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A Applicability Study on the Asphalt Concrete Pavement Condition
Index in Narrow Regional Roads using Road Crack

ABSTRACT

The purpose of this study is to propose the evaluation criteria of asphalt pavement condition in narrow regional road considering the
traffic environment in order to reduce road budget of local governments. In general, narrow regional roads are considered relatively less
important because they have low travel speed and low traffic volume of heavy-vehicle. Generally, automatic surveying equipment is
used for investigations of pavement condition, but the operating costs are not efficient for the narrow regional roads because the cost
is too high. This study presents the pavement condition evaluation index suitable for narrow regional roads. In this study, the pavement
condition evaluation index is presented considering the traffic environment of narrow regional roads. The pavement condition were
classified into three classes based on the crack measured by visual inspection, and the validity of the pavement condition evaluation
index presented through the expert’s questionnaire survey was examined. Pavement condition for the narrow regional roads was
classified into three grades based on the index values calculated by visual inspection. Expert’s surveys were conducted to evaluate the
validity of the proposed pavement condition evaluation. The proposed evaluation index shows a high correlation with questionnaire
survey result (R*=0.88). The proposed evaluation index which is obtained through visual crack inspection under limited conditions can
be applied to narrow regional roads. In addition, it is expected that it will be effective not only for road management but also for road
management budget by more economical evaluation method of pavement condition.
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Table 1. Excutions Status of Road Maintenance Cost by Road Management Agency (MLIT, 2017)

e . . . Special- .
lassifi High | high Local R gu
Classifications ighway National highway Metropolitan-si road ocal Road | si-gu-gun road Sum
. 4,438 13,977 4,761 18,121 67,483 108,780

Road extension (km) (“.1%) (12.8%) (4.4%) (16.7%) (62.0%) (100.0%)
Maintenance cost

(at the 2016 yr.) 401,996 1,240,190 110,899 312,528 817,370 2,882,983

(million won)

Maintenance cost per km 91 89 23 17 12 232

(million won)
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Fig. 1. Annual Traffic Volume by Road Type
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Fig. 2. Annual Traffic Accident by Road Type
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Table 2. Boundary of Maintenance for the Individual Evaluation
Index (SMG, 2013)

. . Crack |Rutting Travel speed
Classifications IRI (m/km
) | (mm) )] kv
Highway
(HPC) 10.0 13.0 3.0 100
National
highway 10.0 10.0 3.5 80
(NHPCI)
Urban & Main
. Arterial Road : 5.5,
Seoul-si (SPI) | 10.0 15.0 Local Distribution 50~80
Road : 6.0
Urban areas
15.2 24.2 .
(MPC) 5 6.9 60
Local road 20.0 20.0 5.0 60
Main Arterial
MCI 15. 25. -
Japan (MCI) 5.0 5.0 Road

Table 3. Results of Road Function Analysis in Seoul-si at the 2012
Year (SMC, 2013)

Classifications |Crack (%)| Rutting (mm) |IRI (m/km)| SPI
Automobile 6.40 4.83 248 | 680
driveway
Arterial roads 5.17 5.60 3.77 6.49
Local distribution 5.66 5.40 444 631
road
Median bus lanes 4.20 6.95 3.75 6.62

A A
Heby 58 pEEo 2 2Apslel SPAoT FRstele] T

HR7AeR gRsieith suld] 285 e TS
I I&ETo|| &85 = HPCI (Highway Pavement Condition
Index), IHl==0)] 21-85R= NHPCI (National Highway Pavement
Condition Index), 4}&A] EFe712]5=21 SPI (Seoul Pavement
Index), ATek] FAFENE7Ex]4221 MPCI (Municipal Pavement
Condition Index)7} 9tk 2 WA Bele2e] AAEE,
B S5 aLEsle] FAIES TIES FHsle] ekl gl

Table 2= 7NEA3E FAHs A7t

33} 0] A5} WEER} P DA B wrt ek
o) FOHHE T Pls AR AdEe] H9E b
o= FRkgol o3 Al 5 ol A7) dEe] thi EE
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4

2.1 ke ERAENETIXNHPCI; National
Highway Pavement Condition Index)

NHPCI= $k=7417 ]9 oA] 2007 =2 gke|al 2
g A7 FE e PR ReR 2 kR 3E
side] o @ AEE, AgHE, THHEA T HIERAF AR
7re] EARAS Za Eq. (DT 22 2d2o g 7y ct
(MLTMA, 2011).

