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 Kz  
*10-3 8 9 10 11 12 13 14 15 16 17 18 19 20 

8 205.48 -6.29 1.62 -0.27 0.07 -0.01 -6.19 -8.98 1.11 -0.19 0.04 -0.03 1.51 
9 -6.29 188.04 -5.11 1.32 -0.25 0.08 -8.98 -8.56 -8.10 0.95 -0.17 0.04 1.04 

10 1.62 -5.11 191.55 -3.95 1.50 -0.32 1.13 -8.14 -9.04 -9.64 1.03 -0.22 0.21 
11 -0.27 1.32 -3.95 195.10 -4.26 1.87 -0.19 0.94 -9.68 -9.57 -9.84 1.25 -0.06 
12 0.07 -0.25 1.50 -4.26 195.43 -6.01 0.05 -0.17 1.04 -9.84 -9.38 -11.07 0.02 
13 -0.01 0.08 -0.32 1.87 -6.01 215.57 -0.03 0.04 -0.22 1.25 -11.07 -6.08 -0.02 
14 -6.19 -8.98 1.13 -0.19 0.05 -0.03 187.88 -8.71 1.69 -0.29 0.05 -0.03 -4.83 
15 -8.98 -8.56 -8.14 0.94 -0.17 0.04 -8.71 171.15 -7.29 1.41 -0.25 0.05 -8.02 
16 1.11 -8.10 -9.04 -9.68 1.04 -0.22 1.69 -7.29 173.34 -7.08 1.63 -0.33 1.11 
17 -0.19 0.95 -9.64 -9.57 -9.84 1.25 -0.29 1.41 -7.08 175.87 -7.22 1.99 -0.19 
18 0.04 -0.17 1.03 -9.84 -9.38 -11.07 0.05 -0.25 1.63 -7.22 176.31 -9.13 0.04 
19 -0.03 0.04 -0.22 1.25 -11.07 -6.08 -0.03 0.05 -0.33 1.99 -9.13 195.69 -0.03 
20 1.51 1.04 0.21 -0.06 0.02 -0.02 -4.83 -8.02 1.11 -0.19 0.04 -0.03 187.77 
21 1.04 1.60 1.05 0.21 -0.05 0.02 -8.02 -7.05 -7.24 0.98 -0.17 0.04 -8.84 
22 0.21 1.05 1.83 1.30 0.27 -0.07 1.12 -7.29 -7.55 -8.65 1.05 -0.22 1.68 
23 -0.07 0.22 1.41 2.16 1.49 0.34 -0.20 1.00 -9.24 -9.09 -9.75 1.24 -0.27 
24 0.00 -0.07 0.29 1.51 2.28 1.48 0.04 -0.16 1.02 -9.86 -9.38 -11.05 0.05 
25 -0.04 0.01 -0.10 0.32 1.46 2.21 -0.03 0.04 -0.21 1.26 -11.07 -6.06 -0.03 
26 -0.26 -0.20 -0.05 0.00 0.00 -0.02 1.27 0.91 0.20 -0.06 0.02 -0.02 -4.84 
27 -0.19 -0.29 -0.19 -0.06 0.00 0.00 0.91 1.35 0.92 0.19 -0.05 0.01 -8.07 
28 -0.04 -0.21 -0.29 -0.20 -0.06 0.01 0.21 0.93 1.44 0.99 0.20 -0.04 1.25 
29 0.11 0.09 0.00 0.01 -0.01 -0.02 -0.25 -0.17 -0.04 0.00 0.01 -0.01 1.31 
30 0.09 0.11 0.09 0.01 0.01 0.00 -0.17 -0.26 -0.16 -0.05 0.00 0.00 0.90 
31 0.04 0.05 0.08 0.04 0.03 0.04 -0.04 -0.17 -0.22 -0.18 -0.03 0.02 0.22 
32 -0.02 -0.04 -0.02 -0.03 -0.03 -0.05 0.07 0.04 0.02 0.00 0.01 -0.02 -0.26 
33 -0.04 -0.04 -0.04 -0.02 -0.02 -0.02 0.04 0.06 0.04 0.02 0.00 0.00 -0.19 
34 -0.05 -0.04 -0.04 -0.02 -0.01 0.01 0.01 0.04 0.06 0.04 0.00 0.01 -0.08 
35 3.15 3.35 -0.85 0.13 -0.03 0.01 3.19 2.40 -0.49 0.08 -0.02 0.01 -0.92 
36 3.75 3.83 2.62 -0.47 0.07 -0.02 2.66 3.45 1.93 -0.26 0.05 -0.01 -0.58 
37 3.20 2.39 -0.49 0.08 -0.02 0.01 4.53 3.97 -0.97 0.15 -0.03 0.01 2.77 
38 2.66 3.48 1.95 -0.26 0.05 -0.01 4.45 5.25 3.11 -0.51 0.08 -0.02 2.37 
39 -0.97 -0.61 -0.03 0.01 -0.01 0.00 2.89 2.20 -0.49 0.09 -0.02 0.01 4.34 
40 -0.64 -1.06 -0.61 0.00 0.01 0.00 2.45 3.12 1.77 -0.26 0.05 -0.01 4.72 
41 0.24 0.13 0.05 -0.01 0.00 0.00 -1.12 -0.69 0.02 0.01 -0.01 0.00 3.30 
42 0.12 0.24 0.11 0.03 0.00 0.00 -0.73 -1.21 -0.68 0.00 0.01 0.00 3.02 
43 7.20 3.21 -0.68 0.09 -0.02 0.00 3.31 1.53 -0.38 0.07 -0.01 0.00 -0.61 
44 3.56 7.32 2.64 -0.31 0.05 -0.01 1.75 3.36 1.08 -0.19 0.03 -0.01 -0.33 
45 3.65 1.73 -0.39 0.07 -0.01 0.00 7.15 3.21 -0.67 0.10 -0.02 0.01 2.53 
46 1.96 3.74 1.25 -0.20 0.03 -0.01 3.59 7.28 2.62 -0.34 0.05 -0.01 1.17 
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*10-3 21 22 23 24 25 26 27 28 29 30 31 32 33 

