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ABSTRACT

In this study, a road pavement crack deterioration model was developed for a pavement road
sections of the Sejong-city. Data required for model development were acquired using a deep
learning-based road asset monitoring system. Road pavement monitoring was conducted on the same
sections in 2021 and 2022. The developed model was analyzed by dividing it into a method for
estimating the annual average amount of deterioration and a method based on Bayesian Markov
Mixture Hazard model. As a result of the analysis, it was found that an analysis results similar to
the crack deterioration model developed based on the data acquired from the Automatic pavement
investigation equipmen was derived. The results of this study are expected to be used as basic data
by local governments to establish road management plans.

Key words : Asset management, Crack, Pavement deterioration model, Bayesian markov mixture hazard
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u&oll, 7129 ATEL AEZAPNE 53 53 dolHE 7Ntz grnd s fdste g 53,
S22 Fofo] Ag dnlmE, I&EAE 58 AEzAA A A HS5H Ho]
HE 7|82 3= A7Vt 5 o] F A& A&olth WA, Song et al.(2021)> AlSZ oAt wf2 A=
&3 sl1A = =4 (Bayesian Markov Mixture Hazard model, BMMH) & &85t T2 XA E|AE F FEE
g 7|dFE-S FAS v ok It =23 RUEY dolHE &83ld, 7 AUaERYE
ZIrE S FA% A3 A9EE 13.09~19.6199] 7|4 S F43 vl AT Han et al.2016)2 IWH %
EAAYA 2H Y] U o|HE 7|WMOZ %3515 (Equivalent Single Axle Loads, ESAL)¥} EA7}F=A|4
(Structural Number of Pavement, SNP)E AW WHTZ 1#H3 AFE FqsI¥ty. EZH ABE 7} Z 3
T B35ty vz A E Asj EH IS Z(Markov Chain Monte-Carlo, MCMC)7|5 2 o] 24 @ Ql(Heterogeneity
Factor)< 283t 7t AR 9| 7IdsH e} oA Ay 83 F e AAG v Aok =599 4
$- Shi et al.(2021)< 5T &4 (International Roughness Index, IRDA| %} nf2FZ A wdS ALE3to £
A RF HES H2gE] 98 24 gerd S AFEE T Fengdi et al.2020)2 EH|ZIEZ 7S o] &
3 =R FEolA TYde AUELE E8ste] WEYA FEAA FAES &S A
Terzi(2007)2 L&EE XA AU RS 3 AFAAT 7S A8t Y=
Y, WA, 7EES EYH45Z = PSR(Pavement Surface Rating)S 83l AF4lH4T 7]

He] A& 7HeAds AAE vk Aok RN LE HAEE AFES AN E A9, AERAAES F
UEH dolE FH50] o]FAA 1 Qv YW=, IEAE 58 O 3t A7 2 539 4
e 9 RUEY HlolE] H50] o3& AAA Y A T2EA 0 et gERdsY
H AT Fotry] ofgg AAo|t

$hH FHZole 99 7€ ol wel 2l v sg Al 28l (Mobile Mapping System, MMS)3} F-Q13-3-A]
Z~Bl(Unmanned Aerial System, UAS) 5ollA HE3 o|n|x] glo]E & 7|uto g T2 Qlxgte] 1t
U] 3 thFd d771F FHE ATE Andr et al.2019)S MMSE 0|43 1452 &
9] o|u|AE F 53}, VGGI16, ResNet3d Eilg|E< o83 E2X 9 HEaly| A A7
u} ¢lth Radhika et al.(2021)& MMSE ©] &3 LIDAR 7|4¥te] ¥QE ZHLEE o]fete], 1458 2
g 529 #4897 TEES A A2EE /st T3 Hyun and Do021)= =23 MMSE
£3le, =2 =W AR HE 353513, ol #Eo] e X fle XOo= TS, Basic CNNI
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1. AZH Wl shzax #3 4= 2

ToMe S22 &R /S A3 PHECE VAW &% F4HI 2BMMH 25 &
l:r 7HA B ES €83tz gt BMMH RS ks s SR X7 RYEE HolHr7E &89 o
AT7F FE v flof, B AFelA H5E EUEE dolH e EEAS 71E A4 I(Choi et al,
2019; Do et al., 2014)¢} Hlw k7o 7h 2 §ek W Eolzt & 4 ok E=3 BMMH 222 -3l
obd MCMC7IH < A-&3te] AE tlolH o 1=, A24h, sepu| o] B9y e B4 4 59 &
HES A3t on, o]dA 2Ql(Heterogeneity factor)S &3l =2FFL] Frd zjo]§ 4
F o] o] B AFA E8F EHEDEA AP sitty FETHChoi et al, 2019).