1
(0.33-+0.003 X, +0.004 X, +0.0183.X ;)

(M

NHPCI=

Where, NHPCT : National Highway Pavement Condition Index

Xen : Crack (%)
Xpp : Rutting (mm)
Xy ¢ IRI (m/km)

NHPCI= F e = <l o)X “BEdF7kA] & 42
2 FE3l] FART 3 Ve A8l Sk ARk
245 BHggHe] A8 Al7]e] & NHPCI x5 AhHE 2y}
AHFE] AR 5.64~5.68, TSV 4.75~4.77, AEFL
3.76~3.822] Helollr] A4 Ao 2 YERITH(Son et al., 2013).
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PDI=[(10—5PL)° + (10— SPL)" + (10— SPL)*]® (2)

SPI=10— PDI

Where, SPI :
PDI : Pavement Distress Index
SPI : Crack Index (SPL =10—2.23x C"),
(C : Crack (%))
SPL : Rutting Index (SPL =10—0.2X RD),
(RD : Rutting Depth (mm))
SPL : IRI Index (SPL =10—0.667 < IR]),
({RI : International Roughness Index (m/km))

Seoul Pavement Index

SPIi= Al 71#1¢] 782 skEAE S5l alefslal §lom
R o 2 waxzte] BEE yafsly FH|sRE Ryt 71E
RIS 602 AdAgstal Qlrk of= ZARE) High
A7} A7} A BaeA)eke] ARERNSE 6709~11d oPhE
H3k Aotk &3k, F9 e 9 Hla FYxpR] FE-
6~7 Afol2] Fgloll WA= 7153 oS Efsle] Hapd
ol EgFslar k.
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2.3 AEH| ERAENET EXE(MPCI; Municipal
Pavement Condition Index)

MPCl= & 2xteAlol] 283 = Sl I A= A&
Al 8L 7TeE AES] R FAEE] 2AF ARRE of88lo] o~ EE
o] o ke Al T, AgNE, T e T 37HA
820 gk HrhE Bl A 2 Aol ok MPCLe]
H91= SPI #5pet o] wd o] == 105 AAI= sl Eq.
(3l ofel ek

MPCI= 3)

Where, MPCT : Municipal Pavement Condition Index
PCl.y, 1 10—1.67X CR*, (C : Crack(%))

PCI;, : 10—0.40 < RD"®, (RD : Rutting Depth
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(mm))
PCILy, : 10—0.87 X IR, (IRI : International Roughness
Index (m/km))
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YHE - A A4
Table 4. Investigated Result of Pavement Condition
No. Crack (%) Rutting (mm) IRI (m/km) NHPCI SPI MPCI Survey
1 0.00 8.70 7.29 4.03 5.11 3.64 9
2 1.04 4.72 2.29 6.55 8.09 7.79 8
3 1.01 6.34 3.63 5.39 7.44 6.77 7
4 3.40 8.48 5.07 4.79 6.36 5.43 7
5 3.60 8.56 4.11 5.04 6.75 6.07 5
6 11.38 5.20 2.68 6.25 5.78 4.74 5
7 0.98 5.17 2.39 6.43 8.06 7.72 6
8 7.38 6.49 3.32 5.76 6.36 5.60 5
9 7.24 4.82 1.86 6.81 6.46 5.75 5
10 4.53 5.78 2.80 6.11 6.96 6.46 5
11 23.47 11.53 6.14 4.19 4.19 2.35 2
12 0.08 6.32 1.30 6.96 8.30 8.05 8
13 0.00 8.13 2.03 6.26 7.79 7.53 7
14 0.08 6.68 3.14 5.83 7.74 7.16 7
15 0.70 7.47 1.24 6.72 7.92 7.73 7
16 2.51 6.36 4.20 5.28 6.96 6.20 7
17 0.00 5.83 2.86 6.08 7.97 7.43 7
18 0.36 6.45 2.83 6.02 7.90 7.39 6
19 9.98 8.95 2.13 6.10 5.94 5.03 5
20 0.00 11.82 2.64 5.52 6.81 6.63 7
21 0.00 5.99 1.33 6.99 8.38 8.13 7
22 0.00 5.14 2.40 6.43 8.27 7.81 7
23 0.00 5.27 3.19 5.96 7.82 7.18 8
24 0.31 231 1.97 7.10 8.60 8.26 8
25 0.34 533 3.59 5.75 7.56 6.85 7
26 0.76 9.33 2.18 6.03 7.44 7.22 8
27 2.35 7.36 2.40 5.97 7.46 7.16 6
28 5.26 8.26 2.08 6.21 6.76 6.25 5
29 10.08 11.46 2.18 5.79 5.80 4.94 7
30 443 8.82 333 5.51 6.78 6.25 6

3% The section requiring maintenance has shaded according to the evaluation of the pavement condition.

