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ABSTRACT

Since future maintenance cost estimation of infrastructure involves uncertainty, it is important to make use of a failure
prediction model. However, it is difficult for local governments to develop accurate failure prediction models applicable to
infrastructure due to a lack of budget and expertise. Therefore, this study estimated the life expectancy of asphalt road pavement
of national highways using the Bayesian Markov Mixture Hazard model. In addition, in order to accurately estimate life
expectancy, environmental variables such as traffic volume, ESAL (Equivalent Single Axle Loads), SNP (Structural Number
of Pavement), meteorological conditions, and de-icing material usage were applied to retain reliability of the estimation results.
As a result, life expectancy was estimated from at least 13.09 to 19.61 years by region. By using this approach, it is expected that
it will be possible to estimate future maintenance cost considering local failure characteristics.
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% 2,17377to|th

A =2xge] Pt AFeeE2 Table 1044 B nje}
2t} 2007390 B 3.8 %ollA 7P A 2017d0l= Ht
7.3 %2] FEE Hole= Ao & vEh, AAH R Uddlmise]
SR et ofsheal Qe Zlo s #AHnh

BMMH= 9] A5 SJsire 2t TR RE Jels
2S5 2 H3kslof it wlebr, 2 ol dule AT
2Elo| 2] §RHS=7)Z(Choi et al., 2019)S F=83510] AEIS
< I/ 55Ho R T8It Table 2).

o)) 83 Sl T wEERss S TP
R FHEEofITE WA] aEw wigs HUERIo)E ¢
A F53F 2F 7P s Y 3 volHE 2 ] AEgE
o] Aefelsict: =T RUEFulelEe] 7B I
ARsE L83l FILEATE 28t dioleE 738tk

7VPFH= A8 (Choi et al., 2019)}e] HILE $J5) W)
7VPFASRI(AWS)ol =78 7R dlolelE E8313tk
U 7P3elM 83l 7PISTY] TR SRS
H|(ASOS)s} WA 7VFHSR(AWS)9] F 7= ERE:
ASOSTH)= =37 9671 #1520 10Y 712)elA] &= L
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2] GA) VS AR AT L 7Pdere) BEElaL e
otk Wiy, Flo 2 $-dul= AWSHH| ] 9ol AARE
=24, Sk A, BE o] BE S Ao g Ay A=t
T8 HSAG 2 A, AR F 52871 Aol 137V dSS
Sl 2 oItk & IolMe T | T AWSHHE 83
HS2olr H5H vlolels 83199tk Fig 164 2 73
v} E2EAFRUEPE7te] YXE A EH, ASOS7gH|o| H]
&l oF sl e AWSHH/} EREARUEY i) Ao s
I S SIS =tk ASOS7H|9F AWSHH| oA 454
£ 7P3dlolEle] xje]xe olell Table 37 2tk

B odqrolla 83 7PdulolEE A aTtete] vlag 95
TUEARE, Hges, HAFERE, & 2 teolH)st
| A8tk

RHUERTIIAN 718 717ke: AWSAH] 9] Hlo|ElE 2851

Slal, B} Auize] 2dARe} saEAelE ek tle]
Bl w3 Az Are GIS S/W 8. APdAAg-ake] S, 7t
A FEFRPAER F ARSES AL Qo] BUEHT
o] &8t FEREANA] | kmT Bt AVIAAEF ghs
&5tk

FHz2 e AT a'e; ESAL, SNP, 377|2, L
71, ATV, & 35 AR dlofel = 7/dst
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Table 1. Pavement Condition Data

ot
)
1

218)S47(Choi et al., 2019)2 Fxsle] AE Wz NAYsI)
WEATReI B, Bl AnHEens) Aol
SIck 245 BAjHlolER: 2t 7] TANUAES FARS %
W5 st SPUSE ESAL, SNP, % 253 HAAR71L,
APIANE S ALk o714, ATl olrh EAfshe
st % st AAFETILlH ojele] Wi Had
T} BA gro] 2§k

= v gt 2ol A
Z8-5]0] AIti(Egs. (1D~(12b)). A
Argels=g A ESAL, SNP, VAR FEake tlolele] A4
2] TPl R Zlo] ojelell TR FARE ghe Hofral
ek AL 7S A7) 2 2felvt
B Ao 2 e

