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Total number of Columns: 72
DL Load 1 to Load 2 Vectors Load 2 to Load 3 Vectors
Node and
# DT 36 36
1 0 X1, Y1 X2, Y2 X1s, Y18 X1, Y1 X2, Y2 X1s, Y18
1 B-1 X1, Y1 Xz, Y2 X1s, Y18 X1, Y1 X2, Y2 X1s, Y18
1 B-2 X1, Y1 Xz, Y2 X1s, Y18 X1, Y1 X2, Y2 X1s, Y18
1 B-3 X1, Y1 Xz, Y2 X1s, Y18 X1, Y1 X2, Y2 X1s, Y18
o 1 0 X1, Y1 Xz, Y2 X1s, Y18 X1, Y1 X2, Y2 X1s, Y18
S 1 C-3 X1, Y1 X2, Y2 Xis, Y18 X1, Y1 X2, Y2 X1s, Y18
% 2 0 X1, Y1 X2, Y2 X1s, Y18 X1, Y1 X2, Y2 X1s, Y18
% 2 B-1 X1, Y1 X2, Y2 X1s, Y18 X1, Y1 X2, Y2 X1s, Y18
E 2 B-2 X1, Y1 X2, Y2 X1s, Y18 X1, Y1 X2, Y2 X18, Y18
2 2 B-3 X1, Y1 X2, Y2 X18, Y18 X1, Y1 X2, Y2 X18, Y18
2 2 0 X1, Y1 X2, Y2 X18, Y18 X1, Y1 X2, Y2 X1s, Y18
§ 2 C-3 X1, Y1 X2, Y2 X18, Y18 X1, Y1 X2, Y2 X1s, Y18
=
§ 20 0 X1, Y1 X2, Y2 X1s, Y18 X1, Y1 X2, Y2 X1s, Y18
20 B-1 X1, Y1 X2, Y2 X1s8, Y18 X1, Y1 X2, Y2 X1s, Y18
20 B-2 X1, Y1 X2, Y2 X1s, Y18 X1, Y1 X2, Y2 X18, Y18
20 B-3 X1, Y1 X2, Y2 X18, Y18 X1, Y1 X2, Y2 X18, Y18
20 0 X1, Y1 X2, Y2 X1s, Y18 X1, Y1 X2, Y2 X1s, Y18
20 C-3 X1, Y1 X2, Y2 X18, Y18 X1, Y1 X2, Y2 X18, Y18
Total Size of Database Matrix= 120 x 72

Table 4. Database Matrix
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5. Train
6. Validation
7. Test

1. Transfer Function

2. Tangent Hyperbolic

3. Levenberg-Marquardt backpropagation

4. Mean squared normalized error performance function



VEr e L /N sled /K 5 s 0595 ode Olas (pmdkige (a5 — ool e

oyt wble) ot awslis iy, oo Y cds Blus < A S 3 0sesl 5 s
A edala (4l tils 5l glralr (5 Se3lul (gl oS3 gl S 98 Sles <
Gl ples s Slas n e > 23 S0l < Sl 3 il oS upa b allS ity o3l ISK8 i
S il ol Shiee & ol S Sl LV s ok Jles b esbo 5ol Slagiony oS o oS oy (sl S 5
el S 3 s s e b, ol Sl 4 85 (o5l S SRalesl ol 52) oo e 2ty

U ool ilapan 4 5L Os dasd K s S
Bl 3 s s b e L esle 51 s pder

o] ailate (205 (Sla iy i ge Jlagal VY JSKS

Defect State Detection

16
(o]
12
o
Z s
;¢ B 4 B
7 3 6
g o
a Linear SVM ANN ANN L-M
Compare hypTan
Methods

[ Different from Database

@ similar to Database
Fig. 11. Different methods of defect detection success
e oSS Gl JAS el S5ls s ) eslinad <
G315 8l Y Sl o L5 e S5 sl S
olate S 3 L5 G 3 el S Slles s <
o= 45 ol s 550, /e YY) MM i Sl
ol 3 A S e IS s 5 ol (5, Sl
il J g3 LB d s Slles S35 Al C\fr;;,;\)\.,\jﬂ
5 sl 390 psme lae S slial L la e 5553 <
L ey Y slae 5ol a5 )5 5]
Oley b bl Sl Oloy 5 Sl SV sges
43388 350 o ST LaglV 5l aSis 55 el Slsloma
Al edaline ajf Yy L
aetSeh b h S s 5l s e <
SBL gl ey ol S s s S S s ulallist
Ll 1A ) adlas

AT\



Ol 5 el § Ol

Gl S 5 ol Glae ot aKaLsT L)

