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SUMMARY _
A linear array observation of traffic-induced vibration is conducted at reclaimed land in Tokyo. The spectral analysis of
observed data provides the attenuation of traffic vibrations at any given frequency. The souse spectra of traffic vibrations and
damping ratios of soils are then estimated based on the attenuation, assuming that the ground vibrations consist mainly of
surface waves. It has become clear from the estimated results that; 1) Vertical and horizontal source spectra have clear peaks at
a frequency of 3 Hz. The values of the horizontal-to-vertical ratios of source spectra are 0.2 - 2; and 2) Estimated damping

ratios of soils vary from 0.2 to 3%, depending on the strains induced in the soils.
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Fig. 1. Map showing observation site.
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Fig. 3. Schematic diagram of the observation.

—1060—




104

s
1
(4]

Fourier Amplitude (m/s-s)

i (a) Z-Compo.

Fourier Amplitude (m/s-s)
2
(=]

" (b) Y-Compo. ]

B
Tk v

.
e

KR

] .

r=835m ’-;.f,'l.t.l
4

107 10°7 A T
1 10 100 1 10 100
Frequency (Hz) Frequency (Hz)
Fig. 4. Variation of Fourier spectra with distance from expressway.
10,4: " y——y T —p—rerrrry T - . r 3
[ (a) 2Hz ; ° (b) 3Hz (c) 5Hz
o (o]
O
105 | < i

ga 5
| o Observed(2) ..
f— Inverted (2)
L 0 Observed (X) ~
 — - — Inverted (X)

a Observed (Y)
----- Inv?rted (Y) :

Fourier Amplitude (m/s-s)
2
[+)]

107

104 f o i
[ (d) 9Hz ;

-
Q
[3)]

Fourier Amplitude (m/s's)
2
[=2]

107

b

o

[ SO o

bl

1000
Distance (m)

20 100

20

aaaal
100
Distance (m)

1000

—1061—

20

~100
Distance (m)
Fig. 5. Attenuation of traffic vibrations compared with those of theoretical surface waves.

1000



W3, ZREBEE LOSIMNRED S RET 5 R EikOERE
BB THEN, EROEEREIIIhIDbKRE
W&, MR TRIABRESFET S NS, B
SNV IE RERTE S I3 T 16 O BEPHEDR JE 1 10 AR DI R
A b bDEEZSNB,

4. BEBEFICETIIMNERARS MV EBEBETHRORT
4.1 ERBELUHBEETN TR OBEHEE TR
IROBYBBERTICHT 2RMN S, XHRTI. EH
RE LT, EICHEEREHAIETT 2UNT L O HRIG
DOHEMEBL THREICHASNDNES A-UT 5, £
CT, AEERSITBYBIERE LT, 524 ARGz
ERDZ, X, YHROMRSIRFEONES Lz, Lx, Ly )

MEEE I > THHIRd TESNET N ERET 5 (Fig.

6) MBI=RTKERBHEEL, SBOME FE. P
- SEREMNBATHDETE, ZnEE, i BHOAM
REGRRRO LOER DN SEBRT S j KE— REGER
DBRAURZHBIDZ, X, YEBURFD/T—1T,
Harkrider® B XU DEREBEICARTERYE S,

Py =(U SLLE; . w
Py = (1/ )Ly (ul w)’ Ey, sin® 6, @
Py = (11 4)Ly(u/ w)’ E}, cos’ 6, ®
Py =(1/ 8L, (ul w) E}, sin’ 6, @

Poy = (11 )L, [(u/ w)' EL,; sin* 6, + E}, cos* 6;] )
Py = (11 4)L; cos’ 6;sin’ 6,{(u/ w)' Epy, + E1,.] ©)

Py =/ )L (ulw)’ Ey, cos’ 6, @)

Lt

Py =1/ )Ly [(u/ w)' E} cos’ 6, + E;

Loj

sin'@,] (9
=L,

Eyy; =Ay(H," (kg ))exp(=hk,1,)

Eq; =Ag(H\” (kL exp(=hky,l,)

E,,; =A,(H,” (k1 Yexp(-hk,l,)

I PxDFEFZX R, ZHRAMBRELONSRE &
BTIBEDXBRRFDNT—%2FH%T 5. ABRIF4T
LVARZZ © ()it LA ) —E DIth T T ORI T i
Bt k138K, BFRLIBLV1TV—. STiHeRT.
W2h3 1 k5% 2 fl Hankel B3, & 130 0OBRBETHRTH
5, 0;idi ZFEOMBRRLSBRRER LT -ATHS
(Fig. 6). 22T, &IMRIEDIMBMIHEDS > ¥ AEM S,
SMBENSBRT B 2R KICBHTHERASDHE =

BDZ. X. YHRAERDINT—P(f 1), P f D, Pf D).

