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Health Evaluation of Bridges in Fukui Prefecture using Neural Network
Kazuhiro TANIWAKI™!

*! Faculty of Engineering, Department of Architecture and Civil Engineering

In this study, a neural network is employed to evaluate the health of slabs and main girders in PC girder bridges and
steel girder bridges in Fukui Prefectures. The networks are constructed to model the relationships between various
deterioration factors and the overall health status, based on data from the second round of assessments. The reliability and

feasibility of the method are examined through numerical examples.
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Table 1 Classification of input data, number of input data and accuracy of the estimated results

member element and

PC girder bridge

Number of data

Steel girder bridge

Number of data

PC girder bridge

Number of data

Steel girder bridge

Number of data

number of data (slab) (slab) (main girder) (main girder)

General environment 517 General environment 663 General environment 1302 General environment 459

Input data Salt damage 91 Salt damage 106 Salt damage 186 Salt damage 16
(Presence of ASR 67 ASR 124 ASR 302 ASR 102
progressive Freezing damage 27 Freezing damage 79 Freezing damage 64 Freezing damage 57

deterioration) . . . —

Neutralization 0 Neutralization 84 Neutralization 0 Neutralization 0
Total number 702 Total number 1056 Total number 1854 Total number 634

Concrete flaking 52 Concrete flaking 153 Concrete flaking 236 Usage of F11T 13

Cracking 112 Cracking 112 Cracking 112 Loosening in bolt 20

Exposure of reinforcing 171 Exposure of reinforcing 288 Damage at anchorage 23 Deficit in bolt 2

bar bar
Deformation, vSectional 16 Deformation, vSectional 28 Exposure of reinforcing 302 Corrosion of bolt 5
deficit deficit bar
Input data Peterlgratlon m 53 Deterlgratlon m 39 Deformation, .Sectlonal 286 Cotrosion of steel plate 145
assification of reinforcing material reinforcing material deficit
(c SS} lca.l deterioration in » Deterioration in 3 Deterioration in 31 Deformation, Sectional 18
deterioration) anticorrosion property anticorrosion property reinforcing material deficit
Leaking water, Bearing 7 Leaking water, Bearing 20 Leaking water, Bearing 15 Deterioration in 406
water water water anticorrosion property
Leaking .water, Free 264 Leaking .Water, Free 333 Leaking .water, Free 299 Abnormal expansion 25
lime lime lime gap
Leaking water, Bearing 16
water

Total number 702 Total number 1056 Total number 1854 Total number 634

Accuracy of the
results compared to
the teaching signals

97%

96%

95%

98%
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Table 2 Examples of input and output of the training data for cracking in the slab of PC girder bridge

0: General, I: Salt. damage, Width of cracking | Length of cracking Index of rating 1 in |Index of rating 2 in | Index of rating 3
2: ASR, 3: Freezing damage, Index of urgency .
. (mm) (m) soundness soundness in soundness
4: Neutralization
0.0 0.1 0.5 0.0 1.0 0.0 0.0
0.0 0.2 1.2 1.0 0.0 1.0 0.0
0.0 0.6 1.1 1.0 0.0 0.0 1.0

Table 3 Examples of input and output of the training data for deterioration in reinforcing material in the slab
of PC girder bridge

0: General, 1: Salt damage, Deterioration in . . . . .
. . : . Index of rating 1 in | Index of rating 2 in | Index of rating 3
2: ASR, 3: Freezing damage, |reinforcing material| Index of urgency .
) - > soundness soundness in soundness

4: Neutralization (m%)

0.0 0.1 0.0 1.0 0.0 0.0

1.0 2.7 1.0 0.0 1.0 0.0

1.0 6.8 1.0 0.0 0.0 1.0
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Table 4 Examples of input and output of the training data for leaking water, bearing water in the slab
of PC girder bridge

0: General, 1: Salt damage,

2: ASR, 3: Freezing damage,

Leaking water,

Index of urgency

Index of rating 1 in

Index of rating 2 in

Index of rating 3

4: Neutralization Bearing water (m) soundness soundness in soundness
0.0 0.7 0.0 1.0 0.0 0.0
0.0 2.7 1.0 0.0 1.0 0.0
0.0 11.4 0.0 1.0 0.0 0.0
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Table 5 Examples of input and output of the training data for concrete flaking in the slab of steel girder bridge

