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Abstract

Structural health monitoring (SHM) is a health assessment process that uses an automatic
monitoring system to use cost-effective strategies for condition-based maintenance of structures.
The number of structures is increasing, and the majority of structures have deteriorated and worn
out due to the lack of use of health measurement during operation. Due to the importance of the
subject, during the previous decades, detailed research in the field of vibration-based methods for
health measurement of structures are increasing. In this research, a new methodology for detecting
damage using signal processing in steel beams will be investigated.

In order to control the presented method, experiments were conducted in the laboratory on a
steel beam which was an IPE 14 steel beam. To conduct the experiments, accelerometer sensors
were installed under the steel beam. Then, an exciting load was applied to the steel beam and its
vibrations were recorded with the sensors. 7 different damage scenarios were considered and
damages were created in the steel beam. Similar to the healthy state, vibration-base tests were
conducted on the steel beam with different damage scenarios. Considering the need for multiple
data to train the artificial neural network, the steel beam was modeled in the Abaqus finite element
software. In fact, the model was created completely based on the laboratory. In order to ensure the
model of the model components, the results of the model analysis were evaluated and compared
with the results obtained in the laboratory and the accuracy of the performance was ensured.

After ensuring the correct performance of the finite element model, 80 damage scenarios were
defined. The scenarios were created in the finite element model and after analysis, the vibrations
were recorded. The vibrations were processed with a Smoothed Pseudo Wigner-Ville Distribution
(SPWVD). SPWVD is a time-frequency analysis tool designed to improve the readability of the
classical Wigner-Ville Distribution by reducing its inherent cross-term interference while
maintaining good time-frequency resolution. In fact, The SPWVD is a powerful tool for high-
resolution time-frequency analysis when cross-term reduction is needed. Signal processing was
performed in Matlab software. Thus, time-frequency plans were calculated. The obtained
characteristics were used as input for training, evaluation and testing of the neural network.

To evaluate the error of the network used, the regression correlation diagram and the RMSE and
MSE criteria were used. The results obtained from the test data and evaluation of the neural
network indicate a very low error rate in damage identification and it can be concluded that the
results of the calculations are very accurate and close to the expected numbers.

To identify damage in the specified locations, prediction scenarios were used and the network
performance in identifying damage was evaluated under 4 scenarios. The results of this section also
show that there is less than 1 percent error in identifying each damage, which is very high accuracy.
In this study, the ability of the proposed method to identify multiple damages simultaneously was
also evaluated. The proposed method is able to identify multiple damages simultaneously with very
good accuracy. However, considering the capabilities of the proposed method, its use for detecting
damage in steel beams is recommended.
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Table. 1. Mechanical properties of steel beam

Height Flange width Web thickness Flange thickness Elastic modulus  Density
(mm) (mm) (mm) (mm) (mm) (kg/m®)
IPE 14 14 73 4.7 6.8 2.1E10 7850 0.3

Steel type Poisson’s ratio
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Fig. 4. a) Installing sensors in steel beam b) Numbering sensors and their distances from each other
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Fig. 6. Meshing a finite element model made of a steel beam in Abaqus software
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Table. 2. Comparison of frequencies obtained from the analytical

model and experimental results in the first three vibration modes

PERIOD MOD1 MOD2 MOD3
MODEL HZ2) (HZ) HZ2)
Analytical model 12.59 28.10 66.3
Laboratory model 12.41 28.89 65.91
Percentage difference  1.42%  2.81%  0.58%
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Fig. 7. Vibration response recorded in sensor S1 under no-damage
scenario

ol oslized $VF wieus o SUT 51 s opl 3 ool saline
s Solwdds K58 s se Oy po 4 asslsl js o
Cd By godd gilwdds 5 s 5 0 sl u‘<”}—<"
TS SRVCII [P S U PSS S PSR S P PRI
2l e B 2 S (G e 4 S (S e Caad
seals ol S ol il G 1 e e
Lo gl Sls) 5 door a8 @S o0 i ) o Jle amesy JU

B R ST

P O o S P P T B |
el die (555 (Snlus 5 dlase sl o (hassy ol 5o
e AT Ll s U alie S 55 Jlest 5L .o,
L s s e a3l LS (gl e Gl o 0L s
5 e i el L Bl 53 el s ot 5 s o]
(St il Glaa3Il Sl el Cows 4 S s 5 e
35 2 SHe e Sl Sl Jeag S A3 ol e )



LK 9 )95 0305 pam O 52

e bl 2 (53955 (5,5 13 LT (llisd g 42— bl )l Maibga by 45,1

Smoothed Pseudo Wigner-Ville Distribution
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Fig. 8. Time-frequency plot of the signal recorded in sensor 3 in the undamaged state
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Fig. 9. Artificial neural network composition
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Fig. 10. Calculating correlation coefficients for training, validation, testing, and overall mode
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Table. 3. Data RMSE results

NU'\T"E/ER' 1 2 3 4 5 6 7 8

TEST 090 038 027 082 084 062 158 132

VALIDATION 044 054 079 121 058 021 092 052
MAIN AMOZESH 0.38
MAIN TEST 0.84
MAIN VALIDATION 0.65
MAIN TOTAL 0.75
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Table. 4. Data MSE results
NU'\T/'s/ER' 1 2 3 4 5 6 7 8
TEST 0.82 0.14 0.7 067 071 039 251 175
VALIDATION 019 029 0.63 1.47 034 004 085 0.27
MAIN AMOZESH 0.16
MAIN TEST 0.88
MAIN VALIDATION 0.51
MAIN TOTAL 0.70

oo 2 8l Ll e e 5 Ll ol Slalis ol
ol Al e 2l DelS 5 Sk ey e il
ol 93 ool Jl b 25 31 Gus w oolgein o)
Slasobaw 53 50 Slades s Bl 2ol 5 LSS glads s
Syoms pde 5 5 ey Cand 3 pa LS s foe 53 555
S S 55 ol eSS 4 S slacaad o s ]
e 1 bl b A3l e ol e 1 SO ol e
03 Y gz oo b s gms sl bt gl plUS e 4 S
Lol ¥l 5ol S5 S sbn e 5 o lS
LS o Lo |y el gk ) o slado

Solemin S by ol Gty Jold Sl
Sshilen ol sl esls 3LES (0) U s Hlasl 3,40 lde
el S LB i s oS

IYO Gl ds b el 53 (V) K2 ol T (g b 3
Sy el edi 4 S L 5 ¥ Y e S Spsles o
sl pems Ul il s Shae s D50 53 S3lenin
Bl Aol e L Ll o e 5 LT o o]
ol a b alie .l sdalie LB (VY) S s Ol
Lol e w0 Y sl S 3 oolgdy gy b
CRECP PISTANF A RPN SPRATRVA L SVARVAY>
5 kil e glgin s e g el lulis ol
03 52 SKl s 0l deslons o] SUE O 5 Y ) e K
el 55 0T s el 35y pe s 0L Lt oS
¥ oYl S o 3 ol danloes el S 0T 0 0e
35 il e 31 S Dl OV L5 ol 5l

]

\44

] i S s sls O Jgd
Table.5. Damage prediction scenarios

senariop b 2 3 4 S
T1 0 0 25 25 0
T2 0 30 25 15 0
T3 0 15 40 25 0
T4 0 25 50 25 0
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Fig. 14. Damage prediction under T4 damage scenario
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Fig. 11. Damage prediction under T1 damage scenario
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Fig. 13. Damage prediction under T3 damage scenario
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