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Preliminary Analysis on Artificial Intelligence-based
Methodology for Selecting Repair and Rehabilitation Methods
of Bridges

=811 A2* OO =
A, WL, QAP AW Hrola

| M-
Jonghyeob Kim', In-Su Jung?’, Won-Gun Yun®, Jung-Yeol Kim* In-Seok Park’

(Abstract)

An efficient cost management is important for the domestic social overhead capital(SOC)
based on a long lifecycle after 30 years since completion. Maintenance in South Korea have
had the restrictions of consistency and suitability of decision-making by the establishment of
a budget plan based on the company estimate and repair and reinforcement methods
determined by the inspection and diagnosis engineers subjective determination for each
facility. To resolve this issue, the Korea Institute of Civil Engineering and Building Technology
is currently in development of a methodology to propose an optimum maintenance method
according to the damage of components by artificial intelligence. This study has deduced
the primary factors by analyzing information generated during bridge maintenance and
management as a prior step for the development of technologies, and conducted a
preliminary analysis to select the optimum artificial intelligence technology.
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Pearson correlation . Multicollinearity

Deductingtwo variables
through Pearson cormrelation
analysis between repair
methods and continuous
variables

—

HpgH el By HpolHE =S
et A AxE oha o] E ST A,
goj&s AFHLA(Pearson correlation analysis)S
T HegHa A&y Wt AEHeE 5 E
skl =4, 7lolAlyr Ade §% Eesiy |
TG WP AvS T A, =EE et
TheaAld A9 3l 98l =52 AAst
At ol gefohd Fig. 13 gt

B B tE wEF Hedd wHeE F 56
elH, A&d W= 1970, H=D W5 3R +
et} §i 7] SAES Table 13 Atk

Deducting 16 variables
through Chi square test

between repair methods and
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Fig. 1 The process for deducting factors selecting repair and rehabilitation methods of bridges

Table 1. Basic statistics for data collected

. .. . Standard

Variable Type No. of data | Minimum | Maximum | Average deviation

Road Type nominal 994 4 5 4.00 .03
Mgmt Agency 1 nominal 994 1 2 1.00 .03
Ownership nominal 994 3 9 5.08 1.74
Mgmt Agency 2 nominal 994 1 14 5.10 2.43
Mgmt. Type nominal 994 1 3 2.71 71

Y of Completion nominal 994 1971 2010 1995.11 5.38
Length(m) continuous 994 11.90 190.00 66.36 38.72
Width(m) continuous 994 6.00 49.00 16.49 6.59
Effective Width(m) continuous 994 5.00 45.00 15.01 6.30
height(m) continuous 994 1.50 15.00 5.44 2.12

Up Lane continuous 993 0 4 1.61 71
Down Lane continuous 992 0 4 1.63 72

No of Span continuous 994 1 17 4.68 2.68
Max Span Length continuous 994 7.20 40.00 14.98 2.62
Type of Super Structure nominal 994 7 7 7.00 .00
Type of Substructure nominal 994 1 19 8.35 4.78
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Table 1. Continue