0: General, 1: Salt' damage, Concrete flaking Index of rating 1 in |Index of rating 2 in | Index of rating 3
2: ASR, 3: Freezing damage, 2 Index of urgency .
. - (m®) soundness soundness in soundness
4: Neutralization
1.0 7.7 1.0 0.0 0.0 1.0
4.0 2.7 1.0 0.0 1.0 0.0
0.0 0.7 0.0 1.0 0.0 0.0

Table 6 Examples of input and output of the training data for exposure of reinforcing bar in the slab of steel girder bridge

: : Exposure of
0: General, 1 Salt- damage, o Index of rating 1 in | Index of rating 2 in | Index of rating 3
2: ASR, 3: Freezing damage, | reinforcingbar | Index of urgency .
) L ) soundness soundness in soundness
4: Neutralization (m’)
1.0 0.3 0.0 1.0 0.0 0.0
4.0 1.7 1.0 0.0 1.0 0.0
0.0 0.8 1.0 0.0 0.0 1.0

Table 7 Examples of input and output of the training data for leaking water, free lime in the slab of steel girder bridge

0: General, 1: Sa]t- damage, Leaking water, Index of rating 1 in |Index of rating 2 in | Index of rating 3
2: ASR, 3: Freezing damage, . Index of urgency .
4+ Neutralization Free lime (m) soundness soundness in soundness
0.0 1.5 0.0 1.0 0.0 0.0
3.0 3.0 1.0 0.0 1.0 0.0
0.0 1.8 1.0 0.0 1.0 0.0
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Table 8 Examples of input and output of the training data for failure of bolt in the girder of steel girder bridge

0: General, 1: Salt' damage, Number of F11T Number of loose Number of deficit
2: ASR, 3: Freezing damage, Index of urgency Index of urgency Index of urgency
o bolt bolt bolt
4: Neutralization
3.0 2.0 1.0 2.0 1.0 0.0 0.0
0.0 130.0 1.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 1.0 0.0 0.0 0.0
Number of collied Index of rating | in [Index of rating 2 in| Index of rating 3
Index of urgency .
bolt soundness soundness in soundness
0.0 0.0 0.0 1.0 0.0
130.0 1.0 0.0 0.0 1.0
0.0 0.0 1.0 0.0 0.0
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Table 9 Examples of input and output of the training data made by combining the original deteriorations in the slab

of steel girder bridge

0: General, 1: Salt damage,

Exposure of

Deformation,

2: ASR, 3: Freezing damage, Width of cracking | Length of cracking Index of urgency | reinforcing bar | Index of urgency | Sectional deficit | Index of urgency
4: Neutralization (mm) (m) (m%) (m®)
0.0 0.3 1.0 1.0 2.5 0.0 0.0 0.0
10 0.1 1.2 0.0 0.0 0.0 0.1 1.0
20 0.0 0.0 0.0 0.0 0.0 0.1 1.0
Deterioration in i X
Leaking water, Leaking water,

Concrete flaking (mz)

Index of urgency

reinforcing material

(m’)

Index of urgency

Free lime (m)

Index of urgency

Bearing water (m)

Index of urgency

0.0 0.0 1.1 1.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0
1.9 1.0 0.1 1.0 0.8 1.0 2.5 1.0

Deterioration in
anticorrosion

Index of urgency

Index of rating 1 in

Index of rating 2 in

Index of rating 3

) soundness soundness in soundness
property (m°)
0.0 0.0 0.0 1.0 0.0
0.0 0.0 0.0 1.0 0.0
0.1 1.0 0.0 1.0 0.0

Table 10 Difference of accuracy of the estimated results due to the changes of the number of training data in which the training

data in the slabs of PC girder bridge and steel girder bridge are artificially made by combining the original

deteriorations randomly

Member element PC girder bridge (slab) Steel girder bridge (slab)

Number of training data for

702 702 702 702 1056 1056 1056
each deterioration
Number of training data
with respect to combined 210 290 370 0 180 440
deterioration
Total number of training

702 912 992 1072 1056 1236 1676
data
Accuracy of the estimated
result compared to the 7% 78% 81% 82% 67% 7% 80%
teaching signals
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