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A Study on the Performance-Based Bridge Asset Valuation Methods Considering

Hazard

Yong-Jun Lee', Kyung-Hoon Park’, Jong-Wan Sun®*

Abstract: The valuation of infrastructure assets is typically conducted using the straight-line method, which employs the depreciated replacement
cost as a basis. However, this approach has the limitation of failing to accurately reflect the actual value of the facility. In light of these considerations,
the performance-based depreciation (PBD) method has been proposed as a means of evaluating the asset value of bridges on the basis of their performance,
although it is not designed to take account of the environmental characteristics of individual bridges. This study proposes a hazard-performance based
depreciation (HPBD) method that considers the risk level of individual bridges in the PBD method proposed in previous studies. The applicability
of the proposed method was evaluated on more than 8,000 bridges. The risk factors for deterioration of bridges were selected, the hazard level of individual
bridges was evaluated, and weights based on the hazard level were applied to the PBD method. The evaluation resulted in a present value comparable
to that of the PBD method and a relatively high future value. It is postulated that the HPBD method, which considers the risk characteristics of individual
bridges, can be used for a more reasonable evaluation and decision-making process.
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|
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L

Comparison and Analysis of
Results

Fig. 1 Research Methodology and Process
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Fig. 2 Concept of SLD, SLBD, PBD
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Table 1 Earthquake zone

Earthquake zone Administrative Area
I Administrative areas other than zone II
il North Gangwon, Jeju

Table 2 Selection of hazard factor

Level 3 Level 2 Level 1
Score 5 3 1
Earthquake zone I Earthquake zone II  Ensuring

Earthquake  and Unverified and Unverified seismic
seismic performance seismic performance performance
Heavy  More than 1,000 and 1,000 or less and DB-24
vehicles DB-18 or less DB-18 or less
Freezingand 5 g s 3 <fid<50 fid <3
Thawing
Chloride 14 <sd* 7<sd<14 sd<7

* ftd: Freeze-thaw days, sd: snowfall days

32 SIRPESXICHI X2 FTEHE =27 A 283 M55 (2024. 10)

e FHEECE st a2 st 2 RE
gobgo] o= ti7|Fe] g gel o3 el AL
7ol weh A2E s AdA Z3E ol = o
g s os FREnt £ A 1—5—
& W7k 7S 8o FASIFE W0 R
B3 714 AEdTE A*Wa et e
o] A= A3 A d o] BAYF de] HZ 1093
T o= FHIT

Table 2:= 7HE 1@ aR19] 71 217t
o 2 7t g 2okt AR 13~5% 39| = A o5t
Atk

32 |8y g7t

AT E T8 52U wF A4 BrHE Hsl 2
SARE A /\liEéloﬂ/ﬂ TR wE AEE 7
Auel 9138l Wrte] Bod wFe] s FEAR
2 AAIsks 552 BMSOlA st St wEsd
05 FH B A A 2~8l(Traffic Monitoring System; TMS)®l|
A ek aL, seliehd W Aaigd ol Bagh X9
A Ha7|E, A HA7|L, A, AT vl olE = 713t
=) HJ_?_%(Weather Data Service System; WDSS)ollA 3]
stk AEd ﬁ:‘ﬂ Ol g #e oF 8,200 7] 4% Fig. 37}
o] Fi FE A 9F 16.21d0]17 301 o] dE T 583
MAZ F7.1%E A= Ao 7 AT}

8 wEke] YA ke 2 AP e HrF Ha] B
TR = AP st 2] (5)9F ok

il
Iy

o

T iz

H, + H,, + H, + H,
Hy, = B 5)
600
$400
E200
0 |I”| ||”||I|III|

0 3 6 91215182124273033363942454851545760
Service life

Fig. 3 Service Life status of the analyzed bridge

Table 3 Hazard weight according to hazard score

Hazard score

Hyp, 1.0~1.5 1.5~2.0 25~3.5 4.0~45 4.5~5.0
Level Very low  Low  Medium  High  Very high
H, 1.2 1.1 1.0 0.9 0.8
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Fig. 4 Result of hazard evaluation
Table 4 Number of bridges based on seismic performance
Unverified
Ensuring
Zone 1 Zone 11
Seismic Performance 4,840 3,157 272
(58.5%) (38.2%) (3.3%)
Table 5 Number of bridges by design load
DB-24 DB-18 DB-13.5
. 8,225 40 4
Design Load (99.5%) (0.5%) (0.0%)
6000
g 4000
5 2000
0 ||III|I.|]_.|.|_|||l_I.l.I. .

