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ABSTRACT

Recently, the demand on the practical application of life-cycle cost effectiveness for design and rehabilitation of civil infrastructure is
rapidly growing unprecedently in civil engineering practice. Accordingly, in the 21st century, it is almost obvious that life-cycle cost
together with value engineering will become a new paradigm for all engineering decision problems in practice. However, in spite of
impressive progress in the researches on the LCC, the most researches have only focused on the Deterministic or Probabilistic LCC
analysis approach and general bridge at design stage. Thus, the goal of this study is to develop a practical and realistic methodology for
the Life-Cycle Cost LCC-effective optimum decision-making based on reliability analysis of bridges at design stage. The proposed
updated methodology is based on the concept of Life Cycle Performance(LCP) which is expressed as the sum of present value of
expected direct/indirect maintenance costs with expected optimal maintenance scenario. The updated LCC methodology proposed in
this study is applied to the optimum design problem of an actual highway bridge with Cable Stayed Bridges. In conclusion, based on
the application of the proposed methods to an actual example bridge, it is demonstrated that a updated methodology for
performance-based LCC analysis proposed in this thesis, shown applicably in practice as a efficient, practical, process LCC analysis
method at design stage.
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Fig. 1. Problem of Existing LCCA Method
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Fig. 3. Performance Index Profile without Maintenance
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Table 1. Concept of Maintenance at Design Stage

Category Explanation Performance index

Repair In case of low effect of structure performance damage recovery ordinary state Conditions index
Rehabilitation Restore to the level of design due to being dmaged / destroyed by carrying capacity decrease,
Reinforcement overload and disaster load Reliability index
Retrofit Conditions improvement better than considered conditions in the design stage
Replace Replacement of accessory structures due to reach service life of component Determinded life

Bridge Component—specific Performance Degradation Models

Repai items Reinforcement items Replacement items
(Structural elements and
non—structural elements) (Structural elements) (Non—structural elements)
Evaluation of conditions index Reliability index Determinded life
Evaluation of conditions history Resistance and carrying
data and expert estimation capacity related history data i :
~_~ Prediced lite

Probability and statistics analysis

Reduction ratio of reliability
index for resistance reduction

Fig. 5. Performance Degradation Models at Design Stage
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Table 2. Performance Index, Defect Index, Condition Grade

Performance index Defect index Condition grade
87 <PI < 100 0 < DI<0.13 A
74 <Pl < 87 0.13 < DI<0.26 B
S1<PI < 74 0.26 < DI <0.49 C
21 <PI < 51 0.49 < DI<0.79 D
PI < 21 0.79 < DI E
o~
Sl N Grade A
Y
SN Jerade 8
S Grade C
SO N R -
S Grade D
S | R e R T
IGrade E
Life

Fig. 6. Index of Condition Grade
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Table 3. Failure Event

Element Main Failure Event
Cable Tension Failure
Pylon Compression + 2axis bending moment Failure

Compression + 2axis bending moment Failure

Concrete Deck -
Shear Failure

Steel-Concrete Joint Shear Failure

Steel-Concrete Deck |Compression + 2axis bending moment Failure
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Categoty Form and span construction Cover Support | Expansion joint
High-strength PSC beam bridge(3@40=120m) + main span 200m 3main top
Altenative 1 cable-stayed bridge(100+200+200+100=600m) + high-strength PSC beam Main bridge o
bridge(3@50=150m-+3@40=120m) (M) | Main bridge
Altenative 2 PSC box girder bridge(3@50=150m+60m) + main span 300m 2main top cable-stayed | Connection éiﬁ;i;g?l Finger joint
bridge(135+300+135=570m) + PSC box girder bridge(60m+3@50=150m) bridge bridge(port)
Altenative 3 Steel girder (50m+2@55=110m+75m) + main span 170m Smain top cable-stayed (SBS PMA)
bridge(75m+4@170=680+75m)
Table 5. LCC Input Data
Measure Cost Measure Cost
Category ratio Cycle (1,000 won) Category ratio Cycle (1,000 won)
Main span brldge Repair 33.4 6 3.827 Connection br]dge Repair 18.3 8 219.560
surface covering Re-covering 100.0 17 26.670 support Replace 100.0 22 154,368.20
Connection brldge Repair 33.4 5 3.783 Main span br]dge Repair 20.2 4 398.290
surface covering | Re-covering 100.0 15 27.584 expansion joint Replace 100.0 9 3,904.217
Main span brldge Repalr 21.0 14 150.220 Connection br]dge Repalr 20.2 4 398.290
floor deck Reinforcement |  22.3 20 | 249.366 expansion joint Replace 100.0 9 5,529.120
Concrete connection Repair 21.0 14 150.220 Pyl Repair 24.4 8 174.870
. on
bridge floor deck | Reinforcement |  22.3 20 | 249.366 Reinforcement | 20.6 | 20 174.870
Steel connection Repair 21.0 13 89.360 Repair 1.0 10 |Construction Cost
bridge floor deck | Reinforcement 22.3 21 337.460 Cable Reinforcement 8.0 15 | Construction Cost
Main span bridge Repair 18.4 8 124.248 Replace 100.0 75 | Construction Cost
mold Reinforcement 21.6 12 346.000 Cable Demper Replace 100.0 10 4,000.000
Concrete connection Repair 18.4 8 124.248 Repair 244 8 174.870
. - Substructure -
bridge mold Reinforcement 21.6 12 346.000 Reinforcement | 20.6 20 174.870
) Repair 19.8 7 49.390 Drainage system Replace 50.0 7 146.200
Steel connection [ Tp inting | 19.1 15 | 151.889 Eail, Curb Replace 450 | 10 324.300
bridge mold
Reinforcement 100.0 12 321.456
. A - Connection bridge .
Main span brldge Repalr 18.3 8 219.560 deck Waterpr()()f Repalr 25.0 12 70.260
support Replace 100.0 22 | 14,990.072

