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Figure 2.6:  Sine waveform excitation 

 

Figure 2.7:  a). swept-sine with oscillate ON, Fstart=1 Hz  and Fend=2000 Hz; b). swept-

sine with oscillate ON, Fstart=2000 Hz  and Fend=1 Hz; c). swept-sine with 

oscillate OFF, Fstart=2000 Hz  and Fend=1 Hz; d). swept-sine with oscillate 

OFF, Fstart=1 Hz  and Fend=2000 Hz; 
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 Calibration 2.2

Calibration of the free-free RC apparatus at Iowa State University was completed in 

January 2013 following the instructions in Section 8 of ASTM D4015-07.  Additionally, a 

large steel cylindrical plate (Figure 2.9) was fabricated as an auxiliary mass for measurement 

of the rotational inertia of the active platen and its attachments (Ja).  The apparatus 

calibration summary is presented in Tables 2.1-2.3.   

Table 2.1:  RC apparatus calibration summary. 

Calibration 

Factor 
Units 

Specimen Diameter 

2.8" 4.0" 6.0" 

RCFa 
pk-rad/mVrms 10.49×10

-5 
/ f

 

pk-rad/pk-volt 7.42×10
-2 

/ f 

RCFp 
pk-rad/mVrms 19.09×10

-5 
/ f 

pk-rad/pk-volt 13.50×10
-2 

/ f 

Jp kg-m
2
 0.0090 0.0115 0.0236 

Ja kg-m
2
 

1 0.4322 0.4331 0.4452 

2 0.7752 0.7761 0.7882 

f0T Hz 
1 76.40 76.37 75.48 

2 61.94 61.90 61.44 

kst N-m/rad 99624 

δT 
 

0.0125 

ADCT kg-m
2
/sec 

1 0.8255 0.8335 0.8468 

2 1.2004 1.2106 1.2204 

TCF
 

N-m/Arms 3.85 

N-m/pk-Amp 2.72 

1: Without chamber, lid, and rods. 

2: With chamber, lid, and rods. 

f : System resonant frequency for torsional motion [Hz]. 

Unit conversion: 31[ ] 1 / 2 10 [ ]pk rmsV mV= ×  and1[ ] 1 / 2 [ ]pk rmsA A= . 
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Figure 2.9:  RC device auxiliary calibration platen (8”×3.5”). 

2.2.1 Rotational calibration factors 

The rotational calibration factors are used to convert the geophone transducer output 

(voltage) to the angular rotation in radians.  In the traditional free-free RC device, there are a 

total of four geophones, one pair attached to each end platen, to measure the tangential 

velocity which will be denoted ( ),  1,2,3,4ix t i =ɺ  in the bottom right, bottom left, top right 

and top left positions, respectively.  

The sensitivities of these geophones were calibrated in 2010 by back-to-back 

comparison against accelerometers mounted to the table of an electromagnetic shaker.  The 

tangential velocity at the geophone location can be expressed as 

 G Gx V S =  ×ɺ   (2.2) 

where x ɺ is the tangential velocity [in/s], VG is the geophone’s reading [Vpk], and SG is the 

sensitivity of the geophone [in/s/Vpk].  The rotational velocity can be expressed as  

 G
G

Sx
V

R R
θ   = =   ×

  
ɺ

ɺ   (2.3) 
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24. Connect the transducers and 

accelerometers to the channels on the lid.  

Apply vacuum grease to the O-ring on the 

lid.  Place the lid on the acrylic chamber.  

Carefully hand tighten the eight nuts until 

they just come in contact with the washers. 

 

 

25. Use the torque wrench to tighten the nuts 

to a torque of 30 ft-lbs.  Start with one nut 

and tighten it to 10 ft-lbs.  Then move to the 

nut diametrically opposed and do the same.  

Come back to the first nut and move 

clockwise to the next nut and tighten it to 10 

ft-lbs.  Continue the process until the wrench 

has been placed on all the nuts twice. Use 

the same procedure to bring the torque in all 

of the nuts up to 30 ft-lbs.  It may be 

necessary to place the wrench on each nut 3 

or 4 times to achieve the desired 30 ft-lbs.  
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APPENDIX C.  RESONANT COLUMN DATA REDUCTION 

MATLAB CODE 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%%%   Data Recorded in SigLab     %%%  
%%%   Channel 3 is bottom right   %%%  
%%%   Channel 4 is bottom left    %%%  
%%%   Channel 5 is top right      %%%  
%%%   Channel 6 is top left       %%%  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
clear all  
close all  
clc  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%% 
%% Sampling Parameters  
load RC10psi_103108_01.vna  -mat  
t  = SLm.tdxvec; % size:4096  
f  = SLm.fdxvec; % [0:1.25:2000Hz] size:1601  
fs = 2.56*2000;  
N  = length(t);  
T  = N/fs;  
df = 1/T;  
dt = T/N;  
i=sqrt(-1);  
f_fft=[0:N-1]*df;  
f_posneg=[f_fft(1:N/2+1) -f_fft(N/2:-1:2)]';  
%% Specimen and platen properties  
d=(6)*0.0254;  % diameter (m)  
h=(12.41)*0.0254; % height (m)  
rho=1730;      % density (kg/m^3)  
mass=pi*(d/2)^2*h*rho;  % mass (kg)  
J_soil=mass*d^2/8;      % sample's polar mass moment of inertia (kg*m^2)  
J_top=0.0356;   % 6" top platen's polar mass moment of inertia (kg* m^2)  
Jbar=J_top/J_soil;  
disp( '-------------------------------------------------- ----------------
' );  
disp( '-------------------------Specimen Parameters------ ----------------
' );  
disp([ 'height=' , num2str(h) ' m' ]);  
disp([ 'diameter=' , num2str(d) ' m' ]);  
disp([ 'density=' , num2str(rho) ' kg/m^3' ]);  
disp([ 'Jbar=' , num2str(Jbar)]);  
disp( '-------------------------------------------------- ----------------
' );  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%% 
%% Load SigLab data file  
%%% Take the FFT of the last time history since ens emble average FFT's 
were not saved  
a3=SLm.scmeas(3).tdmeas * SLm.scmeas(3).eu_val; % Bottom right accel  
a4=SLm.scmeas(4).tdmeas * SLm.scmeas(4).eu_val; % Bottm left accel  
a5=SLm.scmeas(5).tdmeas * SLm.scmeas(5).eu_val; % Top right accel  
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a6=SLm.scmeas(6).tdmeas * SLm.scmeas(6).eu_val; % Top left accel  
  
