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Natural Vibrations of Buildings Induced by Microtremors

Toshiki Kakuta* and Shin-ichiro IKEBE**

Abstract

By using two horizontal components of seismographs (fo=1 Hz), microtremors
were observed at respective stories of four buildings in Kagoshima City: a steel reinforced
concrete (S.R.C.) building of 14 stories, a reinforced concrete (R.C.) building of 6
stories and two mortared frame buildings of two stories. At a 5-storied building (R.C.),
tremors induced by a windstorm of a typhoon were observed. One component of
seismographs was fixed at the first floor and the other was moved to upstairs,

Power spectrum and coherence of tremors are analyzed as well as ratio in power
spectrum at a story of a building relative to that at the first floor (abbreviated as power
ratio).

Frequencies of predominant peaks are nearly equal with one another among
power spectrum, coherence and power ratio at the 6— or 14-storied building. Thus
excitations of natural vibrations are recognized at the frequencies for the two buildings.
The natural frequency f,=2.57+0.14 Hz and the damping coefficient #=0.1240.02 are
obtained for the first mode of the 6-storied building. At the 14-storied building, the
second mode (fy=1.83+0.06 Hz, /=0.124+0.04) and the third mode (f,=2.50+0.07 Hz,
h=0.061+0.02) are detected though the first mode is not.

For two mortared frame buildings of two stories, natural frequencies are
estimated as 4.8 Hz and 5.0 Hz from amplitude spectra and amplitude ratios at upstairs
by using an electric band-pass filter.

Excitations of natural vibrations are not detected at the 5-storied building
because predominant peaks in power spectra, coherences and power ratios do not
correspond with one another. At this building, natural vibrations are probably
confused with direct forced vibrations at upstairs by a windstorm.
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BYORBFEOHECIX, EBRERCAIMREREC Iz ShRIERELFIET S5
oM, HRMENZIRENE & L CFIET 5 HksMEbhs (&3, 1969, p.109-111). HIE
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THbo COHEDERDFEIBEDHEI LS 2L 2h Y, BEEOREERND LB
BRECBELTTHARMRI 213 L 28, KELFHNERET S,

ZORETE, ERETHADOW L OMOBEYICK T, FOEEEMLRAIET S DT
SHICHRBEI L BT 5, IC, BRAELE 2L XOBRORERLRE T 52, BHE
IEERENIEN TEAYE L CAREL THLA AT THH 0D, BOREREZRAL L
WEEDR Lol NBTHA S,

HEMESREMS L e, BEYO LT TOBREY, BEHOERBIICHKYT
HRGVERERINTHbID L E2 bR, TANARA et al, (1969) 1%, ZDRED D LITHRHK
BDART — A7 P ANLRETIEYOERRPLBREER LS LHTW5, Lnl, BHE
DERMENL, BEWHIVETIHBOBECKXIKETI2RABERT»OBRIATED,
L7chio T, BEWOERREECET2RARERS %, MBEEDOEENSTHET S Z L2
BLigh, ZDVEDODHER, BYOEE CTRUI N ICERBEIZ LKL T, LDOREEK
SOHBYOEEC I DEBEINTWEDNERLEZETHD, HEKIEI (1977, p. 195-196)
CZDBIHHEHL, £ T, BRSO SMEEAY 1.2Hz, BWOERREE 2 2.8Hz
CHECGHINT VD, Fho, HEKES (1977, p.227) 1%, 2EBEERBIOWTHAIC
WD 2BDAY —ART P ADRE L STFANTFERT S, B THCHT S LMD AR
7 PRI, BYOBERIRENC X 5 BIEOEERN ISR A FREICT 503, A7 P ARITEE
HERIT DD, HBROBFRCIITHLEENLETH D,

2. BRICATLEBIRAE

BYDORA Y () FADHZDOEREFEEZHET S e LT, EFEREHE 1Hz OKF
BAIRGR 2 AR E L CTHY, 205D 1A% 1BCEEL, o1/ &EZBEL T,
1L BB TORRRAZ R /o, BIRES b O M, BEREE 8Hz Ow —-tA
TA4NE—HBLCERBIESRTHIEIN, 4FxVELDT — 2V a— &~ EHIhb,
ERBOLERMINI05TH S, NESREED I BhD, E=X—-EHTIHVEEL
PSS A REL, AD EREYEL CET —~YREH LI, v 7Y v 7HERIR0.1%
T, ERIX512 70131024 THotco 2DV AT ADFEIX Fig. 1 TIREA TV 5,

Jaydound
adp}-sadnd

Fig. 1. Block diagram of the observed system.