Vol.33 No.5 September 2013 2087



s Asrmele] 128 Al

AHIE 2lEAdElA 7k JeAshR S
71 LCCRA] fAleMIg- 2lol& HESh= 2108 Hl-8-7
A B vl 2shE 71 LOGRA 71 A83818it): LCCRA]
S I8k B4 717k 1004, AL 3.5%, AFEAM)E A
Y8t WERA 0 Z AFETE 100km, AHEEE 20km, Ul
B 25000005 7REo 2 PRIt B =] B4
SRS UPFOR SFlon 27)7AN)e-e AR} A XIS
HIE, FARSHE 2R 9Ie 7], W) 2AEL e
AK2003) HIT-E HlERO 2 LCCEAS AN Ekck 45 93k
Z}zke] 1§ AlsE B/PEEES Efste] FUARe R Wik}
o] 1831k ohe 7F WA LCCE 2Hsl7] 918t izt
E|Z Table 59 YeERAILE

Ed2

(92

4.2 MsXs| 7|=st LCCEM
4.2.1 2M =z}

Ox] BAE 7|2 AT LCCEA]d] uksle] o]
=oA ARtk AdsAlstel| 71xgk AASA LCCEA 71
olgate] U 7ol ek LCCEAS AAeisitk 71 LCCeh
B =50 LOCEA] WPRe Xol= B B 3o AFsxjsiadl
< 53 FeER] fAEmEe] A Jrk vlal 249 &84
< Izl $J8l 71 AAGA LCC 7o g B% % LCC
F FAEEEF 78-S AL)g YmR] vl8-e LCCE
2] 710l LAl H835rk £ =iEelx] Aljlsh= Aol $13=
47 7 eAst Rl 2Pgsh] siMe theat 2
4 S ARk
1. FMSHJo]Eje} Uz Fo] FAoHuolElE B3] 415

e
A g A% AT Amet AUAF 1088 9B

HHH
od

Table 6. Data of Past Records

ol

) o)

AckA] Yo7 v]8 HA

REERS

2. At AR B S EYE 59 JRE BE
3. A= volHE Bl B, Bk AdsAstel tiek Agake

Qe

=

- B gEt olEAaERY s WEHee A
-0 AT e A s sk, dATER
S B9 bl Wk A1)
4. WAFINE 918 AAFES B AaeiE 2%

5. QA AfellA AR FQl o] R

hevi o B =]
THE sk

A7} B 2 A olEAng B3 AN ave
A R 2 =ellA

Alteh= AdsAeh7 Ik LCCEA W )i

6. tiehd fFAESHE k= F 7]

W)

4.2.2 MsXst 2E

‘oAt 7Nk fAERE-E APl ] Slsis A1
o8 AeAstid thd Teas AosoRitt Zze] T4da
o= S 71 LOCREY] el arefeisld B, B =)
theto] AFeAfeliidls: Asiirt Beek aA) e ARgEol
et wAlF7 1S AT Heapol] thet AsAlshile, Bl
e A Fhasg, Hapnde) o] aat, aAle) ik dgay
2 FMSHjo|Ej9} AAIQPARITE T4, ZE7}F AREAF B 3]
ofsl A=At 1, 2% APd=ol] thelo] 1987 mke] (3

g) o]e] HskE

==

b

& ol Ase @ ARl FF - 100

733 1, 2% APzl diel] i Sidnict s AEQbIRITE
xS FMS BRoluf, AT Buxs Ahge] 24 & debd
o] FAIR 7|2l FHE RE FEd BuAE T

o=

8l

or Z} EFAE 755kl

FTF=oll= alge]

