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Optimal Maintenance Strategy for Bridges in Fukui Prefecture using the Data
of the First Round Inspection

Kazuhiro TANIWAKI™!
*! Faculty of Engineering, Department of Architecture and Civil Engineering

The author presented the deterioration transfer curves of bridge member elements in Fukui prefecture by using the
data of the first round inspection. In this study, the most economical repair plan is determined by modifying the bridge
management system (BMS) developed in earlier work to be able to apply it to the new deterioration transfer curves for
all bridges in Fukui Prefecture. The accuracy and effectiveness of the BMS are demonstrated in the numerical example.
The useful maintenance repair plans and maintenance expenses for all bridges are also presented for the next seventy-five

years.
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Table 1 Bridge number under condition of general environment Table 2 Bridge number subjected to salt damage

Bridge type number
RC slab bridge 501 Bridge type number
PC slab bridge 30 RC slab bridge 38
RC girder bridge 93 PC slab bridge 3
PC girder bridge 360 RC girder bridge 4
Steel girder bridge 251 PC girder bridge 41
Steel slab girder bridge 10 Steel girder bridge 4
Total 1245 Total 90
Table 3 Bridge number subjected to ASR Table 4 Bridge number subjected to freezing damage
Bridge type number Bridge type number
RC slab bridge 7 RC slab bridge 33
PC slab bridge 0 PC slab bridge 1
RC girder bridge 2 RC girder bridge 9
PC girder bridge 28 PC girder bridge 19
Steel girder bridge 19 Steel girder bridge 21
Total 56 Total 83

Table 5 Coefficient a in deterioration transfer curves and time reaching at the stage IV for each bridge type

under condition of general environment

Bridge type Feature Coefficient a Time reaching at the stage IV (year)
Slow 7.692E-07 157
Standard 3.775E-06 93
RC slab bridge
Fast 1.019E-05 67
Rapid 2.070E-05 53
Slow 4.074E-06 90
PC slab bridge Standard 2.532E-05 49
Fast 7.715E-05 34
Slab Main girder Crossbeam Slab Main girder | Crossbeam
Slow 4.822E-07 5.788E-07 3.542E-07 184 173 204
Standard 3.671E-06 4.432E-06 3.612E-06 93 88 94
RC girder bridge
Fast 1.047E-05 1.128E-05 9.550E-06 66 64 68
Rapid 4.317E-05 3.242E-05 2.096E-05 41 45 52
Slow 1.162E-06 1.049E-06 2.302E-07 137 142 235
Standard 7.174E-06 8.577E-06 9.517E-06 75 70 68
PC girder bridge
Fast 2.401E-05 2.406E-05 3.340E-05 50 50 45
Rapid 6.858E-05 6.112E-05 9.954E-05 35 37 31
Slow 9.021E-07 2.027E-06 1.080E-06 149 114 141
Standard 6.490E-06 8.589E-06 6.610E-06 7 70 7
Steel girder bridg
Fast 1.710E-05 2.169E-05 1.840E-05 56 52 55
Rapid 5.055E-05 5.528E-05 4.786E-05 39 38 40
Slow
Steel slab girder
bridge Standard 1.174E-06| 7.693E-06 2.885E-06 137 73 101
Fast
Slow 3.890E-07 198
Standard 4.505E-06 87
Substructure
Fast 1.329E-05 61
Rapid 3.701E-05 43
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Table 6 Repair works and unit prices in condition rating I (2.0)

