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A Study on the Asset Valuation Method Based on the Performance Information of
Bridge

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

Abstract: Asset valuation of social infrastructure is essential for rational decision-making for efficient management of assets. In addition, it can be an
indicator for correctly recognizing assets. In general, Korea applies depreciated replacement cost based on the straight-line method to evaluate asset
value, yet this is unsuitable for evaluating actual value because it is depreciated at a constant rate over the useful life period. In order to evaluate the
asset value considering the performance of the bridge, the performance index of the bridge is estimated using the Weibull distribution. Using the
estimated performance indicators and defect index, a new asset value evaluation method is proposed and compared and analyzed with the existing
method. The proposed valuation method can take into account the performance of the bridge, so it is judged to be more objective and reasonable than
existing method.
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Data Collection
+Bridges Specification Data

+Bridges Inspection Data
«Bridges Construction Cost Data
+Construction Cost Index Data

Replacement Cost Estimation Bridge Performance Estimation

«Estimation of Replacement Cost per
Unit Area

«Estimation of Replacement Cost by
Bridges

«Definition of Bridges Service Life
«Estimation of Mean Life and Reliability
of Bridges

Asset Valuation

«Straight-line Depreciation
+Condition Based Depreciation
+Consumption Based Depreciation

Comparison and Analysis of
Results

Fig. 1 Research methodology and process
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Table 1 Comparison of asset value evaluation method

e Accounting Asset valuation ~ Depreciation
Classification
standards method method
Korea Goven?ment Acqul.smon cost SLD
accounting act Fair value
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Fig. 2 Performance profile and value depreciation of bridge
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Table 2 Important defects of bridge

Members Defects Type Condition
Foundation Safety(Scour, etc) d or less
Piers Differ?ntial dor less
Settlement(Displacement)
Bearindg Damage d or less
Reinforced concrete Chloride Atack, Qarbonation, dor less
Segregation
Structural members Structl%ral Safety(Steel dor less
Reinforcemen)

Concrete members Crack dor less
Structural steel Welded dor less
Abutment/Piers Clack dor less

Steel girders Crack, Strain dor less
Cable mebers Damage dor less
Prestressed concrete Damage(Tendon) dor less

Source: MOLIT(2022)
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Table 3 Data collection

Table 4 Example of data set

Overview

Type of inspection In-depth inspection, In-depth diagnosis

Priod of inspection 2009~2022
Number of inspection 13,277
Number of bridge 4,964

Source: BMS(KICT)
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Fig. 3 Current status of target bridge service life
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Fig. 4 Important defect ratio by target bridge service life
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Fig. 5 Type of life data
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Fig. 6 Status of target bridge life data

9] T8 7I7HE on|sta Agto] WAYSHA| L nFS H=
FTAHTE oA ISR o] F8 73S SEith
Ao FoA 02 ASFH (7%) 1S AghaAye =i
WS = Tl s gk g7l AFE eI Fig. 63} 20]
Z13,277719] tlolE T AT (1)TlolE 36671(2.8%),
ZZtH0) HlolE 12,91170(97.2%) 2 T4 = o Atk

2”4 gl SR e FYR ghol 191 A5 g

A FEEE 33 0] 7Fs31H(Seo, 2009). £}o]
= 22| 85U = 3<r(Probability density function), A1 ¥ %
SFr(Reliability function), IEEF<(Failure distribution
function), 127-E(Hazard rate) <= 22 2] (4), (5), (6), (7)

5 om i GRS, g 2| E Rl

J. Korea Inst. Struct. Maint. Insp. 61



el {2
t) =1 — —|= 4
£ i ] il b “4)
t)?
R(t) =exp _(7) ] )
n
F(t):l—R(t)zl—exp[—(%) ] ©)
f(t) ﬂ( t )“H
Ay =L LT 7
(t) OREAT 7
tol & X E &8ole] P, AT, 148 53 2
2 ASAEE F5H] f8l 78 B2 B5E FA8 ok
3t} 2 3ol = 3-5|(Probability Plot) ®'H 2 Hth-$-
% F%¥H(Maximum Likelihood Estimation; MLE)©] =2 A}
S5 31 FEX| = do|E7} EEEE duh} A §shR]of &
8% 4= 9ItHBae and Jeon, 1999).