a0=(a3+a4)/2; % Average bottom platen tangential acceleration in time 
domain  
ah=(a5+a6)/2; % Average top platen tangential acceleration in tim e domain  
  
xfer53 = SLm.xcmeas(3,5).xfer * 
SLm.scmeas(5).eu_val/SLm.scmeas(3).eu_val;  
xfer63 = SLm.xcmeas(3,6).xfer * 
SLm.scmeas(6).eu_val/SLm.scmeas(3).eu_val;  
xfer54 = SLm.xcmeas(4,5).xfer * 
SLm.scmeas(5).eu_val/SLm.scmeas(4).eu_val;  
xfer64 = SLm.xcmeas(4,6).xfer * 
SLm.scmeas(6).eu_val/SLm.scmeas(4).eu_val;  
  
% averaged transfer function [ch1/refch1 + ch2/refc h1 + ch1/refch2 + 
ch2/refch2]/4  
xfer_exp = transpose(xfer53+xfer63+xfer54+xfer64)/4 ;  
  
%%% Accel. FFT Hanning window and strain  
H=1-cos(pi*t./T)'.^2; Ca=4; Cp=8/3;  
Xk=fft(H.*a0);Xk(1)=Xk(1)/2; a0fft=2*sqrt(Ca)*Xk/N;  
for  n=1:N  
theta0fft(n)=-1/(d/2)*a0fft(n)/(2*pi*f_posneg(n))^2 ;  
end  
for  n=1:1601  
    gamma(n)=0.4*d/h*(xfer_exp(n)-1)*theta0fft(n);  
    gamma(1)=0;  
end  
figure(120);  
subplot(2,1,1);semilogy(f,abs(gamma));ylabel( 'Mag(\gamma)' );grid 
on;set(gca, 'XTickLabel' , '|' );  
subplot(2,1,2);plot(f,angle(gamma));ylabel( 'Ph(\gamma)' );xlabel( 'Frequenc
y [Hz]' );  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%% 
%% Only fit peaks  
%%%% Determine G (with G increased, xfer moves righ t)  
wbar=[15/8000:15/8000:0.75 0.7501:1e-4:.85 .85125:1 5/8000:15]; % size: 
1x8947  
xi=2/100; % assume the initial damping in order to fit the am plitude of 
peaks  
D=1+i*2*xi; % hysteretic damping  
wstar=wbar./sqrt(D);  
xfer=1./(cos(wstar)-Jbar.*wstar.*sin(wstar)); % theory transfer function  
  
[xferpk,ipk]=findpeaks(abs(xfer), 'npeaks' ,5); % find the 5 peaks of the 
theory XFER  
wbarpk=wbar(ipk);  
wstarpk=wstar(ipk);  
  
[xferpk_exp,fpk]=RCfindpk(abs(xfer_exp),f); % find the 
amplitudes(Hpk_exp) and frequencies(fpk) associated  with the peaks of 
experiment transfer function (xfer_exp)  
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for  n=1:5  
    G0(n)=(2*pi*fpk(n)*h)^2*rho/(wbarpk(n))^2; % calculate G0 using 
wbarpk and fpk by knowing rho and h.  
    fscal(:,n)=sqrt(G0(n)/rho)*wbar./(2*pi*h); % convert wbar to f using 
calculated G0  
end  
  
%%%% Determine D (with D increased, xfer moves down )  
for  n=1:5 % to fit 5 peaks  
for  xiD=xi:sign(xferpk(n)-xferpk_exp(n))*0.01/100:(xi+ sign(xferpk(n)-
xferpk_exp(n))*2/100) % (e.g. xiD=[2%:0.01%(or -0.01%):4%(or 0%)])  
D=1+i*2*xiD;  
wstar=wbar./sqrt(D);  
xferD=1./(cos(wstar)-Jbar.*wstar.*sin(wstar));  
[xferpkD,ipkD]=findpeaks(abs(xferD), 'npeaks' ,5);  
if  sign(xferpk(n)-xferpk_exp(n))==1  
    if  sign(xferpkD(n)-xferpk_exp(n))~=1  
        break  
    end  
else  
    if  sign(xferpkD(n)-xferpk_exp(n))~=-1  
        break  
    end  
end     
end  
xir(n)=xiD;  
end  
xi=xir;  
Dr=1+i*2*xi; % hysteretic damping  
for  n=1:5  
    wstar(n,:)=wbar./sqrt(Dr(n));  
    xfer(n,:)=1./(cos(wstar(n,:))-Jbar.*wstar(n,:). *sin(wstar(n,:)));  
end  
  
% Plot H_theory vs. H_experiment (only fit 5 peaks)  
figure(12)  
  
subplot(5,1,1);  
plot(fscal(:,1),abs(xfer(1,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );grid on;xlim([0 2000]);ylim([0 
xferpk_exp(1)+xferpk_exp(1)/15]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);  
set(gca, 'XTickLabel' , '|' );legend( 'Theory(pk)' , 'Experiment' );ylabel( 'Mag(H
)' ); %title([{strcat('G_{pk}=',num2str(G0(1)/1e6),' MPa' ,', 
\xi_{pk}=',num2str(xi(1)*100),'%',' for fit 1^{st} peak')}])  
  