Form | Term Component Item | Maintenance Damage Factor Alterations Grade | Treatment measure
PSC box 6 Substructure Abutment Repair Deterioration Joint damage C Mortar injection
PSCbox | 10 Substructure Abutment Repair Run-off inflow Efflorescence C Surface repair
PSCbox | 22 Substructure Abutment Repair During use damage Stone wall damage C Section repair

Steel 5 | Accessory structures | Support | Replacement Vibration(live load) Crack C |Mortar replacement

Steel 10 Substructure Abutment Repair | Temper. and dry shrinkage Crack C Injection repair

Steel 10 Superstructure Girder Repair Environmental factor Painting damage C Steel painting

Steel 10 Superstructure Girder | Replacement Vibration Rivet loosing C Bolt replacement

Steel 10 | Accessory structures | Support Repair Degradation of paint film | Painting detachment | C Re-painting
PSCbox | 12 | Accessory structures | Support | Replacement Vibration(live load) Crack C Replacement

PSC beam | 15 Substructure Abutment Repair Deterioration Exfoliation C Section repair
PSC beam | 15 Substructure Pier Repair Run—oafltli;tfllz‘;vi,nf;eezing Reticulate crack C Surface repair
PSC beam | 18 Substructure Pier Repair Dry shrinkage Crack C Injection repair
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Fig. 10. Condition Index Performance Degradation Models
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Table 7. Condition Index Performance Degradation Models

Component Linear Equation R’ Performance
Improvement Rate Improvement Index

Main span bridge-decks surfacing y=-0.229x+4.873 0.720 62.21% 3.11
Connection bridge--decks surfacing y=-0.215x+4.514 0.649 57.02% 2.85
Main span bridge floor plate y=-0.150x+4.923 0.811 61.86% 3.09
Connection bridge floor plate y=-0.153x+4.991 0.819 61.45% 3.07
PSC box girder y=-0.190x+5.004 0.783 57.18% 2.86
Steel box girder y=-0.194x+4.948 0.859 59.48% 2.97
PSC beam y=-0.175x+4.800 0.764 56.57% 2.83
Main span bridge support y=-0.247x+4.963 0.878 60.02% 3.00
Connection bridge support y=-0.263x+5.210 0.848 58.92% 2.95
Expansion joint y=-0.340x+4.659 0.780 61.22% 3.06
Main top y=-0.161x+4.974 0.807 58.48% 2.92
Cable y=-0.203x+4.991 0.781 61.34% 3.07
Substructure y=-0.188x+4.835 0.828 59.70% 2.99
Connection bridge deck waterproofing y=-0.177x+4.636 0.632 60.38% 3.02
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Fig. 11. Reliability Index Performance Degradation Models
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Table 8. Reliability Index Performance Degradation Models

. Performance
Linear 2
Component equation R™ | Improve- | Improve-
ment Rate |ment Index
Main Zf;;l floor | 0.076x+4.636 | 0.899 | 4433% | 2216
Connection
. =-0.068x+4.344 | 0.933 | 39.589 1.979
bridge floor slab 4 X &
PSC Box girder | y=-0.106x+5.712 | 0.965 | 69.85% 3.493
PSC beam y=-0.107x+5.111 | 0.972 | 55.33% 2.766
Steel box girder | y=—0.111x+5.450 | 0.952 | 60.93% 3.047
Pylon y=-0.127x+6.086 | 0.964 | 53.89% 2.694
Cable y=-0.060x+3.425 | 0.844 | 57.13% 2.857
Substructure | y=-0.054x+3.704 | 0.812 | 54.98% 2.749
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Table 9. Determination Life of Replace ltems

Replace Item Average | Variance | Remarks
- i doe-deck
Main span brl.dge decks 23years 0.10
surfacing
- doo-deck
Connection br}dge decks 23years 014
surfacing
Main span bridge support 30years 0.11 | Performance
- - improvement
Connection bridge support 30years 0.10 o
100%
Expansion joint 18years 0.15 /
Cable damper 18years 0.17 Lognormal
Drainages 12years 0.10 distribution
Rail, Curb 18years 0.10
Connection bridge mold 22years 0.13
Cable 50years 0.16
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