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Table. 2. Detection results of failure for 10-element beam.
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Element no. \Elti identified Difference
a, 0.2 0.192 4%
1
™ 0.5 0.480 4%
a, 0.6 0.580 3.3%
3
N, 0.35 0.386 10.28%
a, 0.3 0.290 3.3%
4
. . . 0
n, 0.4 0.377 5.75%
(o5 0.15 0.102 32%
6
. . . 0
N 0.25 0.208 16.8%
(oA 0.45 0.400 11.1%
8
Mg 0.25 0.120 52%
) 0.45 0.761 69.1%
10
. . . 0
Tho 0.15 0.334 122.6%
Ay 0.8 0.294 63.2%
11
I 0.3 0.423 41%
a, 0.45 0.457 1.5%
14
Mha 0.5 0.507 1.4%
s 0.25 0.247 1.2%
15
Mis 0.6 0.591 1.5%
o7y 0.5 0.481 3.8%
17
Ty 0.2 0.163 18.5%
Qi 0.7 0.700 0%
19
Mg 0.4 0.399 0.25%

Table. 3. Damage detection results for 20-element beam
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Element no. True identified Difference
value
a, 0.4 0.400 0%
2
n 0.6 0.600 0%
a, 0.6 0.599 0.16%
3
4 0.3 0.300 0%
a, 05 0.501 0.19%
4
n, 0.4 0.401 0.2%
Table. 4. Damage detection results for 4-element beam with
1% noise.
10 55k gsae b 5 Gl oA pleld mls 0 dgur
Element no. True identified  Difference
value
) a, 04 0.402 0.4%
n, 06 0.598 0.3%
3 a, 06 0.659 8.9%
a, 03 0.296 1.3%
a, 05 0.501 0.1%
4
n, 04 0.403 0.7%

Table. 5. Results of damage detection for 4-element beam
with 5% noise.
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Element no. True identified Difference
value
, a, 02 0.203 1.4%
n 0.4 0.399 0.25%
1
a. 06 0.596 0.67%
4 4
n 0.2 0.200 0%
4
a. 08 0.802 0.24%
5 5
n 0.5 0.499 0.2%
5
, a, 0.3 0.301 0.3%
n 0.35 0.347 0.8%
7
a 0.4 0.401 0.24%
9 9
n 0.6 0.600 0%
9

Table. 6. Damage detection results for 10- element beam
with 1% noise.
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Fig. 14. Damage Detection Results for a)D1 and b)Do.
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Element [TU€ identified  Difference

a, 0.2 0.218 8.2%

2
m 0.4 0.388 3%
a, 0.6 0.600 0%

4
1, 0.2 0.225 11%
a, 0.8 0.802 0.2%

5
s 0.5 0.495 1%
a, 0.3 0.333 9.9%

7
n, 0.35 0.328 6.2%
a, 0.4 0.401 0.2%

9
7 0.6 0.599 0.1%

Table. 7. Damage detection results for 10-element beams with
5% noise.
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1 7, 05 0.500 0%
3 7, 035  0.349 0.28%
4 n, 04 0.401 0.24%
6 e 025  0.247 1.2%
8 7, 015  0.152 1.3%
10 o 03 0.301 0.3%
11 Mo 045  0.449 2%
14 4 05 0.500 0%
15 s 06 0.600 0%
17 M; 02 0.201 0.5%
19 e 04 0.396 1%

Table. 9. Damage detection results for 20-element beam with
5% noise and o = 0.5
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Element no. \zllljji identified Difference
1 n, 05 0.5 0%
3 7, 035 0.35 0%
4 n, 04 0.402 0.49%
6 e 025  0.247 1.2%
8 7, 015  0.142 5.3%
10 Mo 03 0.305 1.6%
11 7M. 045  0.447 0.67%
14 s 05 0.492 1.6%
15 Ms 06 0.599 0.16%
17 m; 02 0.217 7.8%
19 My 0.4 0.392 2%

Table. 8. Damage detection results for 20-element
beam with 1% noise and o = 0.5
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Abstract:

In this paper, a crack detection method is presented to detect Euler-Bernoulli beams containing arbitrary
number of transverse cracks. The proposed method uses the time domain signal of the free vibration response
to provide the position and depth of cracking of the Euler-Bernoulli beam that is modeled with a modified
stiffness using the Spring model, with high accuracy and precision. The time history responses used in this
paper are nodal computational accelerations at certain points of the beam exposed to impact load. The
acceleration of the nodes is calculated with the Newmark beta method at the edge of the elastic beam’s
superelements. Initially, using the computational time history of the damaged beam and the analytical model
of the Euler-Bernoulli beam, the objective function of the failure detection problem, to be optimized by particle
swarm algorithm, is defined and, intensity and location of transverse cracks are calculated by solving the
optimization problem in Matlab environment. In order to determine the accuracy of the proposed method, three
beam samples with different cracks and loadings are considered. In the first sample, the crack supposed to be
in the superelements of beam and the beam considered to be with four elements as superelements. The second
one has ten elements and same loading as previous. The third one has twenty elements and the loading is on
the second element. All of the loadings are impulse loads. The comparison of the results of a four elements
beam with the primitive conditions shows that accuracy of the deducted results were exactly matched. For the
ten element beam, the results were satisfying but in the twenty element beam with asymmetric loading,
obtained results indicate imprecise match.

To determine the accuracy of the developed model in real environmental conditions, different percentages of
noise were added to the data of all three samples. These noise addition to data, contain 1, 3, 5 Percentages of
noise. The results show that the model presented in the presence of noise also provides accurate results and
the model is not sensitive to the presence of noise in the data applied to three samples. Considering different
number of elements in each sample, no convergence was observed, Also the results were not sensitive to the
location of impact load applied on the samples.

The results of this study indicated that asymmetric cracking and loading variation are very effective in
predicting beam failure. The results also indicate that variable reduction is very effective on the accuracy of
results.

Having more cracks and therefore more elements to analyze will yield to less accurate results. To lessen these
inaccuracies, it can be practical to achieve better results by assuming the location of crack is constant in the
element length if the depth of crack be the matter of importance.

The number of iterations that have been executed, indicate that the pace of convergences in the developed
process is less than when PSO deployed solely. This speed rate for obtaining results makes the developed
method practical for solving crack detection problems in structures.

KeyWords: Damage detection, Free Vibration Response, Pso algorithm, Newmark Beta method,
Optimization.
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