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We perform a numerical simulation to investigate 2D 5Η wave 
propagation in sediment - filled valleys, generated by a double 
couple point 60urce. The ampli tude of direct waves and the 
secondary surface waves greatly depend οη the geometry of the 
basement and source location. We try to simulate the velocity 
seismogram recorded at Ashigara valley test site, Japan by using 
two-dimensional 5H-wave propagation modelling. Peak velocity is 
very well predicted. The early part of the observed seismogram 
is well modelled, however the later arrivals are not. This is 
probably due to the simplified underground structure model we 
used, derived from seismic refraction survey. 
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Η αριθμητική προσομοίωση χρησιμοποιείται για τη μελέτη της 

διάδοσης 5Η κυμάτων που προήλθαν από διπλού ζεύγους σημειακή πηγή 

οε λεκάνες ιζημάτων. Το πλάτος των απ' ευθείας κυμάτων και των 

δευτερευουσών επιφανε ιακών εξαρτάται από τη γεωμετρία της λεκάνης 

και τη θέση της πηγής. Γίνεται προσπάθεια για την προσομοίωση 

μιας αναγραφής εδαφικής ταχύτητας στη λεκάνης Ashigara της 

Ιαπωνίας με μοντέλο διάδοσης 5Η κυμάτων. Το συνθετικό 

σεισμόγραμμα βρίσκεται σε συμφωνία με το πραγματικό στην αρχή της 

καταγραφής όχι όμως και στο τέλος, ενώ τα σημεία των κορυφών 

βρίσκονται σε συμφωνία. Αυτό δείχνει ότι οι διαφορές των 

σε ι σμογραμμάτων τους διαφόρους σταθμούς της λεκάνης Ashigara 
οφείλονται στο μηχανισμό γένεσης και όχι στη δομή της λεκάνης. 

INTRODUCTION 

Observations during strong earthquakes and numerical 
simulations of strong ground motion have shown that the 
amplification of seismic motion is affected not only by local 
soil conditions but also from the deep underground geological 
structure, known as "wave propagation effect" and source location 
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(Bard and Bouchon, 1980; Gaffet and Bouchon, 1991; Zahradnik and 
Hron, 1987). This effect might be quite strong at some areas. 

Our main purpose is to investigate the effects of 1ateral 
strong heterogeneities and source location οη SH waves 
propagation for a double couple seismic source. Usually 20 
mode11ing is used for 1ine source seismograms ca1cu1ation too, 
which is not rea1istic. Ιη the present study we extend the 
theoretical investigation to the case of point source seismograms 
by using a procedure whereby two-dimensiona1 Finite-Oifference 
1ine source seismograms can be mapped into point source 
seismograms. The advantage of this method is that point source 
seismograms are ca1cu1ated by a simp1e transformation of 20 1ine 
source seismograms with the proper point source dis1ocation 
characteristics. 

Strong motion synthetics ca1cu1ated with this method are 
compared with seisrnograrns recorded at Ashigara Va11ey b1ind test 
site during an earthquake of rnagnitude Μ=5.1. 

DESCRIPTION OF ΤΗΕ COMPUTATIONAL ΜΕΤΗΟΌ 

We emp10y a 20 Finite Oifference rnethod for solving the SH­
wave equation in a heterogeneous rnediurn (Boore 1972): 

2a u a au) a au
ρ--=-(μ- +- (μ-) ( 1 ) 

at 2 ax ax az az 

where: 
u(x,z) - disp1acernent 
μ(χ,Ζ) - rigidity 
ρ(χ,Ζ) - density 

The second-order finite difference approximation is app1ied 
for ca1cu1ation of partia1 derivatives in eq. (1). For taking into 
account detai1ed variation of 6oi1 rigiditYr we use the approach 
proposed by Tikhonov and Sarnarski (Mittche11, 1969): 

~ (μ au) ~ Hmum_l - (Hm-Hm+l ) Um+Hm+lUm+l (2 )ax ax (Δχ) 2 

where: 

Xm 

Ηm=ΔΧ( J dx]-! (3 ) 
χ μ 
~-l 

Η - equiva1ent "horizonta1" rigidity 
Δχ - grid step 

Sirni1ar forrnu1a is used for ca1cu1ation of the second 
partia1 derivative in the equation (1). Nonref1ecting boundary 
conditions are irnposed οη the sides and the bottorn of the ΡΟ 

grid, as described by Reyno1ds (1978) and free surface conditions 
are app1ied at the surface of the mode1. 

Because the effect of seismic source location is one of our 
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major interests, we use a reasonab1e point source dis1ocation 
mode1 based οη the method proposed by Vida1e et a1. (1985) and 
Bo1t (1987). This method a110ws for mapping 1ine source 
seismograms computed by 2D-FO scheme, to point source 
seismograrns. The irnp1ementation of the seismic point source into 
the FO grid is rea1ised by inserting wavefie1d due to a point 
source into the source region: a sma11 region surrounding the 
point source. The use of the source region rather than a source 
point can avoid the singu1arities in the disp1acement fie1d. Ιη 

order to minimise the undesirab1e ref1ections of scattered waves 
at the border of the source region we used a two stage method as 
described by A1terrnan and Kara1 (1968). Fo11owing this method 
the wave propagation equation is solved twice in the source 
region, once imposing the source and once without a source. 
Combining the two resu1ts the source region becomes transparent 
to the scattered waves. 

