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Abstract

This study acquired road pavement monitoring data by Mobile Mapping System (MMS)
capable of constructing 3D spatial data. In addition, cracks were detected using artificial
intelligence on the photo data obtained from MMS. In order to develop a model of fracture rate
detected, a commonality model based on the annual average crack amount and a commonality
model using the Bayesian Markov Mixture Hazard model were developed. As a result of
estimating the life expectancy for the crack grade, it was derived as 7.810 years, and when the
annual average crack amount was derived, it could be converted into about 3.8% of the damage
amount per year. In addition, Life Cycle Cost Analysis (LCCA), such as maintenance method
selection and maintenance cost, was conducted. As a result of the analysis, it was found that the
application of the micro-pacing method, a public corporation for preventive maintenance, was
the most advantageous. In the future, if the road maintenance monitoring and economic
analysis of this study are used, it is expected to be used as a scientific basis when establishing
related surveys.
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Table 1. Rating criteria by classified method

Ratings Crack No. of detected box Description Examples of analysis result
1 2% No. of box<10  Very Good: Difficult to )
. ) . == Manual Automatic
under 1dent1fy Wlth naked eye after (classified criteria : % ) ( classified criteria : PPM )
. 100% H H i H 1000 PPM
construction : : ) i
2 2%~ 10<No. of box<100 Good: The most usual 80% 800 PPM
10% condition of road pavement ; E ; : 600 PPM
3 10%~ 100<No. of box<250 Moderate: Drivers can some— : : : :
20% times feel of see deterioration ~ *** 3 ! ! ; 400 PP
4 20%~ 250<No. of box<400 Poor: Drivers can easily feel 0% I-@ n 200 PPM
30% or see deterioration R I/ : :
5 30% 400<No. of box Very Poor: Required st 2nd 3rd 4th sth
over maintenance S

source: Choi et al.(2018)

(a) 1% Grade (b) 3 Grade (0) 5" Grade

Figure 1. Examples of level of service
source: Choi et al.(2018)
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Data Acquisition

1. Check the on-site investigation plan
2. Collectdata

Data inspection

1. Check Filming Image
2. Check GPS Information

Data Base Building

1. Back up raw data by interval and date L.z
2. Data Import and Processing
3. GPS Post-processing

(a) Target area (b) Data acquisition flow

Figure 2. Target area and monitoring process
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7F7Hs R Sl 2 Aol ek T3, BMMH R 254" o] ofd MCMC 7"+ 285130, ol
tlolE o] IRt 1?—5?, et o] E0MT St 9 5o 2AIE OHQ%_L T den, oA adl
(Heterogeneity)& -goto] 2 {4 719] mpn g zjo] & B35 o] Qo] Aol QIth(Choi et al., 2019).

BMMH 308 B8e10] 843 12 REE 53] oliE o2z 395t A5 aole 33 o
i "art ot nt2 3 I AL = A o] 1A 1 9F 7 Ato] 9] F o] E-E(Transition Probabilities) Q! «, & At

ij

ol Fgoleh AL 2 (: =7B—14) 2 AT 4= 9lom, mdo] 7|23l Aolo| olste] nf2F X Ho| &E
(Markov Transition Probability, MTP) 3@ 119} 84 «,+= Equation 1, 22 A 5 3lth(Kobayashi et al.,
2012).
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317 ek SHAE, MCMC 7Hg2 27| nfeta] g ghel) sigsh 607 ALFREA A 0] Eiolehs 44e Eilsh

2] &7] wj2ofl Geweke A 71H (Geweke, 1992)& E-§-5to] mtetn|g o] 8RS FA gt BMMH 2E 2]
ol27 HH O A1 EH(Han et al., 2016 Kobayashi et al., 2010; Kobayashi et al., 2012)& <1512 nlgict,