BMMH E&ol g =224 54 S olafstr] HalAle nt2 3z Aol AT wo|x| ek 4
gk olairt desith ®WA, vfEsx As F RS ARE HF 7, 9F rpAkele]l Kol EhE(Transition
Probabilities) ! & AHAsHE S Avstal, 1 AL :(e=m-mA) 2 BAHT ZE9| 7]2AQ] Ao
of ulz} U]-_E_ii 7 o] 2&(Markov Transition Probability, MTP) IT9} 84 == Egs (1), )9+ Z°] £d¥
THKobayashi et al., 2012).

paR=2
A

Prob[h(TU) :j‘h(TA) :i] T (1)
Ty Ty
i —[ o ] .................................................................................................................................. 0]
0 .7y
uetA, &0 s WEs] S, XIJ =10 AAl x| HH, fFARTE FEAAHS A

gaket 288k Wi,
BMMH EdolA Z} =23

ji=1
0(7>3 )&} 7, =10] F7} HA 2] Frh(Kobayashi et al., 2012).
7((3 O
sp(s=1,.. “’]'— £ J& BH o ‘Q%‘%}—rﬁli} Bt

ME T2 229304 o2 B4 == /8 317t
TYHA FHE 2HES 13s7] 98 BMMH =
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g FElET ii=1..../-1) A AZ TOE HFES 37| Y8l olFA 8R1(H)S 1H3IATE webA
E2 88 08 kol Y S wlo =150 FUEF (=) A5l HYEE Eq®eh 2ol
49T F Qe

A% j\iskgk ........................................................................................................................................ 3)

(i=1,..,I—1;5=1,....,8k=1,....K)

A7)A, 3, AT oINS YPE, St TF ko) oA ERH S Hel Bk w=, o
= WA Abenchmag A SR 18 1B 0R F A B aE A A,
A F0< <)o) G2 ) HE B Atk F, & ghol 245 Axeke] sheo] W) WAL

FHASEd) 47 e FPAL W] el 5"

AT & Sk oldg aslo] 2H Tk
%

FHF B ok A AT 5= (5,000, T BE Bq. @) 2ol WAE ok Bk oA7)A
mln =1, )& 2% W] Al

rr

S},

") =exp(z™ DB, e @)

A, MIP HEZ 20 949« BUHY dolHdA ¢ =(6"5") 8 Agste] 4A715s
4714, 3= Hulisg lushe] FESFol i) =i TET hh)=; 2 A% 1, T2A Fe A 002
W@ Bg. @A 1€ AXALL ojujahe] AR AHERSE X Los1) S AL, 2 AHS
Fiol4el 7 9 LEE AE 34 RO BEOE Egs (5), 63 2ol Ael¥ % Uk,

LEM /() R W dy _/U exp(_‘j\;‘y:k)dy‘jl e (5)

LEfLJZE LEfL ................................................................................................................................... (6)
i=1

S ASA wlo| et FAE oldll3ty] HsAE wlol= Aol Wit olFrt Basitt wlo|= Aele A
A BFxop ARS Exo AAE UFL °A°U% Ho]Z|QF BANA = FE AHESI FAHEM, AS &
X gy gv B35 tlolE ¢ @ ARKEE e HE B8 Z2BETh S rl) = FE Ll I A &
m(9)°ll W& & Th(Han et al., 2016).

£

W(e‘g) oc L(elg) 71_(9) ............................................................................................................................. (7)

71, o= FE Mol n(0)ol SEHHEE, A g o AFFELEIT #(0l)= Eq )T
ol 7H ek FEje wlol= A2 AT &+ Ut
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7] A, /L(0 L Or(0)do= 713t ATE ou|git), 3 A 7|k 2 wlo| x|t AAl= IA NARE
EEE A, )MEA H5E HolH ¢& At 3 Ao, yHo]2 FEHE ARESH ARHEE
0)F T4, HAFEE () o] A2 EE FAske HH S AA ]X]«] ey 95 HS3SHA At
Mg 93] Zas geEtuEE 9= (5.0.0)E A, B dolEHe ¢ = (67 E UERd & th
24 BMMH 29| £4& $i3t selr]ee} g2 %E iﬂﬁﬂtﬂ-’f‘(Hyper parameter) @0l thgh ALHEE
AAskE Zlo]l Bastth A7)olA ay=13 of =1/0°4 1t 2EXE BEGI MRS 1, 2t =Y 3
ghulElo] ot 20 F ARG EUEE 2 AlLetA fth o714 09 718 el Eq 93 2t

3
M

mlru _a

7(0) =7(3,®.e) =n(B)n(e: ®)n (D) = H ﬁﬂ(ﬁl)ﬂ(gk SPY(P) wererereeernren s )