TEST OF ΤΗΕ ΜΕΤΗΟD 

We tested our FO code comparing with other computation 
schemes (Aki and Richards, 1980) for vertica1 incidence of p1ane 
SH waves. The agreement is exce11ent. We a1so tested the method 
by inc1uding the seismic source, in the case of a two 1ayer mode1 
given in Fig.1. Α cosine shape function with a period Το=Ο.5 sec 
is adopted as source time function. The synthetic seismograms 
generated by a strike slip point source mechanism and those 
obtained using the Ref1ectivity Method (Η. Takenaka persona1 
comrnunication, 1992) are shown in Fig.1 The agreement between 
the two methods is rather good. 
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Fig.1. Synthetic SH seismograms computed using FO Method in the 
present study (Left) and Ref1ectivity Method (Right) a10ng 
the surface of a f1at two 1ayer mode1. Source mechanism is 
Strike Slip. The epicentra1 distance of each receiver is 
indicated at the center of the figure and abso1ute 
amp1itudes are at the right of the traces. 

EFFECT OF ΤΗΕ GEOMETRY ΟΡ SEDlMENTARY BASIN ΑΝD
 

SOURCE LOCATION ΟΝ SH WAVE PROPAGATION
 

The basin mode1 we use in this study is described in Fig.2. 
It corresponds to a thin f1at sedimentary va11ey over1ying the 
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bedrock with a 1arge ve10city contrast. The receivers are 
distributed οη the surface of the basin. Ιη order to c1ear1y 
understand the effect of 1atera1 heterogeneities οη wave 
propagation, we do not inc1ude low ve10city surface layers to the 
mode1, neither take into account absorbing properties of soi1s. 
Α strike slip point source is imp1emented with a cosine source 
time function having a period of 1.0 sec and M=1.0*10~ dyne cm. 
Α grid with 750χ200 points was used for FD ~a1cu1ations. The 
accuracy of the ca1cu1ations is maintained up to 1 ΗΖ . 

• 1~.3.4.5.6.7.8 ~IJ2 

ΙLL * 
~ Ι~ * * * 1 

Ι7 Ο 30 40 455 ιο 15 2~)2S' 35* 
ν5 RO 

SEDIMENTS 1.0 ΚM/S 2.0 G/CM**3 

BED ROCK 3.0 ΚΜ/5 2.5 G/CM**3 

Fig.2. Basin geometry and source (star)-receiver (diamond) 
configuration in the ca1cu1ations. 

Effect of Depth 
Ιη this section we change the depth of sedimentary basin to 

understand the effect of the depth οη wave propagation. 
The synthetic seismograms calcu1ated at the surface of the 

basin (Fig.3a) show that wave propagation is sensitive to the 
structure. Ιη both three basin mode1s four different phases can 
be we11 distinguished : direct waves, mu1tiple ref1ections from 
the bottom of the basin, surface waves L1, generated at the 1eft 
edge and their ref1ection L2 from the right edge of the basin. 
The amp1itude of L1 waves slight1y increases when the depth 
increases. This may be attributed to the increasing slope area 
due to the increasing basin depth, since the edge slope acts as 
a secondary source for surface wave excitation. It can be seen 
that the depth affect not on1y the amp1itude but a1so the period 
and the phase ve10city of secondary surface waves. 

Effect of Slope 
Το study the slope effects we use three mode1s having 

different slope angle and constant depth 2.5 km (Fig.3b). 
The 1arge amp1itudes obtained at the receivers 2 and 3 near 

the slope, are due to the mu1tip1e ref1ections from the basin 
basement. The strong ref1ections due to the f1at interface of 
the basin became sma11er when the angle of slope decreased. The 
constructive interference of L1 waves, with the mu1tip1e 
ref1ections from the bottom of the basin exists independent1y of 
the slope ang1e. This interference amp1ify the ground motion at 
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the receivers near the edges. The ang1e of slope affects not on1y 
the arnp1itude of rnu1tip1e ref1ections near the edges but a1so the 
arnp1i tude of surface waves. It can be pointed out that the 
arnp1itude of surface wave generated frorn the right slope of the 
basin increases as the ang1e of slope decreases. 

Effect of Width 
The rnode1s depicted in Fig.4 are used to study the effects 

of width of the basin. The seisrnic source is located at the right 
s ide ο f the bas in at a depth of 1 Ο krn. The se isrnograrns are 
ca1cu1ated at the sarne 1ocation as in the previous rnode1s. 

As it is seen οη the Fig.4, in a11 tria1 rnode1s surface 
waves rernain trapped inside the basin and constructive 
interferences of surface waves generated by the two sides rnay 
occur depending οη the width of basin and receiver location. 

