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Background 1

The distribution of age of bridges on National roadway in Japan
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There is peak from 30 to 50 due to rapid economical growth

In the future, they will deteriorate.

The increase of maintenance costs(including renewal) will be a
serious problem.




Background 2

The distribution of age of bridges on Yokohama city in Japan
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Yokohama Bay Bridge



Maintenance and rebuilding budget(2003)
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The increase of maintenance costs(including renewal cost) will
be more serious problem for local governments.

Proposal for the method which reduces the burden

of local governments



Problem 1
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Social value

Using weighted average method
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Emergency traffic route?
Traffic volume is large?
Bus line?

Civil heritage?

In the city plan?

based on the questionnaire to

42 local governments

Ratings of it range from O to 100
(bridges which have all factors are 100)



Problem 2

The distribution of age of bridges on Yokohama city in Japan
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Renewal cost 1

based on the difficulty of renewal
due to land prices,structures under bridges and so on

The renewal patterns

patternl temporary bridge(general)
pattern2 two-stage renewal(city)
pattern3 detour(particular)

pattern4d change the road line(province)



Renewal cost 2 patternl temporary bridge(general)
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Renewal cost 3 pattern2 two-stage renewal(city)
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Renewal cost

based on the difficulty of renewal

due to land prices,structures under bridges and so on

The renewal cost of unit area( )

patternl temporary bridge(general)
pattern2 two-stage renewal(city)
pattern3 diversion(particular)

pattern4d change the road line(province)

If the bridge crosses over railway or highway,

this renewal cost becomes 1.5 times

1.5 million yen/
2.0 million yen/
1.0 million yen/
0.7 million yen/
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Definition of health index in this research

the degree of health of bridges

based on inspection data of Yokohama city

Ratings of it range from O to 100 (intact bridges are 100)
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The feature of three maintenance groups

Social value| =zp Clustering

Renewal cost @ (Dividing into three groups)

Three maintenance
Health index groups are made by
100 minimum value of
health index

85 Very high
50 High
30 Medium
Renewal Renewal Renewal
O >
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The feature of three maintenance groups

social value| =zzp Clustering
renewal cost @ (Dividing into 3 groups)
3 maintenance groups

Health index are made by
100 minimum value of
health iIndex
85 Very high
50 High
30 Medium
Renewal Renewal Renewal
0 ,age

These concrete values are based on criteria of NY city 14



Clustering

(100 million yen)
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Assumptions in the simulation

If present health index become same as the minimum value of
health index, repair and reinforcement (including renewal) are

performed.
Future health index is added by a deterioration curve

Health index is increased to 100 by repairs and reinforcements
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The result of simulation

future annual maintenance cost of 300 bridges
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If the bridge budget has the limitation,

We need to decide the priority of maintenance works.(including
renewal)

D

present health index

minimum value

the bridge whose D is lower is repaired and renewed by priority

bridge name

present
health index

maintenance

level

minimum value

(K58 Shin Yamashita 75 Very High 85 -10
2nd NEs) 25 Medium 30 -5
3rd InEl 40 Medium 30 10
YoM Daini Nakata 65 High 50 15
S 1l Matsumoto 50 Medium 30 20
1M Shiomi 75 Medium 30 45
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Flow of this proposal method

_ Bridge Specification |— _
Inspection data || and Functionality |Bridge site data| [IjelfisgeENE]

< < <

Social value| |Renewal cost

Clustering Data
(Dividinginto 3 groups) processing

: a" _ _ Output
Priority of Bridge Maintenance and Renewal
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Concluding remarks

All bridges are clustered into three maintenance
groups based on social value and renewal cost.

Minimum value of health index is set by three
maintenance groups

The simulation of this method showed that it
can smoothen annual maintenance costs

(including renewal).

