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x = input ('Enter Vector X As Xt Value )

y = input ('Enter Vector Y As Xt Value :')

d = input ('Enter d As Sampeling Time Interval :")

D = input ('Enter D As Distance Between Receivers :')
%define time axis

fori =1 : length(x)
tiy=i1*d;
end

%define frequence axis
for i =1 : length(x)/2
zI1(i) = (i-1) / (length(x)*d) ;
end
for i = 1 : length(x)
z(i) = (i-1) / (length(x)*d) ;
end

%calculation FFT for both matrix X and Y %
%the image part of FFT should multiple in (-1)%
fori =1 : length(x)
5=05p=0;
for j =1 : length(x)
s =8+ (x(j) * cos((2 * pi * (i-1) * (j-1)) / (length(x)))) :
p=p+(y(j) * cos(2 * pi * (i-1) * (j-1)) / (length(x)))) ;
end
ax(i)=s;
ay(i)=p;
end

for i =1 : length(x)
s=0;p=0;
for j =1 : length(x)
s=s *(x(j) * sin((Z*pi*(i-1)*(j-1)) / (length(x)))) ;
%Z p + (y() * sin((2*pi*(i-1)*(j-1)) / (length(x)))) ;
en
bx(i)=s;
by(i)=p;
end

%Calculation Amplitude Density% r = abs(z)%
fori=1 : length(x)

\fe.



Adx(i) = sqrt((ax(i)"2) + (bx(i)"2)) ;
Ady(1) = sqrt((ay(1)"2) + (by(1)"2)) ;

end

%calculation phase spectru m%O=angle(fft(t))%
fori=1 :length(x)

if (abs(bx(i))>(1*10"-50) )
ox(i) = atan2 (-bx(i),ax(i)) ;
end

if (abs(bx(i))<=(1*10"-50))
ox(i) = atan2 (bx(i),ax(i)) ;
end

end
fori=1: length(x)

if (abs(by(i))>(1*107-50))
oy(i) = atan2 (-by(i),ay(i)) ;
end

if (abs(by(i))<=(1*10"-50))
oy(i) = atan2 (by(i),ay(i)) ;
end

end

%Calculation Unwrap Phase Spectrum %0 = unwrap(a)%
fori=1:length(x)
oxunwrap(i) = ox(i) ;
end

fori=1:length(x) - 1
delta(i) = oxunwrap(i+1) - oxunwrap(i) ;
end

fori=1:length(x)-1
if delta(i)>3.1416
for ¢ =1i: length(x) - 1
oxunwrap(c + 1) = oxunwrap(c + 1) - (2 * pi) ;
end
end

if delta(i)<=-3.1416
for ¢ =1i: length(x) - 1

17



oxunwrap(c + 1) = oxunwrap(c + 1) + (2 * pi) ;
end
end
end

for i =1 : length(x)
oyunwrap(i) =oy(i) ;
end

fori=1: length(x) - 1
delta(i) = oyunwrap(i+1) - oyunwrap(i) ;
end

fori=1:length(x) - 1
if delta(i)>3.1416
for c =i : length(x) - |
oyunwrap(c + 1) = oyunwrap(c + 1) - (2 * pi) ;
end
end

if delta(i)<=-3.1416
for ¢ =i : length(x) - 1
oyunwrap(c + 1) = oyunwrap(c + 1) + (2 * pi) ;
end
end
end

%Calculation Auto Power Spectrum %pxx=x.*conj(x)/N%
fori=1:length(x)/2
apsx(i) = (1 / length(x)) * ((ax(i)*2) + (bx(i)"2)) ;
EPSY(i) = (1/length(x)) * ((ay(1)"2)+(by(1)*2)) ;
en

h1 = figure("Name','Auto Power Spectrum for signal(1) ','NumberTitl','off") ;

plot(z1,apsx)
xlabel('frequence ( Hz )");ylabel("Auto Power Spectrum Amplitude (rms)

l) ’
hold off;
h2 = figure('Name','Auto Power Spectrum for signal(2)', NumberTitl",'off");

plot(zl,apsy)
xlabel("frequence ( Hz ));ylabel("Auto Power Spectrum Amplitude (rms)’)

hold off;

%Calculation Cross Power Spectrum %Pxy=y.*Conj(x)/N%
fori=1:length(x)
Re_cps(i) = (1 / length(x)) * ((ax(i)*ay(i)) + (bx(i) * by(1))) :

\PY



xlabel('frequence ( Hz )");ylabel('unwrap Phase angle( Rad )');
hold off;

%calculation phase velocity%
fori=1:length(x)/2
if o_pcs_unwrap(i) ~= 0
Vr(i) = (-z(i) * 2 * pi * D)/ 0o_pcs_unwrap(i) ;
end
end
hl = figure('Name','Shear Wave Velocity Profile without filtering
" 'NumberTitl','off");
plot(z1,Vr)
xlabel('frequence ( Hz )');ylabel('Phase Velocity (m/sec)');
hold off;

calculation Coherence Function%Cxy = cohere(x,y)%

for i=1:length(x)/2

Cf(i)y=((Im_cps(i)*2)*+(Re_cps(i)*2))/(apsx(i)*apsy(i));
end
h3 = figure('Name','Coherence Function ','NumberTitl','off');
plot(z1,Cf)
xlabel('frequence ( Hz )');ylabel('Coherence Function ');
hold on;
Cf

%filtering

for i=1:length(x)/2
max(i)=2*D*((i-1)/(length(x)*d));
min(i)=(D/3)*((i-1)/(length(x)*d));

if Vr(i)<=max(i)& Vr(i}>=min(i)
f(i)=1;

else

f(1)=0;

end;

end

for i=1:(length(x)/2)-1
f1(0)=t(i+1)-f(i);
end

%~k=min and h=max
k=1;h=length(x)/2;
fori=1:(length(x)/2)- 1
if f1(i) ==
k=i+1;
end
if f1(i) == -
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h=1i;
end
end

forp=k:h
fx(p) =(p - 1)/ (length(x) * d) ;
Vif(p) = Vr(p) ;
end
h3 = figure('"Name','Shear Wave Velocity Profile with filtering
""NumberTitl','off’);
plot(fx, Vrf)
xlabel('frequence ( Hz )");ylabel('"Phase Velocity (m/sec)');
hold off;

h1 = figure('Name','Signal (1) in Time Domain ',/ NumberTitl','off");
plot(t,x)
xlabel('time ( sec )");ylabel('Geophone ( 1 )");

hl = figure('Name','Signal (2) in Time domain ','NumberTitl','off");
plot(t,y)
xlabel('Time ( sec )");ylabel('Geophone ( 2 )");
hold on;
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Abstract
Shear wave velocity is an important factor in geotechnical investigation

such as sub surface layers strength evaluation, site investigations and
determination of sub surface profile. The tradition method for
determination shear wave velocity profile is an expensive and time
consumer method called down hole test (DHT). There is a new
non destructive method as an alternative for DHT. This method is spectral
analysis of surface waves. This method aimed obtaining by using
dispersion characteristics of the waves. Then the site's shear wave
velocity profile is calculated using inversion technique.

This approach is based on producing and recording the seismic
waves under surface, analysis of phase difference of these waves in
frequency domain and inversion the results.

In this research work rayliegh wave propagation in layer media
studied. A computer program made using MATLAB for obtaining field
dispersion curves. The dispersion curves of sites in Mashhad and one site
in Shahrood University of technology inverted by a simple method and
the shear wave velocity profile obtained. Finally these profiles compared

with the profile obtained by DHT. Result show good correlation between
SASW and DHT method.



