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Abstract

We have developed a time-domain staggered-grid finite-difference code for
modeling non-linear response of a one-dimensionally inhomogeneous subsurface
structure to a SH plane-wave incidence. It employs the velocity-stress formulation of
elastodynamic equation for the linear part, and adopts a elastoplastic rheology model
for the non-linear relation between the stress and strain. In this paper, we apply this
code to four constitutive models from linear-elastic to nonlinear: (1) linear elastic
model, (2) linear viscoelastic model, (3) elastoplastic model, and (4) viscoelastoplastic
model, which simulate shallow sand and clay structures and are vibrated by a
vertically incident SH plane-wave of Ricker wavelet, to compare the linear and the
non-linear soil behaviors including low strains damping (viscoelastic effect) and/or
hysteretic attenuation (non-linear effect). We also apply it to a local strong-motion
record of the 2000 Western-Tottori earthquake (Mw6.8). We then simulate
characteristics of non-linear site response such as reduction of the spectral amplitude
in the high frequency band and shift of the peak frequencies to lower frequencies.
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0.1 0.110

#{E(XBardet and Tobita (2001)I2& B
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IM £E7VICEVEALWIE T, 2 RD 5
Fortran ®#% 7 /)L —F > %/ ~x9. 22— NI Fortran
TT IR TENPNLTEY, ST TO®mY Th 5.

nz RS GO T

nbz HIRDO TP FmOERS £ TOKT
%

nim : ANROE(EAT A X —DH)

syz : ®AWIE T,

dgyz : RN HEMAE SN D O 5y,

alp NI XML Rgq;

Ri : (130 B FHAE S 5 FEIRIS TR,

Hi KA HEHR SN DB R OE & H;

ad R0 FHE I35 IETEIERGRE DIHA,.
R nz O 1 RITEIHIT, 1T LI
. FEHMERGR DY VG OfEIE 1.0.

subroutine immodel (nz,nbz,nim,syz,dgyz,alp,Ri,Hi, ad)
implicit real*8 (a-h,o-2z)

dimension syz (nz),dgyz(nz)

dimension alp(nim,nz),Ri(nim,nz),Hi (nim,nz)
dimension ad (nz)

do jz=2,nbz
att=ad(jz)
xdgyz=dgyz (jz)
if (dgyz(jz)>0.D0) then

x=1.D0
else

x==1 D0
endif

do i=1,nim
ii=1
dsyz=Hi (i, jz) *xdgyz
if (abs(syz(jz)+dsyz-alp(i,jz))<=Ri(i,jz)) then
syz(jz)=syz(jz)*att+dsyz
exit
endif
dsyz=alp(i,jz)+x*Ri(i,jz)-syz(jz)
syz(jz)=syz(jz)+dsyz
xdgyz=xdgyz- (dsyz/Hi (i,jz))
enddo

If(ii>nim) then
ii=nim

endif

If(abs(syz(jz)-alp(ii,jz))<Ri(ii,jz) .or. ii==nim)then
ii=ii-1

endif

do j=1,1ii
alp(j,jz)=syz(jz)-x*Ri(j,Jjz)
enddo
enddo

return
end