Fig 204 = nje} o] =afat AAot71e 25 ASOS
7F AWSET} 2171 1] 322 1o 2 delsith g4 AWSe}
ASOS X5 FAto] 71 AL A9 o= vpeRtort AWSexi=
F7h2 tidge] Aol AL Ao BAEITE vk oy

% PEp T R Be Aon BARRIY, H4%

oJ
=)
fex]
S
o3
=

% % g

i

o

r}eo] e Aelow FAE Aele 5ak 7P e Aol
H oppgo z Balsglor], Fhd ke Hjoje ggow By
Ak

. . Year
Classification
07 08 09 10 11 12 13 14 15 16 17
Avg. 3.8 3.5 3.7 4.7 49 4.8 6.8 7.1 7.3 6.9 7.3
Crack (%)
SD 5.5 5.1 5.3 6.6 5.7 5.5 9.0 10.0 9.4 10.0 11.1
Table 2. Crack Deterioration Rating Standards
Rating Crack (%) Description
1 0.0-0.5 Good: Difficult to identify with naked eye immediately after construction or overlay
2 0.5-5.0 Good: The most usual condition of road pavement
3 5.0-15.0 Moderate: Drivers can sometimes feel or see deterioration
4 15.0-30.0 Poor: Drivers can easily feel or see deterioration
5 Above 30.0 Maintenance standards: Required maintenance

Table 3. Difference between the Automated Surface Observing System (ASOS) and the Automatic Weather System (AWS)

Classification ASOS | AWS
Data form Minute, Hour, Day, Month, Year
Number of equipments 96 places 528 places
45 types 15 types

Category

Temperatures, Precipitation, Wind, Humidity, Atmospheric
pressure, Insolation, Sunshine, Snowdrifts, Cloud, Visibility,
Ground temperature, etc

Temperatures, Precipitation, Wind, Humidity,
Atmospheric pressure, etc
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Fig. 1. Current State of Meteorological Station
Note: ASOS = Automated Surface Observing System; AWS = Automatic Weather System
Table 4. Data for Explanatory Variables by Region
Classification Benchmark Daejeon Seoul Busan Iksan Wonju
ESAL . AWS 3.0 3.4 5.9 2.9 22 2.1
(100 veh/lane) L1 Asos 3.0 3.5 5.9 2.9 22 2.0
AWS 2.8 2.7 2.8 2.7 3.0 2.6
SNP Ty
ASOS 2.8 2.7 2.8 2.7 3.0 2.6
Total rainfall . AWS 12.2 11.6 12.6 11.6 13.2 12.2
(100 mm) * | ASOS 12.6 12.3 13.5 11.9 13.6 12.6
AWS 6.7 6.5 6.2 7.3 7.7 4.6
Avg. low temp T,
ASOS 7.5 7.2 6.8 8.0 8.3 5.8
De-icing . AWS 9.0 12.4 12.5 2.0 7.3 18.9
(t’km) "5 | ASOS 8.9 12.3 12.6 1.8 7.3 18.7
Note: ASOS = Automated Surface Observing System; AWS = Automatic Weather System; ESAL = Equivalent Single Axle Load; SNP = Structural
Numberof Pavement
15.0 9.0
WAWS OASOS BAWS [ASOS
14.0 8.0 N —
E ] % 7.0
8 130 5
g 5 6.0
§ 120 )
z < 5.0
11.0 2.0
10.0 3.0
Benchmark Daejeon Seoul Busan Iksan Wonju Benchmark Daejeon Seoul Busan Iksan Wonju
(a) Total Rainfall (b) Avg. Low Temp

Fig. 2. Difference of Meteorological Variables

424  KSCE Journal of Civil and Environmental Engineering Research




32 HEEM

£ o= BMMH B3-S $h83to] 2|z
7IES SABIITE ] IS 7ds] sokehd
ERUE PR AE F3H2007~20174), 2)3-& A%
Bl AR YA Aks A, 3)7PE/ = ArRiaESAL
3} SNP)9] AR} Bl S8 v, 437 eiA]Ee] WS
HeH7EeR olikd Wieh, 5BMMH 471% 7ke 9 129
2 6)3F B8 84 A9k Zoi(Choi et al., 2019).