subplot(5,1,2);  
plot(fscal(:,2),abs(xfer(2,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );grid on;xlim([0 2000]);ylim([0 
xferpk_exp(2)+xferpk_exp(2)/15]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);  
set(gca, 'XTickLabel' , '|' );ylabel( 'Mag(H)' ); %title([{strcat('G_{pk}=',num2
str(G0(2)/1e6),' MPa',', \xi_{pk}=',num2str(xi(2)*1 00),'%',' for fit 
2^{nd} peak')}])  
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subplot(5,1,3);  
plot(fscal(:,3),abs(xfer(3,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );grid on;xlim([0 2000]);ylim([0 
xferpk_exp(3)+xferpk_exp(3)/15]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);  
set(gca, 'XTickLabel' , '|' );ylabel( 'Mag(H)' ); %title([{strcat('G_{pk}=',num2
str(G0(3)/1e6),' MPa',', \xi_{pk}=',num2str(xi(3)*1 00),'%',' for fit 
3^{th} peak')}])  
  
subplot(5,1,4);  
plot(fscal(:,4),abs(xfer(4,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );grid on;xlim([0 2000]);ylim([0 
xferpk_exp(4)+xferpk_exp(4)/15]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);  
set(gca, 'XTickLabel' , '|' );ylabel( 'Mag(H)' ); %title([{strcat('G_{pk}=',num2
str(G0(4)/1e6),' MPa',', \xi_{pk}=',num2str(xi(4)*1 00),'%',' for fit 
4^{th} peak')}])  
  
subplot(5,1,5);  
plot(fscal(:,5),abs(xfer(5,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );grid on;xlim([0 2000]);ylim([0 
xferpk_exp(5)+xferpk_exp(5)/15]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);  
set(gca, 'XTickLabel' , '0|500|1000|1500|2000'  );ylabel( 'Mag(H)' );xlabel( 'Fr
equency [Hz]' ); %title([{strcat('G_{pk}=',num2str(G0(5)/1e6),' MPa' ,', 
\xi_{pk}=',num2str(xi(5)*100),'%',' for fit 5^{th} peak')}]);  
  
fontstyle( 'times' ,12);  
%% 
figure(109)  
  
subplot(3,1,1);  
plot(fscal(:,1),abs(xfer(2,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );grid on;xlim([0 2000]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);ylim([0 
20])  
set(gca, 'XTickLabel' , '|' );legend( 'Theoretical' , 'Experimental' );ylabel( 'Ma
g(\theta_p/\theta_a)' );  
subplot(3,1,2);  
plot(fscal(:,1),real(xfer(2,:)), 'r' );hold on;plot(f,real(xfer_exp), 'b--
' );grid on;xlim([0 2000]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);ylim([-
10 10])  
set(gca, 'XTickLabel' , '|' );ylabel( 'Re(\theta_p/\theta_a)' );  
subplot(3,1,3);  
plot(fscal(:,1),imag(xfer(2,:)), 'r' );hold on;plot(f,imag(xfer_exp), 'b--
' );grid on;xlim([0 2000]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);ylim([-
20 20])  
xlabel( 'Frequency [Hz]' );ylabel( 'Im(\theta_p/\theta_a)' );  
  
  
  
  
% Output G and D  
disp( '-------------------------------------------------- ----------------
' );  
disp( '-----------------Output G and D for fit peaks only ----------------
' );  
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disp([ 'shear modulus(5 peaks)=' , num2str(G0/1e6, '%4.1f MPa; ' )]);  
disp([ 'damping ratio(5 peaks)=' , num2str(xi*100, '%3.1f; ' ) '[%]' ]);  
disp( '-------------------------------------------------- ----------------
' );  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%% 
%% Squares-error fit +-50 points around each peak  
%%%% Determine Gopt and Dopt  
omega=(2*pi*f)*h*sqrt(rho/G0(1)); % using f(1601) and G0(1) to back 
calculate wbar  
D=1+i*2*xi(1);  
omegastar=omega./sqrt(D);  
xfer1601=1./(cos(omegastar)-Jbar.*omegastar.*sin(om egastar));  
[xfer1601pk,ipk]=findpeaks(abs(xfer1601), 'npeaks' ,5);  
  
n=1;  
for  Gr=[min(G0)-10e6:0.1e6:max(G0)+10e6]  
    m=1;  
    for  xir=0:0.1/100:4/100  
    omega=(2*pi*f)*h*sqrt(rho/Gr);  
    D=1+i*2*xir;  
    omegastar=omega./sqrt(D);  
    xfer1601=1./(cos(omegastar)-Jbar.*omegastar.*si n(omegastar));  
    E1(m,n)=sum(abs(xfer_exp(ipk(1)-50:ipk(1)+50)-x fer1601(ipk(1)-
50:ipk(1)+50)));  
    E2(m,n)=sum(abs(xfer_exp(ipk(2)-50:ipk(2)+50)-x fer1601(ipk(2)-
50:ipk(2)+50)));  
    E3(m,n)=sum(abs(xfer_exp(ipk(3)-50:ipk(3)+50)-x fer1601(ipk(3)-
50:ipk(3)+50)));  
    E4(m,n)=sum(abs(xfer_exp(ipk(4)-50:ipk(4)+50)-x fer1601(ipk(4)-
50:ipk(4)+50)));  
    E5(m,n)=sum(abs(xfer_exp(ipk(5)-50:ipk(5)+20)-x fer1601(ipk(5)-
50:ipk(5)+20)));  
    m=m+1;  
    end  
    n=n+1;  
end  
  
Gr=[min(G0)-10e6:0.1e6:max(G0)+10e6];  
xir=0:0.1/100:4/100;  
  
% Plot the surface of G,D vs. Error  
figure(13)  
  
subplot(5,1,1);surf(Gr/1e6,xir*100,E1);zlim([0 180] );xlabel( 'G 
[MPa]' );ylabel( 'D [%]' );zlabel( 'E' );  
subplot(5,1,2);surf(Gr/1e6,xir*100,E2);zlim([0 100] );xlabel( 'G 
[MPa]' );ylabel( 'D [%]' );zlabel( 'E' );  
subplot(5,1,3);surf(Gr/1e6,xir*100,E3);zlim([0 50]) ;xlabel( 'G 
[MPa]' );ylabel( 'D [%]' );zlabel( 'E' );  
subplot(5,1,4);surf(Gr/1e6,xir*100,E4);zlim([0 50]) ;xlabel( 'G 
[MPa]' );ylabel( 'D [%]' );zlabel( 'E' );  
subplot(5,1,5);surf(Gr/1e6,xir*100,E5);zlim([0 50]) ;xlabel( 'G 
[MPa]' );ylabel( 'D [%]' );zlabel( 'E' );  
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fontstyle( 'times' ,11);  
  