MLEE 22 sjo|E|o] $A7154 & Yehils S84
(Likelihood function) S 717 ZA] 3= 25 2ol
o|t}, gtol & REZE W2 =n/ll9] BZFko] FoAHE 53

S 2 (8)7 2T,

n

Lin.pt) =T1r@) ®)

i=1

AT A= FEAE 83t Sol& &
xo| B4E 31 AJEE AASATE HUeEHS
g-g35to] R4S FAIN A 5= 3.94312, e 48,1341 2 F
A=At YRk s wEe g7} 1 BT A2 A|7o] Ad
& 50| TV 5718 GE FElE HaL T o7
A 1AES TUIS ZEe] B gEo|H =535} Rl
& WA Eo] F7IRITE 520t Fig. 72 R H0H & &&
Aol =AIG AFZ iF-Ee] HEo] HFA S 7hrte]l M=
a1 9lo] o) & BEE s & mEtka siAE ¢ ot
(Seo,2009). FHE|O|E| 7} ofo| & BHEE W2 = 7§ ot
i Bake 2] (9)} 2] (10)3 2t}

T PO B
02:n2[l‘(1+%)—ﬂ(1+%)] (10)

9o 2] gate] dukan ko] Fo Ao mE Al
e, BoTES A E 4 212 Table 59 Fig. 8
4 Z}o|th. Table 59F o] Y¥l=% W] HH

41.7~45.53 0 & FAHA wF] =535} A1 71E
301 d0l= 21 F] 571 85.6% 2 FE gk HolL 30 o] FHE]

62 SRPEZSTICL X2 FTEE =2F X 272 X 53(2023. 10)

Table 5 Mean life to failure of bridge

Estimated 95% Confidence interval
value Lower Upper
Mean life to failure(Year) 43.6 41.7 45.5
10 year 99.8 99.6 99.9
20 year 96.9 95.5 98.0
Reliability
%) 30 year 85.6 81.4 89.3
40 year 61.8 55.0 68.5
50 year 313 25.5 38.0
Weibull distribution - 95% ClI
95 7
50 i
20
& 3
S ¢a/'
1Y 7
S |
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A
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Fig. 7 Probability plot of bridges life data
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Table 6 Status of Collected Construction Cost information of
bridges(2017~2021)

Overview
Delivery year 2017~2021
Total 79
PSCI 39
Superstructure RCS 19
STB 16
RA 5

Source: Construction Cost Information System(PPS)

Table 7 Construction cost of bridges(2017~2021)

j Construction cost
(irl?ie;ct Super  Length Width -
Y structure  (m) (m) Per unit area Total
year (KRW/mY)  (KRW)

2017 STB 61 19.5 3,707,311 4,409,847,020
2018 PSCI 35 18.4 1,866,005 1,201,707,147
2019 RA 50  19.725 1,420,401 1,400,870,347

2020 PSCI 40 10

Average

1,900,793 760,317,048
1,865,685 2,928,810,138

Source: Construction Cost Information System(PPS)

Table 8 Construction cost index

Construction cost index  Construction cost index

Year (2015=100)* (2022=100)
2017 106.0 140.0
2018 110.9 133.7
2019 115.6 128.3
2020 118.0 125.7
2021 130.4 113.7
2022 148.3 100.0

*Source: Construction Cost Management Center(KICT)

Table 9 Results of calculation of construction cost per unit area in terms
of present value

