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ABSTRACT

PURPOSES : This study aims at proposing the methodology for benefit evaluations in pavement maintenance methods and timings using
KoPMS(Korean Pavement Management System) software which was developed for efficient pavement management.

METHODS : This study classified pavement sections into 4 clusters considering AADT(Annual Average Daily Traffic) and
ESAL(Equivalent Single-Axle Load) using cluster analysis and used the deterioration models in each cluster. Increased user costs due to
pavement deterioration as time goes by and agent costs for maintenance were estimated. Based on deterioration model and KoPMS software,
Methodology for benefit evaluation was proposed in pavement maintenance methods and with/without implementation using real pavement
section data.

RESULTS : This study verified that considering agent costs only would be constrained to decide pavement maintenance methods and
timings, and ascertained that decision making with agent and user costs would be effective. In addition, this study revealed that pavement
maintenance methods and timings can be affected by AADT and ESAL and frequent pavement maintenances can be more efficient for benefits
in pavement sections with more AADT and ESAL. Also this study found that user costs would be more affected to decision making than agent
costs. Moreover, Delay of conducting pavement maintenance caused increased vehicle operating costs and environmental costs because of poor
conditions of pavements.

CONCLUSIONS : This study proposed LCCA and benefit estimation methodology of pavement with considering agent and user costs. The
results of this study can be used for baseline data of efficient pavement asset management.
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Table 1. Result of Cluster Analysis

Type No. .of ESAL AADT Annual amount of damage
Section (vol/day/lane) (vol/day/lane) Crack (%) Rutting (mm) IRl (m/km)
Cluster 1 1,550 410 below 4,950 below 1.739 1.286 0.236
Cluster 2 62 410 below 4,950 over 1.767 1.286 0.256
Cluster 3 233 410 over 4,950 below 2.342 1.463 0.295
Cluster 4 263 410 over 4,950 over 2.596 1.606 0.354

- Hi5H M52 93



. wXEe A7 " E 01I
QXL Al7| Y
Q) B2 Felt §H 84T 95 48
22} ul @)t oflet B2 S o] §aHs o §1Eo
Bajof sk US(EWAZE, HHHIS, BAUE S
A S Q] e ANRE FHOE Bl
Sfat AR S SIa) Welxt w8 ol § A M-S B

O =20

r

>

o =
ITIT

3.2, Wby

TR Aoz QI Hol o] ARgnkohS: AAls)
7] 918 & Aol EA SES G AL F
A7 201000 B718 FETe oz sh
ol= B7hHY, W 9 Ante] AWAdS
ojuf, ¢k oA AF3eh vkt o] WFALE

& Agre Aelsisn,

- aefste] F Ao} Alel A s AAstA = ghd HoAHY S flgh 7]E <t base alternative) o
235}al 9lth(Peshkin et al., 2004; NCHRP, 2004), 2 G2 ES A7)0 meal ZAL7R] i3], 1) o

ook, ZF = 7hg Al E A A o 2 7)deH Ha o8- AlYsHA] o2 78'—°r(do—noth1ng)9’r 2) 7}
5ol A= Aolsle] fAHESE 93t mHAE Q] 712 A AEsHHEA °m}751 ol Hygor AYeis oud)
2 Ao urA fFAskaL glom | L-ejubete] 79 Fig. ol(overlay)® FAIESE Al “5}% 7392 JEsto
404 K= vpe} ho] T THAEIE ARE ARE A4S sk

Juto g 2g 7o 1

25mm<Rutring Cutting+
PMS Data = . —
‘ TYES Rut-resistance
Rutting > YES > 15mm <Rutting<25mm ESAL NO .
= Rutting = & — Cuttingt Overlay —|
5mm - 3000 g+ y
No N4
Gridt5AC  —
vES
YES Aligator NO
ey — Qe Rut-resis —
= A%
\/
NOT
) Fmctondl, vs :
YES
20%< Overlay — kovs |~ BS  Functional /

Crack 30% S {_Site Regeneration

}a'/ SwfaceTreatment No
YES (2%<Crack<7%)
Crack <209
o Micro surfacing

e (19<Crack<10%)

Decision of
Maintenance Method

Fig. 4 Flowchart for Maintenance Method Determining

Uo7} 2 9 FAR7H= Table 20142 2ol 2
AZOF Tm)E 1km A ES3=H 283 FHE 7]
2R AL Qlon, fAES o] A
7IEH7HE olgste] AA| A 82 A |
oh 2 AollAs el vlgS frAlEgel A5