8 1.04 0.21 -0.07 0.00 -0.04 -0.26 -0.19 -0.04 0.11 0.09 0.04 -0.02 -0.04 
9 1.60 1.05 0.22 -0.07 0.01 -0.20 -0.29 -0.21 0.09 0.11 0.05 -0.04 -0.04 

10 1.05 1.83 1.41 0.29 -0.10 -0.05 -0.19 -0.29 0.00 0.09 0.08 -0.02 -0.04 
11 0.21 1.30 2.16 1.51 0.32 0.00 -0.06 -0.20 0.01 0.01 0.04 -0.03 -0.02 
12 -0.05 0.27 1.49 2.28 1.46 0.00 0.00 -0.06 -0.01 0.01 0.03 -0.03 -0.02 
13 0.02 -0.07 0.34 1.48 2.21 -0.02 0.00 0.01 -0.02 0.00 0.04 -0.05 -0.02 
14 -8.02 1.12 -0.20 0.04 -0.03 1.27 0.91 0.21 -0.25 -0.17 -0.04 0.07 0.04 
15 -7.05 -7.29 1.00 -0.16 0.04 0.91 1.35 0.93 -0.17 -0.26 -0.17 0.04 0.06 
16 -7.24 -7.55 -9.24 1.02 -0.21 0.20 0.92 1.44 -0.04 -0.16 -0.22 0.02 0.04 
17 0.98 -8.65 -9.09 -9.86 1.26 -0.06 0.19 0.99 0.00 -0.05 -0.18 0.00 0.02 
18 -0.17 1.05 -9.75 -9.38 -11.07 0.02 -0.05 0.20 0.01 0.00 -0.03 0.01 0.00 
19 0.04 -0.22 1.24 -11.05 -6.06 -0.02 0.01 -0.04 -0.01 0.00 0.02 -0.02 0.00 
20 -8.84 1.68 -0.27 0.05 -0.03 -4.84 -8.07 1.25 1.31 0.90 0.22 -0.26 -0.19 
21 171.03 -7.60 1.30 -0.24 0.06 -8.07 -7.02 -7.90 0.90 1.39 0.87 -0.19 -0.28 
22 -7.60 174.62 -6.53 1.57 -0.36 1.15 -7.40 -6.55 0.21 0.89 1.55 -0.06 -0.19 
23 1.30 -6.53 191.90 -4.05 1.81 -0.18 0.89 -7.36 -0.05 0.17 0.83 0.01 -0.04 
24 -0.24 1.57 -4.05 195.40 -5.99 0.04 -0.15 0.83 0.02 -0.02 -0.06 0.04 0.02 
25 0.06 -0.36 1.81 -5.99 215.60 -0.02 0.03 -0.17 -0.01 0.00 0.01 0.01 0.01 
26 -8.07 1.15 -0.18 0.04 -0.02 188.05 -8.81 1.88 -5.05 -8.21 1.28 1.60 1.12 
27 -7.02 -7.40 0.89 -0.15 0.03 -8.81 171.36 -8.72 -8.22 -7.09 -8.41 1.11 1.73 
28 -7.90 -6.55 -7.36 0.83 -0.17 1.88 -8.72 189.34 1.32 -8.38 -4.09 0.28 1.09 
29 0.90 0.21 -0.05 0.02 -0.01 -5.05 -8.22 1.32 191.85 -8.99 2.18 -5.65 -10.88 
30 1.39 0.89 0.17 -0.02 0.00 -8.21 -7.09 -8.38 -8.99 174.01 -9.19 -10.94 -8.88 
31 0.87 1.55 0.83 -0.06 0.01 1.28 -8.41 -4.09 2.18 -9.19 193.93 1.45 -10.94 
32 -0.19 -0.06 0.01 0.04 0.01 1.60 1.11 0.28 -5.65 -10.94 1.45 215.50 -6.11 
33 -0.28 -0.19 -0.04 0.02 0.01 1.12 1.73 1.09 -10.88 -8.88 -10.94 -6.11 195.63 
34 -0.18 -0.34 -0.17 0.01 0.02 0.27 1.12 1.69 1.43 -10.92 -5.86 2.20 -6.09 
35 -0.55 0.00 0.02 0.00 0.01 0.21 0.13 0.05 -0.01 0.02 0.03 0.00 0.00 
36 -0.99 -0.56 -0.01 0.01 0.00 0.13 0.21 0.10 0.02 -0.02 -0.02 0.00 0.01 
37 2.12 -0.51 0.09 -0.02 0.01 -0.89 -0.54 0.01 0.18 0.12 0.05 -0.04 -0.03 
38 3.00 1.71 -0.27 0.05 -0.01 -0.57 -0.96 -0.55 0.12 0.19 0.09 -0.03 -0.04 
39 4.19 -1.08 0.15 -0.03 0.01 2.73 2.35 -0.63 -0.95 -0.55 0.01 0.17 0.11 
40 5.12 3.18 -0.50 0.08 -0.02 2.62 2.97 1.89 -0.60 -1.02 -0.59 0.12 0.19 
41 2.72 -0.63 0.10 -0.02 0.01 3.23 4.00 -1.25 2.52 2.21 -0.73 -0.60 -0.32 
42 3.55 2.10 -0.25 0.04 -0.01 4.53 4.05 3.17 2.48 2.73 2.12 -0.33 -0.62 
43 -0.33 -0.03 0.02 0.00 0.00 0.01 0.02 0.00 -0.01 -0.02 -0.02 0.00 0.01 
44 -0.66 -0.30 0.01 0.01 0.00 0.02 0.03 0.04 -0.02 -0.01 0.00 0.01 0.00 
45 1.01 -0.34 0.06 -0.01 0.00 -0.15 -0.09 -0.03 -0.01 0.00 -0.01 0.00 0.00 
46 2.56 0.84 -0.18 0.03 -0.01 -0.09 -0.16 -0.08 0.00 0.00 0.01 0.00 0.00 
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*10-3 34 35 36 37 38 39 40 41 42 43 44 45 46 