AL Slal v dlofel= F 21,3404 E0 |tk AL o]
B oI} Igelr] FARARY, dlold Sl Qlsle] )
e7} FsaiAlE vloleleh A Apart ek vlolEAES
I Atk HEAoR Aol -8 ol AlEs= 13,1844
EZ /)& 747K Choi et al., 2019)2] 12,0054E9] B[3) <F
5.5 % ERIE dloJe] AEZ} SV B0 =2 vpeRsit) sixla A
ASOS7gHo) Hls AWS' ] 57} wel, 71 tlole] 58]
Ao g EoleS ofulght) Table 5= BMMH 23 28-S 9J5)
AWSS] A dlo[ele] tigh 3slke 57l 2o, ASOSe]
Aol thsh 358} AR Choi et al2019)E #z3)7] vleith

gRHE(G,)2] 495 $I3F WkE(Iterations) 5= Z} 20,000
3], MCMC7¥2] 245 93+ 7] WP =(Random walk)=

il
o
At

Table 5. Average of Explanatory Variables (AWS Based)

0.1= st sleplee] s 98l 2~3xf 9] IS v
sialom slelele] o= Geweke S 53l =3Ik
BMMHEE 53] 34€ slahi]el(s)9} oldd 89)(¢M)e
Table 67} 2t} sleplefi= 2F A<z, )2 540 ukz} 7]
T e A3 e FAYS gerH R 29k ESAL,
&, AN ghol S7H+)3hE 7S, WhHe| SNPe}
A7 L gro] FA-)3h= g Ee] 7o) Fol=
© 57d¢] vk wbA Eq. (10)0] eJal 2 drgae] SA%
JkEl= ESAL, 7353 AVIAAE T sl F 5521 7392
SNP, ZA3get71 eplel7} =52l A9l 71o 7400
FAgek gerH R Jdd o gltk(Choi et al., 2019).
Table 40l|4] St 7t Ay 7PPAS (=) A3
712 Afol= gEjrE]9) o]AA 21w JFS 7)XIck
Table 65 AR, AP71(3,)2] BollE F AL
1, 2% TR SUeH Fad waE A=Ak AR
AWS 7]8F B8dM= ASOS 7|k} thed] 153 F7tollA
BBl IR FFE T o BAEACE 53 ok
Table 4¢jx 2% 71dHSe] APl Hol= o)A 82
Aite] zpoleME =EH T o) 7V 2jel7t oA
82l A= g2

ox T

Classification Benchmark Daejeon Seoul Busan Iksan Wonju
ESAL (z,) 0.12 0.14 0.23 0.11 0.09 0.08
SNP (z,) 0.46 0.44 0.47 0.45 0.49 0.44
Total rainfall (z;) 0.46 0.44 0.48 0.44 0.50 0.46
Avg. low temp (z,) 0.54 0.53 0.50 0.59 0.63 0.37
De-icing () 0.32 0.45 0.45 0.07 0.26 0.68
Note: AWS = Automatic Weather System; ESAL = Equivalent Single Axle Load; SNP = Structural Number of Pavement
Table 6. Estimated Parameters and Heterogeneity Factors (¢*)
Data Ratings Estimated Parameter (3;) He.terogeneity factor (&) .
B, B B, B, B, B; | Benchmark | Daejeon | Seoul | Busan | Tksan | Wonju
1 -0.52 0.87 2) 0.92 -0.93 B
0.05)" | (0.16) 0.09) | (-0.04)
5 -0.83 ) -0.60 ) -0.16 )
AWS (0.08) (-0.17) (-0.08)
based S 58 1ol ] - - - 1.00 092 | 0.79 | 1.00 | 1.10 | 0.71
(0.07) (-0.13)
4 -1.63 0.54 ) ) ) )
(-0.19) (0.18)
1 0.44 0.26 ) ) -0.86 }
(-0.05) (0.03) (0.04)
-0.83 -0.56 -0.22
ASOSbased| 2 (0.06) - (0.05) - 004 | -
(Choi et al., 1.00 096 | 0.81 | 099 | 1.14 | 0.74
2019) 3 -1.58 0.94 ) ) ) )
(-0.03) (0.02)
4 -1.63 0.58 ) B B B
(-0.04) (0.03)

Note: 1) Geweke’s Z-score, interval [-2, +2]; 2) deleted parameter due to inversed relationship; AWS = Automatic Weather System; ASOS =

Automated Surface Observing System
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oprBE wREge] FAFOl e A )4

