRHEEH I L O EHIREII 3c/s, ME 30 mvolt/kine DEEIR, 3 4R
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Fig. 1 Power spectral densities of earthquake

Fig. 2 Power spectral densities of earthquake
response at underground level (GL-20)
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Fig. 5 Power spectral density of earthquake response at
underground level (GL-20).
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Fig. 6 Square root of earthquake responses at each
underground level.
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ChWTBbhicA—EBoaT 2BIEE NS gD Fourier Power Spectra T %, i b~ 7l
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GL-1 Tix GL-10 *7:ik GL-20 [t U TEBIREIEUN 7D power 2K &L HDICRL T, HiREIBIRST
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THERBERSHATH D e vwit, Fio, GL-1 Tit Tcs ;FEACgivs peak #ET 5D KKL,
GL-10, GL-20 Tit#DfDIEBIFIC power DR XSG HH b, 6c/s Ll ETIIHEAFHIZ K 5
MARLNDBH, BRLE GL-20 Tk 7~8c/s ® peak AUFITHN T &2, HWBROBXITHEFE A
Lo THgE»R Y RICTELEbI S, 4%, HilTDL O OEBIREFEOE S ORFVERSH
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Fig. 7 Square root of minimum, maximum and Fig. 8 Square root of minimum, and average
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RF % 1F 310 2F 3 1F oiRhikd RT3 0T, RiREhs MIN. 3300 MAX. X8 HOME
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Fig. 9 Square root of minimum, maxmum and average spectral
ratio of earthquake responses of structure.
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Figs. 10, 11 3, - Ol —i#EEmER%D 1F OEEL LTORMEY 1 & Lick X 0&IEMLALE
bTL07T, Fig. 1 KRIWBZERIIEFZ O IF oPERBHLR S, A, Fig. 1l tAbh?
6c/s, 9c/s, 13c/s ;EfED peak DAL 1F @ power TIRRAHKMEYL T3, #-TC, Fig. 10, 11
RSN BRMFEEZEET 510 1F TRl 2MEBIRE D power %7 #RifiistE & OBEER 5\ T%
DERYEZ BLEND S,
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Fig. 12 Power spectral density of horizontal microtremors
at ground surface (G-30).
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Fig. 13 Power spectral density of horizontal microtremors at
ground surface (G-10).

EBEWTHELCWL, #T 18m L THIAKLIBTH- T, NELEETEL, 10T THot,
BONIHEEERFE LK 92.5¢/s O sampling T 25sec ffla AD FH#aL, total delay % 4sec D
7cHABABI%Y b power spectra HEIEL LT,

BEHOILH 30m FEoltE G30 & 10m DA G10 1Tkt MBOERMEICK TS power
spectra % Figs. 12, 13 ind, Mt ROECRAENERIZESHTS, #iK 2~2.5¢/s D power
BREORT, 3c/s LLEDEREIERS D power TR L T\ 5, FEXFHL LI+ 5 &, 1.8c/s,
2.7c¢/s, 3.2¢/s JAfHFT power DMLEMNE LR, Thi, BT OHMEROEEOHECLSLDL B
han, FLLRSEROBF*ET S,

G 30 DRIt HHBIGE DREITIC L, BIEITRLINS, 2c¢/s AT peak MEET 525,
DT Scfs, 11c/s BT L peak MFEFET 5, HMBENC I\ UL X EET S O SAUEEED 1lc/s 7
B’Thh, 2~5c/s REEFHROXEWEOHBORLABBHMCER TS, #-T, BARD L > BT
BRI 2 EREEI OB, SBOREAHET 5 L3k VRS TH 5, i, EEEEYHET
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HbhPTVWI LR IBbDLEELAS,



AR - B - R - M - R IMRBRHROEN

2FNS
60
40..
20+
W
[o] Vi 2 3 4 cps
Fig. 14 Power spectral density of horizontal microtremors
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Figs. 14, 15 i3, ThZhit 2F %10 1F TER S RIERMEID power spectra TH 2, &
FRBERRC—BLTH Y, BRRLAHED NS R4 L b = BICIRBYBURIIIR % b, 1~2.3¢/s 25
Vs power HFL T\ 5, peak it 1.5¢/s 3L 08 2.1¢/s KRB, —F, RED ECERNLE:£E
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WHEI LMD, BEHOETENMBO ETHOBEYRELZTTWHI L, Fi, 2.1c¢/s KEWTHE
B ETER X OKFEED peak 2AA—FLTw5% & X b, ZOEEYOEREEITOr y*v /7 OREE
HrEL bbb, KEBCKTS 1.6¢/s D peak BN ETETIIRELALGWZ &, B IOHBKERS T
L.5¢/s THFNEKRE power XE LT &b, 1.5¢/s 3B —EEYROWED L L - EEIRE
HOTREEL S 5,