Construction cost per unit area

Bridge  Project  Construction (KRW/m’)
no. delivery year costindex Before After

conversion conversion

1 2017 140.0 1,456,952 2,039,811

2 2018 133.7 2,388,524 3,193,531

79 2020 125.7 3,007,553 3,781,043
Total 147,389,104 193,053,254

Average 1,865,685 2,443,712
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A, Z, FAH] 5o FAL AR E FEote] HA G Az
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Table 10 Criteria for grade and defect-rate H AL SLD W R} 2F2.0 ~2.20) A A=Ak
PR ARF Whdzele Avnm SLD e
Condition Rating Defect-rate index Defect-rate range Meaning
A 0.1 0=<x<0.13 Excellent
x reetlen Table 11 Number of bridge by condition rating
B 0.2 0.13<x<0.26 Good
C 0.4 0.26<x<0.49 Fair Total A B C D
D 0.7 0.49<x<0.79 Poor Number 8,195 3,915 3,984 385 1 0
E 1.0 0.79<x Bad % 100.0 47.8 475 4.7 0.0 0.0

Source: MOLIT(2022)

Table 12 Result of total asset valuation(Unit: One million KRW)

*Source: BMS(KICT)

Replacement Cost

Bridge No. Open Year Service Year Defect-rate index  Reliability (RC) SLD SLBD PBD
1 1996 26 B(0.8) 0.9156 18,776.0 0.0 7,927.7 13,753.2
2 2008 14 B(0.8) 0.9924 79,903.3 23,971.0 55,044.5 63,433.7
3 2001 21 B(0.8) 0.9627 9,054.0 0.0 4,828.8 6,973.2
4 2010 12 B(0.8) 0.9958 34,978.0 13,991.2 25,650.5 27,865.6
5 2009 13 C(0.6) 0.9943 27,990.3 9,796.6 19,904.2 16,698.2
8,190 2003 19 B(0.8) 0.9747 3,178.4 158.9 1,836.4 2,478.5
8,191 1997 25 B(0.8) 0.9272 6,964.6 0.0 3,095.4 5,166.3
8,192 1995 27 B(0.8) 0.9027 15,520.0 0.0 6,208.0 11,208.5
8,193 2010 12 B(0.8) 0.9958 4,362.0 1,744.8 3,198.8 3,475.1
8,194 2010 12 B(0.8) 0.9958 4,362.0 1,744.8 3,198.8 3,475.1
8,195 2009 13 B(0.8) 0.9943 4,965.6 1,738.0 3,531.1 3,949.8

=27 M 273 M 53(2023. 10)



Table 13 Result of total asset valuation(Unit: One million KRW)

RC SLBD PBD
Asset valuation 33,198,231.4 11,398,804.8 22,465,635.0 25,561,729.7
vai (100.0%) (34.3%) (67.7%) (77.0%)
Annual average depreciation cost 1,410.005.6 694,193.5 493,935.5

1,410,006 95 © &2 717 3531 PBD -2 493,935 7
0.2 714 v #45Ick
P E Avke] Zhol7} gl Z1E SLD B waFo
TS B3 AAK Y] 12 82 7
[e)
E

3 Table 113} 0] YT WL U] RE
A~BSFO2 )¢ 453 Ae 2 4251 gk SLBD W
W3} PBD WS B8 343 @A) AL 7] A2k o] of
67 7%~T7.0% 2-2=0 2 k5 3k AHE| 2 91| 5] 31 Qs Qul
= wee] A Aol & igd Zloz Addnt sAT
SLD HHH-& 27] xFak tH] 2k 34.3% 2 A nF AS =5
of] vl 747} = ATt

5.8 E

B AT ERAN F QUSE WAL thIoR 2
275 7} bl ol Ao ke s19) AT 4571
MR e AW B e BAH R A5
T BANE FAHOE AL B AW E
Bk YUk W PHoEE oY Tl
SLD WH-¢ 2 §:3k31 9o Tl 0|9t AR SO 2 v}
etk SLD Wil ol U g E UYsIA 3
=4 0 2 71 AT AE ol B FAH L A

) 9180 ©A) b ol Aol E e+ S AL
2 71 ol e B2 e AZ1sh

AT A W] A& LT 5 s A B2
WS S 2 g3l Sla mape) AL Aoldta
BMSCIA] 5413 Blo]ElE SRl o]el 2 713t gic. e
o1 % vheo & ojo] T RS Fgate] maFe] B, 4
2%, 38 5} e A EE FAFI A Bl