8 -0.05 3.15 3.75 3.20 2.66 -0.97 -0.64 0.24 0.12 7.20 3.56 3.65 1.96 
9 -0.04 3.35 3.83 2.39 3.48 -0.61 -1.06 0.13 0.24 3.21 7.32 1.73 3.74 

10 -0.04 -0.85 2.62 -0.49 1.95 -0.03 -0.61 0.05 0.11 -0.68 2.64 -0.39 1.25 
11 -0.02 0.13 -0.47 0.08 -0.26 0.01 0.00 -0.01 0.03 0.09 -0.31 0.07 -0.20 
12 -0.01 -0.03 0.07 -0.02 0.05 -0.01 0.01 0.00 0.00 -0.02 0.05 -0.01 0.03 
13 0.01 0.01 -0.02 0.01 -0.01 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 -0.01 
14 0.01 3.19 2.66 4.53 4.45 2.89 2.45 -1.12 -0.73 3.31 1.75 7.15 3.59 
15 0.04 2.40 3.45 3.97 5.25 2.20 3.12 -0.69 -1.21 1.53 3.36 3.21 7.28 
16 0.06 -0.49 1.93 -0.97 3.11 -0.49 1.77 0.02 -0.68 -0.38 1.08 -0.67 2.62 
17 0.04 0.08 -0.26 0.15 -0.51 0.09 -0.26 0.01 0.00 0.07 -0.19 0.10 -0.34 
18 0.00 -0.02 0.05 -0.03 0.08 -0.02 0.05 -0.01 0.01 -0.01 0.03 -0.02 0.05 
19 0.01 0.01 -0.01 0.01 -0.02 0.01 -0.01 0.00 0.00 0.00 -0.01 0.01 -0.01 
20 -0.08 -0.92 -0.58 2.77 2.37 4.34 4.72 3.30 3.02 -0.61 -0.33 2.53 1.17 
21 -0.18 -0.55 -0.99 2.12 3.00 4.19 5.12 2.72 3.55 -0.33 -0.66 1.01 2.56 
22 -0.34 0.00 -0.56 -0.51 1.71 -1.08 3.18 -0.63 2.10 -0.03 -0.30 -0.34 0.84 
23 -0.17 0.02 -0.01 0.09 -0.27 0.15 -0.50 0.10 -0.25 0.02 0.01 0.06 -0.18 
24 0.01 0.00 0.01 -0.02 0.05 -0.03 0.08 -0.02 0.04 0.00 0.01 -0.01 0.03 
25 0.02 0.01 0.00 0.01 -0.01 0.01 -0.02 0.01 -0.01 0.00 0.00 0.00 -0.01 
26 0.27 0.21 0.13 -0.89 -0.57 2.73 2.62 3.23 4.53 0.01 0.02 -0.15 -0.09 
27 1.12 0.13 0.21 -0.54 -0.96 2.35 2.97 4.00 4.05 0.02 0.03 -0.09 -0.16 
28 1.69 0.05 0.10 0.01 -0.55 -0.63 1.89 -1.25 3.17 0.00 0.04 -0.03 -0.08 
29 1.43 -0.01 0.02 0.18 0.12 -0.95 -0.60 2.52 2.48 -0.01 -0.02 -0.01 0.00 
30 -10.92 0.02 -0.02 0.12 0.19 -0.55 -1.02 2.21 2.73 -0.02 -0.01 0.00 0.00 
31 -5.86 0.03 -0.02 0.05 0.09 0.01 -0.59 -0.73 2.12 -0.02 0.00 -0.01 0.01 
32 2.20 0.00 0.00 -0.04 -0.03 0.17 0.12 -0.60 -0.33 0.00 0.01 0.00 0.00 
33 -6.09 0.00 0.01 -0.03 -0.04 0.11 0.19 -0.32 -0.62 0.01 0.00 0.00 0.00 
34 215.57 0.00 0.01 -0.01 -0.02 0.03 0.11 -0.02 -0.31 0.01 0.00 0.00 0.00 
35 0.00 209.03 -5.06 -3.71 -8.28 1.12 0.76 -0.24 -0.22 6.96 6.95 6.69 5.21 
36 0.01 -5.06 208.91 -8.29 -3.72 0.76 1.14 -0.22 -0.25 6.96 6.94 5.22 6.67 
37 -0.01 -3.71 -8.29 192.41 -7.11 -2.68 -7.52 0.95 0.62 6.03 4.75 7.81 7.34 
38 -0.02 -8.28 -3.72 -7.11 192.30 -7.52 -2.69 0.61 0.98 4.76 6.02 7.36 7.79 
39 0.03 1.12 0.76 -2.68 -7.52 196.44 -7.54 -2.74 -10.37 -1.49 -0.83 4.45 3.70 
40 0.11 0.76 1.14 -7.52 -2.69 -7.54 196.31 -10.37 -2.75 -0.83 -1.47 3.71 4.45 
41 -0.02 -0.24 -0.22 0.95 0.61 -2.74 -10.37 219.44 -5.07 0.19 0.13 -0.78 -0.40 
42 -0.31 -0.22 -0.25 0.62 0.98 -10.37 -2.75 -5.07 219.28 0.13 0.18 -0.40 -0.77 
43 0.01 6.96 6.96 6.03 4.76 -1.49 -0.83 0.19 0.13 222.76 -2.39 -2.22 -10.06 
44 0.00 6.95 6.94 4.75 6.02 -0.83 -1.47 0.13 0.18 -2.39 222.75 -10.07 -2.22 
45 0.00 6.69 5.22 7.81 7.36 4.45 3.71 -0.78 -0.40 -2.22 -10.07 222.50 -2.45 
46 0.00 5.21 6.67 7.34 7.79 3.70 4.45 -0.40 -0.77 -10.06 -2.22 -2.45 222.49 
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MATLAB 
function Main( ) 
% --------------------- 
%  "FrameSeism": <Frame> - , 
%                         <Seism> -  
%  

