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An Optimum Repair Plan for Maintenance of Existing Bridges
Kazuhiro TANIWAKI "' and Hideaki OONISHI ™
“IDepartment of Architecture and Environmental Engineering

Recently, the guideline for periodic bridge inspection was re-established with 4 rating evaluation for maintenance
immediacy of action by MLIT. The plan extending bridge service life, which has been formulated with 5 rating evaluation
since 2007 in Fukui prefecture, needs to re-formulate in accordance with the guideline. Development of effective evaluation
system for bridge management corresponding to the guideline is awaited for this purpose expectantly. In this study, a
decision-making system for bridge repair plan is developed by using the bridge inspection data of Echizen city. The revised
deterioration transfer curves for slab and abutment are introduced for three classifications of rapid, standard and slow
deterioration members. The most economical repair plan is determined by comparing the life cycle costs for nine repair
conditions, in which the rating limits for preventive repair are assumed as 2.0, 2.5 and 3.0 for slab, girder and abutment,

respectively. The effectiveness and practical usefulness of the system are illustrated by discussing the numerical results.
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Table 1 4 stages in condition rating

Condition rating Maintenance immediacy of action

I (1.0) |Good condition No structural defects

Minor structural defects without failure of function of structure, but special

I (2.0) [Preventive maintenance . . . . .
attention from viewpoint of preventive maintenance

Structural defects with need of early repair in order to prevent failure of function

IM(3.0) |Early repair of structure

Serious structural damage with need of urgent repair in order to restore function

IV(4.0) [Urgent repair of structure

3. FRHR, 47, IBEOMIEIES &L VEIE

IRhR, M7, #8515 DAL ORHIE T351E, RC RIS, SiFE, RC 1A, PC HTGOFGREZ & 12, SEEROHBERIRIEZ 04T L,
AR 2,3, 4 OARBEIZS L CEILEI Table 3, Table 4 B L O Table 5 12T L O IHE L TWA. 2 b DOTIED
B, R OBREFEMEHER E THRE L TV AEEZ AW TW D . LU R ICE SO AHE TR OV Tk~
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Fig.1 Modified deterioration transfer curves for slab

Condition rating

Standard

40 50
Age

60 70 80

Fig.2 Modified deterioration transfer curves for abutment

Table 2 Coefficient @ in the expression of deterioration transfer curves

Member element Deterioration speed Equation Coefficient a

Rapid y =at’+1 3.39352x10°

Slab Standard y =at’+1 1.24079x10°

Slow y =at’+1 9.22019x10”

Rapid y =at’+1 3.16493x10°

Abutment Standard y =at’*+1 8.21420x10°°

Slow y =at’+1 6.59205x10”
RC girder - y =at+1 4.05%10
PC Hollow girder - y =at+1 2.47x10™
PC T girder - y =at+1 2.88x107
Steel girder - y =at+1 1.20x107

3.1 KRERO#HEIE

RC ARG, S, RCHTE DR OMHIE T 1%, AR 2 (2B T, Table 31284 & 5 ICOUEIAEA T (Crack
injection method) & L < [FWrEi &1 1.3 (Section repair method) % i\, IE1E &I LRI FIFE D 25% % E L7=. PC
HAGORMHBEDIF L A 1L, B0 a7 U —hOxTa b v v ATh o720, TOMETIEE L THRET
1% (Filling processing method) ZEEH L, (&2 2 (IZBWW T, EE 2> 7 U — MED 50% &2 fiET 2 H O S {E L
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Table 3 Repair works and unit prices in condition rating I1(2.0)

