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ABSTRACT: Road bridges are deteriorating gradually, and it is forecasted that the number of road bridges aging over 30 years will
increase by more than 3 times of the current number. To maintain road bridges in a safe condition, current safety conditions of the
bridges must be estimated for repair or reinforcement. However, budget and professional manpower required to perform in-depth
inspections of road bridges are limited. This study proposes an estimation model for safety rating of road bridges by analyzing the data
from Facility Management System (FMS) and Yearbook of Road Bridges and Tunnel. These data include basic specifications, year of
completion, traffic, safety rating, and others. The distribution of safety rating was imbalanced, indicating 91% of road bridges have safety
ratings of A or B. To improve classification performance, five safety ratings were integrated into two classes of G (good, A and B) and P
(poor ratings under C). This rearrangement was set because facilities with ratings under C are required to be repaired or reinforced to
recover their original functionality. 70% of the original data were used as training data, while the other 30% were used for validation. Data
of class P in the training data were oversampled by 3 times, and Repeated Incremental Pruning to Produce Error Reduction (RIPPER)
algorithm was used to develop the estimation model. The results of estimation model showed overall accuracy of 84.8%, true positive rate
of 67.3%, and 29 classification rule. Year of completion was identified as the most critical factor on affecting lower safety ratings of bridges.

KEYWORDS: Road bridges, Safety rating, Rule-based classification, Facility Management System
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Description

The condition that minor damages, not affecting
the functionality, occurred on secondary elements
and partial repairs are required to enhance
the durability,
The condition that minor damages on primary
elements or extensive damages on secondary
elements occurred but the overall safety is
not affected, and repairs for primary elements
or reinforcements for secondary elements are
required to maintain the durability and func—
tionality,
The condition that damages occurred on primary
elements, so urgent repairs and reinforcements
are required, and usage restriction should

the service of facility must be

be decided.
restricted immediately, and reinforcements

The condition that severe faults threatening
or a reconstruction is required,

the safety of facility occurred on primary

The best condition without damages
members,

Safety Rating
A (Excellent)
B (Good)

C (Normal)
D (Insufficient)
E (Poor)

Table 1, Safety ratings of facility
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Literature Review
- Data Mining Methods
- Previous Studies

Data Collection
- FMS
- Yearbook of Road Bridge and
Tunnel

L

Data Exploration
- Safety Ratings Distribution
- Data Summary and Visualization

L

L

Data Preprocessing
- Variables Selection
- Safety Rating Rearrangement from A~E to G and P
- Oversampling by 3 Times for Training Data (70% of Total Data)

=

Model Development
- RIPPER Algorithm

-

Model Validation
- Validation with Test Data (30% of Total Data)
- Performance Evaluation with Accuracy and True Positive Rate

L

Results & Discussions

Figure 1, Research process
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Table 2. Researches on estimating safety index of bridge

Analysis

R rcher ntent
esearche Method Contents
This study proposed an artificial
I network I which
Cattan and Artificial neura ng vyor que which used
. characteristics of bridges and results
Mohammadi Neural of structural analysis as input vari—
(1997) Network raEysIs as nput v
ables to predict inspection ratings
by experts,
This study proposed 1) an artificial
neural network model using cha—
racteristics of earthquake events
) Artificial as input variables to estimate peak
Lin et al, )
(2002) Neural ground acceleration (PGA) and 2)
Network an artificial neural network model
using PGA and characteristics of
bridges as input variables to predict
degrees of bridges damages,
This study proposed an ANN—based
Artificial backward prediction model using
Lee et al, recent inspection results and external
Neural . . .
(2008) factors like traffic, climate and
Network . . .
population as input variables to
predict the previous safety index
This study proposed an artificial
Artificial neural network model using historical
Huang . A ) )
(2010) Neural inspection data of bridges as input
Network variables to predict deterioration
of bridge decks,
Clustering This study proposed a‘ cIustgrmg
Huang and and methodology for grouping bridges