  
% find the minimum point on the surface (minmum val ue in the matrix)  
[Eimin irow]=min(E1);[Eijmin 
jcol]=min(Eimin);imin=irow(jcol);jmin=jcol;Dopt(1)= xir(imin);Gopt(1)=Gr(j
min);  
[Eimin irow]=min(E2);[Eijmin 
jcol]=min(Eimin);imin=irow(jcol);jmin=jcol;Dopt(2)= xir(imin);Gopt(2)=Gr(j
min);  
[Eimin irow]=min(E3);[Eijmin 
jcol]=min(Eimin);imin=irow(jcol);jmin=jcol;Dopt(3)= xir(imin);Gopt(3)=Gr(j
min);  
[Eimin irow]=min(E4);[Eijmin 
jcol]=min(Eimin);imin=irow(jcol);jmin=jcol;Dopt(4)= xir(imin);Gopt(4)=Gr(j
min);  
[Eimin irow]=min(E5);[Eijmin 
jcol]=min(Eimin);imin=irow(jcol);jmin=jcol;Dopt(5)= xir(imin);Gopt(5)=Gr(j
min);  
  
% Output Gopt and Dopt  
disp( '-------------------------------------------------- -----------------
------------------' );  
disp( '----Output optimum G and D for least squares fit + - 50 points 
around peaks only------' );  
disp([ 'optimum shear modulus(5 peaks)=' , num2str(Gopt/1e6, '%4.1f MPa; 
' )]);  
disp([ 'optimum damping ratio(5 peaks)=' , num2str(Dopt*100, '%3.1f; ' )  
'[%]' ]);  
disp( '-------------------------------------------------- -----------------
------------------' );  
  
% calculate xfer_opt using Gopt and Dopt  
for  n=1:5  
    omega=(2*pi*f)*h*sqrt(rho/Gopt(n));  
    D=1+i*2*Dopt(n); % hysteretic damping  
    omegastar(n,:)=omega./sqrt(D);  
    xferopt(n,:)=1./(cos(omegastar(n,:))-
Jbar.*omegastar(n,:).*sin(omegastar(n,:)));  
end  
  
% Plot H_theory_optimum(Gopt and Dopt) vs. H_experi ment  
figure(15)  
subplot(5,1,1);  
plot(f,abs(xferopt(1,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--' );grid 
on;xlim([0 2000]);ylim([0 
xferpk_exp(1)+xferpk_exp(1)/5]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);  
set(gca, 'XTickLabel' , '|' );legend( 'Theory(opt)' , 'Experiment' );ylabel( 'Mag(
H)' );title([{strcat( 'G_{opt}=' ,num2str(Gopt(1)/1e6), ' MPa' , ', 
\xi_{opt}=' ,num2str(Dopt(1)*100), '%' , ' for fit 1^{st} peak' )}])  
subplot(5,1,2);  
plot(f,abs(xferopt(2,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--' );grid 
on;xlim([0 2000]);ylim([0 
xferpk_exp(2)+xferpk_exp(2)/8]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);  
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set(gca, 'XTickLabel' , '|' );ylabel( 'Mag(H)' );title([{strcat( 'G_{opt}=' ,num2
str(Gopt(2)/1e6), ' MPa' , ', \xi_{opt}=' ,num2str(Dopt(2)*100), '%' , ' for fit 
2^{nd} peak' )}])  
subplot(5,1,3);  
plot(f,abs(xferopt(3,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--' );grid 
on;xlim([0 2000]);ylim([0 
xferpk_exp(3)+xferpk_exp(3)/8]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);  
set(gca, 'XTickLabel' , '|' );ylabel( 'Mag(H)' );title([{strcat( 'G_{opt}=' ,num2
str(Gopt(3)/1e6), ' MPa' , ', \xi_{opt}=' ,num2str(Dopt(3)*100), '%' , ' for fit 
3^{rd} peak' )}])  
subplot(5,1,4);  
plot(f,abs(xferopt(4,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--' );grid 
on;xlim([0 2000]);ylim([0 
xferpk_exp(4)+xferpk_exp(4)/8]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);  
set(gca, 'XTickLabel' , '|' );ylabel( 'Mag(H)' );title([{strcat( 'G_{opt}=' ,num2
str(Gopt(4)/1e6), ' MPa' , ', \xi_{opt}=' ,num2str(Dopt(4)*100), '%' , ' for fit 
4^{th} peak' )}])  
subplot(5,1,5);  
plot(f,abs(xferopt(5,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--' );grid 
on;xlim([0 2000]);ylim([0 
xferpk_exp(5)+xferpk_exp(5)/8]);set(gca, 'XTick' ,[0 500 1000 1500 2000]);  
ylabel( 'Mag(H)' );xlabel( 'Frequency 
[Hz]' );title([{strcat( 'G_{opt}=' ,num2str(Gopt(5)/1e6), ' MPa' , ', 
\xi_{opt}=' ,num2str(Dopt(5)*100), '%' , ' for fit 5^{th} peak' )}]);  
set(gca, 'XTickLabel' , '0|500|1000|1500|2000'  );  
fontstyle( 'times' ,11);  
  