COTHBlOR S E Lic X 57, IERICETE o EOEBRIED T, BEREEIO LV SARED THT
BB X5 IBEE, W EEEYO—FNIERIRE Y G, BEHIC RV TEEIS h o EREE D FLE
b, BEHOERDOEARENE TEHEETH LB TRETH S LELI B LB,

6. 31 & # B&

BE OB, S OBERREE, BMEESYHBECRETS L AN E L TUEEH 05 ER
B, A1, BHEEBERAYT-7, FOMBEIROE Y TH5b,

Bty h iR 2 B A AN CRE L kiC v 4 7REL, SR X 0 ILE 70 m ol BiC R IISAR#
T, b T =LA TOMICT vy a v A= 20F, FIENRELLET, SvREHy 2-T
YT A2 A L b, BEws ERBRYTiootc. MEBRUOBE LM UL KB NS &4, ryFv sk
REFND 12 d BB ST 5 LB, BRIREICK L TR EW A% 8B L7, Ak lton
BIO 2ton OEFEHITI-T,

Fig. 17 {3pnjio 1ton HE BBk No. 3) DOHEEILEEHO 1fZRLICLDTH S, FHEBD
BRBEOHIT EA51:1:2:0.5:1:1THYH, ZIEEOEREERINITAF L 0.145, 0.102, 0.027
0.246, 0.072, 0.111kine ‘TH %, WHRIVMEBEEY TH- T, FECBVIREELETHEIBRES
RhTuwsd, ZHILKER, BE0RMHLIERTHS LEL LN, BEMLEEOEM X 2EAERENLZ
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Fig. 17 Example of absolute velocity response Fig. 18 Smoothed curves of free vibration
due to free vibration test of structure. test record by low pass filter.
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ZORMRARHG E L TEEhS, ok, T 3/4 B 1FNS, 2FNS BEECHbh 5EE DO
AT hicv 1 7EEC 52 5 HRBTHB, Low Pass Filter ik - T RFNS OREEED
BRGERSEY S » F Limb 0% Fig. 18 iRd, KPR RIh2ESEINESC, Filter OFf|E
121 TH%, 72¢/s Low pass TIXFEA LREH L EDT, 4.8¢/s THLREEHBOZMRMIERL L TR
b, 36c/s, 28.4c/s CRERPBRSOENAMIVEECR S, 18c/s Low pass T, FEHIZH
CHENCY, EEHEkE LTOEBEHL, ChHDOEHBIARTISRLDOTHEEELLRD, TOWY
Mnbdh, ZOEEYOLIERARC X 2 HHRBIIREEZEFITKE L, UREOREELYRL VWL
¥ B,

=7, ETBCOWTRIUING GEERD, Sflcist 3% DR & O BB ERTER #E e
SN, N IO SHoRKEERMNIIN4:1THY, T, SHUCERBIERSVHENE Abhb,
HEEORBIRFH T, FRETCHBIEHEL L TRVEI3~I64EEI N TE Y, f-T, NIk
COBWEETHZLE, 1AXOELBELTMALIC & X 2EMH OBEER, #EHORIGHEERRR S
DD, MR—REEYMOWEERC X ABEOHNAEWLELOID 2 LER, OFERFFHED
FEHEEZDBN D,

Table 1 Free Vibration Tests

Test | Applied A : Maximum Amplitude (kine) B : Amplitude Ratio
No, | Force RF 2F 1F RF 2F 1F
2 1lton 0.145 0.099 0.028 5.12 3.49 1
I 3 1 0.145 0.102 0.027 5.39 3.80 1
6 2 0.263 0.155 0. 081 3.24 1.90 1
7 2 0.331 0. 251 0.064 5.16 3.91 1
(4.73) 3.27) (¢H)
Fre- Test A : Power (1078) B : (Power Ratio)!/? C : Amplitude Ratio
quency} No. |\ pgp | 9 | 1F | RF | 2F | 1F | RF | 2F | 1F
2 660 1160 1440 0.386 | 0.511 1 1.97 1.78 1
| 1.6¢/s 3 706 1428 5181 0.369 | 0.525 1 1.99 1.99 1
6 650 1988 1619 0.634 | 1.108 1 2.05 2.10 1
7 396 1003 3933 0.317 | 0.505 1 1.64 1.98 1
(1.91) | (1.96) ¢))
2 1231 1284 1413 0.933 | 0.953 1 4.78 3.33 1
11| 3.6¢/s 3 1152 1228 1267 0.954 | 0.985 1 5.14 3.74 1
6 1389 2200 814 1.306 | 1.565 1 4.23 3.12 1
7 865 1014 1172 0.859 | 0.930 1 4.43 3.64 1
(4.65) | (3.46) [¢))
2 1 231 47 0.146 | 2.22 1 0.75 7.73 1
IV | 18.9 ¢/s 3 0.7 254 56 0.112 | 2.13 1 0. 60 8.09 1
6 2 309 7 0.535 | 6.64° 1 1.73 | 12.61 1
7 2 207 29 0.263 | 2.67 1 1.36 | 10.46 1