Chen and extracted rules associated

Rule—based ) ) )
(2012) u . @ ) with created clusters using National
Classification )
Bridge Inventory data,
This study proposed a classification
Bektas - tree model using performance scores
Classification ) ) )
et al, Tree of bridges elements as input vari—
(2013) ables to predict safety index of

National Bridge Inventory
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Table 3. Variables of facility management system (FMS)

Variables Data Types Examples
Name of Facility Text Gayang Bridge, Gangdong Bridge
Facility

Classification Categorical | Bridge, Tunnel, Building

Type of Facility | Categorical | Road Bridge, Railway Bridge
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Table 4, Variables of yearbook of road bridge and tunnel
statistics (2015)

Variables Data Types Examples
Road Type Categorical | Expressway, National Way
Road Name Categorical | Expressway 12, Expressway 55
Facility Name Text Gagok Bridge, Ganam Bridge
Province / )
) ) S I, B G —d
(Metropolitan) | Categorical eoul, busan, Lyeongi=do,
A Gangwon—do
City
) o ) Seongnam-—si, Gangnam—gu,
City / District Categorical
Gangseo—gu
Town (Eup /

t ical | N — —|
Myeon / Dong) Categorica ongong—eup, Gonggeun—myeon

Facility Class Categorical | First—class, Second—class Town (Ri) Categorical | Wicheon—ri, Gagok-ri
Location Text Gayang—dong, Gangseo—Cu, Seoul Total Length Numeric 812.0
Last Inspection Dot Ottt Total Width Numeric "7
Date Effective Width Numeric 10.7
‘ Scht;du\e[()jt Date 2016-11-15 Height Numeric 250
nspection Date Number of eaor o
Safety Rating Categorical | A, B, C, D, E Spans 9
truct I'T t ical teel— RC—| PC— it Maxi
Structural Type | Categorical | Steel-box, RC—box, PC—box, etc, . axwiﬂumth Numeric 60.0
Length Numeric 1,700m pan Leng
Superstructure )
Number of Categorical | PSC |, Steel Box
Int 6 '
Lanes nieger Type
Number of Integer 30 Substructure Categorical | T Pier, V Pier, Rahmen, Others
Spans g Type
Maximum Span Numeric 0 Design Load Categorical | DB—24, DB—18
Length Traffic Integer 15094
Data CQ\Ie;t'\on Categorical (Orggnizaﬂons that collected data Year 91 Integer 1084
Organization of bridges) Completion
Pictures Others (Pictures of bridges) Note Text (Explanatory note about bridges)




Span
Length

Spans
10

Number | Maximum
of

Height
13
23

Width
—-.09
.02
.10

Total | Effective

-12

.94
.02

Length | Width
1
.07
.07
23
.88
.36

Total

variables

Total Length
Total Width
Effective Width
Height
Length

Table 5. Coefficients of correlation between numerical
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Table 7. Classification performance according to number
of folds and number of optimization

PR / :
Number of | T0dS: 3 10 20 50 100 500
(default)
Rules
Optimization| ) o5 154 |0.582 /14| 0.612 /17| 0515 /7 | 0.510/7 | 0.526/7
1 2 (default)
10 0.612/31 |0.638/19|0.571/25|0.612/17| 0.577/8 | 0.536/7
20 0.617/34 |0.648/22(0.571/26|0.602/ 18| 0.607 /11 | 0.566 /9
50 0.607 /34 |0.648/22|0.587/33|0.622 /18| 0.648 /12 | 0.577 /11
100 | 0.602/35 |0.653/23[0.582/33|0.622 /23| 0.633 /12 | 0.577 /11
500 | 0.597/49 |0.673/29|0.577 /35| 0.617 /26| 0.628 /20 |0.582/ 14
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Table 8, Set of rules