MBI, TMBTETOSESRG 2 v 7 ) — b3S 14 B ILFE R o~ Y 5 B,
BRERFEOH =7 ) — b 15 6 EEECERHER, KEeALZALB) 2HEHEFHK
&, BIVOLTFHIOAREEALZALEBY) 2BET A~ TR b h i, i, &Hiav s
)~ bESEBEEET 2EMHC KT, 1980£10 A 13 HOoBRA 19 80 @EALXFIHAL TD
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B ABELTCRABY DFER E o Titbb, SEEDAV —2AR7 bARKETS
FHik, 1BEET 28D T — A7 b Al (7~ HEBIR) 2EDHE, Z7rAARY
PAdbat—~Lv vy AL T A4 XBEHRTHHE (B, 1977, p.63-64), ¥ LOEIHLA
VERAT 4N Z "B LI V7 EEREND LTS 5 EETORIED HiERE L L
HHETH %,

RNRY—ARZ P ADFHE TR, ®E7— ) =FRC I DIREALZ b LD 2% L 2Tk
(FFT #) & Blackmann-Tukey DJ7¥ (B-T¥) ® 238 h & ## Lo FFT I TIX, ¥ 7
AMESER 1024 &L, BEITEY LD LT L DRENRTHEILS R TWb, Fi, B-THTHE,
BV IR A 512, 527 % 128 L LT, Parzen VA VY F— &), 7A=Y XA FFT %
fFoTuB,

Fig. 2 i3, 6EEDERERFESCHERHFRMD 3~6 ieo\\T, FFT & B-T L Tq
HINeR7 —HPHEBEER, REATWDE, ZDSIDDHER LD ART b ADNRIEZE—
BTA5ZLRURTH D, <7 -k Th, BRAERSZBRNERBHCEHET—HT %,
L, 6 TORRICHBL LS, MOREMEVS ATIE B-TEI EL TV %5, HIC,
FFT DB B b I BRAEMA D~ 2713, A7 "ADHE LB Z LR X 5 TETBHED
AEEHCERT25D0THY, ZoZ ik, F—Fva— 2 —OHNYEHEBEIMC VY
RATZANE—TUBT LI LRI TLHENDO RS, B-TEETIE, v 7Y v 7 EBrdis
WHBICIRTRENEL LY, ERLICABRKORS ST 5 BRI REEBERET 525,
BYOBRKROER B EEBRET2HACIE512 3 HETSTH B, LicdisT, BEDA
N7 PADHBERE B THOARHA WS LT 5,

sk, BRIV FART 40 2~ U, HEEE 24 dB/octave, -3 FiE 1/3 octave
DT 72T 47 74NE—%2BICER, —48dBloctave D7 4 &2 —EL T 5o FOLRW
Hix 0.1~21.8Hz Ofi% 0.1Hz ¥ A TEZLID L5115 T b,

Fig. 2. Normalized power ratios of microtremors
analyzed by two different methods: the fast
Fourier transform (FFT) and the Blackmann-
Tukey’s method (B-T). Observations were made
at the 6-storied building of Faculty of Law and
Letters, Kagoshima University. The power ratio
means the ratio in power spectrum at a respec-
tive story of a building relative to the first floor.
Numerals in the figure refer to the respective
stories.
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3. EREHFAOEMCOLWTORT