ERIA] ol vt 7IdirEe AFEsH] sl 9 A o E S E HIolHE E-8ok3iH 2022
tH] 20230 FA 4 5o 2 Ql5te] o e e Eol GHE 72 AlQlRt o8 E Z-8-5t At A 5,426+
F %Zli £ 3 3F 5817 -8 E7E X 1 7187l ik HloH & A 2f§F 4,650+

olHE &-&sto] E4=S oAt 24 HolEofl tiet 7] S7l= Table 29F Aot

-

Table 2. Statistics of monitoring data

Year 2023
Number of sections (a) 5,426
Number of maintained sections (b) 58
Number of sections state has been reversed (c) 718
Number of analysis sections 4,650

d = @-0b)-©)

T2RAo] 7|ge-& 45k A AR Ha= 2 ES Fofl Aokl WA, 71E A At uhet
2ol 7|4y IS F= HEHQ AP W5 (Annual Average Daily Traffic, AADT), %3k
(Equivalent Single Axle Load, ESAL) & 4853t} o] ejof| 2% mhof| u]x]i= JFE 1s17] il Z
A7), B 5 &7 HaE F7H 0 R Teste] A4S APttt 24 A il 253E ol Bl &

A O T T A
4ol 4851,

wetule](5) 242 918 27] Hetule g 0.1 458 T 20,0008 2] MCMC #82 43]0] 24 a5}
o}, 7H AR B4t nEST Z01%, W B4EL o] AASE 5] /|ene 2a71e, 2
A7l 2 @#% AV o] AL go] BrotA 7]ei4S 7

R

ZaN71A gk Hehd B &515, Bl
nkehu ] (5)7F 84(-) 2 A%, 2 A7]-2.0] stetule| 7} F4(+) 9 B4 kbl el (5) 0] St wheh e, 244
(Negative) 27| Eﬁ Beslo] g Ajste] 242 WSHch ekolele] Rodie Geweke's Z-score
of wheh e 4 glon] B wetulg glo] S7E Ao teit) 3% 2423 Table 37 2o
Figure 3641 MCMC 40| <]gt njatn| e o] EAZA 7o} o] A4 Q2l(H) o] SRR s sllsh 4= 9,

Table 3. Estimated model parameters and hazard functions

T Parameters Heterogeneity factor Hazard functions
e By By By By By e O‘f = (By + 8,2, + Bymy + Byz; + By, )e")
1 0.806 =7 - - - 1.0 0.409
(-0.189)"
2 -0.458 - - - - 1.047
(=0.170)
3 -0.536 0.135 - - - 0.906
(-0.084) (-0.034)
4 -0.257 = = = = 0.301
(-=0.174)

note : YGeweke’s Z-score, tolerance interval [-2,+2], ?Deleted parameter due to inversed relationship
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Figure 3. Results of parameters analysis
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Table 5. Application of pavement maintenance method

. Maintenance standard of national highway Application criteria for this study
Maintenance method D .
pavement management system (Deep learning system)
Micro surfacing ® Crack rate : 2% ~ 10% Crack rating criteria © 3%
@ Life expentancy : More than 7 years (Crack rate 10%)
® AADT : Less than 1,000 vol/day/lane
Overlay @ Rutting : More than 15mm Crack rating criteria : 4%
Crack rate more than 28% (Crack rate 20%)
@ 20% < Crack rate < 28%
Modified—AC @ Crack rate : More than 28% Crack rating criteria : 5%
@ Alligator crack rate : Less than 40% (Crack rate 30%)

AADT : More than 1,000 vol/day/lane

note : "MOLIT(2021)
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Figure 4. Comparison of crack rate by maintenance method : Gyeryong-ro
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Table 6. Economic analysis result

Frequency of  Maintenance cost User benefits
Type maintenance  (One million won) (One million won) NPV e

Gyeryong-ro  Micro surfacing 5 54.1 758.0 733.9 31.5
Overlay 3 25.6 673.5 647.9 26.3
Modified—AC 2 27.2 531.2 504.0 19.5
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