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ABSTRACT

PURPOSES : The PMS(Pavement Management System) has been utilized in order to efficiently allocate the limited budget for the
maintenance of national highway system. In the PMS of national highway, surface pavement condition is evaluated by using the VI (Visual
Index). However, the VI is determined only by considering the cracking rate (%) and rut depth (mm), which is not reflecting the IRI
(International Roughness Index) that is known as an important factor of pavement performance. In this study, the NHPCI (National Highway
Pavement Condition Index) which includes the cracking rate (%), rut depth (mm), and IRI (m/km) is suggested for determining the
rehabilitation methods group.

METHODS : First, the rehabilitation methods performed between 2008 and 2010 on the national highway is classified and then, NHPCI is
determined for each rehabilitation method. Next, the NHPCI for each rehabilitation method is grouped through the interval estimation of the
population mean and T-test analysis.

RESULTS : According to NHPCI range, the rehabilitation methods are divided into four categories: Not Required, Preventive Maintenance,
Overlay Treatment (with or without cutting), and Full-scale Treatment (i.e., reconstruction).

CONCLUSIONS : Based on this study, it is recommended that the appropriate NHPCI range should be determined through the
combination of the rehabilitation categories and Decision Procedure of Pavement Distress Condition Visual Index.

Keywords

national highway, pavement management system, asphalt concrete pavement, national highway pavement condition index, rehabilitation

Corresponding Author : Baek, Cheolmin, Senior Researcher International Journal of Highway Engineering
Korea Institute of Construction Technology, 283, Goyangdae-Ro, http://www.ijhe.or.r/

IIsanseo-Gu, Goyang-Si, Gyeonggi-Do, 411-712, Korea .

Tel : +82-31-995-0853  Fax : +82-31-910-0161 ISSN 1738-71.59 (Print)

email : cmbaek@kict.re.kr ISSN 2287-3678 (Online)

1. ME

EL 4 .
1980 o] % F/HYH R AANAY ol E2 RS GPST Uk E2E AARE 9 29

st2z2sts| =23 - M5 Mg 1

it



= FEE Aok 8 WELToRA OF 3099 ¥
Srgol Ad e5d B2E ETH o] AFE]7|HHA|
Aol tiste] fAEp= TR ARICRE o]p3tE| L
e Aot

FEFHRM = Y FARS kS a&H0
2 A8 9lste] & AA oF 14,000km(20104 7]

D)ol Fshe AR =E tder g g7 o=
E2ZAA A AR (PMS, Pavement Management
System)< &8kl Qlth, =R ZZWA| LGS 2A
E2%+2(Network Level)d 7WEAMA42(Project
Level) o2 BER& 4= Qo o] Jo|Ax =2,
= Z“”Oﬂ gt 274 9 dubak Hpoal HAY 59
So] B4HT ek, Eh wjd WA Uikl
oF 517H LAS R bkmY tkm¥ ZRYEHE =
Atstol A9 A ERE g, Yt el A e
HAEH ES el tish ARE 4 9 S48k
Uit TR IR ALY Y] A e AL 9 3
T ZAATRES ART T, ABRAIARAN
:Automatic Road Analyzer, PES:Pavement
Evaluation Surveyor)S 2-&3to] A -HA )
AaEd, 24¥E 5)E T9stal, HWD(Heavy
Weight Deflectometer)2} GPR(Ground Penetrating
Rader) &H|E o]&3sto] A o] 224 A, A3
7;1] =0 2A517 9t} A HE IS B
AR E B2 500m 7o) tfs)
o FU AHUY [0l ARE HErE F5FOR
= \on 4uf Haps HpHAS 83 &

o] O

90

i &xg-s}oq Table 1
[

TR 2

Table 1. Decision Procedure of Pavement Distress
Condition Visual Index

Rut Depth e Low Medium High

(mm) (<5) (5~15) (>15)
( |201\’0\/) 1 2 3
Mgiuzjg ) 3 4 5
C50) 5 6 :

Raise the VI by 1 if patching and pothole area
are more than 10%.

The maximum VI level should be 7.