BRI 5 ERBBRAETRAE L TEREFIAL, ALWKR 4 XV EGCRETFICR Z
Itotco WEDRIL, BEEL2EHELYKRE, 1980FE 12 ATH S,

¥, B HEOBVCIERCE X DEELR LD, AT —RAX7 L, 7~ &
Lo~V v RERRHT S, £k, 724 RCDOWTIiE, WTFhOBE4SLRFHNERY R
HELHS>TeDTEET S, Zhid, IEFIFRFEANL IFIFRAFERDOFENALME &R
BaELX CERTHERBEBHEOUHEC L2 DEE L LD,

BYOEEREC Y - ThHs BEE O RSVHEEI NS ETHE, UHRAEHRT, EED
Ry = bR —UPRHEATHERBEC, 2~V VYRS RELRBIETTH S, Fig. 3 KXW
413, BEXERME L EER 2 58, Wit Y2\ T D, TREADEBIEI iz
T, RU~l, ab~VVRATHEHN, ¥~ DONBIIILVOBEENLIS DL LDOD, HEIF
PRI OWTD 2.5Hz f5ED Y~ 27 (Fig. 3a) &, T~ 1 YI&OWTD 1.7Hz i
FIW 2.5Hz fHEDE— 27 (Fig, 4) 3% ST FDOEBERLTW5, Lid T, ThE
hov— 27 3EYWOBEREREZHOLTIDEHEIND, KL, HE2ZHT O
TOEER (Fig. 3b) TRFD X5 wEMITLL AV, LWTE XL, 5BECR T, 2.9
Hz fHElc v —bkae—~VVRADE ~ 27 NEABNAD, R 7~ HOERIIBEEL 2T, 4
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Fig. 3. Fig. 4.

Fig. 3. Normalized power spectra, coherences and power ratios of tremors observed at (a) the
6-storied building of Faculty of Law and Letters and (b) the 5-storied building of Faculty
of Science, Kagoshima University. Numerals in the figures refer to the stories of the
buildings.

Fig. 4. Normalized power spectra, coherences and power ratios of microtremors observed at
the 14-storied apartment building No. 5 of ““Kamoike-haitsu’’. Numerals in the figure refer
to the stories of the building.



HRRENC X 2 B OREFE 37

relative power
power ratio

frequency frequency
(a) : (b)

Fig. 5. (a) Relative power spectra and (b) relative power ratios of microtremors observed at
the 6-storied building of Faculty of Law and Letters, Kagoshima University. Units in the
ordinates are arbitrary. Numerals refer to the stories of the building.

BETIIY — 7 DAL EboTWwbh, D XS, BAAENELITEENERD, HBH W
THERBRELIIY - 7 ONEBEIELS LW BRI, EERSHLBRETELLLXEZ
QAN

wZ, ERREC X 2HIBEOEADOMELS xR T 5, Fig. 51X, BEXFEEHERTOE
DY — Ly —HDKE JICET 2 HEMNPIBEREZRL T\ 5, MEBEDOBRMIERTH S,
ZOBEWTIE, EEANEDICORT 2.5Hz fFEDAY — L0 — KRR TE00, ZOMHE
BRI 1 REETH S, iz )~ (KBS 2 ) — r2EL) BEOBRYDESR
BfE LT, &3 (1969, p.113-114) 1 X D 2 v 34 L I NIHETHIL KRR D 5 Hovb

T = BN (N EX) (1)

RAL, B LU TO0.07~0.1 % &, HEXFHHERD 1 KIEBIDOEFRBEEZL LED
iz, FTERUTH S,

Rt~ VIR T A FEBEDORIL Fig. 6 S X7 THbH, WEED BAE, REVEETDH
50, KD (a) & (b) TIXA—BMIC > THD, Fig. 6() X (b) CEABEAINRTRREE
nTnb, ThbDRNY, 5L ETORFIREDMEZARICRL TWa5, 4EUTTIRE
RSB B e (B 21E, Fig. 4 D 28, 3 X0 Fig. 6a & Fig. 7b D 3BT D #EHE), -3
T = BHBNENRT — OB AR H B LIREIDE (node) 1L 9P 10FED (ECH D, 1.7
Hz R X256 Hz fHEDE ~ 71E 2B D L SRDOEFRENC G T 2 Z L HEEI
o UL, 6fETH AV —DBIIBEEHTED, 727 — LOEBS NS EE
REIDREZE I 25 LXTERM ST UTFTIE, 1L.7Hz (8% 2%, 2.5Hz 5% 3
ROEFRENE LTH/S Z &8T5, ,