-  
 

% --------------------- 
 

 
%  -  
%  -  
%  -  
 
%   Copyright 2018     
%   $ Date:    06.2018 $ 
 
 
     
    commandwindow 
 
    clear 
    clear global 
    clc 
 

 
echo   off 
    format compact 
    format shortg 
 
%  
    warning( 'off', 'MATLAB:dispatcher:InexactMatch' ) 
    warning( 'off', 'MATLAB:nearlySingularMatrix' ) 
 
    PauseDelay = 1;                 % ,  
 
TaskCalculationDuration = 0;     
    tic                              
 
 
     
global DataFileName fProgramControl fCurrentConstrState 
 
global nRods 
 
global stdStifnessMatrix stdDampingMatrix   stdMassMatrix 
global stdMSERoot        stdNatOscillParams 
global lddLoadParams 
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    %%   
    InitProgramControlState( )    % 

 
 
if ( fProgramControl.DeletePlots == true ) 
DeletePlots( )               
end 
 
 
     
 
    disp( char( { 
'                                                                             
'; ... 

                             
'; ... 

-
'; ... 

'; ... 
'                                                                             
' } ) ) 
 
    disp( char( { 

; 
... 

;        
... 
' ';                                                                   
... 
' ' 
        } ) ) 
 
    DispProgramControlState( ) 
 
 
    %%   
    CurrTime = clock; 
    DefaultAns = { [ 'CalcData ['... 
        num2str( CurrTime( 4 ) ) '-' num2str( CurrTime( 5 ) ) ' '... 
        num2str( CurrTime( 1 ) ) '-' num2str( CurrTime( 2 ) ) '-'... 
        num2str( CurrTime( 3 ) ) ']' ] }; 
    DataFileName = DefaultAns{ 1 };    %  
 
disp( [  DataFileName ''' ' ] 
) 
save( DataFileName, '-v7.3' ) 
 
pause( PauseDelay ) 
 
 
     
disp( char( { 
' '; ... 



 

     

 

73 -278.08.04.01.2018  

 
 
' '; ... 

; ... 
' ' } ) ) 
 
    disp( char( { 

; ... 
' ' } ) ) 
 
    InitConstrParams( ) 
 

 
    DataToDisp( stdStifnessMatrix.BaseVal, -  ) 
    DataToDisp( stdDampingMatrix.BaseVal,  -  
) 
    DataToDisp( stdMassMatrix.BaseVal,     -  ) 
DataToDisp( stdMSERoot.BaseVal,        '  - S' ) 
 
disp( char( { 
' '; ... 

 
; ... 