% Plot H_theory_optimum(Gopt and Dopt) and H_theory _fitpeaks vs. 
H_experiment  
figure(16)  
subplot(5,1,1);  
plot(f,abs(xferopt(1,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );plot(fscal(:,1),abs(xfer(1,:)), 'c' );  
grid on;xlim([fpk(1)-50 fpk(1)+50]);ylim([0 
xferpk_exp(1)+xferpk_exp(1)]);set(gca, 'XTick' ,[0:20:2000]);  
legend( 'Theory(opt)' , 'Experiment' , 'Theory(pk)' );ylabel( 'Mag(H)' );title([{
strcat( 'G_{opt}=' ,num2str(Gopt(1)/1e6), ' MPa' , ', 
\xi_{opt}=' ,num2str(Dopt(1)*100), '%' , '; 
G_{pk}=' ,num2str(G0(1)/1e6, '%4.1f' ), ' MPa' , ', 
\xi_{pk}=' ,num2str(xi(1)*100, '%3.1f' ), '%' , ' for fit 1^{st} peak' )}])  
subplot(5,1,2);  
plot(f,abs(xferopt(2,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );plot(fscal(:,2),abs(xfer(2,:)), 'c' );  
grid on;xlim([fpk(2)-50 fpk(2)+50]);ylim([0 
xferpk_exp(2)+xferpk_exp(2)/8]);set(gca, 'XTick' ,[0:20:2000]);  
ylabel( 'Mag(H)' );title([{strcat( 'G_{opt}=' ,num2str(Gopt(2)/1e6), ' MPa' , ', 
\xi_{opt}=' ,num2str(Dopt(2)*100), '%' , '; 
G_{pk}=' ,num2str(G0(2)/1e6, '%4.1f' ), ' MPa' , ', 
\xi_{pk}=' ,num2str(xi(2)*100, '%3.1f' ), '%' , ' for fit 2^{nd} peak' )}])  
subplot(5,1,3);  
plot(f,abs(xferopt(3,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );plot(fscal(:,3),abs(xfer(3,:)), 'c' );  
grid on;xlim([fpk(3)-50 fpk(3)+50]);ylim([0 
xferpk_exp(3)+xferpk_exp(3)/8]);set(gca, 'XTick' ,[0:20:2000]);  
ylabel( 'Mag(H)' );title([{strcat( 'G_{opt}=' ,num2str(Gopt(3)/1e6), ' MPa' , ', 
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\xi_{opt}=' ,num2str(Dopt(3)*100), '%' , '; 
G_{pk}=' ,num2str(G0(3)/1e6, '%4.1f' ), ' MPa' , ', 
\xi_{pk}=' ,num2str(xi(3)*100, '%3.1f' ), '%' , ' for fit 3^{rd} peak' )}])  
subplot(5,1,4);  
plot(f,abs(xferopt(4,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );plot(fscal(:,4),abs(xfer(4,:)), 'c' );  
grid on;xlim([fpk(4)-50 fpk(4)+50]);ylim([0 
xferpk_exp(4)+xferpk_exp(4)/8]);set(gca, 'XTick' ,[0:20:2000]);  
ylabel( 'Mag(H)' );title([{strcat( 'G_{opt}=' ,num2str(Gopt(4)/1e6), ' MPa' , ', 
\xi_{opt}=' ,num2str(Dopt(4)*100), '%' , '; 
G_{pk}=' ,num2str(G0(4)/1e6, '%4.1f' ), ' MPa' , ', 
\xi_{pk}=' ,num2str(xi(4)*100, '%3.1f' ), '%' , ' for fit 4^{th} peak' )}])  
subplot(5,1,5);  
plot(f,abs(xferopt(5,:)), 'r' );hold on;plot(f,abs(xfer_exp), 'b--
' );plot(fscal(:,5),abs(xfer(5,:)), 'c' );  
grid on;xlim([fpk(5)-50 fpk(5)+50]);ylim([0 
xferpk_exp(5)+xferpk_exp(5)/8]);set(gca, 'XTick' ,[0:20:2000]);  
ylabel( 'Mag(H)' );xlabel( 'Frequency 
[Hz]' );title([{strcat( 'G_{opt}=' ,num2str(Gopt(5)/1e6), ' MPa' , ', 
\xi_{opt}=' ,num2str(Dopt(5)*100, '%4.1f' ), '%' , '; 
G_{pk}=' ,num2str(G0(5)/1e6, '%4.1f' ), ' MPa' , ', 
\xi_{pk}=' ,num2str(xi(5)*100, '%3.1f' ), '%' , ' for fit 5^{th} peak' )}]);  
fontstyle( 'times' ,11);  
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%%% 
%% find strain associated with the optimum peak fre quencies  
  
for  n=1:5  
    [xferoptpk,ioptpk]=findpeaks(abs(xferopt(n,:)), 'npeaks' ,n);  
    foptpk(n)=f(ioptpk(n));    
end  
gammapk=gamma(fpk/df+1);  
gammaoptpk=gamma(foptpk/df+1);  
  
  
  