Rules Cover | Error
(Year of Completion (= 1995) and (Design Load = DB-18) 487 151
(Year of Completion (= 1998) and (Year of Completion (= 1993) 310 12
and (Traffic (= 23967)
(Year of Completion (= 1998) and (Total Width )= 18) and 43 7
(Province / City = Jeollabuk—do)
(Year of Completion (= 1998) and (Number of Spans )= 7) and
(Total Width (= 10.3) and (Year of Completion (= 1995) and 39 9
(Number of Spans )= 12)
(Year of Completion (= 1998) and (Superstructure Type = RC 7 28
Slab) and (Year of Completion (= 1995)
(Year of Completion (= 1998) and (Traffic (= 23231) and
(Height )= 16) and (Maximum Span Length )= 50) and 40 10
(Maximum Span Length (= 102)
(Year of Completion (= 1998) and (Total Width )= 18) and
(Number of Spans (= 4) and (Year of Completion (= 1994) and 44 14
(Height )= 5.8)
(Year of Completion (= 1999) and (Traffic (= 4797) and
(Maximum Span Length (= 28) and (Total Width )= 9.5) and 43 13
(Traffic )= 1130)
(Year of Completion (= 1998) and (Total Width )= 19) and 40 13
(Number of Spans )= 8) and (Province / City = Gyeonggi—do)
(Year of Completion (= 2005) and (Maximum Span Length )= 60)
and (Year of Completion )= 2004) and (Substructure Type = 36 6
Others) and (Total Width (= 12.3)
(Year of Completion (= 1998) and (Number of Spans (= 2) and o4 6
(Number of Spans )= 2) and (Maximum Span Length (= 50.1)
(Year of Completion (= 1998) and (Road Type = Cityway) and
(Height = 5) and (Number of Spans )= 6) and (Number of Spans 21 3
(= 9) and (Substructure Type = T Pier)
(Year of Completion (= 2007) and (Traffic (= 3243) and (Number 9 o
of Spans )= 7) and (Superstructure Type = PreFlex)
(Year of Completion (= 2007) and (Total Width (= 10) and
(Maximum Span Length (= 20) and (Substructure Type = Gravity 16 4
Pier)
(Year of Completion (= 2007) and (Total Width )= 14.7) and
(Year of Completion (= 2000) and (Province / City = 18 0
Jeollanam—do) and (Maximum Span Length )= 50) and (Year of
Completion )= 1996)
(Year of Completion (= 2002) and (Total Width (= 10) and
(Height »= 6) and (Height (= 8) and (Maximum Span Length )= 23 5
31) and (Total Width )= 9.2)
(Year of Completion (= 2007) and (Province/City =
Gyeongsangbuk—do) and (Year of Completion )= 2007) and a3 6
(Traffic )= 28018) and (Maximum Span Length (= 35) and (Total
Width (= 12.6)
(Year of Completion (= 2006) and (Province / City =
Jeollabuk—do) and (Total Width Y= 15.8) and (Maximum Span 18 3
Length )= 45) and (Number of Spans )= 3)
(Year of Completion (= 1998) and (Year of Completion (= 1993)
and (Substructure Type = Rahmen Pier) and (Maximum Span 34 7
Length (= 40) and (Maximum Span Length )= 28.4)
(Year of Completion (= 1997) and 11 5
(Province / City = Gyeongsangbuk—do) and (Total Width )= 20)
(Year of Complehon (= 1997) and (Traffic (= 5524) and 13 1
(Height »= 10.6) and (Height (= 13.4) and (Traffic )= 1726)
(Year of Completion (= 2006) and (Total Width )= 19.5) and
(Traffic (= 33362) and (Province / City = Gyeonggi—do) and 14 2
(Height )= 9.6) and (Number of Spans (= 6)
(Year of Completion (= 1997) and (Substructure Type = T Pier) 10 1
and (Height )= 10.6) and (Year of Completion (= 1986)
(Year of Completion (= 2004) and (Height (= 8.7) and (Height )= 13 1
8.2) and (Number of Spans )= 9) and (Traffic )= 16656)
(Total Width (= 10) and (Traffic (= 446) and (Height )= 6.4) 10 1
(Height (= 13.4) and (Height )= 13.1) and 13 4
(Maximum Span Length (= 30)
(Traffic (= 7348) and (Traffic )= 7000) and (Traffic (= 7000) 6 0
(Total Width (= 10) and (Superstructure Type = Preflex) and 5 0
(Province / City = Gyeongsangnam—do)
else then (class = G) 3985 | 99

5. EE
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