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Abstract Bridges, which constitute one of the key facilities in a social infrastructure, are easily accessed and used
by users, so that keeping their performance above a certain level is essential. According to various cases in the U.S.,
Japan and Europe with a long construction history, it is expected that the maintenance cost of bridges in Korea will
increase continuously in the future, so a rational decision making system based on engineering factors is necessary
to optimize the performance of and maintain them by allocating the limited budget efficiently. This study is a
preliminary basic study for the purpose of developing a common asset management system for managing all of the
bridges and maintaining the level of service provided by them. The scope of this preliminary study is limited to
bridges in urban areas. The bridge asset management system for bridges in urban areas, their level of service (LOS)
and performance measure (PM) were developed by carrying out a workshop consisting of both experts and
stakeholders. The analysis on the weights of the value and performance measure for each performance indicator was
carried out by using the multi-attribute utility theory and the AHP method. In order to confirm the application of
the weight of the performance measure and value of the performance indicator, six bridges in an example city were
selected, LOS analysis was applied and its results were reviewed.

Keywords : Asset Management, Bridge, Level of Service, Multi-Attribute Utility Theory, Performance Measures

FA71eR 7 Y AN =G A 7 e A A <A Qlazel Zpdeke] SE Aul =2 A E(10044465)7 9] A
o o FEAS.

*Corresponding Author : Min-Jae Lee(Chungnam National Univ.)

Tel: +82-43-821-5677 email: LMJCM@cnu.ac.kr

Received April 6, 2016 Revised (Ist May 4, 2016, 2nd May 11, 2016)

Accepted May 12, 2016 Published May 31, 2016

671



FFAE &= BA) AT A55, 2016

==
_

o 2
4
lo
(1]

oft
b
=
to
o

iClal

=2

e ey~
o

)
2

s
fr ©

30
2
o,
ofo o
N
il
oS
>,

b

[e]
o
g

o
o
N
>
R

=
T
Lo

1 ©
5V

=
rb

l

ox rp Ho I

O
3
S
ri
- 2 o ux

)
I
.
o,
@
>

fT
s
ofr (l;i

w82
= o e
4o K
> off
2
)
o,
i)
My oft
)

o
(o
fitl
p

of
o)
:cl)l:t
o

_,d
1otk o
ox T o
Lo,

o

~
e
L
o
>
FN
g
B 2o o
By
2L
(o3
o

o
T
=

o,
o
o
=2,
Y
L

Kl
o o
ST

ol L

Hz
i1
>
P
N
0%
=
.
i
Sl
EY
N
S

o,

;

% %
l
o ot X2 o
N
=

(L HE o
o,
=)

v
P
=

o
-

ox N
s
=

N
2
&

or of
&

S8 ok
o
N
RS
e

Mo o2
& =

f ot
I o

o,
ottt
L; By
=
£
o
o>
N
01\1_‘ ﬂl-{[] rlo
o o
il
=
e =
2o

e

2
™

o]0 %

I

=

ACH
Mo N
=)

)
i
=
>
ur)
[
)

R )
o
=2

i

;

2w
u

ﬂiﬁ
fil

o

2 m ok o o @ lo

&l
o
1o
ro,
rot

r_E‘
o

[
it

it

|

R
ol
b

rr

r)v :(o
RS

il

il

2
=
=
N

40%% A3
2H]-8-of tjgh HFo] HAl S 7t
B AR E A o PAdEe

A B 9gez sty
H-&-9 BS XskaL A
upz} -guel A &

Aol g Sel AATEF, A, v,

Lo 2
X

{0

[¢]

et
i)

o ®

A

o

rlo

2

2

or do
X

K
o

I

FN

ra
>

[e)

Ho

gz 2 20159 30
27867 4% 70~80dt) FA 3T
o 7dE wakel 47 B AS ek

TG S 574 A

o L

P

=)

>

(o
fitl
2
o

Q‘L
[ op 2

ox
oy
o,
ox

o
FO{!
o
1
(o
fru
e

rlo
A
o
=
=
>
—r
ROEN
©
ox
o
S
N
QL
=

£l
oft
d0 10 fo Ho

rot

ol &

oft
o
o

>
Y

>

fn
Y
2

i

R

[
L1 o T T

4y o
AU
[o

il

ful
o
o
fr
‘:0{'
o
r:‘_l‘
Ak
it

=]
o
>
A
o)
ACH
1o
ox
off o>
ko

k]
M

9] AMuH]2g==(Level of Service; LOS)

(Performance Measure; PM)E A|QFstaisl ghe},

672

40000

30000

20000

10000

The Number of Bridge

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040

Year

Fig. 1. The number of Bridges(Over 30years service time)
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Table 1. Bridges status of the road classification(KOSIS)

Sort The number of Bridges
Highway 8,493
National Highway 7,346
Metropolitan city, Province 1,173
Local Road 3,693
Road(in the Si, Gun, Gu) 7,958
Local Road supported by Nation 1,233
Total 29,896
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Table 2. Current Condition of Bridge Management System in European reginal (BRIME 2001)