%% 
figure(116)  
subplot(5,1,1);  
plot(f,abs(xferopt(1,:)), 'r' , 'linewidth' ,1.5);hold 
on;plot(fscal(:,1),abs(xfer(1,:)), 'b--
' , 'linewidth' ,1.5);plot(f,abs(xfer_exp), 'k' , 'linewidth' ,1.5);  
grid on;xlim([foptpk(1)-50 foptpk(1)+50]);ylim([0 
40]);set(gca, 'XTick' ,[foptpk(1)-50:50:foptpk(1)+50]);  
legend( 'Least squares fitting' , 'Peak 
fitting' , 'Experimental' ); %ylabel('Mag(H)');%title([{strcat('G_{opt}=',num
2str(Gopt(1)/1e6),' MPa',', \xi_{opt}=',num2str(Dop t(1)*100),'%','; 
G_{pk}=',num2str(G0(1)/1e6,'%4.1f'),' MPa',', 
\xi_{pk}=',num2str(xi(1)*100,'%3.1f'),'%',' for fit  1^{st} peak')}])  
subplot(5,1,2);  
plot(f,abs(xferopt(2,:)), 'r' , 'linewidth' ,1.5);hold 
on;plot(fscal(:,2),abs(xfer(2,:)), 'b--
' , 'linewidth' ,1.5);plot(f,abs(xfer_exp), 'k' , 'linewidth' ,1.5);  
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grid on;xlim([foptpk(2)-50 foptpk(2)+50]);ylim([0 
20]);set(gca, 'XTick' ,[foptpk(2)-50:50:foptpk(2)+50]);  
%ylabel('Mag(H)');%title([{strcat('G_{opt}=',num2st r(Gopt(2)/1e6),' 
MPa',', \xi_{opt}=',num2str(Dopt(2)*100),'%','; 
G_{pk}=',num2str(G0(2)/1e6,'%4.1f'),' MPa',', 
\xi_{pk}=',num2str(xi(2)*100,'%3.1f'),'%',' for fit  2^{nd} peak')}])  
subplot(5,1,3);  
plot(f,abs(xferopt(3,:)), 'r' , 'linewidth' ,1.5);hold 
on;plot(fscal(:,3),abs(xfer(3,:)), 'b--
' , 'linewidth' ,1.5);plot(f,abs(xfer_exp), 'k' , 'linewidth' ,1.5);  
grid on;xlim([foptpk(3)-50 foptpk(3)+50]);ylim([0 
3]);set(gca, 'XTick' ,[foptpk(3)-50:50:foptpk(3)+50]);set(gca, 'YTick' ,[0 
1.5 3]);  
ylabel( 'Mag(\theta_p/\theta_a)' ); %title([{strcat('G_{opt}=',num2str(Gopt(
3)/1e6),' MPa',', \xi_{opt}=',num2str(Dopt(3)*100), '%','; 
G_{pk}=',num2str(G0(3)/1e6,'%4.1f'),' MPa',', 
\xi_{pk}=',num2str(xi(3)*100,'%3.1f'),'%',' for fit  3^{rd} peak')}])  
subplot(5,1,4);  
plot(f,abs(xferopt(4,:)), 'r' , 'linewidth' ,1.5);hold 
on;plot(fscal(:,4),abs(xfer(4,:)), 'b--
' , 'linewidth' ,1.5);plot(f,abs(xfer_exp), 'k' , 'linewidth' ,1.5);  
grid on;xlim([foptpk(4)-50 foptpk(4)+50]);ylim([0 
3]);set(gca, 'XTick' ,[foptpk(4)-50:50:foptpk(4)+50]);set(gca, 'YTick' ,[0 
1.5 3]);  
%ylabel('Mag(H)');%title([{strcat('G_{opt}=',num2st r(Gopt(4)/1e6),' 
MPa',', \xi_{opt}=',num2str(Dopt(4)*100),'%','; 
G_{pk}=',num2str(G0(4)/1e6,'%4.1f'),' MPa',', 
\xi_{pk}=',num2str(xi(4)*100,'%3.1f'),'%',' for fit  4^{th} peak')}])  
subplot(5,1,5);  
plot(f,abs(xferopt(5,:)), 'r' , 'linewidth' ,1.5);hold 
on;plot(fscal(:,5),abs(xfer(5,:)), 'b--
' , 'linewidth' ,1.5);plot(f,abs(xfer_exp), 'k' , 'linewidth' ,1.5);  
grid on;xlim([foptpk(5)-50 foptpk(5)+50]);ylim([0 
2]);set(gca, 'XTick' ,[foptpk(5)-50:50:foptpk(5)+50]);  
%ylabel('Mag(H)');%title([{strcat('G_{opt}=',num2st r(Gopt(5)/1e6),' 
MPa',', \xi_{opt}=',num2str(Dopt(5)*100,'%4.1f'),'% ','; 
G_{pk}=',num2str(G0(5)/1e6,'%4.1f'),' MPa',', 
\xi_{pk}=',num2str(xi(5)*100,'%3.1f'),'%',' for fit  5^{th} peak')}]);  
xlabel( 'Frequency [Hz]' );  
fontstyle( 'times' ,12);  
   
% Plot Gpk and Dpk vs. strain  
%figure(18)  
%[AX,Hd1,Hd2]=plotyy(abs(gammapk(1:5))*100,G0/max(G 0(1:5)),abs(gammapk(1:
5))*100,xi*100,'plot');xlabel('\gamma, %');  
%set(AX(1),'XColor','k','YColor','k','xscale','log' );xlim(AX(1),[1e-09 
0.1]);ylim(AX(1),[0 1]);set(AX(1),'XTick',[10^-9 10 ^-7 10^-5 10^-3 10^-
1],'YTick',[0:0.2:1]);  
%set(AX(2),'XColor','k','YColor','k','xscale','log' );xlim(AX(2),[1e-09 
0.1]);ylim(AX(2),[0 5]);set(AX(2),'XTick',[10^-9 10 ^-7 10^-5 10^-3 10^-
1],'YTick',[0:5]);  
%set(Hd1,'LineStyle','none','Marker','*','color','b ');  
%set(Hd2,'LineStyle','none','Marker','.');  
%set(get(AX(1),'Ylabel'),'String','G/G_{HD}');  
%set(get(AX(2),'Ylabel'),'String','\xi, %'); grid 
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on;fontstyle('times',11);  
  
% Plot Gopt and Dopt vs. strain  
%figure(19)  
%[AX,Hd1,Hd2]=plotyy(abs(gammaoptpk(1:5))*100,Gopt/ max(Gopt(1:5)),abs(gam
mapk(1:5))*100,Dopt*100,'plot');xlabel('\gamma, %') ;  
%set(AX(1),'XColor','k','YColor','k','xscale','log' );xlim(AX(1),[1e-09 
0.1]);ylim(AX(1),[0 1]);set(AX(1),'XTick',[10^-9 10 ^-7 10^-5 10^-3 10^-
1],'YTick',[0:0.2:1]);  
%set(AX(2),'XColor','k','YColor','k','xscale','log' );xlim(AX(2),[1e-09 
0.1]);ylim(AX(2),[0 5]);set(AX(2),'XTick',[10^-9 10 ^-7 10^-5 10^-3 10^-
1],'YTick',[0:5]);  
%set(Hd1,'LineStyle','none','Marker','*','color','b ');  
%set(Hd2,'LineStyle','none','Marker','.');  
%set(get(AX(1),'Ylabel'),'String','G/G_{HD}');  
%set(get(AX(2),'Ylabel'),'String','\xi, %'); grid 
on;fontstyle('times',11);  
   