| | | ‘| .11 ’7(9. 72)'1 a
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BoRLBRERFOERSIBR COERY WL T57-0, EEELH 310c/s T, BHREICHS
1T LR 1.2~1.3sec [l AD L, BAEY 1 CIEHIEL BB o\ T Fourier BH# 77
otz FHELUCEAERBRINLI4MT 20c/s ¥C 0.1c/s BREERFiotehs Cit, Fig. 17
AL No. 3 iz%15% 18c/s ¥ TD Fourier Power Spectra %» Figs, 19~23 1 fj& LTH7T,
16[EEHE L -5 IBRBRIL, FREFRBERERIBETHY, LOMOBTHATH RGO RELE,

&M NS R4Tit, 1.6c¢/s, 3.6c/s iEEZE peak » &bk, 2FNS i 18¢/s LIk T B &L
power 55, 3.6¢/s @ peak [T£ME L KBEFR UELXRTOICKL, 1.6c/s Tik RF, 2F, 1F ©
JEEKE Lo T D, ZHIIERARNY 1CERLELAZECL B30 TH-T, BiEL 3.6c/s TkiTD
EREOBRMITERERERICEOBRRIEMILCKBEL W LR, ¥, #EX 1F 2FKiRMA
INTIEBDITR L, 1.6¢/s DFMITABNE ST, HNRCKELFHHEh 3725 TH S,

ZHEDBIRE T 4 i oW T, B IRBIBTH D 1.6c/s, 3.6¢c/s, 18.9¢/s s\ THIHER
R Licd D% Table 1 1ZRkd, I—A BiX MG EERET (kine) #7771, I—B it 1F &t
BEBOBIEERMERYRT, ¥, II—A it 1.6c/s Tt 2 ERLEHEENC 5+ 5 power,
II-B ##ix 1F © power &3 54D power DOFHER, X6 II—C iz, I—A, II—-B
OXMIETHEEZRELTEGRS 1F DM 1415 & 20&BIEME 27T, 1T #lk Lo IV #MixH
BOBE(EEY 3.6c/s BI 18.9¢/s IR\ T Tleolcdb DTHb, () TRUEMER 4 HOBEREI
W35 EMIBMEOVPEEYRT. I TRAEMECHTIERIGINRT 5T, QEOTEDL FHTH
BH, ZhabKTEED mode DEEENREETH D, AL, 1.6c¢/s KR\ THMEEMEL RF:2F: 1F
TKME2:2:1THb, 3.6¢c/s TiX4.7:3.5:1Th5s,
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Fig. 19 Power spectral density of horizontal Fig. 20 Power spectral density of horizontal
response at roof floor level due to at 2nd floor level due to free vibra-
free vibration test. tion test.



AN - EESE - SRR - A - SRE  RRBRHEE O RN 117

s(1) s(t)
IFNS RFNUD
103t 0%
lo‘4_ |0-4'
VA
105 H 105y
i m,ﬂ“ . . -
5 10 |5 cps 5 ) 15 ope
Fig. 21 Power spectral density of horizontal  Fig 22 Power spectral density of vertical
respnnse at 1st floor level due to sesponse at roof floor level due to
free vibration test. free vibration test.
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Fig. 23 Power spectral density of vertical rsponse at roof floor
level due to free vibretioen test.
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EHBMN 4c/s WEWT peak &7 -TnBb, ZDX31T, KFEE ETEHD peak OBIER—FEMNRD
g b, KEBEEGEOERDEFIVL, Hi 1.6c/s TIXEEOPEBIREL LWV EEXH
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FET5 1.6c/s, vy xS ERUEREEREIE LT 3.6c/s, B, 2F OIRMIKE LB mode
¥ ETARROEEREED 19¢/s HECHFETH LBHEEHIh S,
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Bo LI, AW TIIMND Z ENTE e -7, BEY 2R, REBD 1~20c/s TTIET, &
KRS 2ton DWEERETHRELE— 4 v b BRIREE S 3RE L T/ - o BIRERBROBRNERC X
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HEYOMBICEN X138 BRROBERNOBORICL DL/ NTH B,
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5 RERR T CIVEIRERRSEOANEAOHE, HICHRMED L 518, FOBIEEERCETAEMNR S
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DRI T BB I LENH B Z EBRL TV 5,
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i3, B EEH DA EER LD TR HTHS C LA THS, BPEHIAE - #1540 Dynamical
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filgotB®, 513, ZhEOREYR I ARHB—HEYROBNEe TV EREL, HWRHELE
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FEOF AR DB OB AT 5 L4, BRI LEHIEVG -RERIBEFFKLOBIREDH
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