Variable Type No. of data | Minimum | Maximum | Average Sw.ld?rd
deviation
Design Load nominal 994 2 4 3.02 .35
Class of Facility nominal 994 2 4 2.79 47
Allowable Traffic Load continuous 994 43 41.52 7.21
Clearance(m) continuous 994 .00 24.00 2.06 2.99
Traffic Volume continuous 994 361 43083 | 7942.47| 6747.00
Bridge Type nominal 964 1 3 2.01 17
Aseismic Design nominal 983 1 7 3.01 1.43
Special Bridge nominal 0 - - - -
Offshore Bridge nominal 993 5 5 5.00 .00
Boundry Bridge nominal 33 2 2 2.00 .00
Plane View Type nominal 941 1 4 2.99 1.06
Skew Angle Start continuous 966 .00 75.00 18.64 19.58
Skew Angle End continuous 966 .00 75.00 18.58 19.60
Approach Road continuous 967 .00 28.00 13.64 7.05
Median Strip nominal 678 1 6 5.04 1.49
Road Curb nominal 561 1 4 3.16 1.17
Parapet Type nominal 965 1 8 4.89 2.00
Lighting Type nominal 603 1 6 5.60 1.04
Noise Barrier nominal 935 1 2 1.98 .15
Signboard nominal 727 1 2 2.00 .04
Status Indicator for Movable Support nominal 727 2 2 2.00 .00
Catwalk nominal 731 1 2 1.95 21
Measuring Equipment nominal 755 1 2 1.99 11
Inspection and Diagnosis Type nominal 994 2 9 4.92 54
Y of I/D nominal 994 2013 2021| 2016.95 2.45
Age continuous 994 6 43 21.84 5.96
No of Span nominal 994 0 7 .22 .88
Member Code nominal 994 0 0 .00 .00
Detailed Member Code nominal 994 0 6 3.11 3.00
Facility Performance Grade nominal 994 2 4 2.26 46
Member Performance Grade nominal 994 1 7 2.56 .81
Span Member Performance Grade nominal 992 1 7 2.58 .83
Damage Code nominal 0 - - - -
Damage Quantity continuous 987 .01 1590.20 49.78 123.65
Damage Quantity Unit nominal 989 1 6 3.33 52
Repair Method Code nominal 994 100 2400 184.21 145.78
Repair Quantity continuous 929 .01 1590.20 44.77 119.59
Repair Quantity Unit nominal 986 1 6 3.47 .53
Repair Cost(1IKRW) continuous 844 .60|370000.00| 3748.36| 16109.00
Repair Unit Cost(1KRW) continuous 844 2.00| 50473.00 852.90| 5912.05
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Table 2. The result of Pearson correlation analysis
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Variable Coefficient of correlation | Level of significance Observation
Repair Method Code 1 994
Length(m) -.061 .054 994
Width(m) -.045 .158 994
Effective Width(m) -.042 182 994
height(m) 047 137 994
Up Lane -.078* 014 993
Down Lane -.039 225 992
No of Span -.056 .078 994
Max Span Length -.026 412 994
Allowable Traffic Load -.024 450 994
Clearance(m) .006 .858 994
Traffic Volume -.056 .080 994
Skew Angle Start .128** .000 966
Skew Angle End 130" .000 966
Approach Road -.008 .800 967
Age .040 203 994
Damage Quantity 016 624 987
Repair Quantity .006 846 929
Repair Cost(1IKRW) -.004 897 844
Repair Unit Cost(1KRW) -.020 .566 844
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Variable Statistical methodology Value Degree of freedom | Level of significance

Pearson Chi-Square 32.153% 20 .042

Likelihood Ratio 31.417 20 .050

Ownership Linear-by-Linear Association 5.252 1 .022
N of Valid Cases 994

Cramer’s V .090 .042

Pearson Chi-Square 256.164° 124 .000

Likelihood Ratio 116.638 124 .668

Year of completion Linear-by-Linear Association .980 1 322
N of Valid Cases 994

Cramer’s V 254 .000

Pearson Chi-Square 98.493% 60 .001

Likelihood Ratio 58.845 60 518

Type of Substructure | Linear-by-Linear Association 1.726 1 .189
N of Valid Cases 994

Cramer’s V 157 .001

Pearson Chi-Square 22.133° 8 .005

Likelihood Ratio 10.802 8 213

Design Load Linear-by-Linear Association 2.835 1 .092
N of Valid Cases 994

Cramer’s V .106 .005

Pearson Chi-Square 22.388° 15 .098

Likelihood Ratio 21.832 15 112

Median Strip Linear-by-Linear Association 2.118 1 146
N of Valid Cases 678

Cramer’s V .105 .098
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Table 3. Continue

