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Determination of the Management Level Considering Risk and Criticality of
Bridges

Yong-Jun Lee', Jong-Wan Sun’, Jong-Kwon Lim’, Kyung-Hoon Park"

Abstract: An Internet of Things (IoT)-based monitoring system is being constructed with the objective of facilitating rational maintenance decisions
and ensuring the safety of domestic bridges that are experiencing continuous aging. In the context of a large number of total managed bridges, it is
essential to undertake a rational evaluation of those that require a high level of management in order to select appropriate measurement targets. In
order to achieve this objective, a methodology was devised to assess the risk level of the all bridges, taking into account a range of influencing factors,
then employed to determine the relative priority of bridges requiring measurement. A total of more than 8,000 bridges were evaluated in comprehensive
management levels (CML) 1 to 5 based on risk and criticality, and 1,933 bridges were selected as CML 4 and 5 bridges requiring higher management
levels. A statistical analysis of actual bridge deterioration, damage, and damage cases, as well as CML, revealed that the selected bridges were older,
more heavily trafficked, and had lower safety ratings on average than other bridges. It is believed that the relative risk and criticality of all bridges were
appropriately considered and selected, and that the proposed bridge risk assessment method will prove useful for various maintenance decision-making
problems of facilities in the future.
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Table 1 Bridge related information system and collection data

System Collection Data (website)
Properties, Inspection, Repair and Reinforcement, etc.
BMS .
(nbms.kict.re.kr)
T™MS Annual Average Daily Traffic, Annual Average Daily
Truck Traffic, etc. (road.re.kr)
WDSS Temperature, Humidity, Frost-damage Environment, etc.
(data.kma.go.kr)
RSMS Chloride Deicing Material Usage Status

(rsms.kict.re.kr)

FRMIS Flood Risk Zone and Level etc. (floodmap.go.kr)
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o] 3= Hrtol 5 o2 FH Q3 ¥ 2 A(Risk Element;
RE)E2 $1¥4(Hazard; H), 3]<Fd(Vulnerability; V), A2t
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Table 2 Integrated performance evaluation method by the Guidelines
(MOLIT, 2022)

Integrated Performance Grade

Safety Durability ~ Serviceability
Grade A~E A~E A~E
Defect-rate range 0~1 0~1 0~1
Weight 0.68 0.21 0.11
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Table 3 Selection of risk factors

Performance Categories Hazard (H) Vulnerability (V) Consequence (C)
e
- Flood Y . R - Annual average daily traffic (AADT)
Safety (S) .. - Load for design
- Collision T - Recovery cost (area)
- Heavy vehicles - Service life
vy - Safety grade
- Freezing and Thawing ..
Durability (D) - Chloride ) Conc.htlofl grade - Recovery cost (area)
.. . - Service life
- Deicing chemicals
Serviceability (Se) - Heavy vehicles - Pavement condition - Annual average daily traffic (AADT)
. . - Road width - Load for design .
Functionality (F) - Traffic height limit - Level of service (capacity) - Annual average daily traffic (AADT)
T, AR TS Fol A de age] Ad=E Wt Az g FFo] 2B wFg| Felswd 3 8ETE
U= HolH | 7H2 aLdste] A deds & [Qlo & Mt AZH(C)2 T3l Aol i EH]
A S(S) HHE AFHH) S AR, &7, TE T uHF & 11y a9o = AT AHA S (Se) B 7154 %
of QEdell A A FdFe 7IA= 8le st AdAs (F)3 FHE AFAH)S 2] A ZAeE FF ol F o
At o] A7k A 53 T E sl wEFS] HFE(V)= B2 B o] 84 A, 8, 8F 5ol FF= = T
Fatal] fst] WA s GRAE wg AASste 5w 5= AT AAAE, FHA G EC] 52 8oz AU HeF
AASATE AAE(O)2 nEFe] B3 B S B Al AL (V)& TS o] 88k o] 8At IS8} A 8 A o] 53
2, ZAH oz Bysh= vl =5 AEstd o de 9% of Fith= MUl =S AT o = A7 AV o=
T LT Fo B0]18-8] Jh ek 0] The ek al i TR B IS E, EEEFA I ETE S 2% g st
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Table 4 Criteria for evaluation of risk factors related to safety performance