Fig. 8 ITi¥, —48 dB/octave DBESXHIL AV FRRA T4 L 2 —~ % B L CTHE I Rt~ 1
YD I4BETD, 1T HIRIBOLD 2FH, BTHER LAV —HELBTRINT WS,
PeiEl, WIELZ 74V E2—2BLAEAVIEZLY 23— 4~ DRFEFSVTEREFS L
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Fig. 6. Relative power spectra of microtremors observed at the 14-storied apartment building
Numerals refer to the stories of the building. The figure (a) is
enlarged though the unit in the ordinate is the same as that in (b).
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Fig. 7. Relative poWer ratios of microtremors observed at the 14-storied apartment building
. Units in the ordinates in (a) and (b) are arbitrary but the

No. 5 of “Kamoike-haitsu’’
same.

DINDRIGT BWMACONT, TALHACERELEZ LY, ThaPaftlicdbol L TEbLS

NTW5B, B-TETERHETECHRLSI DD €~ 7 23,

TELEWe T 4 L E —UEBTIES

BET XMW EIRABRND X5, SRS HD, ST oDFERI X AR AKBHCAR
E—HLTED, l1REBIRDEVBETET IV, 2T, SRO%RIER (f=1Hz) %

FAWicr A7 ADRMECHERKRT % L Db,

LWkt XBHDTHA D,

FYT D REBKG D= R F — D ERBENCT R
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KRR (1968) @ XL, —HARAMIEBEROBEEEBRDOLIL, w)w,=3, wsw,=5 TH
D, —RTITEBIZ EHMM OIS/ NE L oo TW B DIT, EEITIE, 1kE 2KRDIBEEISH
T o LESEL, 2.5 BB L IhTWb, EERLCEEBHOERAIC Xiud, 145
BEOSESHT 227 ) — M EDBYD 1 REKT 0.7~1.0Hz L7515, 2RDIEEIRIY
1.7Hz, 3RDIBENE AT 2.5Hz &7e5 2 Li, KIR (1968) DFEE L FEIZ LIS\,

A& 2FEBRFRED ERE R, £+ (1969, p.111-113) T LI, HEHENCiz0.4#7T,

(b) Py @
H !

relative power ratio

—— amplitude
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frequency frequency frequency

Fig. 8. Fig. 9.

Fig. 8. Squared amplitude ratios and power ratios of microtremors observed at the 14-th
story of the apartment building No. 5 of ‘‘Kamoike-haitsu’’. The amplitude ratios are
obtained by using of an electric band-pass filter.

Fig. 9. Amplitude spectra and amplitude ratios of band-pass filtered microtremors observed
at the second story of (a) a mortared frame apartment in Ue-arata-cho and (b) a mortared
frame building of Faculty of Education, Kagoshima University. Amplitudes are not
compensated for instrumental response.

HEEETHORAILDTIZ0.2~0.3F & ShTwb, AEHAIE I EFREETD 74— FZL
THHEEFHWOREREFCL T, BEBKRTELRCEWTH 50, TOEEFRERIL 4.5
Hz DITFRIEAES s\ AD BEROBEDOY v 7 ) v 7R 0.1 TH A7 D1k, EERBHE
$2\ 5Hz M3, HH5EFRUETH BB, MOBEY LRI FET A7 —SI3EE
TEILID, ZhDbDREBEBEEDCTOWTIL, —48dBloctave DAY FRAT 4 LA~ 1T X
DUEZ RIS Z LT 5, Fig. 9%, EREHETDOT 2~ b EHEFFEHOARERELT DU
T, ZOHETES R 2BTOREAZ b & 1REICHT % 2ORIERS RER TV S,
7e2L, RIBARZ b AE, W OMHDEFIEDOWTHE I hichnbBTh-REFATHD,
RIBHIX, ThDO2BDFETH S, Fig. 9(@) XU, EREHETD 74— b TIX, #REA
X7 P LRERD 4.8Hz THRALRY, BRAEEVBERLRE S, ThICERS L,