Table 5. Pavement Condition by Index

Index

Pavement Condition

—_
(=]

S = N W Ak O 0 \O

Very Good

Good

Fair

(No Cutting and No Damaged)

Poor

(Particular damaged)

Very Poor

(Need to Reconstruction)

B Hagh 7o 8 JeRou Wit 15 Wit 950 s
- ogk Eo R ek Ve e A R
7} 152 HrFAT) Adolek A1 Table 40) LeRd A3} 2o)
Tde glovt Ferd AESl IRV 7.29mvkm = 7] 234w o]
MPCIE ¥55E FAJeld7 1457 A 2P =it v 28
7F 1EE §eto = ek FRlo] o]y wiite] Hekdel sk
7 glo] o] ghis TPl weh e s Fofgt slo s
Tek=| Sk

AEZA} S 53 APAYE viEo 2 V1E A ElE)
A5 sl 2] AAEE Hriet dy 58] 2
AR B2 AP ldle Felt dE AoR vhERkom &2t
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Table 6. Survey Data according to Crack

FaelE TGP 494 A=

No. . Survey result
A B C D E F G H I J Avg.
1 3.64 9 10 9 8 9 10 9 8 9 9 9
2 7.79 9 9 8 7 8 9 7 7 9 8 8
3 6.77 8 8 7 6 7 8 8 6 7 7 7
4 5.43 7 8 7 6 7 8 6 6 7 8 7
5 6.07 5 6 5 4 5 6 6 4 5 6 5
6 4.74 5 6 5 4 5 6 6 4 5 6 5
7 7.72 6 7 6 5 5 7 6 5 6 7 6
8 5.60 5 6 6 4 5 6 5 4 5 5 5
9 5.75 5 6 5 4 4 6 6 4 6 5 5
10 6.46 5 6 4 4 6 6 5 4 5 5 5
11 2.35 2 3 2 1 2 3 2 1 2 2 2
12 8.05 8 9 8 7 8 9 8 7 8 8 8
13 7.53 7 8 7 6 7 8 7 6 7 8 7
14 7.16 7 8 7 6 7 8 7 6 7 8 7
15 7.73 8 8 7 6 8 8 7 6 7 7 7
16 6.20 8 8 7 6 8 8 7 6 7 7 7
17 7.43 7 8 7 6 8 8 7 6 7 7 7
18 7.39 7 7 6 5 6 7 6 5 6 6 6
19 5.03 5 6 5 4 5 6 6 4 5 5 5
20 6.63 7 8 7 6 7 8 8 6 7 8 7
21 8.13 7 8 7 6 8 8 7 6 7 8 7
22 7.81 7 8 7 6 8 8 8 6 7 7 7
23 7.18 8 9 8 7 8 9 8 7 8 8 8
24 8.26 8 9 8 7 8 9 8 7 8 8 8
25 6.85 7 8 7 6 7 8 7 6 7 7 7
26 7.22 8 9 8 7 8 9 9 7 8 8 8
27 7.16 6 7 6 5 6 7 7 5 6 6 6
28 6.25 5 6 5 4 5 6 6 4 5 5 5
29 4.94 7 8 7 6 7 8 8 6 7 7 7
30 6.25 6 7 6 5 6 7 6 5 6 6 6
= &% HF Ao} AFsEAl ] SHEel e tatte] Ajeot B nj} o] 7IE AP Rre] H8o) o, Ao}
e Ao vtk =3 A7 25 A9 A =29 40l B8] Wo] Ex= AFexAl An|e] o8l 7]
WE T, TR 5 Hal ) 37 Q) wdo]

Agehe 4B Btk Z, wEY] AL Ao B9 of=
re] ot Aggel efeks B4 8 Wark ghe Ao
weelglon], Hekge] Afole Tgde dad) Ad Jge
HA) o= Ao ekt

32 AR XEEE EERAENET X
AR FAME 22} ofate] AL Ee] - obx] Al
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TEETC B TS 715t AE v 23 dExs
ANEAZE A|4e] Ago] ofefe 1kl sl dggvte 2 2
HE H7FR= Eq. (49} 22 MCI (Maintenance Control Index)
2 Agsk Qs Aow ZAFESITMLIT, 2013).

