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Development of a Successive LCC Model for Marine RC Structures
Exposed to Chloride Attack on the Basis of Bayesian Approach
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ABSTRACT A new life-cycle cost (LCC) evaluation scheme for marine reinforced concrete structures is proposed. In this
method, unlike the conventional life-cycle cost evaluation performed during the design process, the life-cycle cost is updated suc-
cessively whenever new information of the chloride penetration is available. This updating is performed based on the Bayesian
approach. For important structures, information required for this new method can be obtained without any difficulties because it
is a common element of various types of monitoring systems. Using the new method, the life-cycle maintenance cost of structures
can be estimated with a good precision.
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Table 1 Measured data in the field, Dock 20

Cy Time (months)
Type Depth (mm) 36 48
Dock 20 40 0.300 0.384

Table 2 Variables for prior-estimation, Dock 20

Prior-estimation

Design parameters ..
g p (mean, standard deviation)

Dy (x10"°m’/s) N (6, 1.2)
Dock 20 n N (0.4, 0.08)
C, (kg/m’) N (9, 1.8)

362 | = AR ESS

=27 M21A X35 (2009)

2.5 4
Posterior
2
E
é‘ 1.5
-
o]

Pror distnbution
95% Confidence interval of prier
Postenor dismbution

95% Confidence interval of postenor

% Daa used for a Bayesian updating (2 data)

0 100 200 300
Time[months]

Fig. 1 The change of chloride concentration measured at 40
mm distance from the surface
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Fig. 2 The change of mean value for limit state function
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Fig. 3 The change of reliability index for limit state function
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Fig. 5 Outline of probabilistic LCC analysis in consideration of
uncertainty of repair cycle
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Table 3 Durability by target service life of the domestic concrete

structures
.. . Target
Durabilit D t Lo
urability escription service life
Structure that requires an extremely
Ist level | . . 100
stleve high level of durability years
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g $HoR WYshe A9t Brh B8, Ba0E Y

=
B Aae] $alo] AYH L Y3, FALlE ERlel:
3 dsle] 497} gl M BAAHOR Aol

Hog A7 @ BA+R
1}2)

ot
NE
a%)
=)
.
-
>,
[>
it
T
X
W
(e
8
3
1
3
8
2
o
L)

7h= 248,673 /m” (2001
&3ttt

5.3 YoiF7|H| S L

ke

A7 AT S By HohE S8l %
)77 & @

I x
o

> o loomx & ob o
2\ 32
)
rﬂ
Jo
ﬁ, (

rJ
AL
BNt
N
N
Ll

ﬂlloh
Q
e
i
ol 1
[ ood Hob N A 2 4N 32 > 4E N W%

oo 1
n

[

r

o,
)
il

u
>
i
e
Y
<

@)
=z
N
¥ -

i
EN' oo

tl. Figs. 63 7914 Hol= ule} o] {Hx|2
71¢] ulolE Fo] Ao F7|u]g2 Yo
F718| & QU EE Tl WS B3
2tk AHA 02 Haol A &
= gdlelE A= 827l dolL Hlo]X]Q
ole 12092 A8 EA. &, B4
G AAGANA ST AR 2257
2 2R3 gaste] AeF7] Blgo]

(
=

o

—_

e Lo (o
oo = W

¢}
vt

e oox lo
o
N T o

=
o 2

R

=
2

oX,
e |

i g
B
(N
9
T



300

250
After update

PDF

Before update
a 1] a

LCC(100.,000(KRW])

Fig. 6 Existing and improved LCC probability graphs (PDF)
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Fig. 8 LCP model

Table 4 Comparison of intervention interval between before
and after updating according to Bayesian

Before updating After updating
82 months 120 months
Standard deviation 0.389 0.316

Mean value
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Table 5 Comparison of LCC results

Category Cost

Initial cost -
Before update

Maintenance cost KRW 645,810
Initial cost -
After update -
Maintenance cost KRW 430,361

Atk Table 59 A3},
pas

[<]
22 99 WA oF 21544999 AAAQ Ao F714]