01234567 891011121314151617181920
Days
m Freeze-thaw days  m Snofall days

Fig. 5 Number of bridges affected by Freeze-thaw conditions and
Snowfall days
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Table 6 Mean life to failure of bridge

Very low Low Medium High Very high

Table 7 Status of Collected Construction Cost information of bridges
(2019~2023)

Mean life to failure (Year) 52.6 483 43.6 395 351

10 year 99.9 999 998 99.7 995
20 year 985 979 969 954 927

Relzf/b)‘hty 30year 927 899 856 79.1 688
0
40year 791 718 618 482 313
S0year 568 450 313 172 6.1
]
=-=-=Very Low = =Low
> =
&
&

Service life

Fig. 6 Reliability probability according to bridges hazard level
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Overview

Sample Survey Period 2019~2023
Total 166 (100.0%)

PSC 54 (32.5%)

Superstructure RC 41 (24.7%)

RA 37 (22.3%)

ST 34 (20.5%)

Source: Construction Cost Information System (PPS)

Table 8 Construction cost of bridges (2019~2023)

Construction cost

Project Super Length Width
delivery yearstructure (m)  (m) Derunitarea Total
(KRW/m®)  (KRW)
2019 RA 50.0 19.8 1,420,401 1,400,870,347
2020 RC 7.0 10.0 1,642,568 114,979,771

2023 PSC 453 209 3,288,792 3,115,310,500

Average 3,555,832 596,007,947,889

Source: Construction Cost Information System (PPS)

Table 9 Construction cost index

Construction cost index 2019 2020 2021 2022 2023
2020=100% 99.5 100.0 111.8 128.6 133.5
2023=100 1342 133.5 119.5 103.8 100.0

Source: Construction Cost Management Center (KICT, 2024a)

Table 10 Results of calculation of construction cost per unit area in
terms of present value

Construction cost per unit area

. Pr(.)J ect Construction (KRW/ mz)
Bridge no. delivery .
year cost index Before After
conversion conversion
1 2019 134.2 1,420,401 1,906,131
2 2020 133.5 1,642,568 2,192,810
119 2023 100.0 3,264,550 3,264,550
Total 596,007,947,889 645,750,274,345
Average 3,555,832 3,840,645
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Table 11 Criteria for grade and defect-rate

Condition Rating Defect-rate index Defect-rate range Meaning

A
B
C
D
E

0.1
0.2
0.4
0.7
1.0

0=x<0.13 Excellent
0.13=x<0.26 Good
0.26<x<0.49 Fair
0.49<x<0.79 Poor
0.79<x Bad

HPBD = RC % RI, < (1— DI) )
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Table 12 Number of bridges by condition rating

Total A B C D E

Number 8,269 2,465 5,361 442 1 0
Ratio (%) 100.0 29.8% 64.8% 53% 0.0% 0.0%

Source: MOLIT(2023)

Source: BMS (KICT, 2024b)

Table 13 Examples of asset valuation for individual Bridges (Unit: One million KRW)

. SLD
Bridge No. Open Service De.fect-rate Hazard Reliability Replacement Cost (Standard service PBD HPBD
year year index Level (RO) i
life=20year)
1 2003 20 B Very Low 0.9692 4,003.7 0.0 3,880.2 3,104.2
2 2015 8 B Low 0.9987 4,535.8 2,721.5 4,532.0 3,624.0
8,268 2011 12 B Low 0.9937 15,936.3 6,374.5 15,869.8 12,668.6
8,269 2005 18 A Very Low 0.9795 16,042.7 1,604.3 15,714.4 15,714.4
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Table 14 Result of total asset valuation (Unit: One million KRW)

RC SLD PBD HPBD

Asset 52,932,529.3 16,934,401.9 45,664,440.9 45,913,633.3
valuation  (100.0%)  (32.0%)  (863%)  (86.7%)

Annual average 2220,147.6 4482519 432,883
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Fig. 7 Comparison of Asset Valuation Methods Results (2023~2043)
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