[JASN
AT

MCI=10—1.48C"—0.29D""—0.475"* @)

MCL =10—-2.23C"

Where, MCT : Maintenance Control Index

Table 7. Survey Data according to Crack

. Crack (%) NRPCI Survey result
by Equipment by Person
1 0.00 0.00 8.4 8
2 1.04 1.92 7.6 7
3 0.82 2.06 7.6 7
4 3.40 2.51 7.4 6
5 3.60 13.78 43 4
6 11.38 8.52 5.5 6
7 0.98 8.98 5.4 6
3 7.38 9.18 53 5
9 7.24 9.92 5.1 5
10 453 11.36 4.8 5
1 23.47 23.13 27 2
12 0.08 0.00 8.4 8
13 0.00 0.28 83 8
14 0.08 2.66 73 8
15 0.70 2.90 73 7
16 251 3.98 6.9 6
17 0.00 4.99 6.6 6
18 0.36 7.50 5.8 6
19 9.98 10.93 49 3
20 0.00 2.66 7.3 7
21 115 2.81 7.3 7
2 0.00 2.98 7.2 7
23 0.00 0.09 83 8
24 0.31 0.30 8.2 8
25 0.34 3.96 6.9 7
26 0.76 0.38 8.2 8
27 2.35 5.67 6.3 6
28 5.26 9.25 53 6
29 10.08 2.68 73 !
30 4.43 7.72 5.7 6

MCT, : Maintenance Controal Index according to Crack
C  :Crack (%)

D :Rutting (mm)

o : Roughness in Longitudinal (mm)

B ATE BN ABEAL PUE AT 2l AR}
o) AR} T 2 3070 el Q12 Sk A o)
018 Z45kn TARS AN SebAlE BIL W

G AR REsle] S o ARS T A =
dolg Sl HATdR vhgsklnk

Table 73} 320 SEARH & AEzAtE vlRO R Fig
39} o] BFRRAE B3l Eg. ()9 2L 2t Al el
H7ER45(NRPCI, Narrow Regional Road Pavement Condition
Index)E AASHATE

NRPCI=8.37¢ "% 5)
Where, NRPCT : Narrow

Condition Index
cr : Crack (%)

Regional Road Pavement

ZAPEIE Table 29] Fit, FAEZ(AWE) 28 A%
BAZRER] TEE 20% oPdol 283 A¢- Fig 33 2o] FAR
%7} P8 AJAe] NRPCIE 3.180 2 A9l o, wah
NRPCIo] 2J3+ =2 F40] FR|HF A= 4 ol5l2 ARsh=
Zo] B3t Ao g geker)

AFEZAPH|} SEAL o] o)t TEE= NRPCI2] Al
& AAsle] ) 259 T} vlashy, SekAle ofgt
NRPCI] R*:= 0.910]9l0H, AFE2A1H]e] AS= R¥77} 0.58
O Skt ofgt TEEo] I A} U] fAMES 2=

Survey Result
«
]
.

0 2 a4 6 8 10 12 14 16 18 20 22 24 26
Crack(%)

Fig. 3. Result of Survey According to Crack
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Aoz Uit ofol thih U9l Fde APgEAelx 7191k
Ao s ARk AFsEAPI]e] 7S =AET S
7R gER sletslal FEER AR v SkAlxdE B
RS TR A etk A At et =REE

Table 8. Standard for Pavement Management in Narrow Regional

Road
NRPCI Pavement condition
> 4.0 Very good
=40 Poor (need to maintenance)
=20 Very poor (need to reconstruction)

Table 9. NRPCI Data According to Crack

No. by Person crack (%) NRPCI Survey
1 7.20 8.4 5
2 1.26 7.6 7
3 341 7.6 7
4 3.89 7.4 7
5 11.51 43 5
6 7.59 5.6 6
7 7.95 5.4 6
8 8.94 5.4 6
9 10.85 52 5
10 20.49 4.9 2
11 3.46 2.8 7
12 3.24 8.4 7
13 2.94 8.3 7
14 3.84 7.4 6
15 4.12 7.3 6
16 5.21 6.9 6
17 10.59 6.6 5
18 3.18 5.8 8
19 6.84 5.0 7

20 3.84 7.4 7

21 24.15 7.3 2

22 2.54 7.3 7

23 16.46 83 3

24 6.48 8.3 6

25 3.95 6.9 7

26 4.12 8.2 7

27 8.56 6.4 6

28 19.54 54 3

29 8.49 7.4 6

30 7.72 5.8 6
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