% Plot G and D vs. strain  
figure(20)  
[AX,Hd1,Hd2]=plotyy(abs(gammapk(1:5))*100,G0/max(G0 (1:5)),abs(gammapk(1:5
))*100,xi*100, 'plot' );xlabel( '\gamma, %' );  
set(AX(1), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(1),[1e-09 
0.1]);ylim(AX(1),[0 1]);set(AX(1), 'XTick' ,[10^-9 10^-7 10^-5 10^-3 10^-
1], 'YTick' ,[0:0.2:1]);  
set(AX(2), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(2),[1e-09 
0.1]);ylim(AX(2),[0 5]);set(AX(2), 'XTick' ,[10^-9 10^-7 10^-5 10^-3 10^-
1], 'YTick' ,[0:5]);  
set(Hd1, 'LineStyle' , 'none' , 'Marker' , '*' , 'color' , 'b' );  
set(Hd2, 'LineStyle' , 'none' , 'Marker' , '.' , 'color' , 'b' );  
set(get(AX(1), 'Ylabel' ), 'String' , 'G/G_{HD}' );  
set(get(AX(2), 'Ylabel' ), 'String' , '\xi, %' ); grid on 
hold on;  
[AX,Hd3,Hd4]=plotyy(abs(gammaoptpk(1:5))*100,Gopt/m ax(Gopt(1:5)),abs(gamm
aoptpk(1:5))*100,Dopt*100, 'plot' );xlabel( '\gamma, %' );  
set(AX(1), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(1),[1e-09 
0.1]);ylim(AX(1),[0 1]);set(AX(1), 'XTick' ,[10^-9 10^-7 10^-5 10^-3 10^-
1], 'YTick' ,[0:0.2:1]);  
set(AX(2), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(2),[1e-09 
0.1]);ylim(AX(2),[0 5]);set(AX(2), 'XTick' ,[10^-9 10^-7 10^-5 10^-3 10^-
1], 'YTick' ,[0:5]);  
set(Hd3, 'LineStyle' , 'none' , 'Marker' , 'o' , 'color' , 'r' );  
set(Hd4, 'LineStyle' , 'none' , 'Marker' , 's' , 'color' , 'r' );  
set(get(AX(1), 'Ylabel' ), 'String' , 'G/G_{HD}' );  
set(get(AX(2), 'Ylabel' ), 'String' , '\xi, %' ); grid on 
legend([Hd1 Hd2 Hd3 Hd4],{ 'G_{pk}' , '\xi_{pk}' , 'G_{opt}' , '\xi_{opt}' });  
fontstyle( 'times' ,11);  
%% 
figure(21)  
[AX,Hd1,Hd2]=plotyy(imag(gammaoptpk(1:5))*100,Gopt/ max(Gopt(1:5)),imag(ga
mmaoptpk(1:5))*100,Dopt*100, 'plot' );xlabel( '\gamma, %' );  
set(AX(1), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(1),[1e-10 
0.01]);ylim(AX(1),[0 1]);set(AX(1), 'XTick' ,[10^-10 10^-8 10^-6 10^-4 10^-
2], 'YTick' ,[0:0.2:1]);  
set(AX(2), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(2),[1e-10 
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0.01]);ylim(AX(2),[0 5]);set(AX(2), 'XTick' ,[10^-10 10^-8 10^-6 10^-4 10^-
2], 'YTick' ,[0:5]);  
set(Hd1, 'LineStyle' , 'none' , 'Marker' , '*' , 'color' , 'b' );  
set(Hd2, 'LineStyle' , 'none' , 'Marker' , '.' , 'color' , 'b' );  
set(get(AX(1), 'Ylabel' ), 'String' , 'G/G_{HD}' );  
set(get(AX(2), 'Ylabel' ), 'String' , '\xi, %' ); grid on 
hold on;  
[AX,Hd3,Hd4]=plotyy(abs(gammaoptpk(1:5))*100,Gopt/m ax(Gopt(1:5)),abs(gamm
aoptpk(1:5))*100,Dopt*100, 'plot' );xlabel( '\gamma, %' );  
set(AX(1), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(1),[1e-10 
0.01]);ylim(AX(1),[0 1]);set(AX(1), 'XTick' ,[10^-10 10^-8 10^-6 10^-4 10^-
2], 'YTick' ,[0:0.2:1]);  
set(AX(2), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(2),[1e-10 
0.01]);ylim(AX(2),[0 5]);set(AX(2), 'XTick' ,[10^-10 10^-8 10^-6 10^-4 10^-
2], 'YTick' ,[0:5]);  
set(Hd3, 'LineStyle' , 'none' , 'Marker' , 'o' , 'color' , 'r' );  
set(Hd4, 'LineStyle' , 'none' , 'Marker' , 's' , 'color' , 'r' );  
set(get(AX(1), 'Ylabel' ), 'String' , 'G/G_{HD}' );  
set(get(AX(2), 'Ylabel' ), 'String' , '\xi, %' ); grid on 
legend([Hd1 Hd2 Hd3 Hd4],{ 'G-Im(\gamma)' , '\xi-Im(\gamma)' , 'G-
Mag(\gamma)' , '\xi-Mag(\gamma)' });  
fontstyle( 'times' ,11);  
%% 
figure(200)  
[AX,Hd1,Hd2]=plotyy(abs(gammaoptpk(1:5))*100,Gopt(1 :5)/max(Gopt),abs(gamm
aoptpk(1:5))*100,Dopt(1:5)*100, 'plot' );xlabel( '\gamma, %' )  
set(AX(1), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(1),[1e-9 
0.01]);ylim(AX(1),[0 1]);set(AX(1), 'XTick' ,[10^-10 10^-8 10^-6 10^-4 10^-
2], 'YTick' ,[0:0.2:1]);  
set(AX(2), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(2),[1e-9 
0.01]);ylim(AX(2),[0 5]);set(AX(2), 'XTick' ,[10^-10 10^-8 10^-6 10^-4 10^-
2], 'YTick' ,[0:5]);  
set(Hd1, 'LineStyle' , 'none' , 'Marker' , '*' , 'color' , 'b' );  
set(Hd2, 'LineStyle' , 'none' , 'Marker' , '.' , 'color' , 'r' );  
set(get(AX(1), 'Ylabel' ), 'String' , 'G/G_{max}' );  
set(get(AX(2), 'Ylabel' ), 'String' , '\xi, %' ); grid on 
legend([Hd1 Hd2],{ 'G_{opt}' , '\xi_{opt}' });  
  
