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Abstract

Elastic wave propagation in a medium with complicated boundary surface is
studied numerically employing a framework mass system. The advantage of such a
model exists in avoiding the difficulty of satisfying the boundary conditions, which
can hardly be solved either by an analytical method or by numerical calculation
based on a finite difference scheme. By the application of present method wave
profiles on the free surfaces are calculated for 1) Half space, 2) A quarter space, 3)
Half space with a step discontinuity, and 4) Half space with a crack on the surface.
And using these data, travel times of various phases of waves, reflection and
transmission coefficients, and the energy loss of surface waves by the incidence to a
corner, step or crack is studied. According to the result thus obtained the framework
model seems to be a useful tool for this kind of study.
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COFEC I, BxDEADEH S BRLMNE, ERTENEDR, BREMCOT
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x c Fig.2 Framework model. Mass of the hatched area
is assumed to belong to the grid point.
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Fig. 3 Two dimensional models studied in this Fig. 4 External force function
paper. a. Half space. b. A quarter space. CFx, &) =f(t)g®).
c. Half space with a step discontinuity.
d. Half space with a crack on the free
surface.
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Fig. 5 - Wave profiles observed at various time steps on
the free surface of a half space. Numerals at the left

of the curves are time steps, and those above are
distance.

Fig. 6 Spectra of the motion of a
particle on the free surface.
a) Particles on the free surface
have the same mass and the

same spring constant. b) Parti-
cles on the free surface have
half of the other masses and a
half spring constant.

AMPLITUDE
15 2.0
.

1.0

Z/q

25 x(ax) 50

Fig. 7 Travel time of the waves propagated
in the framework mass system.

Fig.8 Amplitude distribution of the Rayleigh
wave propagating on the free surface of a
framework. '

D, BEEZRDDENTES, ARCLTHRENROBZHHETSZ LR L - T, HHK
DERFHR (Fig.7) d3Bbhb. KON Fig.8 &i%, V-~V —HOEX HEDIRIED G HH
RINTHBH, EREOEBNLELND DL I —HKL T, '
BT A D ELMIEREEL, Table lERTEI THD, ZhBEFRREZNE S
LB L, —%5 BiREDOMEILESL X5 TH D,

Table 1 Propagation velocity of waves

Continuous medium

F
ramework model (Theoretical value)

S wave velocity
P wave velocity
Rayleigh wave v.

0.990 V¢(=Vy)
1.723 V,=1.741V’
0.890 V¢=0.906 V'’

1.0 (=V)
1.782V
0.919 V,
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Fig. 9 Travel time of the waves propagated on the free surface
of a framework occupying a quarter space.

AORDEAE IV DRZE - 1B X HEMY, RERIC X 5 KM LT, Fig. 10 T3
T, CORBRRLE, KV ~—Y —HOHN, BB (AxB-7) V- ~KXbvd, FHC
sy, BEO@MLENTWT, BETHRVWENREIRSY, ESECX -CRCME
%1% - 7= MUNASINGHE and FARNELL (1973) 3, ¥ -REDZ L2 BT 5, HDOENES
LA KRELIPRBZ &L, ZORNDLY, FHRD Fig. 11 0B babh b, RIBIX w 51 2.3
fELitoTHY, ZOfHX Munasinghe HDEL $—FK T 5, Fig 111V — ) —KDEAD

Incident

+ @

- —— | — - —— .l_; ol
\CD/ M
= X=250X

1/4 SPACE

VST=Z
7
0U<_'
peaajmsuway

Fig. 10 Orbital motion of particles during the passage of Rayleigh phase. (1/4 space)



112 EERER - CHFLE

Inc

TANGENTIAL

NORMAL
N

) \,
-~

FoTr ’;// N \\

//I \

’Re \

S
1 1 S

x(Ax) CormeF Point  2(82) 50 30 20 15 2 10 0 30 20 15 12 10
HORIZNTAL FREE SURFACE VERTICAL FREE SURFACE PERICD PERIOD (AT)
Fig. 11 Wave profiles at various time steps Fig. 12 Spectra of the motion of the incident
before, during and after the incidence of (Inc), reflected (Re) and transmitted (Tr)
Rayleigh waves at the corner of a quarter Rayleigh waves.

space. Incidence, reflection and trans-
mission of Rayleigh waves are observed.
The corner point moves much larger than
the incident wave.

