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Bridge Life Cycle Cost Analysis of Preventive Maintenance

Yo-Seok Jeong', Woo-Seok Kim>*, Il-Keun Lee’, Jae-Ha Lec"

Abstract: The paper aims at evaluating effects of preventive maintenance on life cycle cost(LCC) reduction of bridges. The preventive maintenance
activities capable to delay bridge deteriorations can reduce overall maintenance costs and extend service life of a bridge by regularly providing
maintenance activities and avoiding larger maintenance(repairs or rehabilitations) costs. Couple of prediction models were proposed in order to calculate
LCC of a typical bridge: a health score model and repair-rehabilitation cost model. In addition, the maintenance activities such as wash and painting
were also suggested in order to consider effects of preventive maintenance in the analysis based on literature reviews. According to analysis results,
new maintenance strategy(reactive maintenance + preventive maintenance) can save ¥0.5 billion per bridge for future life-cycle costs over 100 year
analysis or ¥¥184 billion for entire HBMS(Highway Bridge Management System) inventory over 20 years. Small investments for preventive maintenance
in improved bridge management can have a very significant return when considering the large bridge inventory.
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Table 1 Criteria for evaluating condition rating of bridge/element
based on damage score(MOLIT, 2012)

Condition State ~ Damage Index Damage Score (DS)
A(a)* 0.1 0<X<0.13
B(b) 0.2 0.13 < X<0.26
C(c) 0.4 0.26 < X <0.49
D(d) 0.7 0.49 < X<0.79
E(e) 1.0 0.79 < X

*A(a) represents that ‘A’ is the condition rating of the bridge and ‘a’
is the condition rating of the bridge element.
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Table 2 Number of bridges used to predict average service life

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

No. 4,395 5,669 5,768 5,815 6,459 6,943 7,186 7,627 8,002 6,386
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Fig. 3 Estimate of average service life of bridges
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Table 3 Effects of preventive maintenance on bridge elements(MnDOT, 2014)

Condition Level(MnDOT rating scale)

Activities

When applied

After treatment

Flushing decks, joints, drains

All bridge with decks

Same but slows deterioration rate

Crack sealing

Deck
Deck sealing = Fair, dependent on element condition state = Fair but improved element condition state
Joint sealing
Flushing bearing, beam end All bridge with decks Same but slows deterioration rate
. . Good to fair, dependent on element condition .. ..
Clean and lubricate bearings P state Good to fair improves element condition rate
Superstructure : e
Sealing/epoxy injection Good to poor Good to poor
L. Good to fair, .. ..
Painting beams . Good to fair improves element condition rate
dependent on element condition state
Flushing bridge seats, pier caps All bridges with decks Same but shows deterioration rate
Sealing Good to fair Good to fair
Substructure
L. Good to fair, .. ..
Painting Good to fair improves element condition rate

dependent on element condition state
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Fig. 5 Condition ratings of a bridge versus Average repair-rehabilitation cost
Table 4 Preventive maintenance activities(MnDOT, 2014; Weykamp et al., 2009; KISTEC, 2014)
Activities Period(yr) Category
Epoxy inject 3 Sealing
. Joint seals—repair/clean 2 Washing
California . .
Bearings—clean 2 Washing
Paint-spot prep/spot paint 3 Painting
Bridge deck washing(concrete) 1 Washing
Bridge deck sweeping 1 Washing
L. Seats and beam ends washing 2 Washing
Virginia . . . .
Cutting and removing vegetation 2 Washing
Scheduled beam ends painting 10 Painting
Removing debris from culverts 5 Washing
Flushing deck, Joints, Drains 1 Washing
Crack sealing condition* Sealing
Deck sealing condition Sealing
Joint sealing condition Joint
Rail sealing condition Sealing
Flushing Bearings, Beam ends, Truss members 1 Washing
Minnesota Clean and Lubricate Bearings condition Bearing
Sealing/Epoxy Injection condition Sealing
Painting Beams condition Painting
Flushing bridge seats, pier caps condition Washing
Sub_Sealing condition Sealing
Sub_Painting condition Painting
Sub_Debris Removal 1 Washing
Superstructure wash 1 Washing
Vegetation control 1 Washing
Lo Drain system clean/repair 1 Washing
Michigan . s L
Paint-spot condition Painting
Joint repair condition Joint
Crack sealing condition Sealing
Washing(Drains/Seat/Girder/Rail) 0.5 Washing
Joint condition Joint
Korea . i, .
Bearing condition Bearing
Painting condition Painting

*condition: condition-based
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Table 5 Preventive maintenance activities used in estimating Life
Cycle Cost(LCC) of a typical bridge(MnDOT, 2014; KECRI,
2015; KEC, 2015)

Category Activities Period(yr)  Unit cost(¥¥)
Deck/Joint
Washing  Substructure 1* bridge 500,000*
Drains
Spot(steel) 3¥* m? 36,570%**
Painting Entire(steel) 20%* m’ 10,780%**
Surface protection L%+ m? 42,620%%

(concrete)

*Transportation Asset Management Plan of Minnesota(MnDOT, 2014)

**Research Report of Korea Expressway Corporation Research Institute
(KECRI, 2015)

***Unit cost tables for construction activities(KEC, 2015)
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