3.2.1. Do—nothing

HA 7|2 F R4 (do—nothing)® AA3st1L
AZEO] Z o] wpE e o] WSkt sh)of whet o]§
Ab B9 FolE A4Skl o5 EfjE FHE4(do-
nothing)?t H43H o]- &2} H-g-2] ApolE
Hojow A5kl

o] &} H]-E 7h&H SYAZH[E(TT: travel time)
9] Azto g o5t r‘z_ﬂ_g}g ALA L Eq. (2)9]. 7%1;]. =
hHdo-nothing EW) FWAL HE oA
&9 2l(UCTT i)+ FE4Y A9 o] &4 HE9
A 2} Qi o] -84} B-&9 ApolQl FAESE A% 5&

CHota} H|m

H(alt_i)

A7)0 STo =AM AL 5= QUi 0|84} H] 9] 7
2o Hojow Ak Hrt
UCTT; = TTd07 nothing TT”’”/ (2)

71 A,

{Z]] M (T3 % Py x Qk-z)}x 365

& FQlH Hgor Rt =1
Table 2. Maintenance Methods and Costs
Intervention Criteria i
Type Alternatives Method AL ,
Rutting(mm) Crack(%) | ESAL(vol/day) (1,000won/7000m)
None Base Alternative - - - Do—Nothing 0
Alternative 1 15 below 20~30 - Overlay 86,646
Alternative 2 15 below 30 over - Rut-resistance 148,770
Malnt.en.ance Alternative 3 15 ~ 25 - - Cutting+ Overlay 119,503
Priority
25 over - - ing+
Alternative 4 Cuttlhg 182,797
15 over - 3,000 over Rut-resistance
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Table 3. Road Characteristics for Analysis
Sections Length No. of Crack Rutting IRI AADT ESAL Cluster
(km) Lanes (%) (mm) (m/km) (vol/day) (vol/day)
RS_1 2.1 4 28.67 12.44 2.44 9,495 1,598 Cluster 1
RS_2 2.8 4 26.56 12.43 3.96 22,703 1,315 Cluster 2
RS_3 1.7 4 28.99 11.46 2.91 15,725 1,690 Cluster 3
RS 4 2.53 4 29.19 12.42 6.21 48,075 2,218 Cluster 4
Table 4. Economic Analysis Summary
(Unit: One Million won)
Type Applicable Years FrAepq;;ir;?is(/) :f A%((a)r;(t:y gj:t; Total NPV aveégg:al\llPV
Do—Nothing - - - 148726.4 - -
Overlay 2012/2025/2038 3 5459 144950.4 1013.6 33.8
F(i(\‘::‘.1_)1 Rut-resistance 2013/2032 2 624.8 145316.7 774.9 25.8
Cutting+Overlay 2014/2027/2040 3 752.9 145005.2 907.5 30.3
Cutting+Rut-resistance 2022 1 383.9 145803.7 727.8 24.3
Do—Nothing - - - 3708121 - -
Overlay 2012/2025/2038 3 727.8 327748.4 | 16296.7 543.2
I?SE)Z Rut-resistance 2014/2032 2 833.1 331190.6 | 143775 479.3
Cutting+QOverlay 2014/2027/2040 3 1003.8 | 328900.1 | 15333.9 511.1
Cutting+Rut-resistance 2022 1 511.8 338981.4 | 10404.8 346.8
Do—Nothing - - - 152195.6 - -
Overlay 2012/2022/2032/2042 4 589.2 137117.3 5253.8 1751
T&? Rut-resistance 2013/2027/2041 3 7587 | 1383916 | 4614.2 153.8
Cutting+QOverlay 2015/2027/2039 3 609.5 137707.7 4822.8 160.8
Cutting+Rut-resistance 2022/2041 2 621.5 140849.5 | 3463.6 115.5
Do—Nothing - - - 788153.3 - -
Overlay 2012/2021/2030/2039 4 876.9 | 604306.9 | 70386.4 2346.2
F&;‘ Rut-resistance 2013/2026/2039 3 11202 | 6144902 | 650523 | 21684
Cutting+Overlay 2014/2025/2036 3 907.0 611848.3 | 65048.7 2168.3
Cutting+Rut-resistance 2020/2037 2 925.0 636548.3 | 50067.9 1668.9
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Table 5. Determination of Maintenance Priority
Agency Cost User Costs
: . e (One Million won) (One Million won)
Sections | Priority NPV
Present Year After
Present Year| 1 Years Later | Present Year Present Year .
(EUAC) maintenance
RS_4 1 2348.2 Overlay Rut-resistance 219.2 315 21247.6 18867.9
RS 2 2 595.6 Overlay Overlay 242.6 26.6 10895.7 10273.5
RS_3 3 123.7 Overlay Rut-resistance 147.3 21.2 4465.8 4320.9
RS_1 4 6.6 Overlay Rut-resistance 182.0 257 4678.9 4646.6
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