If the annual budget is limited, the priority of
bridge maintenance or renewal are determined.
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End of this presentation
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Objective another)
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Factors of Problems 2

160 - Peaks of annual maintenance costs
= 140 /\ ﬂ
2
120 -
< | |
E 100 - Smoothen annual costs
S 80 -
o
< 60 .
*‘7’ Present
o B
© 40 budget
= $n LN A LN A
%O _.ll._l l--.ll_l‘A_.ll_l
2000 2050 2100 2150 2200 2250

year
INn case of bridge lifetimes as 80 years

24



A principal result of this questionnaire
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A principal result of this questionnaire
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A principal result of this questionnaire
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A principal result of this questionnaire
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A principal result of this questionnaire
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Flow of this research spare
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Flow of this research
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feature of this research

eXx.
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Flow of this proposal method

Inspection data ||Fundamental data| |Bridge site data| [{glellj®efe!
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Assessment of Assessment of Estimation of
health index soclal value renewal cost

Clustering Data
(Dividing into 3 types) processing
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Output
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Feature of Bridges In Local governmentsl
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Feature of Bridges in Local governments2
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sampling

o
[Te)
—

00T

0§

VETAVIIZ4
00¢-04T
0ST-00T
00T-09
0S-0

700

600

375 50 625 75 875 100
100

25

125

500

400

300

200

100

36

-00v¢e
00¥¢-05€¢
0G€C-00€¢
00€¢-05¢¢
0S¢¢-00¢¢
00¢c¢-05T¢
0ST¢-00T¢
00T¢-050¢
050¢-000¢
000¢-056T
0S6T-006T
006T-0S8T
0S8T-008T
008T-0S.T
0G.T-00.T
00.T-0S9T
059T-009T
009T-0SST
0GST-00ST
00ST-0SVT
0SYT-00vT
00¥T-0SET
0GET-00€T
00€T-0SCT
0G¢T1-00CT
00¢T-0STT
0STT-00TT
00TT-0S0T
0S0T-000T
000T-056
056-006
006-058
058-008
008-05.
05.-00L
00.-059
059-009
009-05S
055-00S
00S-0S¥
0S¥-00¥
00¥-0S€
0G€-00€
00€-05¢
05¢-00¢
00¢-0ST
0ST-00T
00T-0S
0S-0



Example of calculation
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Total cost in case of Asahitaka bridge
apart from initial cost, and including renewal cost
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Health Index

o
H 50 0.75
&
6250
T W
50 0.50
= >

100



Health Index

Wi Hi
50 0.75
1
0.75
0.5
0.25

010

40




The feature of Three maintjiliSs
social value| |renewal cq 30
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Type 1. maintenance level: E
Bridges of this type are ref § 10
'
© 5
Type 2. maintenance level: | F _;—'l-"
: : 0] ‘
Bridges of this type are rey o 50 100 ic
Type 3. maintenance level: r Total cost in case of /
apart from initial cost, and ir

Bridges of this type are repaired and reinforced .
If they can’t maintain their performance ,they are renewed. 41



Renewal price
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Renewal price
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Social Value
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Social Value
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Social Value

A A A A A B B B B
o 0.333333
o 3
o 0.2
o 5
o 5
o 0.333333
O 7
o 0.142857
o 3
o 9
4
1 0.33333 3 0.2 5 1 0.129573679
3 1 5 0.33333 { 2.03617] 0.263833779
0.3333333 0.2 1 0.14286 3 0.49112] 0.063636045
5 3 / 1 9 3.93628] 0.510038725
0.2 0.14286 | 0.33333 |0.11111 1 0.25405| 0.032917772
total |7.71762 1 46




Th ree m ai nte n a.n Ce g ro u pS \ Inspection data H Bridge S.pecificatichEABridge s.ite data\ m

N
01
—

—— Renewal

71—'-"’4 —— Supportive

care

N
@)
|

—— Planning
maintenance

=
o
\

Total cost (million yen)
o o

o

O 50 100 150 200 250
Apart from initial costs

Total cost in case of Asahitaka bridge

‘-lle VT T & T ITITOerIT Tewt T T T Ivv- T T ITTIITwoer T v "-lle A4 ma — 4 T @I lTw vy Oorry

@)

47



Target value 1

Based on criteria of NY city inspection
high
Target value
Type 1. maintenance level: very high Rating of 85

Bridges of this type are repaired andireinforced
again and again.

Type 2. maintenance level: high Rating of 50

Bridges of this type are repaired andjreinforced one time.

Type 3. maintenance level: medium lowRating of 30

Bridges of this type are not repaired and reinforced .
If they can’t maintain their performance ,they are renewed. 438



Proposals spare
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Scenario
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Cluster

Renewal cost
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Decision of points
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Inspection Total Price
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Future subjects
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