Member Bridge type Condition rating 2.0
element Repair work Assumption of repair range Unit price
Concrete slab Section repair method 25% of area of slab 7x10* yen/m’
Slab Filling concrete | Filling procesing method |  50% of {span lengthx(number of girder+1)} 0.5x10* yen/m
Steel floor slab Repainting work Whole of slab area 0.5x10* yer/m®
RC girder Section repair method 25% of (2mxspan lengthxnumber of girder) 7x10* yen/m2
Girder PC girder Crack injection method 25% of (2mxspan lengthxnumber of girder) 2x10* yen/mz
Steel girder Repainting work 2mxspan lengthxnumber of girder 0.5x10* yen/mz
RC girder Section repair method | 25% of (1mxspan lengthxnumber of cross beam) |  7x10* yen/m2
Cross beam PC girder Crack injection method | 25% of (1mxspan lengthxnumber of cross beam) | 2x10* yen/m2
Steel girder Repainting work Imxspan lengthxnumber of cross beam 0.5x10* yen/m®
Substructure All types Section repair method 50% of (Smxwidth) 7x10* yen/m’
Table 7 Repair works and unit prices in condition rating 1I1(3.0)
Member . Condition rating 3.0
element Bridge type Repair work Assumption of repair range Unit price
Concrete slab Section repair method 25% of area of slab 7x10* yen/m2
Slab Filling concrete | Filling procesing method | 50% of {span lengthx(number of girder+1)} 0.5x10* yen/m
Steel floor slab Repainting work Whole of slab area 0.5x10" yen/m2
RC girder Section repair method 50% of (2mxspan lengthxnumber of girder) 7x10* yen/m’
Girder PC girder Crack injection method 50% of (2mxspan lengthxnumber of girder) 2x10* yen/mz
Steel girder Repainting work 2mxspan lengthxnumber of girder 0.5x10* yen/mz
RC girder Section repair method | 50% of (1mxspan lengthxnumber of cross beam) |  7x10* yen/m’
Cross beam PC girder Crack injection method | 50% of (Imxspan lengthxnumber of cross beam) | 2x10*yen/m’
Steel girder Repainting work Imxspan lengthxnumber of cross beam 0.5x10" yen/m®
Substructure All types Section repair method 50% of (Smxwidth) 7x10* yen/mz
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Table 8 Inspection expense of bridge Table 9 Unit price for replacement of bridge
Span length | Inspection expense (yen) Bridge type Superstru(;ture Substructzure
less than Sm 72,000%width yen'ni yen'm

Concrete slab 80,000 450,000
Sm~15m 75,000xwidth
PC slab 100,000 450,000
15m~20m 76,000xwidth )
RC girder 100,000 600,000
20m~30m 79,000xwidth
PC girder 130,000 1,000,000
over 30m 80,000xwidth
Steel girder 150,000 1,000,000
Steel floor slab 170,000 1,000,000
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Set repair condition from 9 cases

Need initial Y "
N Repair
repair ?
Recalculate condition rating | N Recalculate condition rating

Calculate the year (TIMEO) that the condition rating of
focused member element reaches at the specified

condition rating.

Calculate the fastest year (TIME1) that the other
member elements reach at the condition rating 3.0.

N

3 TIME=min.(TIMEO.TIME1)

STOP

Fig.1 Bridge management system proposed in this study
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Fig. 2 Cumulative repair, inspection and replacement costs Fig. 3 Cumulative repair, inspection and replacement costs
(without limit of repair cost in a year) (repair cost of 40 x108 yen in a year)
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Fig. 4 Cumulative repair, inspection and replacement costs Fig. 5 Cumulative repair, inspection and replacement costs

repair cost of 35 x10° yen in a year repair cost of 30 x10® yen in a year
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Fig. 6 Cumulative repair, inspection and replacement costs

(repair cost of 25 x108 yen in a year)
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— R H R R & o 72 AR I IR A PR SR o ol R AR LABHE R 12D W T

Table 10 Comparison of cumulative repair costs between optimal case, case ® and case @ for several upper limits of repair cost

in a year
Upp:ssl:rir;:;(;f;ipalr Optimal case Case® :F:Z?E;t (r;: ; . Case@ (I)I:Cr::eg (Z;i
25 x10° yen 288.9x10° yen | 302.8x10° yen 4.8 313.5x10° yen 8.5
30 x10° yen 283.8x10° yen | 301.3x10° yen 6.2 313.4x10° yen 10.4
35x10° yen 281.9x10° yen | 300.3x10° yen 6.5 313.4x10° yen 11.2
40 x10° yen 280.5x10° yen | 299.9x10° yen 6.9 313.3x10° yen 11.7
no limit 272.2x10° yen | 299.2x10° yen 9.9 313.0x10° yen 15.0

*Increment rate of cost with respect to optimal case

Feti7e iy — A, - — 2@ THIER 2 E L2586, 77— AQ THIER 2 E L7256 CHEBME TR A fix
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Fig. 9 Repair history of 12 span RC girder bridge (16501)
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Fig. 10 Repair history of 5 span bridge composed of PC slab bridge and steel girder bridge (19601)
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Fig. 11 Repair history of 5 span PC girder bridge (42001)
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Fig. 12 Repair history of 10 span bridge composed of PC girder bridge and steel girder bridge (30501)
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Fig. 13 Repair history of 9 span steel girder bridge (64201)
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