Function German Denmark France UK. Norway Finland
BMS Name SIB-Bauwerke Danbro Edou-ard and OA NATS Brutus
Operating Year New 20 15 2 3
The number of Bridges 34,600 1,400 22,000 9,500 17,000 15,000
The list of Existing Assets [ ) [ J [ J [ J [ J [
Check Schedule [ ] [ J [ J [ J [ J [ J
Structures Condition [ ] [ J [ J [ J [ J [ J
Establish Maintenance Budget ( } ( [ J [ J
Maintenance Priorty [ J [ J [ J [ J
Establish long-term budget [ J [ J [ J [
. . . .
Safety Assessment [ J
Maintenance strategy [ J
Lifecycle-Cost [ J
User Cost [ J
Deterioration Prediction [ J
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Fig. 3. Downtown Bridge Asset Management Framework
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Table 3. Set of Level of Service

Well Being Community Outcomes Customer Value LOS
. . . ) Proper Management Efficient management of the bridge
Economical Efficient Bridge Maintenance
Quality Adequacy of Bridge Fundamental Performance Demonstration
Safety User uses safely
Social . s
Safety and Good Service Accessibility Ease of access of users
/Cultural
Customer Service Minimize customer inconvenience

Table 4. Performance Measure for Evaluating Bridge.

Performance indicator Performance Measure
Girder Condition Evaluation Result PM1
Expansion joint Condition Evaluation Result PM2
. > Bridge bearing Condition Evaluation Result PM3
Technical LOS Facility Safety - — -
Abutment/Pier Condition Evaluation Result PM4
Earthquake impact on the traffic (Risk Matrix Analysis) PMS5
Scour impact on the traffic (Risk Matrix Analysis) PM6
. Pavement Condition Evaluation Result PM7
Driver Safety - . -
Drainage Condition Evaluation Result PM8
. . Railing/Curb Condition Evaluation Result PM9
Community LOS Pedestrian Safety - - ] - -
Classification of sidewalks and driveways & Railings presence PM10
X Bicycle road presence PM11
User convenience - -
Cleanliness of the upper, lower and around bridge PM12

Table 5. Example of Detailed Evaluation Criteria

Grade A B C D E

PM1 A B C D E

PMS5 Very Low Low Moderate High Very High

PMI2 Very Good appearance and Good appearance and Inadequate appearance and Poor appearance and )
cleanliness cleanliness cleanliness cleanliness
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The Process of Seismic Evaluation Analysis (Expert 3)
Cvatusron indieater] A [ AS [ b [B5E [ € [€5 [ 5 [ 5f [ £ [Towi [~ o
Graer of imporancd] = 5 P T 5 Tooea
Expert 3 [ Tmoorance T E i i 5 [cloes
Value 1 0.964 0.893 0.536 o D 0.536
e Tooo0
The Process of Seismic Evaluation Analysis \ \i
Bosing [indicatar] fxpere 1| Sxpore 5 | txpers 3 | Exporca | expere s = VY
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= = oors ©.553 FCET O.3a5 o521 | [ ©.aas
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E’DZ =02 L
Soo 00 o
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Seismic Evaluation Indicator Classification of sidewalks/driveways Ewvaluation Indicator
10 . 10 . .
. y = -0.0679%* + 0.6068x? - 1.2855x + 0.7439
5°° y= 00537 + 0a9iax 1035« - 0506 § O3 2 - 00995
gua R? = 0.9999 EDS py
's 04 > 's 04
=202 £ 02
00 e e 00 e -
E D [ B A E D [ 4 B A
Railing/Curb Condition Evaluation Result Drainage Condition Evaluation Indicator
Fig. 4. Example of Result applied Multi-Attribute Utility Analysis
=S A Technical LOS Community LOS Total
PM1 PM2 PM3 PM4a PM5 PM6 PM7 PM8 PM9 PM10 PM11 PM12 | Score
Grade A A A A A B D C C D C C
1 | Bridgel 83.8
Score 21 7 7 14 10.5 8.4 3 4.5 3.6 1.2 1.8 1.8
> Grade C A A B B A C C C B C B 75.9
Score 12.6 7 7 11.2 8.4 10.5 4.5 4.5 3.6 2.4 1.8 2.4 )
Grade B A A B C D B A C B C C
3 |Bridge3 75.6
Score 16.8 7 7 11.2 6.3 4.2 6 7.5 3.6 2.4 1.8 1.8
Grade B A A A A A A B B D C B
a4 89.5
Score 16.8 L4 4 14 10.5 10.5 7.5 6 4.8 1.2 1.8 2.4
5 Grade C B B C D B C C C B C B 4
Score 12.6 5.6 5.6 8.4 4.2 8.4 4.5 4.5 3.6 2.9 1.8 2.4
6 Grade B B B C C A B C B A A A 77.5
Score 16.8 5.6 5.6 8.4 6.3 10.5 6 4.5 4.8 3 3 3 )

Fig. 5. LOS Analysis Results in 00 City
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Table 6. Performance Measures Weight
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Technical LOS

PM PM1 | PM2 | PM3 PM4 PMS5 PM6
Weight(%)| 21.4 | 7.7 7.7 12.2 10.6 104
Community LOS
PM PM7 | PM8 | PM9 | PMI10 PM11 PM12
Weight(%)| 7.7 7.6 5.9 33 2.8 2.7
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