Tokimatsu et al. "2 BHIZAX TR E S, .
Pfr)=ZEU Py + Py + Ry a0
P.(fir)= ?;[ P+ Pyyii + By 1 an

Pri = (1/4)L; cos® §,sin’ 6,((u/ w)' Ey,, + E, 1 ® -

Fig. 6. Inferred source model of traffic-induced

vibration,
B (fir)= X Py + Py + By ) (12)
HERB U2(Ln, Ux(fn, Ul fn IR T3 &,
U f.r)=2nf[P,(f,N]'" 13
U, (f.r)=2rf[P, (f.r)N'" 14)
U, (fr)=2nf[P, ()" @1s)

BB, IREMR d BBRZORKIN S 30 m&{EET 5.
4.2 FMRIERTT ORI

BEEKRTEIT, (13) - U)X THRE NS HRERME
AHPESNAEZ., X, YERSOEMBELASTILIR
BAEZITV, IRH Lz, Ly, Ly B SR OBEEK L O
HEHETS. RECIIBOTRNETRERMEIKS 1T
KRXET B,

§ =20, () = Uy (,)F Wy + U, () = U, (1 I W,
i J

+Z'[Uyc(ryj)— (-/y,,,(ryj)]2 WYI (16
J

ZZIZ, BFCIIRGME, mIBRMERT, = Wi
BERMINTEZ2EATHD. XFRTIZ. 1OXDBEBL
FiEELTHERBRA-FEEZRAL, RITHBICEDEY
BB ELEZ, RUKRE®RDEL, HERMN+HH/IE
BRI TORERKNZHERMET 3,

43 HEMERANRS PN BLURERH

Fig. 71Z/8i ¥ 2-20Hz THE S N/=IR N L2z, Lxx,
Lye%, Fig. SICHEEM e DREESEERT, T/~
Fig. 51213, B o= Loe, Lxg, Lyg, heiZ T3 2,
X, Y&ERSOEREEMREZEG, R, BRTRLT
W3, Flg. 55, WTFNoOBBRKIcBWTHERRIEH
QUMM EROER 2B E S X TH Y, ¥RFH
SEEANCTDNEEEAShS, L. 10HZ UL
OB BES XRAIT BV TREREBAOBESES
WASBWEZ B RZIT SIS, oz &k KBEOEFIL
{LBIUYRITIZ L DHEERERICRTH BB INES £
NTHBIEEFRBELTNS,

—1062—




101 LI |

(AN .

L

Y
(=]
o

Loading Force, Lz, Lyg, Lyg (KN*s)
3

—

<
o

S

LI B I} III
x>_....2 ==
Lt 1 I ¢ ll

10-3 N R
1 10 100
Frequency (Hz)

Fig. 7. Estimated loading forces of source.

Fig. 7&D., HEBMBHART FIVIE. Z. X, Y&R
F&D 3Hz HEIRBAE—IMRSNS, £/, Z, Y
RSHTIZ 10HZ R 12 S AR e — 2 AR 5 h 5,
ZCT, Fig. 4 LD/ENS, Z, YROOEETEINES X
N7 MNOBREIIENE22 BRI, B/MNEREIERE
TORE 7—) TARY MO EFNS EBRAMELT W
ST EMNGMNB, Tz, HERIMBHARY MVOVE—5 8
H¥GHz, 10H2IE. BEEOHE "CHEIhTWaEM
HEOMFNEES L CSBFAEEDARY M LOY —
TRBEREBRIELTWS, 2L, #EMERHARY
FIVDI0Hz D E— 7 {l133Hz DN &L D 1 A— ¥ — 1B
INERHERB S TS,

Fig. 9 ICIREEIMED ARY NIV OKEREHERT.
CIT Flg. 70, WIFNoOREKICBW TS Ll Lg
X1 FA—F—BENSRBEERLTNDBIEMND, K
FMEAEL T Ly 2/RW=. Fig. 9Hh 5, NHEBED
REREMIRAIZ, 2-20Hz OREKHB T 0.2-2 BED
fELdLiEREINS,

Flig. 8D, HEIN/tBROMPET I 0.2-3% B

10 i T
S
Sauar” o 7
w i
< 7%
o ;R
- [e76) Y
«
T e 9 ]
o oY N ]
£ 6% ¢ ;
Q. cov b
La b
5 P i
- I
6 0
011 1 il Illllll 1 L bl Lt L L
1 10 100
Frequency (Hz)
Fig. 8. Estimated damping ratio of soil.
105 L ' ""”;
w Y
—T Sp A:'- 4
= 1k S n" ' ‘5 ¢ =
b o % A4, f ]
- 1oAYy §E ]
_ £ g I
g1
A 1
0.1 NP —
1 10 100
Frequency (Hz)

Fig. 9. Horizontal-to-vertical loading force
ratio of source.