Lo

AR FASHE Aol A 0=(8, 5, 8. Mol AEEE S5 ol uig Fort das)
o} Z(0le) = Eq (10)3 Zo] &43} Ho] vk #dE F4& T} 7010 L0/)n(0) 0] ==HH, AL 2T
&Y =3 (Joint Probability Density Function, JPDF)& Eq (11)3 2t}

S

J K j L
HHH {Z 0, “exp(— 9:51"2”)} 04 eeeneen (10)

m=i

L(0g) = HHHH {m; (AR R ) 5

- J—
i=1j=1k=1 s, =

J=1 J K S —

Hljﬂ'(/ii)ﬂ(e ocHHHH {Zy" ; Mexp(— 9::81«?‘)} L2 (11)

= i=1j=ik=1 s m =
1 = , AN
Hexp e G )E(ﬂ,;—ﬂi) oo @(e )P lexp(—®ek)

ADE B3 55T & Ak AW, AF AYRBUEFS2RE 41 AEY

< FYshs AL oj87] "ol tEAA MCMC71H ZF shRl Gibbs MEH S %9—;}"4 zagny =
ZUARGELETTE AE8] AHS AFGELETTE ALetA dnh =3 Gibbs MEH S &8st 2t
getu| el AAZEZZRE A WEH S FPsts A2 A4t BHo] B rq]_,‘oﬂ BMMH Z@ A&
Metropolis-HastingsM-H) ¢ 1&|&S o83t 48 3314 ETHHan et al., 2016). MCMC £ 3} o] A

=9 gerE AZES FEIY =2t] flal 223 HABum-inE1EFH TH o|F 2T
9 gerH 3o d8Ee FRMEIFCE TR Wtk AR MCMC #4182 27]9tetr] g gk

o sgaks 0)7h AFREA L) ERolehs JPol ZREA ekt weA cle@ BAIE s
A3l Geweke A 71 (Geweke, 1992)S &8st detn|g o] FHARE HASH Aok & dTdlA=
BMMH E2d2o] aiAZAQ QA FAo7 Ay LH‘Q__O_ }\—1/\5—].93\0111 BMMH =2do] tf3t BT} xA|3l o] &
A J&-2 the d ARgEl(Han et al,, 2014; Tsuda et al., 2006; Kobayashi et al., 2012)E #=3s-4 njgtt)

. 989 A2ds 843 2234 2UEHTY 24

semde] ARe 9@ Holee] AAzAcRE 5 o Yoz A5E AAD Fuel
HolEjololol & 23 Exxge] S Fel e AAHel B} o FolHok s Ao] Wasith whe
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A QP AR 71 B F 98] F b Exe] R A299 Choi et al018)7} AQHE Hel A
29e BEHA Bk B, AP P Aade Yunne) srugveld) ASHE TAYUAE 3
FUE ALY APPAE B3N] FANUE BHT 5 YT A A2UoR TR BT 5
Fo| =224 FABY} Bssni 3ol ok

al
i
o
ot
=
noox
—M
[.4_\|[_4
o

ARE S8l AEA E2ExAF E4S AUEJYTh AFAY F =29%
362.2kmo] ™ A E(68%), LHFEE20%), AWE(T%), LETEG%E TAH Atk 2AF tid wA4L A
A4l #HEske B2 Z 20m o3 A% F RS AAsITh 3 dtd o s sierde] A
< M E =224 Qlxgdd tid thdzt w88 BYEE tolEl7l Basit AN B AToAE
dolghs 2 717t H5% diolHws &8st gErIS /fdataat 57 Wi, sgErde] g
Ao g AEAEE FHE= Zlo] asith A B AFlAE AFA Y et E R ofyet o
s 154 F2hE BUEE R ARt stErdS etz st

HA et Ee AEAE uw—o_i ﬂ%o}tﬂ AFA Wel ZE AEdx dds e AN SA 3¢
AxZolty, T2 oF 22.7kme] 0T GE 6AZ 2 FAH oy, £U 232+ MEA 2] BRT
7 SYHEHEAER o] §ata lof, dwkatge] T Jhedt kAl 43R FRbe] tiEolth w3
221 dE 7|Eo R Odué#%ﬂ%%*(Annual Average Daily Traffic, AADT)S 56,916t 202 AEFEERR
NE F 718 1830 Bed 58, bl 3 715d A AFA 0 42441 A AEtH =
2340 g eyt A4S ZloE AdEn meps, S2xAAe] sErd s B3 AAH
A7 ottt & QUvh B3 AFAE ARshe i s 1549 A9 et Ee Y5
AFAE SRR BF3H, FFA, AA, AN A4 e E2oth, E277H oF 50.5kme] AAC