ABOHRDOBH 2R T DT, BRESLCONTRE L oo L AHED, KL FBRK
KON TELHETERLZ EBRHED. ASY — ) —REHT 5 Zh EhOREDOE AL,
L DFEEDMEDORR LIe o 7eh’, Ab« K - BREZWEhDOV — ) ~KOWHE 7~
=AM UIHERIE Fig. 120X 55, chhrbRERE C,, BEGRE C 2R, o
T X BELITERICE LD b DA Table 2 TH Do T F L DMEIE Cp BNSEDP REWE
DWEH DY, BEURBDEFELL)e V) ~RO=RAF —HRIED 2 RICHBITSH LT
Hix,
AE = 1—(C,2+Cp) (14)

BV =Y —RKDRILS =R AVF— DRI FRHIY, THIADMHIETRET S RERD=*F
AE~REBREINDBLDTH S5, & DO bERDOFICH %, De BREMAECKER (1958),
KnopPoFF and GANGI (1960), PiLANT et al. (1964) 13€ 5 v Bk, ALsop and GOODMAN
(1972) RAMEREC L DSDTH D, 4096 ZED=F ¥ ~PNREPC ER/RIND Z L1
BREROIS,

Table 2 Transmission and reflection coefficients of Rayleigh waves
propagated in a quarter space

Source a Ct Cr AE (%)
Framework model 0.25 0.63 0.43 42
De Bremaecker (1958) 0.17 0.63 =+0.06| 0.3840.04 46
Knopoff and Gangi (1960) 0.226 |0.73 0.27 41
Piland et al. (1964) 0.25 0.67 =£0.05| 0.25-0.03 48
Alsop and Goodman (1972) 0.25 |0.645
Munasinghe et al. (1973) 0.245 |0.64 +0.02| 0.36=0.02 45
¢: Poisson’s ratio Ct: transmission coefficient

Cr: reflection coefficient 4E: energy loss of incident Rayleight wave

4.3 BREOHDFERHE
REeBchblco TORBLYEB A1), T2 LT 2EE%, Fig. 131573,
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Fig. 14 Travel time of the waves propagated
on the free surface of a half space with
a step discontinuity. (r: reflected,
t: transmitted)

Fig. 13 Wave profiles observed on the free

, S : . surface of a half space with a step discon-
X=0 X=504X X=100AX R
tinuity.
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5, (a) E#EP LA P, (b) PENTORCAMHLTELLY ) ~8, () PEHED
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Fig. 15 Motion of the corner point (P) and nook  Fig. 16 Orbital motion of the point on the
point (Q). Point P is located at x=504X free surface N (upper level) and T (lower
from the origin. level), and the nook point Q. The dis-

' continuity is at X=>504X.
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I tep discontinuit
_____ 6az step discontinuity.
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5o SEIDHSEE T L TIE, K« BRERE HLg L3I, FRENEFCHEM - B 2R
35, MUNASINGHE 51 X 5813 H/Lg © 0.5, 0.8 fHECBEZ D, Mal b X 5Dk
0.4, 07 DFEEBMEI TR TS, 25 Lz i3, A2 bAREBOWLA, REKE T
BEEDOH~, BRECTEXEREDOHCTNRD DI ELbDEELDND, BEET LV
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10 ke Ct (a) 100 (b
AN
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W % =---Mal et al. (1965)
\ ---------- Munasinghe et al. (1973)
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50 r
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Fig. 18 (a) Reflection coefficient Cr and transmission coefficient Ct of Rayleigh waves
propagating on the free surface with a step discontinuity. Cr and Ct are given as func-
tions of (H|Lgr). H=height of the discontinuity. Lg=wavelength of the Rayleigh wave.
(b) Energy loss of the incident Rayleigh wave by the existence of a step discontinuity.
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O~ NV Fig. 19 Wave profiles observed on the

_— D S free surface of a half space with a
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curves are time steps.
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Fig. 20 Travel time of the waves propagated
on the free surface of a half space with a
crack.
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Fig. 21 Fourier spectra of the original, reflected
and transmitted Rayleigh waves propagated
on the free surface of a half space with a
crack.
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Fig. 22 (a) Reflection coefficient Cr and transmission coefficient Ct of Rayleigh waves
propagated on the free surface with a crack.
(b) Energy loss of the incident Rayleigh wave by the existence of a crack.
Compare with Fig. 18, which is for a step discontinuity.
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