DiliZ LD, SHz (FRICBRAC—IABHONSB, “h&
0. BEEREMRA(Fig. 7)3 L HERE(Fig. DO
IZI3HBMNEGRMSHDES THB, £ T, Fig. 10IZKEE
BEfEr = 590mizHBiTBZ, X. YRPOFEET— 1 Tk
HHEMBEER e DBRRERT, BN, ERSTEIC,
HERENRENVIZIEHBORBEERRD KE< R3HEM
MHBTES, RiZ, Z, X, YEFAEFIZEhEh
LAY —igSHE - KERD. 7 7BV ERTE 0L
FR T, BRI OEERIBMES S KR L OFRE vz,
Yxs YrEHEELS

Y2 =V (), (f) an
Y =V (F)Ve, () a18)
Yy = v (AIV.(S) 19

—1063—



o Z-(')pmpo
o X-Compo
—~ 4 | a Y-Compo i
R
~ [m] A (o]
.0
T St i
(n
h &, Co
o b a5 ~a © )
g_ 2} o 4 4 A °o 4 .
© Opa A [l
(]
1 @a, © o o .
o] )
0 Eh@ A g 10 | |

0 2 4 6 8 10
Velocity amplitude (x10°® m/s)

Fig. 10. Correlation between estimated damping
ratio and observed velocity amplitude.

T vz o), oWl IR Z, X, YRGOEET—)
TIREME. Vev(f), Veu(f), Vi()IZtBHGED S BB h3
EEE—FPOBRE-FETEZEBL LA V—HO
8 - KERFBLES THOMMEE"TH S, HES
NEOTHRREBBEEK EOBFEE Fig. 111277, B&
D, DTEHLAIE107°-107 BEE S IEMIT/NE WAL, O
THRREAIFIEHETRODRE RBMATRD
BEHEEROVTHRFEENRBD SNB. TOK S 72N
ODFBL NI B3+ OBBERERDEFRIID 2
WS, BREE 5-20m RETHERLSLRSOERALD
HENS, ODTBLRN 10 BETHREER 2-3% &S5
EARDENTED ¥, HTPMITHZBEZYRLOLE
bhd, 12EL, BEOBRIL, 1HEOUh S EEES
DORFRMBOAENRELEDOTH B I &, T0E
BEFIS & CBBIFCBOWT FREELBIVESEN
5IEMG, % BR3TF—Y0OEHEFHRNET
SHERHBZEEDNS,

5.%L®

RINEAS LA BARE 2 I BV TR 2TV, B
RECGHBERENE S ¥ ARIMRETIN Z{HE L
T IEEEEBER M OWBT D SIREHFEZ R ML B LU
BOBHEREZHEL, UTOMREB=.
(1) BEEROTEIRHFEARY ML, 2-20Hz OF ¥
B TR - KRS &S 3Hz BRI ARE— 7R

5 ° Z-Cpmpo !
| © X-Compo.
* 4 & Y-Compo. .
Z a o]
g e] ®
8 DAEA oO
a2r °8 4 % ]
© 0 @a Oo
Q 1} A0 °© o, -
L0 A Dm O 153}
0 & @ Dtﬁ) ﬂ‘EO OOIO X L a4
10° 10° 107
Strain

Fig. 11. Correlation between estimated
damping ratio and strain.

5h3, iz, ROHF\OKEHEMBEALIE. OBk
WBEATO2-2BEDEEL 3,

) HBOBWRERKIZ. OTHLNIL107°- 107BEICH
WTO02-3%BELEEEIN. EEREBLITOTARL
EEQHRAH S,

SRS ,
) BEREX, ik STRHNEIZE T 2 A RS
BT 588, BFREFMGERAL, 491, 65-72, 1997.

2) Hanazato, T., Ugai, K., Mori, M., and Sakaguchi, R.: Three-
dimensional analysis of traffic-induced ground vibrations, J.
Geotech. Engrg., ASCE, 117(8), 1133-1151, 1991.

3) wmfnipR, WK, 2WEIE: SESHIENICHTS 3
Kiﬁﬁ%ﬂﬁﬁ#@%#ﬁ?kﬂﬁ'ém;ﬁ, BEREE

R ERICRIGR, 441, 45-52, 1992.

4) FLER, BFRE: GRUBEICEEND L1 ) —EORE
LIRS ORGR, B RREE DS RRBES, 439, 81-87,
1992.

5) BFHER, BRER: 3 RTSEME FOKESIHRE, S B
£ 5RFGEOBEMMBETE, § 32 AR TEMERKRS, 1, 859-
860, 1997.

6) Harkrider, D. G.: Surface waves in multilayered elastic media, Part
1, Bull. Seism. Soc. Am., 54(2), 627-679, 1964.

7) Tokimatsu, K., Tamura, S., and Kojima, H.; Effects of multiple
modes on Rayleigh wave dispersion characteristics, J. Geotech.
Engrg., ASCE, 118(10), 1529-1543, 1992.

8) REMRE, BO%— MR EERTEHOERETICHT S
—HE, LAREEHREEL 19012), 1520, 1977,

—1064—