28313tk = o5 AR ER]) BIHA AP A EE =
71EWEAT= 20002 v, S, B SollA nleke] 4
S 60~100%3 .02 A5 Q= Aol vls| F-2 A A o)

fru
4
ol
A,
>
oo
e
g,
&
rV
ftlo
)
oo
ol
2
El
o
lo
o
B0
il
o
S
ok

o
o
37 SLD W R e A<l

-
w3 W FREL T4

[o
oj
2 -
i)

of

ERaRa e b e d
o WA F-9NE 2A37] Wil FA A GF-ol EAE
Hkgst7] Bol3k At HA] 7} o] Ajteirial & = )
k. PBD -2 B8l mhe wige] Asolut e E Wt
VL = o] we] A7 EA] 7tel| 7P A A o=
AT vpA|Re. 2 AQKRE AL EA] W7 S wwg

227} 83 wEke] A mE 71X E HFAQ] X
F2 IR P53 fA| e EYulE gib] ARike) 7kx) &
& AN TS G T U TRV FARST A FHA HAE
A Aol A o7 F-8H 5 S Ao E Ak

kS )] T 2AAES 2R AAL] BY A ASS
7180 2 3= 2R HyE v A3 Y= Al
M| 7| BAY, M, BeR} 5| thfet YRE ¥

2% 5 9 A 2w 75 8 2] BrAol

ATl AR A=, 1HE 5] JEARS RE X
gl s A8k tha @A STk whe
H 5 uF 7TF AE 3 59 EA
< 1% AR 7H ol T A7} F71H 0 = F gsiry.

B AT FELEA]EAEY T A
(Total care) 714 7#H(RS-2022-00142566)” ATFTA| 2 Q-2
wo} 215 =|9 o0 olo] A=,

References

1. AASHTO (2020), AASHTO Transportation Asset Management
Guide, American Association for Highway and Transportation
Officials, Washington D.C.

2. Bae,D. S., and Jeon, Y. R. (1999), Reliability Analysis, Arche (in
Korean).

3. David Edgerton FCPA (2013), Valuation and Depreciation A
guide for the not-for-profit and public sector under accrual based
accounting standards, CPA AUSTRALIA.

J. Korea Inst. Struct. Maint. Insp. 65



10.

11.

12.

13.

14.

15.

. FHWA (2023), LTBP-InfoBridges,

. Dojutrek, M. S., Makwana, P. A., and Labi, S. (2012), A

Methodology for Highway Asset Valuation in Indiana, Publication
FHWA/IN/JTRP-2012/31. Joint Transportation Research Program,
Indiana Department of Transportation and Purdue University,
West Lafayette, Indiana.

. Dojuerek, M., Volovski, M., and Labi, S. (2014), Elemental

Decomposition and Multicriteria Method for Valuing Transportation
Infrastructure, Transportation Research Record: Journal of the
Transportation Research Board, 2460, 137-145.

. Do, M. S., Park, S. H., and Choi, S. H. (2017), Evaluation of Road

Asset Value using Alternative Depreciation methods: Focusing on
National Highway No.l, International Journal of Highway
Engineering, 19(3), 19-30 (in Korean).

Available at: https:/
infobridge.thwa.dot.gov(Accessed: July 1, 2023), U.S. Department
of Transportation., Washington D.C.

. GASB (1999), Statement No. 34 of the Governmental Accounting

Standards Board, Governmental Accounting Standards Board
(GASB).

. Jeong, Y. S., Kim, W. S., Lee, I. K., and Lee J. K. (2016),

Definition, End-of-life Criterion and Prediction of Service Life for
Bridge Maintenance, Journal of the Korea Institute for Structural
Maintenance and Inspection, 20(4), 68-76.

KICT (2022), Operation and Service of Bridge Management
System, Report, Korea Institute of Civil Engineering and Building
Technology(in Korean).