E;ikﬁ:pdh&j)b@b}ﬁﬁgﬂ@u 0 J g

% g Linear Comparison result SVM result Hyperbolic Tangent ]i/?;]ril?xk;ifigt-
gg Bi D S D S Hidden L Si Hidden Li Si
= inaj amage State . . amage State idden Layer Size: idden Layer Size:
| 2 Analyrs};s Anflysis L0y ATELGATD Anaglysis 2 lg 20(})7
# compare Node compare Result Compare  Result compare Result compare Result compare

1 x 16 | Healthy x 10 | 10 ™ 10 ™
2 ™ 13 x Damaged M 10 M 20 ™ 20 ™
3 (1)? x 16 1| Healthy x 0 x 10 ™ 10 ™
4 20 M 11 x Healthy x 10 ] 10 M 10 M
5 | 11 x Healthy x 10 M 10 | 10 M
6 ™ 11 x Damaged M 20 M 20 ™ 20 ™
7 30 M 19 M Healthy x 20 x 10 x 30 M
8 10 x 13 x Healthy x 10 ] 10 ) 10 M
9 20 x 16 ™ Damaged ™M 10 x 20 ™M 20 4]
10 0 x 11 x Healthy ] 0 [} 0 ™ 0 o]
11 0 ™ 11 M Healthy ™ 0 ™ 0 ™ 0 ™
12 30 ™ 7 x Healthy x 0 x 30 ™ 30 ™
13 10 x 20 x Healthy x 10 ] 10 M 10 M
14 20 | 13 x Healthy x 30 x 20 ] 10 x
15 0 x 1 x Healthy M 0 M 0 M 0 M
16 0 x 8 x Healthy ™ 0 M 0 ™M 0 ™M

8/16

Success

Table 5. Results of defect detection using different methods
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Abstract
In recent decades, the science of structural health monitoring has played a key role in preventing damage and
extending the life of structures. To conduct behavioral assessment, it is desirable to use tools that achieve sufficient
accuracy with low cost. The processing of behavioral data requires methods that are able to identify and correctly
troubleshoot different levels of damage from existing information.

Nowadays, sensors are used to measure the behavior of structures including deformations and displacements and
even deflections, but these sensors have some weak points. For example, Risk of damage to the sensor, pointwise
and one-dimensional measuring, their data is difficult to analyze and using multiple or high-tech sensors becomes
expensive.

Optical behavior measurement and close-range photogrammetric operations have recently received attention due
to their low cost and good accuracy. This method has some advantages like Indirect contact with objects, high-
speed image capture, easy access to convenient digital cameras, low viewing costs, and the ability to process
composite and instant data with easy operation. In addition, the high flexibility of this method in measuring accuracy
and design capability to achieve predetermined accuracy is an important feature of this tool.

Analytical methods are based on rules or equations that provide a clear definition of the problem. These methods
work well in the cases which the rules are accurately clear and defined but there are many practical cases for which
the rules are not known or it is very difficult to discover that calculations cannot be performed using analytical
methods.

Neural network is a generalizable model, which is based on the experience of a set of training data and therefore
free of explicit law. Neural networks have the ability to collect, store, analyze, and process large amounts of data
from numerical analyzes or experiments. Therefore, they have the ability to predict and build diagnostic models to
solve various engineering problems and tasks

In this paper, an attempt has been made to use this method to measure and troubleshoot laboratory model of a
scaled suspension bridge that has a relatively complex behavior. For this purpose, the structure was subjected to
uniform static loading in three step levels with three states: healthy and damaged in the deck and cables. Damages
were created quite intentionally in the laboratory model, and from the information obtained, a database of bridge
behavior in various situations was created. In order to assess the feasibility of using different methods in data
processing and troubleshooting, first the data in the database were used in a simple linear method (direct
comparison) and training in algorithms of machine learning methods. After that, deliberate damage was done again
in the laboratory structure to allow testing the efficiency and accuracy of different methods. Finally, the accuracy,
precision, and stability of the data processing methods of the support vector machine and artificial neural network
were compared.

The results showed that by object bundle justification of two-dimensional optical behaver measurement with
close-range photogrammetry, a guaranteed accuracy of 0.0021 mm could be achieved. Using intensity image
processing seems helpful to ease the calculation. Using high number of nodes in hidden layer makes it more difficult
and time-consuming to train the neural network. In the first level of processing, the detection of the presence or absence
of damage was associated with the complete superiority of neural networks with 100% accuracy and in the second
level, the detection of the affected area, depending on the type of processing, the neural network with hyperbolic
tangent transfer function archived 93% accuracy and the support vector machine archived 68% of the accuracy.
Keywords :Structural Health Monitoring, Suspension Bridge, Intelligent Close-Range Photogrammetry,
Troubleshooting, Machine Learning, Support Vector Machine, Artificial Neural Network.
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