2 F7bol wEl 4B 4822 SYFHI o, 20218 E V|FEeE P AYFIduEFLE H4 18,439
oA Al 51,6370 FFo 2 Vebgth duta s 22477k A9 19809 =¥ EAHE A 2~H)
= B3 #ETL o] FAA AL Qo 53] 2007 KBl AFEAA G A E &8t 1dnit RUEY
ZAME FYsta k. x99 dlE ZYEY 2AMEAE E8% gnd AddTrt T4 (Han et al, 2014;

et al, 2014; Choi et al., 2019) o] FA 3L 9lof, & ATl A 4 Ao} AFAH S vwsrld= A

;}lﬂr otk gebs] B AFo A AFTA e et 24 At s 154 77 e E RUE
g AR AASIG o, e B4 $IA == <Fig 1()>, RE5E5AS <Table 1>3 7o)

of

oL

<Table 1> Characteristics of Investigation Section (Unit : vol/day/lane, no. of pictures)
2021 2022
R s Length | No. of
(km) Lanes AADT ESAL Image AADT ESAL Image
National Highway No.l 50.5 4~8 6,796 571 29,093 6,786 561 29,689
Hannuri Arterial Road 22.7 6 9,486 802 13,259 7,447 629 13,676

B Ao HE T2 Imajingiit 2] MMSEHIQ] ‘Imajbox’ S &3l E2XF e 2AE S35 B
ARle AT gAE folsh, §Al & A4 180km/h7A] Feo] 7k, AATEO R o]u|2| 9} A &4
AE(GPS YA R, AAF FYPLE) 59 ARE I HSo] 7Mesith £ #Y Zy Qo] Aty £59
RTKE &3 59 oA YolAe] s i) Hs 9% AR 9 3k 4hEo] 7Mesith £ 7)7]9 o]
H2 HE e 01% A 2.0m ~ 25mutth HEEW, 3&0] HE7t Aste], US AU AV A

v TRIAE A AEE Asl 0.5muttt o|PAE HEFES A8 ATHChoi et al., 2021). TR
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LS Y8 AAG dole 72 Y8 199 2o 2 20219 5€ 1293 2022 5€ 2790 HY 77
9 A2 E o2 2AE FYEIAY. 2AE O 73 RS R IR 2R Y AR &
22 FPEtE T A A2, HE 332 o]l Ty AL A HA A2E gtoE ZAE 535y

[

ot MMSE E3ll 5% HolH= <Fig. 10)>9] tlolH A& AX S22t tigh oA #H5
o] o]FojAH, FrE|tEe ¢ 13259~13,676%, YHt=T 1549 79 29,093~29,6897 =AUt 2zt
S 708 9 olu| Ao tigh A= <Fig. 2>9F 2oH, Y Tt tigk AJAE ZAPLE o] FoH7]
el SR FARSFAE Fo e HEHSFo] /e e FAT F stk

FU

o

+

1. Check the on-site investigation plan
2. Collect data

Data inspection

1. Check Filming Image
2. Check GPS Information

Data Base Building

1. Back up raw data by interval and date
2. Data Import and Processing

Analysis Network g
! 3. GPS Post-processing

= National Highway No.1 o
" Hannuri Arterial Road S = M

(a) Investigation Sections (b) Data Acquisition Flow
Source : Choi et al.(2021)

<Fig. 1> Overview of Monitoring

(a) 2021 monitoring (b) 2022 monitoring (c) 2021 monitoring (d) 2022 monitoring
National Highway No.1 Hannuri Arterial Road

<Fig. 2> Examples of Road Pavement Images

<Fig. 2>9} 7o] 5% o|n|XA|o| A= Choi et al.(2018)7} /et HEd Al2HlS 83l s o]
Ao g #8855 EASATH

g HEd Al CNN(Convolution Neural Network)®3 YOLO(Your Only Look Once)d-< 7]Hto. 2
M=o, 2224 o|nA oA #go| 2FH FE& W FuE ASsHA Aok A o|nAE 3
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0f0

]o

g Az"dl AYE F AT BES A HE, onAddA HEE ko] JfE IEeR

<Fig. 3>3 #Zo] ¢ @deheFol Asoz FEH Y. FERA M= dEHELS

ATl oA ¢, 7|Ed Mo S5H 7R & 288t FEAE0l o) Fo AT W& o
H]—Z:

rka

H 2 139 Hit /\I7J~ oF 0442 wW-E o] 7153t o714, S Aol g T
7]2& <Table 2>} ZTHChoi et al,, 2018). B&ld A 2~8S A Z(Threshold)o] A S Ta] 7 dh2d]
e AAES AT & Atk mebA dld AR A ARS =E37] K8, AS5S 22
ojn|z| 1,000 o E A TAGH T5H JAFATAEA & AGH T5Y A& HluE
A BAE FYsA T o714 AA FESH TS it s FAA 2HA L3 JE FEE
AR 71Es Agste] sttt AR B 007-020S o2 BAS £33 Adl H4 065904 F

