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Experimental Natura frequencies
Actua data  TMM Natural frequencies (Hz) P H ] o
b a/t, w2 w3 w4 w2 w3 w4
Empty pipe
No crack 38250 860.63 1530.00 382,50 835.00 1390.00

0.207 0.19043 38191 859.39 1529.33 38242 834.85 1389.90
0.25385 38147 85848  1528.83 382.37 834.75 1389.85
0.38077 380.25 855.99 1527.49 382.20 834.20 1389.45
0.63460 376.67 848.87« ' 1523.69 381.30 832.70 1389.10
0284 0.19043 38189 860.34  1529.56 38242 834.95 1389.95
0.25385 38144 860.12 . 1529.23 382.38 834.92 1389.90
0.38077 380.20 ..859.54 1528.34 382.20 834.85 1389.70
0.63460 376.58 857.86 1525.73 38140 834.40 1389.30
0397 0.25385 38210  859.82 152591 38240 834.92 1389.50
0.38077  381.62 ¢ 858.89 1521.18 382.38 834.75 1388.65
0.63460 . 380.23° 856.15 1507.68 381.95 834.00 1385.70

Water-filled pipe
Gauge pressure p=0
No crack 350.00 787.50 1400.00 350.00 775.00 1317.50
0.207 0.19043 34945 786.35 1399.37 349.93 774.85 1317.45
025385 349.04 78550 1398.91 349.88 774.77 1317.40
0.38077 34790 783.18 1397.65 349.72  774.20 1317.00
0.63460 34455 77654 1394.12 348.85 772.75 1316.65
0.284 0.19043 34944 787.23  1399.60 349.93 774.95 1317.45
025385 349.01 787.03 1399.29 349.88 774.90 1317.40
0.38077 347.85 786.49 1398.45 349.70 774.85 1317.20
0.63460 34447 78492 1396.02 348.85 774.50 1316.85
0.397 0.25385 349.62 786.75 1396.18 349.95 774.90 1317.00
0.38077 349.18 785.88 1397.77 349.85 774.75 1316.20
0.63460 347.88 783.32 1379.17 349.50 774.00 1313.20
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i Experimental Natural
Actual data TMM Natural frequencies (Hz) frequencies (Hz) ['1]
p a/t, w2 w3 w4 w2 w3 w4
Water-filled pipe
Gauge pressure p=0.4905 Mpa
No crack 35227 792.69  1409.28 35250 777.50 1319.50
0.207 0.19043 351.72 79156  1408.65 352.44 777.34 1319.44

0.25385 351.32 790.72  1408.20 352.38 777.26 131941
0.38077 350.20 788.43 1406.97 352.22 776.70 1319.00
0.63460 346.90 781.87 1403.47 351.34 77524 1318.68
0.284 0.19043 351.73 79244  1408.89 35243 777.46 1319.42
0.25385 351.32 79224  1408.59 35240 777.41 1319.38
0.38077 350.17 79170 1407.77 352,22 777.36 1319.15
0.63460 346.84 790.15  1405.35 351.37 777.00 1318.88
0.397 0.25385 351.93 791.98 1405.55 352.46 777.42 1319.00
0.38077 35149 79112 1401.18 352.36 777.26 1318.22
0.63460 350.21 788.60  1388.74 352.10 776.55 1315.20

Water-filled pipe

Gauge pressure p=0.981 Mpa

No crack 35329 795.07 141355 353.75 779.25 1321.00
0.207 0.19043 352.74 79394 141294 353.68 779.12 1320.95

0.25385 352.33 © 793.09 1412.48 353.62 779.05 1320.92
0.38077 35122 790.79 1411.24 353.48 778.43 1320.50
0.63460 34790 78221 1407.73 352.65 777.10 1320.15
0.284 0.19043 352.77  794.83 1413.18 353.68 779.22 1320.93
0.25385 35235 794.63 1412.87 353.65 779.18 1320.90
0.38077 351.20 79410 1412.05 353.45 779.10 1320.75
0.63460 347.87 79255  1409.63 352.65 778.80 1320.40
0.397 0.25385 35297 79439  1409.83 353.68 779.18 1320.50
0.38077 35254 79352  1405.46 353.65 779.00 1319.75
0.63460 351.26  790.99  1392.97 353.30 778.30 1316.75
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Abstract

In the present investigation, a nondestructive technique is delivered for identifying the
frequencies and crack detection in the pressurized filled pipes by the transfer matrix method
(TMM) and applying the first mode shape. The cracked pipe is considered with simply
supported boundary conditions and the crack is modeled as a rotational spring. The presence
of a crack produces an extra local flexibility and it changes the dynamic behavior of the
system, so it makes a reduction in the natural frequencies. In this article, the crack is regarded
as an open crack. So, the nonlinearity due to the breathing crack is not considered. The
influences of the position and depth of the crack on the natural frequencies is investigated for
various positions and depths. There is error between the numerical crack model presented in
this study and real-life situation, which is caused by boundary conditions and material
parameters. So, the error is reduced by employing a correction coefficient. Also, the mode
shapes corresponding to the first frequency are obtained for both cracked and uncracked pipe
under 0.981 MPa pressure. These mode shapes are used for crack detection. In order to
validate the natural frequencies gained by the TMM, an experimental test, undertaken by the
other researchers, is attached. The comparison of the TMM and experimental results, show a
good agreement.
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