Grade
RE RF
1 2 3 4 5
Earthquake - Earthquake zone [ - Earthquake zone II -
Flood General zone - Flood damage hazard - -
H zone
Collision No risk of collision Low risk of collision Possible risk of collision - -
AADTT 1,500 or less 1,501~3,000 3,001~4,500 4,501~6,000 More than 6,000
Securing seismic Securing seismic Non-secured seismic
performance performance performance
Hydraulic Bridges not crossing River or sea crossing
vulnerability river or sea bridges
\Y
Load for design DB-24 - DB-24(Performance- - DB-18 or less
enhanced)
Service life 15 yrs or less 15~20 yrs 25~30 yrs 25~30 yrs More than 30 yrs
Safety grade A B C D Eor X
c AADT 5,600 or less 5,601~12,000 12,000~20,000 20,000~27,000 More than 27,000
Recovery cost (area) 780 or less 780~2,300 2,300~4,300 4,300~7,300 More than 7,300
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E9Y 59 20X YA oR BRI AFed Hue A £ 1000 il
o} IR, ARA, B A2 5 2R BIbS " o [
1% M9 ST, AR e ehteel AAT - Ul
of 9 AZTAGE o] A2 T 7), ANMF “BEBEBEEERERERERE5E
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T At FE P2 BMSAlA TSk = s AR Fig. 1 Bridge distribution status examples by quantitative data
Table 5 Criteria for evaluation of risk factors related to durability performance
RE RF Grade
1 2 3 4 5
Freezing and Thawing Less than 3 3~50 50 °]/¢ - -
H Chloride a b c - -
Deicing chemicals Less than 0.75 1.5 225 3.0 More than 3.0
Condition grade A B C D E
v Service life 15 yrs or less 15~20 yrs 25~30 yrs 25~30 yrs More than 30 yrs
C Recovery cost (area) 780 or less 780~2,300 2,300~4,300 4,300~7,300 More than 7,300
Table 6 Criteria for evaluation of risk factors related to serviceability performance
RE RF Grade
1 2 3 4 5
H AADTT 1,500 or less 1,501~3,000 3,001~4,500 4,501~6,000 More than 6,000
V  Bridge pavement condition A B C D -
C AADT 5,600 or less 5,601~12,000 12,000 more than
Table 7 Criteria for evaluation of risk factors related to functionality performance
RE RF Grade
1 2 3 4 5
Road width 3.5 m or more - - - Less than 3.5 m
Traffic height limit 4.2 m or more - Less than 4.2 m - -
Load for design DB-24 - DB-24 (Performance-enhanced) - DB-18 or less
LoS (capacity) A B C D E or less
C AADT 5,600 or less 5,601~12,000 12,000 More than
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Table 8 Estimating the weight of risk factors using AHP technique
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Performance Hazard Vulnerability Consequences
Categories Factor Weight Factor Weight Factor Weight
Earthquake 17.9%  Securing seismic performance  18.2% T 63.8%
Flood 26.2% Hydraulic vulnerability 16.7% o
Safety Collision 11.7% Load for design 11.8%
Service life 31.4% Recovery Cost (Area) 36.2%
0,
AADTT 44.2% Safety grade 21.8%
Freezing and Thawing 29.0% Condition grade 62.9%
Durability Chloride 26.4% Recovery Cost (Area) 100.0%
Deicing chemicals 44.6% Service life 37.1%
Serviceability AADTT 100.0% Pavement condition 100.0% AADT 100.0%
L Road Width 42.8% Load for Design 44.4%
Functionality . L . AADT 100.0%
Traffic Height Limit 57.2% LoS (Capacity) 55.6%

