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Damage Detection of Non-Ballasted Plate-Girder Railroad Bridge through
Machine Learning Based on Static Strain Data

Taeuk Moon', Soobong Shin®*

Abstract :

As the number of aging railway bridges in Korea increases, maintenance costs due to aging are increasing and continuous management

is becoming more important. However, while the number of old facilities to be managed increases, there is a shortage of professional personnel

capable of inspecting and diagnosing these old facilities. To solve these problems, this study presents an improved model that can detect Local

damage to structures using machine learning techniques of Al technology. To construct a damage detection machine learning model, an analysis

model of the bridge was set by referring to the design drawing of a non-ballasted plate-girder railroad bridge. Static strain data according to the

damage scenario was extracted with the analysis model, and the Local damage index based on the reliability of the bridge was presented using

statistical techniques. Damage was performed in a three-step process of identifying the damage existence, the damage location, and the damage

severity. In the estimation of the damage severity, a linear regression model was additionally considered to detect random damage. Finally, the

random damage location was estimated and verified using a machine learning-based damage detection classification learning model and a regression

model.
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Build Training Data

< Build Finite element model>

..........................................

‘Simulation bridge model ‘

Measurement sensor
extraction

Damage scenario
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........................................

Entering damage data

Feature Engineering

< Build output data>

Define normal condition of
the Simulation bridge for
each sensor

Define the probability
statistics model

'

Local Damage index ‘

Build Damage detection Machine Learning Model

Machine learning model N Input of ,| Damage
architecture learning data detection

Fig. 1 Flow of the proposed detection process
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Table 1 Dimension of the test bridge

Classification Dimension (mm) Material
Span length 26000 -
web 1810x17 SM490
flange 313x29 SM490
bracing 150x12 SM490
Sleeper 230%230%3000 Wood
‘ 000 |
I 1
\ |8
a
(a) Front view of the simulation (b) Overall view of the
test bridge simulation test bridge

Fig. 2 Simulation test bridge detail diagram
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Fig. 3 Simulation model - rail section detail
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Fig. 7 Strain gauge layout for the test bridge

Table 2 Define Damage by reducing Elastic Modulus

Level. 0 : Non-damage E,; =205000 (N/mm?)

Level. 1 : Damage 5% Ey, = 194750 (N/mm?)

Level. 2 : Damage 10% E, = 184500 (N/mm?)

Damage detection phase

Step 1. Existence of damage

l

Step 2. Degree of damage

i

Step 3. Location of damage

Fig. 4 Damage detection verification phase

AT WM E AA ) 9=
20 71459 0.1 Fig. 72
SRS
S 2o F2E &4
s 271 5L S8 okt 9160 Fig 4k 2] 3714 A
£ A AT 24 97 E 3 17 thio] 24
o A T A SO 2 RS ETE F 5]

gA01 =5 Aotk

76] EA] shitel] 7-2+8
491X 9 WA E dolE 9
AEE tlolEjo] ts) &4
3

1_

2.3 ZAASIAI

AAA A DL TARSE7) 380 188 A8 D=} 212
ko] A= Z/g, Ao 2

2 oy
52 943 Azom, AP 9

7} S FYste] U W) 7hx] 9] F 9271 A2 515 case
£ WESIT webA 2 A7) AR kS B3 S AU
Q& A 0| 257 x 2 A 0] 2x(9270) = 52447 2] T o]

ElE T a‘%}‘-ﬂt‘r Fig. 5%} Fig. 62 Alg €4} staAd =9} st
SIS

=9 H247 M 62(2020.12)

Zzton 22ton Zzton

' 1.854m '

22ton 22ton 22ton

1 1854m ] 1854m |
f ! !

8.789m 1.854m '

Fig. 5 Test train loading diagram

Fig. 6 Sample static load case
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Fig. 10 Variation of the mean value of residuals by Monte Carlo
simulation repetition
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Table 3 Local damage index according to damage level and sensor
locations

Level 0 Level 1 Level 2
End ofgquer 0.39~0.45 0.20~0.22
sensors at hinge
End of girder 0882~0904 50055  024~026

sensors at roller

Other sensors 0.61 ~0.66 0.37~0.42

(@ (b) (d)

Fig. 13 Process of Local damage index of damage level 1

Fig. 14 Process of Local damage index of damage level 2
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Table 4 Classification of Learning data by model

Training Data Test Data
Total Data
Damage level Training set Validation set Test set
Level 0 56 24 20 100
Level 1 56 24 20 100
Level 2 56 24 20 100
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4.2.2 Step 2: Degree of damage
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4.2.3 Step 3: Location of damage
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Fig. 19 Convergence of Step 2 model - history of the loss function
for the training and validation set
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Fig. 20 Confusion matrix for test data of Step 2 model
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Fig. 21 Comparison of the real value with the predict value of the
regression model at S14
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Table 6 Classification and Regression model results of Test A for each

7%
Damage 3% atS14  Damage 7% at S14
Local Damage Index 0.748 0.517
Regression Predict value 2.85% 7.34%
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Fig. 23 Comparison of damage predicts by S1 and S2
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Fig. 24 Comparison of damage predicts by S13 and S14
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sensor
Sensor Local Damage index Classification Regression

Level 1 Level2 Levell Level2 Levell Level2
S1 0.894 0.891 0 0 -0.08%  -0.02%
S2 0.853 0.800 0 0 0.69% 1.69%
S13 0.728 0.537 1 1 3.37% 7.08%
Si4 0.868 0.823 0 0 0.79% 1.62%
S42 0.896 0.829 0 0 0.61% 1.43%
S43 0.712 0.499 1 2 3.43% 7.45%
S55 0.891 0.872 0 0 0.65% 0.65%
S56 0.827 0.744 0 0 0.91% 2.18%

Table 7 Classification and Regression model results of Test B for each

sensor
P Local Damage index Classification Regression

Level ] Level2 Levell Level2 Levell Level2
S1 0.872 0.815 0 0 0.19% 0.87%
S2 0.856 0.765 0 0 0.64% 2.35%
S13 0.881 0.811 0 0 0.67% 1.75%
S14 0.867 0.826 0 0 0.81% 1.57%
S42 0.870 0.830 0 0 0.68% 1.42%
S43 0.869 0.819 0 0 0.59% 1.42%
S55 0.873 0.838 0 0 0.65% 1.13%
S56 0.810 0.703 0 0 1.17% 2.81%

Table 8 Classification and Regression model results of Test C for each

sensor
Sensor Local Damage index Classification Regression

Level 1 Level2 Levell Level2 Levell Level2
S1 0.889 0.877 0 0 -0.01%  0.13%
S2 0.683 0.444 1 2 3.89% 8.39%
S13 0.869 0.820 0 0 0.67% 1.57%
S14 0.745 0.528 0 1 3.05% 7.04%
S42 0.727 0.501 1 2 3.32% 7.50%
S43 0.886 0.824 0 0 0.59% 1.32%
S55 0.745 0.503 1 2 2.92% 7.57%
S56 0.870 0.863 0 0 0.26% 0.36%
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