' ' } ) ) 
 
    disp( -  ) 
    disp( -  ) 
    disp( -  ) 
DataToDisp( [ ... 
        stdNatOscillParams.FreqBaseVal   ... 
        stdNatOscillParams.PeriodBaseVal ... 
        stdNatOscillParams.DampRateBaseVal ], '         W           T         
G    ' ) 
 
disp( char( { 
' '; ... 

; ... 
' ' } ) ) 
 
    disp(  ) 
    DataToDisp( [ lddLoadParams.AccelRArr lddLoadParams.AccelTArr 
lddLoadParams.AccelZArr ], ... 
'           Ar           At          Az' ) 
 
    disp( [ - 
'... 
num2str( lddLoadParams.TimeArr( end ) ) ] ) 
 
    pause( PauseDelay ) 
 
 

 
    disp( char( { 
' '; ... 
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 } ) ) 
 
    DoTimeAnalysis( )     
 
 
     
 

 
    ElapcedTime = toc; 
TaskCalculationDuration = TaskCalculationDuration + ElapcedTime; 
 
for i = 1:5 
beep     
end 
 
    disp( char( { 
' ';                                                   ... 

;                  ... 
        [  ... 
GetCalcTime( TaskCalculationDuration ) ' )' ];         ... 
' '... 
} ) ) 
 
    save( DataFileName, '-append' )     
    SaveGlobalParams( ) 
 
 
     
SetPlotSettings( ) 
 
if ( fProgramControl.PlotResults == true ) 
        disp( char( { 
' '; ... 
'III.  
; ... 

} ) ) 
 
if ( fProgramControl.PlotRPData == true ) 
            disp( char( { 
' '; ... 

 
 

' '; ... 
                } ) ) 
 
            PlotResultsGraphs( ) 
end 
 
end 
 
    beep 
commandwindow 
    disp(  ) 
end% Main 
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% ################################################## 
function InitProgramControlState( ) 
% --------------------- 

 
% 

 
%  .FreezeTime          -  
%  .TerminateCalc       -  
% 
%  .PlotResults         -  
%  .DeletePlots         -  
% 
%  .PlotModeShapes      -  
%  .PlotRPData          -  
%  .PlotOscillAnimation - 

 
% --------------------- 
 

 
%   $ Date:    03.2017 $ 
 
global fProgramControl 
 
    fProgramControl.FreezeTime    = false;    % ... ... 
    fProgramControl.TerminateCalc = false;    % ... ... 
 
if ( fProgramControl.FreezeTime ~= false ) 
        fProgramControl.FreezeTime = false; 
end 
 
if ( fProgramControl.TerminateCalc ~= false ) 
        fProgramControl.TerminateCalc = false; 
end 
 
    fProgramControl.PlotResults         = true; 
    fProgramControl.DeletePlots         = true; 
    fProgramControl.PlotRPData          = true; 
end% InitProgramControlState 
 
 
% ################################################## 
function DispProgramControlState( ) 
% --------------------- 
% ... 
% --------------------- 
 

 
%   $ Date:    10.2013 $ 
 
global fProgramControl 
 
    disp( ' :' ) 
    disp( fProgramControl ) 
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    disp( ' ' ) 
end% DispProgramControlState 
 
 
% ################################################## 
function DataToDisp( Data, Text ) 
% --------------------- 

 
% --------------------- 
 

 
%   $ Date:   09.2012 $ 
 
disp( Text ) 
    disp( Data ) 
    disp( ' ' ) 
end% DataToDisp 
 
 
% ################################################## 
function [ TimeString ] = GetCalcTime( ElapsedTime ) 
% --------------------- 

 
 

% --------------------- 
 

 
%   $ Date: 06.2007 $ 
 
%  
    DayTime  = ElapsedTime / ( 24*( 60^2 ) ); 
    HourTime = rem( DayTime, 1 ); 
    DayTime  = DayTime - HourTime; 
 
%  
    HourTime   = HourTime * 24; 
    MinuteTime = rem( HourTime, 1 ); 
    HourTime   = HourTime - MinuteTime; 
 
%  
    MinuteTime = MinuteTime * 60; 
    SecondTime = rem( MinuteTime, 1 ); 
    MinuteTime = MinuteTime - SecondTime; 
 
%  
    SecondTime     = SecondTime * 60; 
    MiliSecondTime = rem( SecondTime, 1 ); 
    SecondTime     = SecondTime - MiliSecondTime; 
 
%  
    MiliSecondTime = int32( MiliSecondTime * 1000 ); 
 
%  
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if ( MiliSecondTime == 1000 ) 
        MiliSecondTime = 0; 
        SecondTime     = SecondTime + 1; 
end 
 
if ( SecondTime == 60 ) 
        SecondTime = 0; 
        MinuteTime = MinuteTime + 1; 
end 
 
if ( MinuteTime == 60 ) 
        MinuteTime = 0; 
        HourTime   = HourTime + 1; 
end 
 
if ( HourTime == 60 ) 
        HourTime = 0; 
        DayTime  = DayTime + 1; 
end 
 

(strT): 
%  -  
if ( DayTime > 0 ) 
        DayTime = [ num2str( DayTime ) ' ' ]; 
elseif ( DayTime == 0 ) 
        DayTime = [ ]; 
end 
 