Risk Factors A Pl . Al Bl B A Fz" F‘len F‘lF2 i Fz" 1 Fz" i Fz" Fy Fz" Fy Fz" F Fz" F Fz"
Wb [ Wil [l ] ] ] w1 v Wb [ W] ] I

I I T T I T T I T I T
[HHVHC\H\VHC\lHHVHC\\HHVHC\

Risk Elements

Performance
Categories

U U U U
T TR T T
|

Risk of Individual Bridges

Fig. 2 Risk assessment procedures for individual bridges
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Table 9 Uncertainty assessment criteria

Grade Score Inspection level Service life

1 0.5 Special Bridges Less than 10 yrs

2 1.0 Bridge Class 1 11~20

3 1.5 Bridge Class 2 21~30
Bridge Class 3, etc. &

4 Inspection history (within 5 yrs) 31-40

5 25 Bridge/Class 3, etc. & Inspection Greater than 40 yrs

history (greater than Syrs)
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Fig. 3 Results of bridge risk assessment

Table 10 Major risk factors of bridges

RE Factor Correlation coefficient
Earthquake 6.0%
Flood 28.1%
Collision 4.9%
AADTT 43.5%
H Freezing and Thawing 4.7%
Chloride 1.1%
Deicing chemicals 6.9%
Road width 3.4%
Traffic Height Limit -8.1%
Hydraulic vulnerability 30.2%
Load for design 9.9%
Service life 59.2%
v Safety grade 28.9%
Bridge pavement condition -1.1%
LoS (capacity) 33.4%
AADT 53.1%
¢ Recovery cost (area) 29.0%
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Table 11 CML according to risk and criticality level
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Table 12 Results of high comprehensive management level bridges by superstructure type

Superstructure Total bridges H;%?hgﬁzr;if:s Ave. (Sjef:rl)c e life Avg. Safety grade  Avg. Area (m?) Avg. AADT
pe No. % No. % Total HighCML Total High CML Total High CML Total High CML

RC Hollow Slab 29 0.4% 25 86.2% 293 30.4 3.7 3.6 1,472.6 1,550.8 3,630.2  3,559.5
RCT Girder 23 0.3% 14 60.9%  30.8 42.0 3.8 3.6 533.6 526.5  2,6174  3,1283
Steel Plate Girder 44 0.5% 25 56.8%  20.9 277 39 3.8 3,008.6 13,7789 55319  6,084.7
PSC Hollow Slab 13 0.2% 6 46.2% 152 233 4.0 4.0 5,663.0 4,1585 5989.1 10,191.3
RC Slab 954 11.7% 436 45.7% 252 30.9 3.8 3.7 703.6 780.5  3,184.1 3,784.6
Steel I Girder 22 0.3% 8 36.4%  22.7 36.3 3.7 3.6 1,524.6 11,8334 28686 46179
PSC Box Girder 76 0.9% 27 355% 159 23.9 3.8 3.7 59393 17,6528 3,5332  6,269.2
Steel Box Girder 1,821 22.4% 488 26.8% 155 18.8 39 3.8 3,105.7 49751 5,069.5  7,634.2
PSC I Gider 2,406 29.6% 501 20.8%  15.1 22.9 4.0 3.9 1,666.5 23654 3,779.6  6,4459
Preflex Girder 359 4.4% 67 18.7% 14.6 16.2 4.1 4.1 900.1 1,234.6 5,085.7 9,136.4
RC Rahmen 1,956 24.0% 292 149% 174 253 4.1 3.9 358.7 385.7 13,8949 73756
PSC Slab 185  2.3% 16 8.6% 9.2 14.9 4.1 43 1,496.1 1,966.8 2,893.0  7,965.7

RC Box Girder 17 0.2% 1 5.9% 7.8 30.0 44 4.0 731.0  1,512.0 2,606.6 871.0
ETC 234 2.9% 27 11.5% 8.1 13.5 42 3.8 4,502.1 12,411.8 3,404.8  8,152.0
Total 8,139 100.0% 1,933 23.7% 16.7 24.0 4.0 3.8 1,652.5 2,536.7 4,0548  6,356.1
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