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CHARACTERISTICS OF VIBRATIONS OF A LAYERED
VISCOELASTIC GROUND NEAR A SOURCE

By Michiyasu SHIMA

Synopsis

The characteristics of vibrations of layered viscoelastic ground are investigated theoretically in
the case of the harmonic vibration of the surface of that ground. The sources considered are as
follows: (1) a vertical point force, (2) a horizontal point force.

Integral expressions for the displacement fields are derived by using a technique applied first
by N. A. Haskell to seismological probrems. The integrals are calculated along the real axis.

The numerical results are plotted for the frequency characteristics of the amplitudes of dis-
placement and for the variations of the amplitudes with the increase of the distance from the source.
When the layered medium is composed of alluvial soils, the peak of the second mode in the curves
of the frequency characteristics at the points remote more than one wave length from the source
are negligiblly lower than that of the fundamental mode. In the latter case, the amplitudes decrease
with the increase of the distance in the similar manner as the surface waves, when the points are
more than one wave length from the source. And the displacement may be expressed in the pro-
duct as (34), in that range.
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Fig. 1 Structure of ground.

z5+3E, Fig. LITRINTWBE LI %, W 220 FITRHL %2 PEREEHICH S, AR
WERBICL > CTRELCBBOABTOEMOERMBAERT v ¥ v 0 dpty LT, ROLI T
EblLltk,

g

)
q_j(rs 09 z): arj + ‘ﬁj +

drdz ' r a0

1 9%,

- 1 0¢ 1 9 d
5,(r, 8, z2)= 3§L+—_— ¢ 44

e e I TR UINNRRHRRRERR R (3)
_ _0¢; 1 8 (988;\_1 3,
0,y 0, )= == (L)~ 5 g

EREI IR 2 e ERA,
Ve, =—k.*®;
2B m —kg BB, | wovereeeee e (4)
Vigj=—kes1; [

THY, BB kajs ey 1
kot =0?/a L+ i) +2p,) ] (A5 +2p)) } ................................................... (5)
kgjz=w21{5jz{l+iwluj,/#l’}

D& ITHHEEEEOBA, HEEEL S,

XTGPk RO I KEAERENLIDET S E,

@4(r, 0, z):S:ga,(z) Ju(rk)ycos 10 dk \[
b, 0, z)=S:¢j(z) TUPRYCOSLOAE S evovermieiieeieieeie s (6)
7,(r, 0, 2)= S’:xj(z) J(rk)sin 10dk {

F 1B, EHDRBRICHESEREN S,
_ _(=§1 a daj(rk) il 9y Jy(rk)
g,(r, B,z)_gn{—k———:j 72,]0 Tk ¢ lrk }coslﬁdk l
- _( I dg; J(rk) i Oy AL k) Voo gpqp b cveremmreneriee (7)
R e +—k——z’~_az-r-lr}sm 16dk



220 A EREFERSE 14 5A (| 46. 4)

wy(r, 0, z)=g:{—7ic——w%{- ]z(rk)}COSI‘?dk X

P:zj(ry 0, z)

o pJi(rk)cos10dk l

B dlh
i 1B, G deint pak

5.
Puj(r,ﬁ Z)=Su{ ................................. (8)
(“lices Ao 1 TP cos 104k [

Przj(r: 6, z)= d(r k)

0

1l
ry
)

Rj —k“{w( Y+ —— d¢’(z) }

zi;:, =7 { dy:i]z(Z) + %(Z) +ksf“¢j(z)}

L7 o
c i X/(z)

d? d
”zu—z—zﬂf{ 5;52) +_¢,(z) ke —

dﬂbj(z) } zjkaqupj(z)

vay=—ikug —d%z(i”igy—brk“%(‘)}

ki, 0i(2), 9)(0), 1;(2) BROFBRXERET 5o

d? S"J(Z) =(k?