12
o] 1.109] 22&(Root Mean Square Error, RMSE)°] UEFHTHE T El5H 7IF, 0.04914 0.885 5
A B AFoAes 230 7Y 9A APEE AR 008 V|EL R HEH T TS AT

(a) 1st Grade (b) 3rd Grade (c) 5th Grade

<Fig. 3> Examples of Analysis Results

<Table 2> Rating criteria by Classified Method

Ratings Crack (y) No. of Detected box (z) 35%
1 2% under No. of Box < 10 W1 | .-
25%
2 2% ~ 10% 10 < No. of Box < 100 3 20% e
G 15%
3 10% ~ 20% 100 < No. of Box < 250 10% ¥=-SEO7+ 00005 +0.006
5% |
4 20% ~ 30% 250 < No. of Box < 400 0% &
0 100 200 300 400 500
5 30% over 400 < No. of Box No. of detected box
Source : Choi et al.(2018)
=3 Jed Azde T3 2AHE FEAHSE A ol9fo] #EE tolHE 283 A4S Tl
Skl ;F%*Jﬂ%%—%(ohﬁé) A AdE ﬁ%%(?i%sé) HMHE %%3}311’% ;F% < 2% %'}71 Skl

< Eq (12)9F 7o) 24 (R-squared=0.9977)3 3T AZ Hh29] e &%*Pﬂl oa- toE| 9} Zo] HS5Eo
A AZE WA N4()9k A2 Eq (1205 &8st A 77t gt #EES 2Hgsth

140  PA=ITSYR|=EN| 213, TI52(2022'HF 108)
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y — 00000005x2 + 000091, + 00069 ............................................................................................ (12)
ST % AR WIS lonE /12 BIILOR $A34d DBR RS DDE T
o »10% B ATy A8 Peld Azde) AR s UEF A5l ofgle B ¥ ASE 72

< DB 753 oA AQdstdtt. webd HE DB 7525, EHJ%E 1542 9,1927), ZHre 2= 4,516
Ne Fzrol FEHEUTE &9 73 A E ST 2 7dEE A AIE <Table 3>3 2T YHlEE 18
e 202289 H AHlETel 20211 Tl 2.7% 4% 1.875 1, SreldlEE 20229 9] B FElTHol
2021 thH] o 05% Z713F 2,075 F 22 Ve 202193 A 2082 Yehgth siAuk #9E AR
71202 dutaE 1342 2021 ti¥] 4.6%p T, HEEIHIEE 52%p S/ ASE YRS

<Table 3> Statistics of Monitoring Data

Road type National Highway No.1 Hannuri Arterial Road
Years 2021 2022 2021 2022
Number of Sections 9,192 4,516
maintenance no. of sections 1,072 119
Avg. 1.92 1.87 2.06 2.07
Crack Rating
Stdv. 0.82 0.81 0.93 0.96
Avg 6.82 6.52 8.63 9.08
Crack Ratio
Stdv. 0.08 0.07 0.10 0.11

ARG AEFS FAHB o A 20228 =0l FARSFTE 3 77 FEdErE gd" 73 5 2021
W ooin] 2022139 EAGEVE s 7t gk diolHE A YStATE £3 Eq (12)= 7E95FE 559
o st 76 glo]

o =3
TddE 3 AEo] B7HsE7] wEel,
T Aletstant. wer, dubEs

4E HolHE &8st T4e skt gl o
b Ag FEFE AGElr] s v A sEdFe FYol T H, 2022959 2021 =20 A
£ 71202 /N 7Rt i A%t 9hEFE <Table 4>9) o] AHEsRTh
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<Table 4> Annual Amount of Deterioration by Ratings

National Highway No.1 Hannuri Arterial Road
Ratings Avg. Crack . Avg. Crack .
N B-A) N D-C)
2021 (A) 2022 (B) 2021 (C) 2022 (D)
Total 3,244 4.8% 7.3% 2.5% 2,163 6.5% 10.2% 3.7%
1 1,312 2.1% 3.6% 1.5% 695 2.2% 42% 2.0%
2 1,685 52% 8.1% 2.9% 1,113 5.8% 9.7% 3.9%
3 200 14.6% 19.6% 5.0% 295 152% 21.8% 6.6%
4 47 25.9% 29.6% 3.7% 60 26.7% 32.9% 6.2%