BEFHAREKETIE, RIEARZ b LIRELOBIRIETERC 252, 12D, 5.0Hz
TRESREBLEIEK LTV B0
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4. BEFRRBLBRREBOHEE

6PEEGE 2 v 7 ) — b IO BRI HEHIC S\ T 3L BT, 4B EST 2 v 2
) — FEOWRH A VBT SELU LT, v —2AR27 b, RU~l, KIVP=ze~V
VACERRSOEYRTHEB/ L —270150bh5b (Figs. 3~7 . ThZhDIREHZ LI
E— 7 DBNSGRD D W EEBERE, BHAEOBNC X > TENMNCEKL S (Table 1),
72721, Table 1 D#ERIZ, EHEERERBIOMENRDDNIEBC 1z TEHLINETH
D, REIERFEZOTRETCETH S, FREC XD, BRAEOBEZTAPLTARDLE,
ESCFEHHEBIC OV T O RS X O~ 1 ¥ D 3 WIRBNC DT O R TIL BT TEDE
WIZ X AZEZADS iy, Bt~ Y D 2 RIEENCOWTIE, AEKE 196 TEN &
LICRERIZEBHRI I NG, T7cbb, A7 -~HICIXAHEREMOFEC LI HHEREDOZIFRET
HBo

FENTITE DB T X DHERDEENER & D5 I EFEMF MO 1 R IRE) & it~
A4V D 3IWIBENTDONTIL, 3ODHEL I AHERY FETHI L ELY, ThEth, 2.57%
0.14Hz F X ¢ 2.500.07Hz L EEREENEE 5.

FEMA~A Y D 2WRIBENCEAL T, SV —~dtat—~L v AnbFEHE L CHE IR LEERE
2% 1.72+0.05Hz &75570%, BYOFEER X - THIBI RS REVEFRETHS L5 A
T, 7~ EYRFELEZOND, ZOHEDRMEIBRILERCRITSH T
ETHHD, SEOKEREILS~4EE TCORECEECE W T/NIRBRETHEEIRTEKY, &
EEXTDEV, Lo T, SZTRA7V-RIEX-THB RS 1.834+0.06 Hz Z[EH F
BHELTRAT %,

ERHEIOREELZ ALY 2T <~ F DEFBEKIZ, BB ISCEERL
4.8Hz L% 5. (Fig. 9a)o 2MEBOHEFMAEKEC OV TIE, Fig. 9(b) 7»b—RLT
DN E WS FRIZII ey, SEiE% & AHORERIC Y B - TIRIER X 2T, KEL
THbhdE— 271X 5.0Hz TH5b, Fig. 9(b) CFWTHHEAX 5.0Hz HB b, =D
R EZEEREREE 2 THBENIRWTHA 5,

Table 1. Natural frequencies of free vibrations of two buildings, the 6-
storied building of Faculty of Law and Letters, Kagoshima University
and the 14-storied apartment building, No. 5 of ‘““Kamoike-haitsu’.
Natural frequencies, which are obtained by three different analyses
(peaks in power spectra, power ratio and coherence), are averaged
over the several stories of the respective buildings; 3 to 6 stories for
the building of Faculty of Law and Letters and 5 to 14 stories for
the apartment building.

6-storied building 14-storied apartment building
(Fac. Law and Letters) (Kamoike-haitsu)
first mode second mode third mode
power spectra 2.46+0.10 Hz 1.704£0.06 Hz| 2.494-0.06 Hz
power ratio 2.62+0.13 1.834-0.06 2.544-0.09
coherence 2.6440.13 1.73+0.05 2.48+0.05
total average 2.5740. 14 — 2.500.07
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Table 2. Natural frequencies and damping coefficients of buildings in Kagoshima City.