T4 —ka;?) p(2)

ial‘ll’%gz_)=(kz_k“z)¢j(z) ........................................................................ (10)

2.
LUE k1,02
© TEHZNLRML, EARARKOLS 7 b Y 5 7 AOBTEDT T LT B

U g;(z;)
¢

wry(z)) v14(25)
[Uryzp]=| — 2"~ Vuepl=l ¢

TLj(zj)

ary(z4)
TRj(zj) )
BRE*ETI5VBIRPnTR, ®Frvenld (10) o—fE#EE LT

) ( ) ” ( }
—1 -z 4 i (z2-24_
[ e‘faj"11+k—2e7a1”11

7’ rr
¢j(z)-_—% e-irayti=a,-1) 4 ‘”;’ca QITBIE=2501) S e 12)
i l

7
X5 e~irgylz=2j-1) +——E;€ eiraya=5j-1)

DEIXEDbED, 29T 2ERDES ABOLOERETOBR L3 Haskell o< } 9§ » 7 ATHDI
N2HERERBH/ LN S
[Uri(z5)]=[ar;1[ Urs(2;-1)] >
[Viz)l=lar;]1 [Vi(z;-0)]



B REEBICEI 2N EREEESHRBORERICOLT 221

= Yy PR agy, 0y ORBRIOAZICDOETHLDTI ZCREKT Y,

L, BRREYSATHS BERKEHO—BR (12) 122 LITREOHEMb 5. — BRI SREFHOE
ETHER, B¥HEBREATH- T, ZOETEEF VY » VMAFREREITE S, ZORFEIIHTHHET &~
Ve, FlidRoL S KEDE S,

Pso(2) =Sy e~ ras!s= P! \
Pso(2)=Sgetetras!z=DI 4 2D (14)
Xs0(2) =Sy e oz D!

(12) T (14) TMA2 72 OBBBELEATWBIBBRNNT S —BBTH 58, TOBREGITIREEFETET T LN
BT 20LRABOFRER LT, BREOTS LOSLELOBEREOHR, FLIUVREOTSTOHE
ToORREOBBBRO L S ILEDLE S,

[Ura(D)Y]=[aRre1]1[ Urs1(2s-1)]

[Vzis(z)] = [020a] [Urea(D)] 1 ............................................................... (15)

[V 2oy (D))= [a101] [V 203(24-1)] [

[V 1e2(20)] =[a1s5] [V Loa(D)]
FRREOLOEETORAOMITE O & 14 iTd-T

22

[Unes(D)]=[Urs1(D)] + 5(7- ) ............................................................... (16)

5( Vs )
[Vsz(D)] =[VL31(D)]+ ¢

(B
Y

5(d—cRL) =k {(Spy* — S0 7) — i78:(Se2 ™+ S0}

8(-25+ ) = ik{— i as(Sur "+ S0u7) +H(S s — Sur"))

00 ry =k {(0,—1)(Spr* —Sp17) —i78:0:(Sea™ +S02 )t P a7
0T rs=k*c?p {— 0,7 as(So1* + S0 ™) [k—ik(d,— 1)(Soe*—Sp N}

5(3!0"‘_) =ik2(Sps* — Sp57)

0t s =—1ikpsrpe(Sea* +S0s7)

3. AREENERRICHT 5%
HROBEFAICRET 2BEICHT 5 RF v v+ vOBESERR

Pulr, 0, 9= Sute-rast =PI (rhydk |

‘/-’n(r,ﬁ, z)=S:Snzte_i””“—m-ln(rk) dk I

Su*t=—8y"=Lk/4rp.0* \
Sogt=Sp~=—iLk/dnp,0*s |

Lcdi- T,



222 RABKBRTERE U EA (. 46. 4

z

Fig. 2 Vertical point source and horizontal point source.
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Fig. 4 Amplitudes of transversal component of displacement on surface versus
frequency for horizontal point source.
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Fig. 5 Amplitudes of longitudinal component of displacement on surface versus
frequency for vertical point source.
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Fig. 8 Attenuation factor G(r, 1/Q) dependent on distance for horizontal point source.
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Fig. 9 Attenuation factor G(r, 1/Q) dependent on distance for horizontal point source.
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Fig. 10 Amplitudes dependent on distance for vertical point source.
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Fig. 11 Amplitudes dependent on distance for vertical point source.
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Fig. 12 Attenuation factor G(r, 1/Q) dependent on distance for vertical point source.
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Fig. 13 Attenuation factor G(r, 1/Q) dependent on distance for vertical point source.
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