=2
F 9 4a99 248

A @
2) ¥ FAYE FREY YA

o
e ol dZstel AFHoR HHe nrng
ANE AR F ANT 0B AFAuE Y

T =3
o & gdozH ¢ FIAYE FX2E AdF7I

we & Q)

3) & Aol JdE Bdg o]&3te] AofFrIv]E
< vwgk A3, gHlolE A Fo] ByFr|e] £
THATE 19% Aol Bl AAaHIS
& T At

4) B AeF7u]E MY mdS AJ3et B pH T A 7]
£ Sz A HFRGAZ Y FRE]
g g1 F Atk ol FIA FREY &
B2 DA e B8 AR HokE
F e Aew Ny

AL 2
2 =2 AHuERU EA3ta A4 nE e
7HAA 18 Al s A 7IEATNEAN 04 )
A71% C02¢F 06 A A D202 A Yoz o] Fo M H
Ytk
Skt

1. Boulfiza, M., Sakai, K., and Banthia, N., et al., “Prediction
of Chloride Ions Ingress in Uncracked and Cracked Con-
crete,” ACI Materials Journal, Vol. 100, No. 1, 2003, pp.
38~48.

[\)
o
e
AN
R
o
ofy
ofd
o

>

, A, AR, “Hl o)Xk 71 ol

o

0|85t sk RC FZx22| AHatoll chet LCC =2 JHE | 365



o ok

366 | = AR ESS

89 9ol BAYEFREY YA O TAYE
g3] =83, 204, 13, 2008, pp. 77~88.

. Crank, J., The Mathematics of Diffusion, Oxford University
Press, 1975, pp. 48~73.

A, AR, A%, OB, WSE, “dalE we
2o 7o GEEH U A4 23z
3] =87, 187, 23, 2006, pp. 239~248.

w0, ARIE 3 54 5 gAkskE 23 Fae
Eo] Aol tig A 7, FA2 ESS
=23, 199, 3%, 2007, pp. 367~375.

. Bazant, Z. P. and Kim, J. K., “Segmental Box Girder-
Deflection Probability and Bayesian Updating,” Journal of
Structural Engineering, Vol. 115, No. 10, 1989, pp. 2528~2547.
. Ang, A. H. S. and Tang, W. H., “Probability Concepts in
Engineering Planning and Design,” Basic Principles. John
Wiley and Soms, Vol. 1, 1975, pp. 329~359.

. Mckay, M. D., Beckman, R. T., and Conover, W. J., “A

10.

11

12.

Comparion of Three Methods for Selecting Values of Input
Variables in the Analysis Output from a Computer Code,”

Technometrics, Vol. 21, 1979, pp. 239~245.

. Costa, A. and Appleton, J., “Chloride Penetration into Con-

crete in Marine Environment-Part I: Main Parameters
Affecting Chloride Penetration,” Materials and Structures,
Vol. 32, No. 218, 1999, pp. 252~259.

Costa, A. and Appleton, J., “Chloride Penetration into Con-
crete in Marine Environment-Part II: Prediction of Long
Term Chloride Penetration,” Materials and Structures, Vol.
32, No. 219, 1999, pp. 354~359.

ENV 1992-1-1 : Eurocode 2, Design of Concrete Structures,
Part 1-1 : General Rules and Rules for Buildings, 2004, pp.
49~52.

S22 A B, FAYNEFZAAVE, FHEAYE
8}13], 2004, 300 pp.

2 % B ERe Y RC T AEg
LCC B2t Rt 2o, PRE
S dulelE ¥ %
chFe
W AHgele] FRES Yol fA v g

£, Hiorxier Jig

mlo
it

il

|

tlo

WNSO} : MOZIIHIS, A0 A

=27 M21A X35 (2009)

stk ol wlolAgt e B5
RUEY A28L ol83h7] g ojEg flol welAgk swel B
wo AUER o238 4 %lﬁ}.

ZUHEY

W) 710§ (LCC) H7h BDE AN BT o] md whge, 7)Eo
s Bt F7140 dakE AFe] Aze delEst A W ASHoE Ao

olFolie). Quel 5

T8 FEEANME 2 FAl A
a3k HIOIFJE S F AT HolAt 7]