Note : * is Annual Amount of Deterioration

<Table 4>) ARG VL BAATE AWRY YT 150 of 25%, BrtiE oF 3794 7
Qo of§ shéo] WA Ao VBt ANEE 1547 vise] dreltize] ERERTRA
Feo] Ao 12% A o ol MAGTE AL omar B4

574 152 AU <Table S>NAE 1 A (e S B3 Y
Eo] BAHOR Aol7k A ABsgor, BAAY T 2 4u1te duw Gege FAHow
Fojuld Aolzh gl Ao vehgth

o
o
)
=
>
i)
ox,
tio
oy
fz
ol
)
RS
%

<Table 5> Result of t-test Analysis

Annual Amount of Deterioration t-test
Road type
N Average (%) stdv. t P
National Highway No.1 3,244 25 0.034
-10.808 0.000
Hannuri Arterial Road 2,163 3.7 0.044

Note : Assumption of t-test is as follow (Signification Level a=0.05)
Ho (Null Hypothesis) : Difference of Annual Amount of Deterioration between Road type is not statistically significant.
H; (Alternative Hypothesis) : Difference of Annual Amount of Deterioration between Road type is statistically significant.

webd, B4A%E Aeete et Tt uEE 154 ol o Lsu) s 2o o
Sho] WS o2 EEH0H, 1 Aol BANOR Fond 0% trhith oHg 2423}
<Table 1>04] 451 4 ) 2o, EREAe shéol F 9 VAL F51F gol YWHE 15

ol of 149 BE o) YL W] Mo Bow,

(o
[ (e

1=
L

B HoMe oA A4EE G 94 ST HolHE &85y, 15304 55FHAESF 719
=2 f7tx¢] 7|drHE-S BMMH 228 &83td F439h 78 #4944+ hEYEHT &
o] A& H3, HETEIA @ AA, 3 FARFT FHFE AR AA, H7HE/AEE AEHFe
2H 9 Ay, BMMH 4 4R 7HE, 6 BMMH 23 &4, )B4 2784 o] 1942 FREh &
SFAA, ARG 2R 7S A9 BMMH 4o 283 171 HlolE ¢ gy Ql
781773k, SHFEItHE 3,724 7702 YEITh we® 2 7|4 o3 5ol REXAY v vjA= IS

E
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1e3t7] sl FHRTEA ALEFHAADT), F3HF(ESAL), HAZE, A5 We <Table 6>3 2o] 17
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<Table 6> Statistics of Variables

Variables Explanatory Variables
AADT ESAL Total rainfall Avg.
Road type Number | o | crack Ratings | (1,000veh/lane) | (1,000veh/lane) (100mm) Low temp
of Section
ﬁl ﬁz 53 54
Avg | Stdv | Avg Stdv Avg Stdv Avg Stdv Avg Stdv
National Highway 2817 2021 | 1.8 | 0.8 6.8 20 0.6 0.3 11.0 03 20.6 0.3
No.1 ’ 2022 | 19 | 08 6.8 20 0.6 0.3 10.8 04 12.3 12
Hannuri 2021 | 19 | 09 9.5 0.0 0.8 0.0 19.1 0.0 11.0 0.0
. 3,724
Arterial Road 2022 | 22 1.0 74 0.0 0.6 0.0 115 0.0 11.6 0.0

A7, 1 Hye TEILTFY
HE FH53to] 28313tk Sots Mo )
B 1 A(MOLIT, 2016)°l14 A A3t= 258 F3dts HEATE %0}04 3 ?7%1] 2 i %ﬁ}%‘* e A=
stk 71 E 71449 A5 74437 E] (Automatic Weather Station, AWS)ollA #HES & &= HA
Bieeot & A HolHE &8st

ZIHrm e 28-S 9 27 B4 gerEe 47 012 AR setvE FES 9% 13 AE
ojAol A9 ¥HE 314 30,0003], 7] WE %E(Ramdom Walk)= 0.12 Ao, gebue e 44
wo wa} 001744 HAL WASET ABGol A s Ao BAAC A nx= My
o] A|A, stetug o] FHAR T& 1elste 739 2A FHEJT. A7)A, 5, s EHE AT A
Foll sigste AetrlE(p~4)ES 24 AT EAC w2t Fa3 v ol FraskA] oS
E 729t AW $ AADT, ESAL, & 452 o] 7HdE 22249 7t &
HH, HA B2 @ol SETEE dsESs FVHIIA Boh webA, ZldieE A
AADT, ESAL, & 7= sebve7t ¢ 49 JA Bl sr gt &2 45
Ho] S ke = Aeg @ 5 Aok ol & 1Elste setrE FAE Sg AlEd oA
Al ESAL AWWs7 S22 7S 47 FET AHisE Yelgth

v e FAo 3 HF A= <Table 7> 2t} 5,9} 5,0l sidst= HAehvlE g2 MCMC ol
O3t A& (Trace-plot) BlolElS Z-&(B1Hdte] AR oH, ol2fd sehrlEl kel #4-E <Fig. 4(a)>°llA]
*abjli T O‘E} T3 o *“*01] g £ —S—' TE8t #EEe gt 7 BEE 4 Aok A8E
T8 99) tollA FFH I Random walk)E A &3}
A1 Al MCMCol A A& o] dA a9l (Mo EXE 1
H2A Gebge Wit gho] 2SR EESLETL &