Effect of 50urce Location 
Ιη order to investigate the re1ationship between re1ative 

source location and excitation of the secondary surface wave, we 
ca1cu1ated synthetics changing source location as shown in Fig.5 

Re1ative a.mp1itudes of the secondary surface wave and direct 
5Η wave depend οη the re1ative location of the sources and 
receivers. Ιη the case of Fig. 5a, the amp1itude of direct SH 
waves at receivers near the 1eft edge, is 1arger than that of 
secondary surface waves. At the centra1 zone of the basin the 
arnp1itude of direct waves is srna11er (Fig. 5a,b,c). This 
conc1usion does not ho1d in the cases of Fig.5d,e. When the 
source is situated just beneath the edge, direct waves and 
mu1tip1e ref1ections at the basernent are re1ative1y 1arge and the 
secondary surface waves is very srna11. Ιη Fig.5e, rnaximum 
arnp1ifications is found near the edges of the basin. This is not 
on1y due to the surface waves but a1so due to the strike s1ip 
mechanisrn of the source which generates sma11 direct waves at the 
centra1 part. 

NUMERICAL MODELING ΟΡ 5Η WAVE PROPAGATION 
ΙΝ ΤΗΕ ASHIGARA VALLEY 

ΒΥ app1ying the computation method presented in this study 
we tried to rnode1 the strong rnotion recorded at the rock site at 
Ashigara va11ey during the earthquake of August 5,1990 with 
rnagnitude Μ=5.1. 

Figure 6 disp1ays a geo1ogica1 map of the Ashigara va11ey. 
Α seisrnic refraction study has been carried out to know the 
underground structures in that va11ey (JE5G, 1991). Based οη this 
study we de1ineate a simp1ified 2D rnode1 (Fig.7) of the cross 
section corresponding to a Ν60 direction. The foca1 mechanisrn of 
the earthquake is mainly strike slip with a sma11 cornponent of 
dip slip. The direction of one of the noda1 p1anes is 
perpendicu1ar to the cross section. Based οη the foca1 mechanism 
of this earthquake we adopted the fo11owing source parameters for 
the ca1cu1ation of the synthetics (JE5G, 1991): strike = 900, 
dip=80 0 , s1ip = 150 and seismic moment Μ =3.5*1025 dyne cm. Α 
cosine shape function was used as source t1me function with tirne 
duration Τ =0.5 sec. We rotate the observed acce1erogram in order 
to obtain fransverse seismograrn and compare with the synthetics 
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Fig.5. Cornputed SH seisrnograrns. Receiver nurnbers are shown at the 
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source benearth the right edge (e) source beneath the 
center of the basin. 
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(Fig.8). 80th the observed and calculated seismograms are 
filtered with pass band 0.4-10. Ο sec. The filtering has not 
changed the major features of the record. 
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Fig.6. Geological map of the Ashigara Valley and the locations 
of shot points of an refraction survey (squares). The thin 
line denoted as Α-Α' represents the cross section used in 
the present study. 
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Fig. 7. Comparison of the observed (solid line) and synthetic 
siesmogram (dashed line). 
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As it can be seen in Fig.8, the maxirnum amp1itudes are the 
sarne. We obtain a rather good agreernent between the ear1y portion 
of synthetic seismograrn with the low pass fi1tered observed one. 
This part of the seismogram inc1udes the direct wave and rnu1tip1e 
ref1ections at the sha110west interface. The 1ater phases are not 
we11 reproduced by the ca1culations. This is probab1y due to the 
sirnple shape of the deeper layers adopted in the rnode1, which as 
it is pointed out in the above numerica1 simu1ations, affects the 
observed 1ater phases. The good agreernent between the long period 
recorded and synthetic seisrnograrn, in the case ο! Ashigara site, 
shows that the rnoderate sha110w earthquake of August 5, 1990 can 
be mode11ed by a sing1e point dislocation source . 
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Fig.B. Comparison ο! the observed (solid 1ine) and synthetic 
seismogram (dashed line). 

Ιη the future, detai1ed nurnerica1 simu1ation shou1d be 
carried out in Ashigara Va11ey in order to understand the 
ve10city arnp1itude variation observed οη soft soi1 conditions 
depending οη soi1 heterogeneities and foca1 mechanism for near 
earthguakes. 

CONCLUSIONS 

1- Sedimentary basin and source location strong1y affect SH wave 
propagation. Re1ative location ο! seismic source to the slopes 
of the basin is the most irnportant factor for the excitation ο! 

secondary surface waves. 
2- Constructive interferences of prirnary SH waves and their 
ref1ections at the basement produce the rnaximum amp1itude at the 
edges of the basin 
3- ΕΥ app1ying the cornputation method presented in this study for 
simulating the recorded seismogram at the rock site of Ashigara 
Va11ey we obtain a good agreement between the ear1y portion of 
long period synthetic seisrnogram with the observed one. 
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