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Comparative Study on Two Analytical Methods for Dynamic
Characteristics of Cracked Simply Supported Beams
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Abstract: [Objective] To carry out research on damage identification and state assessment of bridge structures,
this paper makes a comparative study on two analytical methods for dynamic characteristics of cracked simply
supported beams. [Method] Based on the basic ideas of transfer matrix method and segmented mode function
method, a massless torsion spring was used to simulate the local flexibility caused by cracks. Two solving meth-
ods for the dynamic characteristics of simply supported beams with arbitrary numbers of cracks were derived us-
ing recursive method and Heaviside function, and compared and analyzed with the finite element results of AN-
SYS. [Result]For single-crack, double-crack, and triple-crack beams, both methods yielded results that are well
matched with the finite element results, demonstrating high computational accuracy. Compared to the transfer
matrix method, the segmented mode shape function method exhibits higher computational efficiency in calculat-
ing the natural frequencies of beams with multiple cracks, especially for higher-order frequencies. The maximum

difference in computation time under triple cracking is 16.51 seconds. As the number of cracks increaseds, the
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computation time for natural frequencies using the transfer matrix method increases to 2.85 times and 13.30

times, while for the segmented mode shape function method is increasing to 1.10 times and 5.43 times. The com-

putation time using the transfer matrix method significantly increases and shows an exponential growth trend.

The variation in crack depth has a minor impact on computational efficiency. [ Conclusion]Exploring the impact

of crack depth and quantity on the computational efficiency of two methods has significant practical significance

for improving the efficiency and accuracy of bridge structural damage identification.
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F1 BREETZNIMEBMELE
Tab.1 Comparison of the first natural frequency of

single-crack simply supported beam

F3 ZREEZENIMEBMELER
Tab.3 Comparison of the first natural frequency of three-

crack simply supported beam

Frequency/Hz
Crack - Crack Segmented Error | Error 2
Tt FEA
method® method®)
5 357.06  357.06 354.89 0.61 0.61
100 10 334.69  334.69 33094 1.13 1.13
15 258.95 25895 25097 3.18 3.18
5 353.38 35338 35095 0.69 0.69
200 10 319.91 31991 31447 1.73 1.73
15 22834 22834 219.54 401 4.01
5 360.42  360.42 35843 056 0.56
300 10 350.07  350.07 346.82 094 0.94
15 304.73 304.73  300.09 1.55 1.55

Note: Error 1=((D-3))/®), Error 2=(®@)-®))/®), the same be-

low.

F2 WREMZTENHEGHELR
Tab.2 Comparison of the first natural frequency of

double-crack simply supported beam

Frequency/Hz
Crack g;a:}l: Transfer Segmented Error 1 Error 2
location x/mm P mafrix mode FEA /% /%
/mm  method function @
@  method®

5 34570 345.70 342.85 0.83 0.83
100,200,300 10 293.17 293.17 287.17 2.09 2.09
15 18593 18593 180.36 3.09 3.09
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Fig.3 Comparison of calculation time for the first 15 natural frequency of a single-crack
simply supported beam (x,=100 mm)
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Fig. 4 Comparison of calculation time for the first 15 natural frequency of double-crack simply supported beam
(x=100 mm, x,=200 mm)
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Tab.4 Comparison of calculation time for natural

frequency of double-crack simply supported beam S

Transfer matrix
method

Segmented mode

Frequency function method

order

t, t, t=t,+t, t, t, t=t+t,

—

1.175 0.024 1.199 1.514 0.009 1.524

2 1.175 0.082 1.258 1.514 0.023 1.537
3 1.175 0.197 1.372 1.514 0.051 1.565
4 1.175 0.363 1.538 1.514  0.090 1.604
5 1.175 0.562 1.737 1.514  0.136 1.650
6 1.175 0.811 1.986 1.514 0.193 1.708
7 1.175 1.144 2319 1.514 0273 1.787
8 1.175 1.456 2.631 1.514 0.345 1.860
9 1.175 1.868 3.043 1.514 0.446 1.961
10 1.175 2.282 3.457 1.514 0.551 2.066
11 1.175 2.861 4.036 1.514  0.690 2.205
12 1.175 3.326 4.501 1.514 0.803 2.318
13 1.175 3911 5.086 1.514  0.939 2.453
14 1.175 4.639 5.815 1.514 1.105 2.619

15 1.175 5282 6.457 1.514 1.265 2.779

Xt 1, B2 03t AR R EE RRTT AR
PRI YRR X TR AL EA TR A , i % R
WA SR ) o, KT BRI e 80 , LN T) 22
BT H . X I TR X ) AR SR
it , BRI | H | iR E 2 R
SEMAT SN TR ) A PN R AR A
KA 2 ZEER A RIS, 2 (9) i R R4, S




N

26 R & OR AR

2024 4

30 | —=— Transfer matrix method 30 | —=— Transfer matrix method 30  —= Transfer matrix method
—e— Segmented mode function method
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