& Ho]
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<Table 7> Estimated Model Parameters and Hazard Functions

P " i " Hazard functions
Ratings e sstoRehety faciar (=) X = (B +By&, +Byz; + Byzy + By )"
By By By By | By A B c A B C

-1.163 ) 0.462

1 0.291)" ©o18) | ~ | - 0.403 0.284 0.529
-1.922

2 (-0.655) - - - - 0.146 0.104 0.178

1574 1.00 0.711 1.214

3 0421 | - - - - 0253 0.180 0307
-1.449

4 (0348) - - - - 0.235 0.167 0.285

Note : 1)Geweke’s Z-score, tolerance interval [-2,+2], 2)Deleted parameter due to inversed relationship
A)Benchmark, B)National Highway No.1, C)Hannuri Arterial Road

s —b(1,0)—b(2,0) —b(1,1) —b(2,1) —b(1,2) —b(2,2) —b(1,3) —b(2,3) 0.04

~=National Highway No.1

0.035 Hannuri Arterial Road

=
=)
@

e
o
]
a

S
o
P
«a

Probability density
o
o
N

o
o
=

0.005

02 04 06 08 10 12 14 16 18 20 22
3 No. of iterations Heterogeneity Factors

(a) Trace-plots of MCMC (b) Distributions of Heterogeneity Factor

<Fig. 4> Results of Parameters Analysis

FA4 ﬁJrE}DlEi—t— Geweke BAFS B3l 7 AFE IABIATE Geweke TAFS 2004 2 Ate] 7k
< M A AR ot dErEEe] Rty AGE 4 glon, B Ao FHH Geweke T
|52 - 0.655~0291 H9IE FA= o] FetrE gEd S8 FHE A02 Jeith

A SF ek 71t FAHZAIE <Table 8>3 2tk AA W EQ F(bench mark)= 17.531d, Iwk
T 1548 24672, rEdEE 1428599 Ui S Zte Z0E UEWTh 24AFE AvEd
<Fig. 4(b)>°ll A <] o] AR aRjlel o3 F&Fgo] mH o], AA VEHIAE 7|EoE IW=E 154 gt&
£57F A Yehg o, v E gt Es degErt waA AHgE RS #31E 4 9ok

k= 1347 Hrg U R Z|HFHES Hud A, 55ES 71E2E Yl s gy SR di R
74 L E7 L7 whE AR Jehdth ole oA BAS AR gy FAATY gEEE Aboll
L5 e} AR 2102 UElth 3, <Fig. 4(@)>oll4] A9 E steprE o A S 3-A1 0 A2 7)E
o2 W78 79, <Table 8>l TdS TP o] 5AZF 7usHe HE FHT 4 Utk

o

Y
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<Table 8> Life Expectancies and Deterioration Curve

Life expectancy} = ik (years) Statistical Interval of Life Expectancies by 3-sigma Rule
. A (Case of Benchmark)
Ratings
National Hannuri Arterial 1
Benchmark
ene Highway No.1 Road —-—Benchm(ark)
- 1-sigma(min
1 2483 3515 1.892 2 )
8 e 1-sigma(max)
2 2-sigma(max)
2 6.834 9.609 5.629 2, et
3 3.953 5.558 3.256 ° .
4 4261 5.991 3.500 T
s N
5.00 10.00 15.00 20.00 25.00 30.00 3500 40.00
Total 17.531 24672 14.285 e expectancy (ears)

np ko 2 Yt 154 JHrEu2e serd BAARE vwsih dredEE dutkeE |
S tin] oF 15ufollA 178 AT FEIkEe] MEA dAsE 20 E YERET 4] H”ﬁ% of wet tha
apol= QAN o3 BAAFNE YR E20E EA F S3F(ESAL) #to] YRk % thy] ¢F 14
v 7] fjEo g AAHt) 71E A (Han et al, 2014; Choi et al,, 2019)5) o|&}H %6}%— Hes 523
ol dhgel 1 & IS T HFE A Aok = B AT BMMH ¥ A AR F3F
W7 S22 JFH S aA7E 2R BAE 202 e, S22/ JulEQl ded&s