%  -  
if ( HourTime > 0 ) 
 
if ( isempty( DayTime ) ) 
            strPrefix = ''; 
else 
            strPrefix = ' '; 
end 
 
        HourTime = [ strPrefix num2str( HourTime ) ' ' ]; 
elseif ( HourTime == 0 ) 
        HourTime = [ ]; 
end 
 
%  -  
if ( MinuteTime > 0 ) 
 
if ( isempty( HourTime ) ) 
            strPrefix = ''; 
else 
            strPrefix = ' '; 
end 
 
        MinuteTime = [ strPrefix num2str( MinuteTime ) ' ' ]; 
elseif ( MinuteTime == 0 ) 
        MinuteTime = [ ]; 
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end 
 
%  -  
if ( SecondTime > 0 ) 
 
if ( isempty( MinuteTime ) ) 
            strPrefix = ''; 
else 
            strPrefix = ' '; 
end 
 
        SecondTime = [ strPrefix num2str( SecondTime ) ' ' ]; 
elseif ( SecondTime == 0 ) 
        SecondTime = [ ]; 
end 
 
%  -  
if ( MiliSecondTime > 0 ) 
 
if ( isempty( SecondTime ) ) 
            strPrefix = ''; 
else 
            strPrefix = ' '; 
end 
 
        MiliSecondTime = [ strPrefix num2str( MiliSecondTime ) ' ' ]; 
elseif ( MiliSecondTime == 0 ) 
        MiliSecondTime = [ ]; 
end 
 
%  
    TimeString = [ DayTime HourTime MinuteTime SecondTime 
MiliSecondTime ]; 
end% TimeString 
 
 
% ################################################## 
function SaveGlobalParams( ) 
% --------------------- 

 
 

% --------------------- 
 

 
%   $ Date:     03.2017 $ 
 
 
     
global DataFileName AccelFileName  %#ok<*NUSED> 
 

 
global fProgramControl fCurrentConstrState 
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%  -  
global nDoFs tpdDoFs 
 
%  -  
global mtdMaterialParams 
 
%  -  
global stdStifnessMatrix stdMassMatrix stdDampingMatrix 
global stdMSERoot        stdNatOscillParams 
 
%  -  
global lddLoadingType lddLoadParams 
global lddGravity 
 

 
global arrTimeInterval 
 
global arrAr arrAt arrAz 
 
global arrRP_Yr arrRP_Yt arrRP_Yz 
global arrRP_Vr arrRP_Vt arrRP_Vz 
global arrRP_Ar arrRP_At arrRP_Az 
 
global arrRP_Rr arrRP_Rt arrRP_Rz 
global arrRP_Fr arrRP_Ft arrRP_Fz 
global arrRP_Ir arrRP_It arrRP_Iz 
 
global arrDr arrDt arrDz 
 
 
     
    save( DataFileName, '-append' )       
 

 
load( DataFileName ) 
    clear 
A0rA0tA0zAZrAZtAZzBZrBZtBZzDefaultAnsEElapcedTimeFtFtEiiCount... 
iFiincY0rincY0tincY0zincV0rincV0tincV0ziXYZJ1KLm1m2m3m4nRods... 
nZeroMatnZeroVectPauseDelayScTT_StartT_EndT_StepU1MZeroMatrixZrZtZz 
 
    save( DataFileName )                 %  ' ' 
end% SaveGlobalParams 
 
 
% ################################################## 
function SetPlotSettings( ) 
% --------------------- 

 
% --------------------- 
 

 
%   $ Date:     03.2017 $ 
 
 
%%   
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global DataFileName 
 
global pltPrintTitles pltFontName  pltFontSize 
global pltLineWidth   pltBeamWidth pltGridLineStyle 
global pltPlotLegend  pltLegendPosition 
 
 
%%     
    pltPrintTitles    = true;                 

 
pltFontName       = 'Times New Roman';    %  
pltFontSize       = 14;                   %  
 
    pltLineWidth      = 0.5;                  %  
pltBeamWidth      = 4.0;                  

 
    pltGridLineStyle  = '--';                  
 
    pltPlotLegend     = false;                

 
pltLegendPosition = 'NorthWest';          %  
 
    save( DataFileName, '-append' ) 
end% SetPlotSettings 
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Time analysis of the dynamic response of the spatial frame 
building under the action of seismic forces 
Part 1: Theoretical positionsandan example of calculation 

PotapovA.N.1, UfimtsevE.M.1, ArtemyevaL.M.1, RazzhivinaA.V.1, Bilenko E.V.1 
1South-Ural State University, Architecture and Construction Institute, Department of 
Construction Industry and Theory of Structures, Lenin Prospect 76, Chelyabinsk City, 
454080, Russian Federation 
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Abstract. In the first part of the article, the main provisions of the analytical approach  the time 
analysis method (TMA), developed for calculating an elastic dynamic response of rod structures as 
discrete dissipative systems (DDS), and based on the investigation of the characteristic matrix quadratic 
equation are presented. The assumptions adopted in the construction of the mathematical model of 
structural oscillations, as well as the specific features of the determination of the seismic forces acting 
on the construction based on accelerometer data of earthquakes are given. A system of resolving 
equations is given to determine the nodal (kinematic and force) parameters of the DDSresponse. The 
process of constructing a dynamic response is divided into quasilinear time intervals, on each of which 
the parameters of the calculated dynamic model (CDM)  stiffness, damping and inertial characteristics 
 are constant. The solution for the time analysis method at each of these intervals is constructed in the 

closed form of the Duhamel integral. The usage of TAM is illustrated by the example of the calculation 
of a 3-story frame building with 46 degrees of freedom under the action of a seismic forces given by a 
three-component accelerogram of a 7-point earthquake. 