BMMH =gk 58t slgply 54 23 ESAL, SNP, 732
HA7 o] fragh AR el APdARE ] 79l
HHEE= AlEglo|ollA] ghepilEle] gho] $=2 v} fraskA
S HFE FAEICE Choi et al.(2019)¢] 37} ¥lureh 73,
e 2 SR GEs nxkes s MR =2=
o} SEARE 15wl 718 54 Al A5 vt frask
Zo2 et Ao R s 23e] 7Vl tiolHE &E-
SH= Zlo] 7Pl <Jgt FEFE 1Ed 5 e A= k)

a0 2 BMMHE ] 314191 o]2id agle tigh #444vhk=
the3} 2tk Table 6 AHEM 7} AePdd= Fhollis tha Zjolr})
Aoy, 7 A 7he] Al A She A= ek
t} Fig. 3:& MCMCEol] e o] dA] laf(eh)e] 22 Hlal
gk AoJt}. ASOSH|o|E|o] 23t A oM= Ui} FAkR He)
ol = R Aoz F Aot fISlrk HARE AWSH]oE]
E 7Nk 2 gk B oM bzl A9 o)FA 1A} Frol oF 5
5] UeRdTE: o5k AWSTH]7} Eo] AX|=efle], 7 A me=
TRPE 7P EAo] AFA R FRERY] whEe 2 ke

HE 71 @S Fg5k7] $I8 Eqgs. (27) and (28)S
283199tk o714, FAo) 285 W= Table 52 A

o

~~Daejeon ~-Seoul X-Busan O lksan -B-Wonju

Probability Density
N w
o 5

N
°

0.0 b g Q0 OO o o
0 0102 03 04 0506 07 0809 1 11 12 13 14 15 1.6 1.7 1.8 1.9 2
Heterogeneity Factors

(a) ASOS-based Distributions

4
o

ZH(x,)3} Table 69] FE|(5,) & o]AA 22)(MHelrk

N = (B, + Byy + By + Byy + By, + Bz )" 27
. L1
Life expectancy,;” = g (28)

i

Wz, X)) Aglo] dul=e =2 ¥4 A A|(bench mark)d]
gk 795 7IFEe 14.0190 2 veRdth of71A, A
(bench mark) 7ol ANl =2 X3S tEsH= 7|di:
o 2 sEc) A9l VoS = A 7dEs 7
o= A9 o)A L AEHS gh(z,)S BE3te] 24
oA H4 13.093004 Hoh 19.61'32] 7|thgo] 4=
TKFig. 4). & 7|53 vlaste], olakge] 7|tjso] oF
0.92d A= ke Zlo R vepton, A543 o 5.61d F=
7ol & o= yeRdtt Choi et al.(2019)0] 4%
A7 83 Blad B, 7 7dieEe] Aol vIES A
A= <F 0.59, 7F A HE R AE 79 Ha 04304 Hd)
1.2 =)z} WAeh= Zlo= UERiTh

ol&fgt 7Ithrge] Aol Ao Aje] offof] ofsfx] Y
gk Zlo g ek 15s0lM9] 7]dilg8& ASOS 4] A}

~~Daejeon ~-Seoul X-Busan -O-lksan -&Wonju

w
°

Probability Density
N
&

Heterogeneity Factors

(b) AWS-based Distributions

Fig. 3. Comparison of Heterogeneity Factors Based on ASOS and AWS Data
Note: ASOS = Automated Surface Observing System; AWS = Automatic Weather System
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Fig. 4. Comparison of Life Expectancy Based on ASOS and AWS Data
ASOS = Automated Surface Observing System; AWS = Automatic Weather System
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o], Bt 157 % S71eF 2hs ER1E 4= ek whHe|, 24550
A9 71ulgEe ASOSUE] 97~100 % ko2, ZHAsEAL
fAkeE Ao 2 UERITHTable 7).

olefgh 4] 2= Table 60x12] TRele] £ Aaks AuR.
H o] 7Fs3ick ASOS 4] Arjelrfi= ek wigl gl
TREMEY(By)3k0] 5= bS], 5w gyt fash wigs
Hhdw)R] etk web AWS dlolels 285t 7chargo] i
o2 7V 49 Zlo g k) nhde), SEEE FUeh A
71 9hdE 2~4559] 7IEE fARRE 21 ER1% 4 Qlck

B Aola] 2835 BMMHEES] 49 Aiuisr) 7|4y
S0l A3eHA)ol| theh offi= S 5= glon, 7o 3o
WA= 7|ol% 55 sl o) wlehk SRt Zdie
WEA nRR= ]ew T wHE < Sl Rk 94 oA
=72 3tk

e &o] fdo R Ak e, A VIESA giF| 2hie)
ERFATIRE g St 7P whan, iR 9He 7R
=R Ao R et fARS dek 7 Sk ohe] =R
Fe dgEol o3k kol Ulgde] ok o= VRt 8-S
A7) Hlgk Erarge] Ago] upEe 2102 ek

pul

N

A
=

T

.