KX
S Hlugtel Slof FeHdd BYAIF =2 Aos dudn.

w

=
=3

M: 7|Z imEmell BT

i
HI

B Aol A AEe sendd tigk NS HES] $8) B dFAREI<Y vl £4 S 33t T
H O A7 DoAY gt ZUEE dolE], 2)FA14 T #olA|t 7k B4, ) E &R
M) Al 7EAZA s @ste F-Han et al., 2014; Do et al,, 2014; Choi et al., 2019)E AA Gt =3

AENS WrogRE qies £Yd B $TE W] R4, NIIFE WUIE 1RUOL T
ek, Wlaol oM BMMH =8 710k B4olA] 228 /05w A9 new /1% dols s aasharh
BMMH 205l 4 A5}e 79 00l SHRIAS) IAFOE 2 S253% 4R 2467
9, 1428592 71 FOR AYFE HEFS 5T AP, VTE 1THE AT F 12%, rUUiEE o
21%5] QYT e 2 o] etk AHE e MEE 9l3) FE BTN A

), 717, B, 2425 59 8L <Table 950 AelSHTh 712 ATATNE Auw 411l
5 FAE RUEY HolHE B L6%-26%2 AP Fédo] R B ATAE A9
e UL 25%, BVMH 9 FHES 1250] S a7 shegel 7t 2 £EE AoE ek
Stk 71E e BAANE JEoE A¥ 2 49, BUMHE 59 528 12% gl grjdos 3
& F49 Ae #4 FAE Aow

% 24wl o)s) 28 ewe 7E dranst
s Bo] W HolEE AAshs B0l ol
g5 we} T B4 ko] AHAQ Mat ojgri B,

% e
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<Table 9> Comparison with Related Studies

Related Studies .
Ttems - This Study
Han et al(2014) | Do et al(2014) | Choi et al(2019)
Roads All National Highways National Highway No.l | Hannuri Arterial Road
Monitoring ARAN, KRISS imajbox
Equipment (Automatic pavement investigation equipment) (Simple Mobile Mapping System)
Methods Method B Method A Method B Method A | Method B | Method A | Method B
Data Collection 4years Syears 11lyears 2years
Periods (‘07-‘11years) (‘07-‘11years) (‘07-‘17years) (‘21~*22years)
Annual Amount 1.7% 1.7~2.6% 1.6~2.4% 25% 12% 37% 21%
of Deterioration

Note : Method A is Statistical estimation method, Method B is Bayesian estimation method

weba] B Aol AAG shEmde WA Fe VI Fok £HE HolHE Jes B4S U
GAW, 4-11d0]2ke AV Tel3 L NS AYSHe QRS BFBA 2D ZUEY
JHE Mo +Y8 ATATSE 2 Aol gl AT et Aade] AHHe FuUcka Bod
o S1A% BMMH 2ol ojsle] 2 ARF JEFL J1E A7 v tha HaFEE Ro
Ehl, %% F7149 HolH £4¢ B BAAste] gl Basithn BoE

v.d &

B AFNNE gEd 71 EEA4 BUEHY A2H9S B85 AT EREATN YRS By
o2 BUHY 2AZ AN, AN E2ie] AP S2EF FIE FERDS AT AT
Ao) Fretest QU 154 TS BPoR 2d7e] A BUHTY HolHE FHsgon, 3¢
Arde FEstel BUEY T7he) 2 ES BAS Bende) AL 98 B nazs
B7 eE 24 P volAY FHE FMOR B BUMH RS HEaon, oF Faste) 7}
EE243Y HERdS ALSG £ 97 A%E soksa et ek

1. AY 7 J&Fe 7|Eo g dulan 154LE 9F 25%, Iz e o 3.7%8 Fgol 23k gto]
Ashs 2102 Yeygth =8 BMMH 29| o3t #897|tieH S 7eo 2 AuE 49 ik E |
ML 9 247, S UIREE O 4322 e

2. SRR SEEEE AW TEF AT Gt div] oF 1484, FE7UFE A ZA
= gut=rs oie] oF 178 WEA] o] BMASHE 202 YEelth o]#d B A= {PTBME}
== 154 72 Uil F3HFESAL) #hel oF 141 =& AS nHEtd Feldel 29t =
Ao g At Ek FEE 3 7|HFH AFANA FEEEatol7) oF L7H|E A HAY g O]T
= BMMH 229 MHHG A F2A E3HEESAL) 57 71t5H Ao 93-S F97) gRro=z
getE

3. YUt T 1S AFE V|02 T st AT FEFe 7 4 12%9) 2.5% FEOE YERY, 7]
Z AT(1.6%~2.6%) 5 A A7t EEHAT A, 989 7Rk 22 RUEE Al 2E)
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