Keywords:time analysis method, discrete dissipative system, accelerogram, dynamic response, 
elastic oscillations, frame building, nodal displacements. 

1.  Introduction 
Earthquakes are the underearth tremors and vibrations of the Earth's surface caused by natural or (more 
rarely) artificial causes [14, 16]. Earthquakes for their devastating consequences, the number of victims and 
destructive effects on human habitat occupy one of the first places among other natural disasters [2, 7, 14, 
16]. Annually on the whole Earth there are occur more than one million earthquakes [16]. Most of them are 
insignificant in strength and not accompanied by catastrophic consequences, however, sometimes (up to 
several times a year) there occur earthquakes accompanied by destruction and human victims. 

The current state of science and technology does not allow to set the task of preventing destructive earthquakes. 
Moreover, the forecast of earthquakes in the broad sense of the word is a difficult task. Nevertheless, at the present 
time the problem of development of antiseismic measures is posed, consisting of two main parts [7]: 
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1) development of methods for predicting the location of the expected destructive earthquake and 

assessing its intensity; 
2) development of seismic resistant structures, i.e. facilities possessing high technical and economic 

indicators and capable of perceiving an expected earthquake with minimal damage. 
The problem of increasing the seismic resistance of buildings and structures is currently very relevant. 

In this area, many Russian [1, 4, 5, 7 13, 18] and foreign [14, 19 22] specialists work. 
The second direction of development of anti-seismic measures includes, firstly, the development of 

effective methods and techniques for calculating structures for seismic forces and, secondly, the creation 
of special devices (vibration dampers, energy absorbers, seismic insulators, etc.) designed to improve 
reliability and the survivability of buildings in an earthquake. 

As the main methods of calculation of buildings and structures under seismic actions are the normative 
method [17], the method of expansion in terms of eigenmodes of oscillations [3] and also the finite element 
method [3, 14]. Most calculations of structures are performed by numerical methods, analytical approaches, in 
turn, are rarely used. Therefore, the task of developing effective analytical methods is quite relevant. 

This paper considers application of one of the analytical approaches  the time analysis method 
(TAM)  to the calculation of structures under the action of seismic forces. This method is based on the 
study of the characteristic matrix quadratic equation (MQE) [15]. The process of calculating of the 
dynamic response is divided on several quasilinear time intervals t  [ti, ti+1], at which the stiffness, 
damping and inertia parameters of the design dynamic model (DDM) are constant. The TAM solution at 

 
The possibility of using this method in the calculation of systems under complex dynamic effects, as 

well as taking into account the nonlinear work of the material and the design, is due to its universality and 
its ability to modify and create such computational schemes in which the initial problem is reduced to a 
sequence of linear problems. The TAM does not require spectral decomposition of solution and can be 
realized for any type of damping within the viscous friction model of the material. 

The usage of TAM is illustrated by the example of the calculation of a 3-story frame building, with 46 
degrees of freedom under the action of a seismic load given by a three-component accelerogram of a 7-
point earthquake. 

2.  The equation of motion of a discrete system 
The differential equation of motion (1) of the system with n degrees of freedom under the action of a 
seismic load simulated by an accelerogram in the process of elastic oscillations on any quasilinear motion 
interval t  [ti, ti+1] together with the initial conditions (2): 

 M ( )Y t  + C ( )Y t  + KY(t) = MJ ( )t , (1) 
 Y0 = Y(ti), 0Y = ( )iY t , (2) 

where  M, C, K  respectively, mass, damping and stiffness matrices of the DDS;  Y(t)  vector of the 
nodal displacements of the DDS;J  coefficients of influence vector; ( )t   acceleration of the base of the 
building (accelerogram). 

The structure load changes at each step of the analysis ti when the value ( )t changes. In this case, it is 
convenient to represent the external action in the form of a rectangular pulse of length equal to the time 
analysis step t = ti+1  ti, and the amplitude: 

 P0 = mkkJk ( )it , (3) 

wherek  the number of the degree of freedom of the system. During the step integration, the initial 
conditions (2) are adjusted at each time point. 

Integration of a homogeneous ODE corresponding to (1) is connected with the calculation of a 
fundamental matrix (t) = eSt, where S Mn (C)  matrix, which is the solution (root) of the MQE: 
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 M S2 + C S + K = 0. (4) 

The spectrum of the matrix S contains the internal dynamic characteristics of the structure: 
eigenfrequencies, damping coefficients, and eigenmodes of oscillations [15]. 