Aol A= BMMHEES: ghgslo], 7h Ai=eEdedd
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Table 7. Comparison of Life Expectancy (Years) by Rating

© =R HUEE e 1dE ARE SHATE &

U SHes ) arsiey e TViHeE A8st
itk BMMHE ] 43140 oJsf g2 oz e SHd
T Sk, TPIEARR, AAEDTNE, F FT AR
Fo R F 7P Hpolt). £4 8 7 A= YEE v
Bl theh o ~EE eyAe] 7S TN, B A
M D& A= = ot 2k

(1) = of~gE wRarge] ddEe e 7|cgel] sk
oSk 14.01d 0= vepsdt) 2 AP EdeE R
B A3 15009, 423 16429, 228 14.13, ok

13.09\, 957 19.61'd0 2 veRdr): tiE 7Idi=get v

slo] oo 7|igo] oF 092 A v Ao 2 vERt

o, AFHE °F 5.6 A% V|thge] w2 AR vkt

t} o9} o], & AFelA] AgkeE o)Al Ao 8-S

B3l 7IdEe] dRkS TREO R A9 wi 548 oo

gk £20] 7Fsdhs ERlETh

5} kS 3kg3)l A3 I94(Choi et al., 2019)¢} ¥z

, ZF A=EdEd gdEd gk Z1deEe Ak

FAE Hole o= vepsdt skANh A8 A7kt g,

T T Wgt 7dieTg 380 JHERE RS 15

= TR 71 S7hE e AoR A EaHe

B sl 218 ASOSHIelE tiH], Fid o s A4

o] 47F B BUERREY Qe AWS tlofeE E835te.

24 713l ofgk JFs efd 5 e Flo = veRith

of

o
23

@

:‘_l‘

Classification ] 2 Rating 3 7 Total

AWS 1.65 329 429 478 14.01

Benchmark ASOS 1.05 3.40 435 4.78 13.57
% 157 % 97 % 99 % 100 % 103 %

AWS 1.79 3.54 4.60 5.16 15.09

Daejeon ASOS 1.06 3.49 443 4.90 13.88
% 169 % 101 % 104 % 105 % 109 %

AWS 1.79 414 482 5.66 16.42

. Seoul ASOS 1.19 4.16 478 5.48 15.62
Exp{;l{zmy % 150 % 100 % 101 % 103 % 105 %
(years) AWS 1.76 329 43 478 14.13
Busan ASOS 1.10 3.44 439 482 13.73
% 160 % 96 % 98 % 99 % 103 %

AWS 1.60 3.07 401 4.40 13.09

Tksan ASOS 0.99 3.09 3.93 427 1228
% 162 % 99 % 102 % 103 % 107 %

AWS 2.04 4.45 627 6.86 19.61

Wonju ASOS 129 4.44 6.14 6.65 18.51
% 158 % 100 % 102 % 103 % 106 %

Note: ASOS = Automated Surface Observing System; AWS = Automatic Weather System

Vol.41 No4 August 2021 427



oprBE wREge] FAFOl e A )4

HI(ASOSS} AWST|o]E])S] 2}o]
o

= R84
2 5] wieel, TEHrE dIdER
o=

&
o} webd, 5 Aol g, SR ARl tigk 71l
TS Feel o] vt 7Pl thet aerh 2a
Ao 2wt

B @ellA AR HES S8 A 7 A9 S
gk 71 3] 7hssiRel wel ARl = ARy
v 78S 5% 7R VRS o) 7Fsd Zlos T

B =72 2020 CONVENTION =78 54 B ekste] 244
HAFU

References

Bayes, T. and Price, R. (1763). “An essay towards solving a problem
in the doctrine of chance.” By the late Revision. Bayes, F.R.S. co-
mmunicated by Mr. Price, in a letter to John Canton, A M.F.R.S.,
Philosophical Transactions of the Royal Society of London, Vol.
53, pp. 370-418.