Variable Statistical methodology Value Degree of freedom | Level of significance
Pearson Chi-Square 40.956* 9 .000
Likelihood Ratio 37.186 9 .000
Lighting Type Linear-by-Linear Association 3.345 1 .067
N of Valid Cases 603
Cramer’s V .150 .000
Pearson Chi-Square 75.064% 4 .000
Measuring Likelihood Ratio 9.513 4 .049
. Linear-by-Linear Association 14.102 1 .000
Equipment -
N of Valid Cases 755
Cramer’s V 315 .000
Pearson Chi-Square 116.307% 20 .000
Inspection and : Likeliljlood Ratio _ 38.415 20 .008
Diagnosis Type Linear-by-Linear Association .263 1 .608
N of Valid Cases 994
Cramer’s V 171 .000
Pearson Chi-Square 270.795* 28 .000
Likelihood Ratio 36.401 28 .133
No of Span Linear-by-Linear Association 3.159 1 .076
N of Valid Cases 994
Cramer’s V 261 .000
Pearson Chi-Square 55.223¢ 8 .000
Facility Performance Likelihood Ratio 17.169 8 .028
Linear-by-Linear Association 13.995 1 .000
Grade -
N of Valid Cases 994
Cramer’s V .167 .000
Pearson Chi-Square 113.288" 24 .000
Likelihood Ratio 37.321 24 041
MemberGPe(rjformance Linear-by-Linear Association 2.450 1 118
rade N of Valid Cases 994
Cramer’s V .169 .000
Pearson Chi-Square 118.110a 24 .000
Likelihood Ratio 41939 24 .013
Span Member Linear-by-Linear Association 1.563 1 211
Performance Grade -
N of Valid Cases 992
Cramer’s V 173 .000
Pearson Chi-Square 180.493" 9 .000
Likelihood Ratio 221.630 9 .000
Damage Quantity Unit| Linear-by-Linear Association 9.229 1 .002
N of Valid Cases 989
Cramer’s V 247 .000
Pearson Chi-Square 244.414° 9 .000
Likelihood Ratio 286.991 9 .000
Repair Quantity Unit | Linear-by-Linear Association 13.532 1 .000
N of Valid Cases 986
Cramer’s V .287 .000
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Table 4. The result of multicollinearity diagnostics
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Unstandardized Standardized . . .
Variable Coefficients Coefficients t Sig. Collinearity Statistics
B Std. Error Beta Tolerance| VIF
(Constant) 2633.731 | 2846.638 .925 355
Skew Angle Start 467 1.825 .060 .256 .798 .035 28.788
Skew Angle End 618 1.822 .079 .339 735 .035 28.727
Ownership 9.239 4.463 .094 2.070 .039 911 1.098
Y of Completion -1.371 1.414 -.046 -.970 332 .857 1.167
Type of Substructure -1.002 1.397 -.035 =717 474 815 1.227
Design Load -2.458 20.010 -.006 -.123 902 915 1.093
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Table 4. Continue

Unstandardized Standardized L "
Variable Coefficients Coefficients t Sig. Collinearity Statistics

B Std. Error Beta Tolerance| VIF
Median Strip -15.500 5.773 -.126 -2.685 | .008 .862 1.160
Lighting Type 6.320 7.006 .041 .902 367 .904 1.106
Inspection and Diagnosis Type | 21.421 13.694 .077 1.564 118 J72 1.295
No of Span 3.467 6.863 .024 .505 614 .838 1.193
Facility Performance Grade 33.109 16.709 .100 1.982 .048 737 1.356
Member Performance Grade 14.501 16.706 .079 .868 386 226 4.426
Span Member Performance Grade | -8.578 15.646 -.049 -.548 .584 241 4.155
Damage Quantity Unit -5.692 22.120 -.020 -.257 797 314 3.188
Repair Quantity Unit 29.375 20.911 .109 1.405 161 315 3.174

- Total Number of Instances: 994 - Total Number of Instances: 994

705 (70.9 %)
289 (29.1 %)

- Correctly Classified Instances:
- Incorrectly Classified Instances:
- Confusion Matrix:

702 (70.6 %)
292 (294 %)

Correctly Classified Instances:
Incorrectly Classified Instances:
Confusion Matrix:

an - ‘_;ru; tCﬂlassj{Z — Ty S True Classk
S| #9924 1A | 29| dd | 24| oA
9 60 | 60 0 0 0 4 49 | 43 1 0 0
EH | 203 | 645 | 20 3 1 ®H | 203 ] 653 | 18 3 0
Predicted ow 0 20 0 0 0 Predicted —_ 6 1 0 0 )
Class Class
]l 0] 3] 0] 0]0O H | 5] 10 0] 0
A 0 1 0 0 0 A 0 0 0 0 0
(@) JRip (b) Naive Bayes

Fig. 2. The results of applying Al algorithms
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