3.  Dynamic response of adiscrete construction 
In the construction of the resolving equations for the problem (1), (2) a number of assumptions were made: 

1) an elastic linear problem is solved; 
2) the entire process of calculating the reaction is divided into quasilinear time intervals, which are set 

in accordance with the time step of recording the accelerogram; 
3) for each quasilinear interval t  [ti, ti+1] the parameters of the CDM are constant. 

The system of equations for the dynamic response of the structure under seismic action, modeled as 
described earlier, has the form [15]: 

 Y(t) = 2Re{Z( t )},    ( )Y t  = 2Re{SZ( t )},    ( )Y t  = 2Re{S2Z( t )} + M 1P(t), 

 Z( t ) = ( t )U 1  [ S Y0 + 0Y ] + [ ( t )  E](US) 1P(t). (5) 

Here:  t  = t  ti;  ( t ) =  e S t ;  U = MS + S M + C ;  P(t) = M ( )t .This system makes it possible to 
determine from a unified position the response of a quasilinear DDS on the interval t  [ti, ti+1] when 
solving the dynamic problem (1), (2). 

The expressions (5) determine the nodal kinematic parameters of the system: displacement, velocity 
and acceleration. On their basis, the force characteristics (respectively, the vectors of restoring, dissipative 
and inertia forces)can be calculated: 

 R(t) = K Y(t),    F(t) = C ( )Y t ,    I(t) = M ( )Y t . (6) 

With the help of the vector of nodal displacements Y(t), it is possible to calculate the parameters of the 
stress-strain state (SSS) of rodsof the construction such as the bending moments stresses. This will make 
it possible to analyze the strength of the structure and its design. 

4.  Example of calculation 
As an example, we consider the CDM 

of a 3-story framework, which is a system 
with 46 degrees of freedom (fig. 1). 
Seven degrees of freedom are associated 
with the movement of floor overlaps in 
the horizontal direction and other 39 
degrees of freedom are associated with 
the movement of masses in the vertical 
direction. The columns have a cross-

10 mm welded into a box profile, girders 
have a cross-section in the form of I-

 
The reinforced concrete floor slabs in their planes are treated as absolutely hard disks. In the 

transverse direction it works as flexible plates. This method allows, by means of columns deformed in the 
longitudinal direction, to take into account the yielding of the base. 

As an external load, an earthquake with a capacity of 7 points is considered, given by means of a 
three-component accelerogram (fig. 2). The step of digitizing the acceleration graphs is 0,0125 s, the 
duration of the seismic action is 131,25 s. 

 

 

 

model of the frame building 
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Based on the results of the time analysis, kinematic (5) and force (6) parameters of the carcass reaction 
are obtained. Figure 3 shows the oscillograms of the horizontal (along the axes OX and OY) 
displacements of the centers of gravity of the floor overlaps. Figure 4 shows the oscillograms of velocities 
and accelerations of the centers of gravity of the floor overlaps. 

The largest displacements, velocities, and accelerations of the centers of gravity of the floor overlaps 
occur along the OX axis. The maximum horizontal displacement of the centers of gravity of the floor 
overlaps is 4.657 cm (fig. 3, a), the maximum vertical displacements do not exceed 0.018 cm. 

 

 

 
 

Fig. 2. 3-component accelerogram of 7-point earthquake 

st, s 

z (t), sm/s2 c) 

t, s 

y (t), sm/s2 b) 

x (t), sm/s2 

t, s 

a) 

Fig. 3. Oscillograms of a nodal displacements of the centers of gravity of floor overlaps: 

a) along the OX axis;  b) along the OY axis 

Yy,k(t), b) Yx,k(t), a) 

Fig. 4. Oscillograms of node velocities (a) and accelerations (b)  

t, 

Yy,k(t), sm b) Yx,k(t), a) 
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Fig. 5. Oscillograms of the discrepancies 
of equation of DDS motion (1) 

fk(t) 11, 

   
 
To verify the correctness of the solution, the 

found values of the vector-functions of the force 
parameters (6) were substituted in the left-hand 
side of the equation of motion of the DDS (1). 
Comparison of the vectors of the forces of the left 
and right sides of the equation (1) shows that the 
vector discrepancy f(t) tends to zero: 

(t) = R(t) + F(t) + I(t)  P(t  
Figure 5 shows the results of this verification, 

which shows that the absolute value of the 
11 kN. 

This fact testifies to the high accuracy of the 
solution of the problem using TMA. 

 

5.  Conclusions 
1. The main provisions of the timeanalysis method for constructing in a closed form the dynamic reaction 

of DDS (nodal kinematic and force parameters) in the process of elastic oscillations caused by the 
action of seismic forces are given. 

2. Time analysis of the reaction of a discrete model of a 3-story frame building in the process of a 7-point 
earthquake given by the corresponding three-component accelerogram was performed. 

3. Oscillograms of the kinematic parameters of the dynamic reaction of the DDS are obtained for a given 
action, on the basis of which it is possible in the future to calculate the parameters of the SSS of an 
elements of the framework (columns, crossbars, etc.) to evaluate the strength of the structure. 
Thus, the TAM allows a deep and versatile analysis of the dynamic response of complex spatial 

objects, allows you to work with real and synthesized accelerograms. It can be recommended to project 
organizations when calculating the structures of buildings in earthquake-resistant construction. 
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