Choi, S. H., Do, M. S., Han, D. S., Sim, H. J. and Chae, C. D.
(2019). “Estimation of road pavements life expectancy by bayesian
markov mixture hazard model.” International Journal of Highway
Engineering, Vol. 21, No. 6, pp. 57-67 (in Korean).

Do, M. S. (2011). “Comparative analysis on mean life reliability
with functionally classified pavement sections.” KSCE Journal of
Civil Engineering, KSCE, Vol. 15, No. 2, pp. 261-270.

Geweke, J. (1992). Evaluating the accuracy of sampling-based
approaches to calculating posterior moments, Handbook of Bayesian
Statistics 4, eds. Bernardo, J. M., Berger, J. O., Dawid, A. P. and
Smith, A. F. M., Clarendon Press, Oxford, UK, pp. 169-193.

Han, D. S. and Do, M. S. (2016). “Evaluation of Socio-environmental
effects considering road service levels for transportation asset
management.” Journal of Testing and Evaluation, Vol. 44, No. 1,
pp. 679-691.

428 KSCE Journal of Civil and Environmental Engineering Research

4
o

Han, D. S., Kaito, K. and Kobayashi, K. (2014). “Application of
Bayesian estimation method with Markov hazard model to improve
deterioration forecasts for infrastructure asset management.” KSCE
Journal of Civil Engineering, KSCE, Vol. 18, No. 7, pp. 2107-2119.

Han, D. S., Kaito, K., Kobayashi, K. and Aoki, K. (2016). “Performance
evaluation of advanced pavement materials by bayesian markov
mixture hazard model.” KSCE Journal of Civil Engineering,
KSCE, Vol. 20, No. 2, pp. 729-737.

Han, D. S., Kobayashi, K. and Do, M. S. (2013). “Section-based
multifunctional calibration method for pavement deterioration
forecasting model.” KSCE Journal of Civil Engineering, KSCE,
Vol. 17, No. 2, pp. 386-394.

Hastings, W. K. (1970). “Monte Carlo sampling methods using Markov
chains and their applications.” Biometrika, Vol. 57, No. 1, pp. 97-109.

Kaito, K., Kobayashi, K., Aoki, K. and Matsuoka, K. (2012).
“Hierarchical Bayesian estimation of mixed hazard models.”
Journal of Civil Engineering, JSCE, Vol. 68, No. 4, pp. 255-271
(in Japanese).

Kim, S. H. and Kim, N. S. (2006). “Development of performance
prediction models in flexible pavement using regression analysis
method.” KSCE Journal of Civil Engineering, KSCE, Vol. 10,
No. 2, pp. 91-96.

Kobayashi, K., Kaito, K. and Nam, L. T. (2012). ““A bayesian estimation
method to improve deterioration prediction for infrastructure system
with Markov chain model.” International Journal of Architecture,
Engineering and Construction, Vol. 1, No. 1, pp. 1-13.

Lancaster, T. (1990). The econometric analysis of transition data,
Cambridge University Press, N.Y., USA.

Metropolis, N., Rosenbluth, A. W., Rosenbluth, M. N., Teller, A.
and Teller, H. (1953). “Equations of state calculations by fast
computing machines.” Journal of Chemical Physics, Vol. 21, No. 6,
pp. 1087-1091.

Obama, K., Okada, K., Kaito, K. and Kobayashi, K. (2008).
“Disaggregated hazard rates evaluation and bench-marking.”
Journal of Civil Engineering, JSCE, Vol. 64, No. 4, pp. 857-874.
(in Japanese).

Prozzi, J. A. and Madanat, S. M. (2004). “Development of pavement
performance models by combining experimental and field data.”
Journal of Infrastructure Systems, Vol. 10, No. 1, pp. 9-22.

Train, K. E. (2009). Discrete choice methods with simulation (Second
edition), Cambridge University Press, N.Y., USA.

Tsuda, Y., Kaito, K., Aoki, K. and Kobayashi, K. (2006). “Estimating
markovian transition probabilities for bridge deterioration fore-
casting.” Journal of Structural Engineering and Earthquake
Engineering, JSCE, Vol. 23, No. 2, pp. 241-256.