KICT (2023), Bridge Management System, Available at:
https://nbms kict.re.kr/(Accessed: July 1,2023), Korea Institute of
Civil Engineering and Building Technology (in Korean).

KICT (2023), Bridge and Tunnel Information System, Available
at: https://bti.kict.re.kr/(Accessed: July 1, 2023), Korea Institute of
Civil Engineering and Building Technology (in Korean).

KICT (2023), Construction Cost Management Center, Available
at: https://cost.kict.re.kr/(Accessed: July 1, 2023), Korea Institute
of Civil Engineering and Building Technology (in Korean).

Lee, M. J., Park, K. H., Park, C. W., Sun, J. W., and Lee, D. Y.
(2010), A Study on Asset Valuation Method for Bridge Asset
management, Korean Journal of Construction Engineering and
Management, 11(6), 35-44 (in Korean).

Lee, Y. J., and Lee, M. J. (2016), A Study on Estimating of
Probability Distribution and Mean Life of Bridge Member for

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

Effective Maintenance of the Bdrige, Journal of the Korea
Institute of Construction Engineering and Management, 17(4),
57-65 (in Korean).

Michael Barker (2020), Long-Term Analysis for Short-Span
Bridges, Modern Steel Construction, The American Institute of
Steel Construction(AISC), Chicago.

MOLIT (2021), Special Act on Safety Control for Infrastructure.
Ministry of Land, Infrastructure and Transport, Korea (in Korean).
MOLIT (2022), Guideline and Commentary of Safety Inspection
and In-depth Safety Inspection for Structures-Bridge. Ministry of
Land, Infrastructure and Transport, Korea (in Korean).

MOLIT (2023), Yearbook of Road Statistics, Ministry of Land,
Infrastructure and Transport, Korea (in Korean).

MOSF (2011), Accounting Guidelines of Social Infrastructure,
Ministry of Strategy and Finance (in Korean).

MOSF (2016), Accounting Guidelines of Tangible Assets and
Social Infrastructure, Ministry of Strategy and Finance (in
Korean).

National Academies of Sciences, Engineering, and Medicine
(2022), A Guide to Computation and Use of System-Level
Valuation of Transportation Assets, Transportation Research
Board, National Academy of Sciences, Washington D. C.

PPS (2023), Construction Cost Information System, Available at:
http://pcae.g2b.go.kr/(Accessed: July 1,2023)., Public Procurement
Service (in Korean).

Roads Liaison Group, TAG Asset Management Working Group,
Great Britain: Department of Transport (2005), “Guidance
Document for Highway Infrastructure Asset Valuation”, The
Stationery Office, United Kingdom.

Seo, S. K. (2009), Minitab Reliability Analysis, Eretec (in Korean).
Thompson, P. D., Ford, K. M., Arman, M. H. R., Labi, S., Sinha, K.
C., and Shirole, A. M. (2012), Estimating Life Expectancies of
Highway Assets - Volume 1: Guidebook, Transportation Research
Board, National Academy of Sciences, Washington D. C.
WERECREHEE (2017), HARD#2EA 2017. Japan

Received : 09/05/2023
Revised : 09/25/2023
Accepted : 10/04/2023

2

R AF)7 1A o] AA7E 7R Ake] S840 )8 9@ G AQ) o) Akagel] Bpaoln], are
#3678 % Ik S A7) Bk Y 2
5o} 42791 7435 H7151 ) Eaha )

WA, 148

g Bl 248k AR

wks 0.2 oy 7 kel

L
I=J
oft
fo
oX,
ol
o
ot
o
2

WO YA T
21 71177} W e

o7

2
2~
e

ZF A
TR AW B7HE 913 ool & HES 2

3)
=

74 A g3k glof g5 7]

A58 BEIe] A 2 AT B
]

lo] 7|1& W T AgA ol AU e A= Adtdnt

AR

HHZA  AL7EAE 7L, ool E B2, s, AE 5, wFEE A 2~](BMS)
66 TFRPEZSTICLX|A2|FTEE =2F X 272 X 53(2023. 10)