. Condition rating I (2.0)
Member element Bridge type - - - —
Repair method Assumption of area of repair Unit price
Crack injection method 25% of area of slab 2
RCslab bridge e - 17000 yen/m
Section repair method 25% of area of slab 50000 yen/m2
) Crack injection method 25% of area of slab 17000 yen/m’
Steel bridge - -
Slab Section repair method 25% of area of slab 50000 yen/m2
Crack injection method 25% of area of slab 2
RC girder bridge - ! - - 17000 yen/m
Section repair method 25% of area of slab 50000 yen/m2
PC girder bridge | Filling processing method 50% of {bridge lengthx (number of girder +1)} 5000 yen/m
Steel bridge Painting method 2mxbridge lengthxnumber of girder 3735 yen/m2
. . Crack injection method 25% of (2mxbridge lengthxnumber of girder) 17000 yen/m’
) RC girder bridge - - - -
Girder Section repair method 25% of (2mxbridge lengthxnumber of girder) 50000 yen/m2
) ) Crack injection method 25% of (2mxbridge lengthxnumber of girder) 17000 yen/m*
PC girder bridge - - - -
Section repair method 25% of (2mxbridge lengthxnumber of girder) 50000 yen/m’
Crack injection method 50% of (2mxWidth) 2
Abutment Allbridges L - 17000 yen/m
Section repair method 50% of (2mxWidth) 50000 yen/m”
Table 4 Repair works and unit prices in condition rating 1I1(3.0)
Conditi ti Im (3.0
Member element Bridge type - oncron e - 3.9 - —
Repair method Assumption of area of repair Unit price
Crack injection method 50% of area of slab 17000 yen/mz
RC slab bridge Section repair method 50% of area of slab 50000 yen/m2
Steel sheet adhesion method Area of slab 80000 yen/mz
Crack injection method 50% of area of slab 2
Slab Steel bridge J d 17000 yen/m
Section repair method 50% of area of slab 50000 yen/m2
RC girder bridge Crac]f injectio'n method 50% of area of slab 17000 yen/m’
Section repair method 50% of area of slab 50000 yen/m2
PC girder bridge Filling processing method Bridge lengthx (number of girder +1) 5000 yen/m
Steel bridge Painting method 2mxbridge lengthxnumber of girder 3735 yen/m2
) ) Crack injection method 50% of (2mxbridge lengthxnumber of girder) | 17000 yen/m?
§ RC girder bridge - - - -
Girder Section repair method 50% of (2mxbridge lengthxnumber of girder) | 50000 yen/m?
. . Crack injection method 50% of (2mxbridge lengthxnumber of girder) 17000 yen/mz
PC girder bridge
Section repair method 50% of (2mxbridge lengthxnumber of girder) | 50000 yen/m?
Crack injecti thod 2mxWidth 2
Abutment All bridges merjeconeo St 17000 yen/m
Section repair method 2mxWidth 50000 yen/m’
Table 5 Repair works and unit prices in condition rating 1V(4.0)
Conditi ti V4.0
Member element Bridge type - e mg‘ (4.0 - —
Repair method Assumption of area of repair Unit price
Replacing method Area of slab 2
RC slab bridge P g 135000 yen/m
Steel sheet adhesion method Area of slab 80000 yen/m2
Slab Steel bridge Replacing method Area of slab 135000 yen/m2
Replacing method Area of slab 2
RC girder bridge P g : 135000 yen/m
Steel sheet adhesion method Area of slab 80000 yen/m2
PC girder bridge Filling processing method Bridge lengthx (number of girder +1) 5000 yen/m
Steel bridge Painting method 2mxbridge lengthxnumber of girder 3735 yen/m2
Girder RC girder bridge Section repair method 2mxbridge lengthxnumber of girder 50000 yen/m2
PC girder bridge Section repair method 2mxbridge lengthxnumber of girder 50000 yen/mz
Abutment All bridges Section repair method 2mxWidth 50000 yen/mz
Table 6 Unit price for replacement of bridge
Bridge type Super structure (unit price) Abutment (unit price) Pier (unit price)
RCsslab bridge 80000 ven/m> 450000 yen/m 0yen/m
Steel bridge 150000 yen/m2 1000000 yen/m 1000000 yen/m
RC girder bridge 100000 yen/n?’ 600000 yen/m 0yen/m
PC girder bridge 130000 yen/m’ 1000000 yen/m 1000000 yen/m
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& A2 DIEREN 2.0 LUE, 72132 OMOERNL 3. 0 LIE THiE
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Table 7 Assumption of bridge life due to preventive maintenance

@@@@@@@@@

Bridge type and conditions of Year of preventive maintenance after Period remained before | Extension of
construction site bridge construction replacement bridge life
In case of no preventive maintenance 60 years —
In case of preventive maintenance in 41 to
. . . 70 years +10 years
Steel bridge 59 years after bridge construction
In case of preventive maintenance within
P . . 100 years +40 years
40 years after bridge construction
In case of no preventive maintenance 50 years —
. . In case of preventive maintenance in 31 to
Concrete bridge locate in the salt . . 60 years +10 years
. 49 years after bridge construction
damage region - - —
In case of preventive maintenance within
. . 100 years +50 years
30 years after bridge construction
In case of no preventive maintenance 75 years -
. In case of preventive maintenance in 41 to
Concrete bridge locate out of the salt . . 85 years +10 years
. 74 years after bridge construction
damage region - - —
In case of preventive maintenance within
. . 100 years +25 years
40 years after bridge construction

5 REMBHROER

4. TR RIES TV HT LY 75 FEORSEHIER 2 R E L7223, = 2 Cl, PC #itE (No. 156 #5), RC HifG
(No. 46 1) 35 LU (No. 60 #5) DWHEREIDWERIZ 7T . HRO LOC Z5ET 2 EHIIIMIT T~ TOMHR
BRI Z N2 D LB 2 BN 15 FEMEHE L.
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E24T5 2 LI LD 1004 E THEMASAIRETH 5 7%, 64 AR ITHIE L7ot%, AFRICIRITE X & R D120, BT R
% 64 A4 uﬁuféﬂbéhfwé.
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Selection of repair condition in 9 cases

Need initial

repair ? Repair

N Reset condition rating]

Reset condition rating R

Calculate the year (TIMEO) when the aimed member
element becomes the specified condition rating.

Calculate the fast year (TIME1) when the other
member elements become the condition rating 3.0.

V!

TIME=min.(TIMEO,TIME1)

Replacement

TIME > Period remained
before replacement ?

Repair

In management
period?

STOP

Fig.3 Flowchart of determination of repair time
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Fig.4 Repair history of PC girder bridge (No.15)
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Fig.5 Repair history of RC girder bridge (No0.46)
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Fig.6 Repair history of steel bridge (No.60)
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Fig.7 Costs for repair and replacement
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BEXH
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() [E A WA B, 8 SR EE, TRk 26 47 (2014)6 A
() (M) EHREERET A, R EM S~ ==27 L (%) , (2011)
(4) R HP, EHIAER ORF ki) T
http://www. pref. fukui. lg. jp/doc/hozen/kyouryou_d/fil/003. pdf, (2013 4%, 12 7 15 HEE)
(5) RIE, PHNRERE, BRI O/ RGO B SRS L BT 2 SRR | fE I L3RR 26 AR
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(PR 27 42 3 A 31 H2 )
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