6-storied building | 14-storied building 2-storied 2-storied
(Fac. Law and Letters) (Kamoike-haitsu) apartment (Fac. E ducftion)
R.C. S.R.C. M.F. M
f (Hz) h f (Hz) h f (Hz) h fﬁ@’ h
first mode | 2.57£0.14 | 0.1220. 02 — - 4.8 — 5.0 —
second mode — — 1.8340.06 | 0.124-0.04 — — — -
third mode — — 2.50-£0.07 | 0.06-0. 02 — — — —

R.C.: reinforced concrete, S.R.C.: steel reinforced concrete, M.F.: mortared frame

BRYFIA LSRG 2 7 ) — N EOBET 2B MK BT, HERERR
BOIERIIEDL ot (Fig. 3b)o & Mk, WREEIOANVEHOTHCRES LD
DML, BETIE, BAC Y- CEENEEREOND LK XY, EREEELSATLE
ST ENFEREEZOL NS,

WEER b ORI, HEKES (1977, p.196) KHHRAIC X -7,

k= Af |2f, (2)
ZZT
fo o HIEREK
Af: Ry —DEKRED 12 5 2 2 BERDOZE
FEYOERIREC L1, BEDOAY —B IO 7 —Hnnb, WL DT DOWTHEER
REEL, ZOVHE LD L, EFETTEED 1 KBTS L Tk £=0.1240.02, it~
1Y D2ERIZENTIE h=0.12=+0.04, 3 KIEEITIE £=0.06=+0.02 &7n%. EXFIHIEBIC
DT DFREREY, FEOFETHE I TANARA ef al. (1969) & WEXT 2 &, L DUE
D ERICEVEE S 5T b, ¥, —RCIERDEHEEEEERIREVITTHS
23, BEMiAA Y DRERIIMIT e o T Do 27 — 222 1 (Fig. 6) 7 —l (Fig. 7) %
LZThbnd X5, 2KRIEEHC HNT3RIEHN I VEE THSH &0, BEERT S KB
LTwaEwnx X5,
EREETD 2BET A~ FIZOWTIE, 7 —hbd EDefERIT 0,10, 7 — b DfE
120.19 £7c%0 SBUNRAZLDT, ZORRITEALZV,
DIEDKERIL Table 2 ICF LB T 5,

5. & » Y (T

LTS VEARANESRILTZ ENTERCERMKEZFIH L CEYORERME 2 EE
T AL, BYoOERE T CRBCR—y AT 2 X 2B8H Y27 d L DT, @BFTHE
L OonEHAEHE, BEYHERNTLZENDETHS, A—EBEYTHERLAEE R
5 BRIIE, 2EELDOWUE TR TN COBTORUEILELNTHAHH, PLEb&K
FORETILETHH 5, b1 YIEBFTHE5EOHETE, EEBTCHEZRIKT
ChnhbbT, 7 -5 037 —HOEBSANDIREIKREZIRET H 2 T E78h
olto ZAUTHEIERED calibration AR T A TH -7 Z WL LB EEZDLNDD, FEBDEY
CEWTEELBEL CRETA2BACEINE Y ORMELETLIND, AEOWEBTHIER
D calibration & 278 > TR ZENRLETH 5,
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SEDMIFTIE, <7 —E7 —HOMIT 2 —L v A% E LT, Fig. 3 31004, Table
1 DFERECEBDND IS5, 2~V Y ADEY~ 2 RBIERA7 DY ~7 L—FT5hH, Lirl,
TEL—KT 5L bFIIECLIR D, RV —"F =y 7 TEHERTOTMLICANE
Vo BIZ, BRIV AT ALDOBEEDL D> TEAKBARTO Y —IRYICHERTE2, £DF
YHEz e~V VAR S TFzv 7 TED,

BABEENERRLBIRCITEERBE R el R, Fi, WUEE¥E (4B SKREZE
BB LR FE- T iinie, BATENER L AR TFRHMERE BB ## & hRFIRE
BT AD BHDEE A 130 o T e iz, HERBEAREFHEREDSHEEC L -7,

BAfRE S ALICE BB LT B,

2 £ X ™
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