gamma_fit=[1e-9:0.0000001:0.01];  
gamma_ref=0.00001;  
G_m=1./(1+gamma_fit/gamma_ref);  
xi_max=5;  
xi_m=(gamma_fit./gamma_ref)./(1+gamma_fit./gamma_re f)*5;  
figure(200);hold on 
[AX,Hd3,Hd4]=plotyy(gamma_fit,G_m,gamma_fit,xi_m, 'plot' );  
set(AX(1), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(1),[1e-9 
0.01]);ylim(AX(1),[0 1]);  
set(AX(2), 'XColor' , 'k' , 'YColor' , 'k' , 'xscale' , 'log' );xlim(AX(2),[1e-9 
0.01]);ylim(AX(2),[0 5]);  
set(Hd3, 'LineStyle' , '-' , 'color' , 'b' );  
set(Hd4, 'LineStyle' , '-' , 'color' , 'r' );  
  
fontstyle( 'times' ,12);  
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APPENDIX D.  MODIFIED RCDARE SPREADSHEET FOR ASTM 

RESONANT COLUMN TESTING DATA REDUCTION 

In this study, a modified spreadsheet RCDARE was used for the data reduction.  It 

was written by Dr. Drnevich for a quasi-static torsional shear RC apparatus at Purdue 

University.  That device is a three-degree-of-freedom model with active mass, passive mass 

and reaction mass.  The RC free-free device used in this study is a two-degree-of-freedom 

system.  There are only two equations of motion (EOM), corresponding to the active and 

passive boundary conditions.  Hence, RCDARE was simplified to adapt it for the free-free 

device at Iowa State University.  The detailed changes are discussed as follows 

1. In the original RCDARE, accelerometers were used instead of geophones.  

Therefore, any factor in the spreadsheet related to the rotation shall be multiplied 

by the measured resonant frequency fT.  For example, the calculation of 

magnification factor in sheet-“Intermed” and strain calculation in sheet-“Results” 

were revised to multiply by fT.   

2. The quasi-static RC device has an active mass at the top.  The passive mass at the 

bottom was used to establish resonance.  On the contrary, the free-free RC device 

has the active platen at the bottom, and passive platen at top used to establish 

resonance.  To make the spreadsheet clear, the text “top” and “bottom” were 

switched and marked in red color.  Since the free-free RC device uses the top 

platen (passive) to establish resonance, the active rotational calibration factor 

(RCFA) in the sheet-“Appart” was changed to RCFP (see section 2.2). 

3. For the strain calculation in RCDARE, only the imaginary parts of the strain 

along the specimen are numerically integrated to calculate the strain factor.  An 
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explanation for this may be because sinusoidal excitation was used in the ASTM 

approach, for which the strain in the time-domain can be expressed as

( )0 0 cos sini te t i tωγ γ γ ω ω= ⋅ = + .  Therfore, only the imaginary parts of strain 

correspond to the sinusoidal forcing, while the real parts correspond to the cosinel 

excitation.  In contrast, the transfer function approach used the complex 

magnitude of strain. 

4. Coefficients for the complex simultaneous equations in the sheet-“HRESCOL” 

were originally programmed for a three-degree-of-freedom model.  They were 

simplified for the free-free two-degree-of-freedom RC device presented herein.  

The derivation of this new matrix is presented in Section 3.1 and Appendix A.  

The equations of the coefficients in RCDARE were changed based on this 

derivation.  The numbers shown in red next to each coefficient in the modified 

version of RCDARE were used to verify whether the calculations were correct. 

5. Three plots can be produced by RCDARE, in which the Microsoft Visual Basic 

(VB) language is used to copy the parameters from the “Results” sheet to paste on 

the related columns in the plotting sheets.  However, the particular version of the 

original RCDARE program used in this study did not produce the plots due to an 

error in the VB (see Table D.1).  The column numbers were corrected by the text 

shown in red to produce the plots. 
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Table D.1: Errors in the VB of RCDARE spread sheet 
… 
Go to Results Sheet and Check for Numbers in StrnPl ot Column  

    

    rBEGIN = 13  

    rEND = 53  

    

    For i = rBEGIN To rEND  

    Sheets("Results").Select  

    Row = i  

    Cells(Row, 12).Select  

    CurvNo = ActiveCell  

     

    If CurvNo < 1 Then GoTo 4  

    If CurvNo > 3 Then GoTo 4  

     

    Cells(Row, 1).Select  

    Line = ActiveCell  

    Cells(Row, 3).Select  

    EffStr = ActiveCell  

    Cells(Row, 8).Select  

    G = ActiveCell  

    Cells(Row, 9).Select  

    Gam = ActiveCell  

    Cells(Row, 10).Select  

    D = ActiveCell  

After the above modifications, the new RCDARE program worked well for the 

ASTM procedure data reduction in this study.  Instructions for using this modified RCDARE 

are as follows: 

1. Start with the “Apparat.” sheet.  Input the calibration factors according to the 

apparatus calibration table (Table 2.1).   

2. Input the specimen properties in “Spec. Init.” sheet. 

3. On the “Input” sheet, place the cursor on the “Date Time Reading” cell and press 

“Ctrl r” to record the time.  Then enter the recorded test data in the columns 

labeled “Torq. Rdg.”, “Accel. Rdg.” and “Resonant Frequency”. 

4. Select the “Results” sheet.  Follow the instructions to calculate shear modulus, 

shear strain and damping ratio.  The shear modulus and damping ratio versus 
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strain plots can be obtained by pressing “Ctrl n”.  Plots versus confining pressure 

can be obtained by pressing “Ctrl s”.  “Ctrl t” will give the plots versus 

consolidation time.  Plots are shown in the sheets “StrsPlt”, “StrnPlt” and “tPlt”. 

5. No inputs are needed for the “HRESCOL” sheet.  Do not make changes in this 

sheet. 

 