[
VI range (VI 1~7) |

%7}7~]T(NHPCL National Highway Pavement
Condition Index)E 7N¥3l%tt NHPCIE == ofx
ZE x| HejE K} APHo|al, AR mpof
o 4= Qo H9E, WY, FHEHA gt =
A et gl SHAE NHPCl: E4/dH el
A7 Hes] o] A Fo
<= 22 0194501 EFEP u}

gl
&
of
rE o
L
10
I:IE

"Xobl *HﬂZAHUPOHH e B B g x}gﬁ
goz Ry NHPCI #7HH$ie 5414 iy
283t R aFe] det AFE ot go| &

N
o T
i

PAENZ 7RIS

B A ek, E20l8

<
N
O
o~
5
o
kY
N
N
s
Y
-
5
L)

2o
rL;i lﬁ
~ g
4y
P
Ry E l‘=Ll
=
QL N
2o
N, oX
‘B
ofl

o &=
i
g

S L
T
i~
r.l
2
o

=

[0¢]

-

S
(=)

N

o
U
1o
¥
o
Hu)
e
o
N
XN
(¢}
o,
N
4o M
ok

Fig. 1 The Influential Factors for the Determination of
Pavement Condition Index (Crack, Rut Depth
and IRI)
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Table 2. Representative Pavement Condition Index
in the World
(Kwon, S. A, et. al,, 2000 ; Jeyapalan, K., et. al., 1987 ;
Taniguchi, S., et. al., 2003)

Pavement Condition Index in the World

PSI=5.41-1.80log(1+SV)—0.05/C+3.3P
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(Presen.t. Flexible Pavement
Serviceability| Where, SV : Slope variance HTO
Index) C : Crack length(m?/1000m?)
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Table 3. The Range of PSI of AASHTO
(Jeyapalan, K., et. al., 1987)
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Pavement Condition Level
Very Poor 0~1
Poor 1~2

Fair 2~3

Good 3~4

Very Good 4 ~5

PCl dRbH o go] ARgshs ZAGHAFRA,
TP A TR I QT Sof 2881796k u)E
WHThe US Army Corps of Engineers)el €34 74

Standard PCI™ Suggested
Rating Scale Colors
100
Dark Green
85 s
Light Green
70
Yellow
55
Light Red
40 )
Medmum Red
25
Dark Red
10
Dark Grey
0

Fig. 2 Pavement Condition Index(PCl), Rating Scale,
and Suggested Colors(ASTM, D6433-11)
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Table 6. Levels based on HPCI in Korea
Expressway Corporation (KEC, 2007)

Table 4. MCI Range for Pavement Managemen Level HPCI Condition Action
(Taniguchi, S., et. al., 2003) 1 More than 4.0 | Very Good | Do nothing
MCI Management level 2 3.5~4.0 Good Preventive
not needing repair . . maintenance
More Than 5 (desirable management level) 3 3.0~35 Fair Maintenance
3to5 needing repair 4 2.0~3.0 Poor Rehabilitation
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Table 5. Pavement Condition Index in Korea

Pavement Condition Index in Korea

A W] = iS AAoR Held 4 g
Aol YFHOZ TRNNE BHH7] 913
A 2o,

SPIi= HPCI®F nR7kA| &= Ako] =0 ZvhIzlel +
oA, 24NY, FHREY] tstel AASE S F,
PH(EE, 2N, FHFAA) A SeXSE F

goto] AR5 AL SPLe ZAAH

tu e

A<l = = > [e)
T HpAZ)E aeske] 103 A|A ) v %S Table
Asphalt Concrete Pavement
HPCI = 4.564 —0.348  IRI-0.36 X RD —0.01/5(C’) + AREA’
, . Table 7. Pavement Condition Level for SPI Value
where. IRI:International Roughness Index(m/km)
RD:Rut depth(cm) Maint
. : " . aintenance
HPCI Ctemperate Cracking(m/100m) Level | Condition | Pavement Condition Method
(Highway AREA : Alligator Cracking and Patching Area per Korea Sing
Pavement Unit Section(m®/100m) Expressway 10~8 |Very Good |Similar to new pavement| Not required
Condition Portalnd Concrete Pavement COV’DOI’B”OH Routi
HPCI =7.35— 4.65Log(1+ IRI)~1.06 Log(10+2.5C") ~ : ; outine
Index) ~0.32Log(10 +2.5P) 8~7 Good Partially distressed maintenance
where. IRI:International Poughness Index(m/km) -
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B-Auto Road Analyzer of Width Maintenance is required|maintenance or
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C :Patching(m?/(BXx100)m?) p'p P
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) . Mefropolitan
Pavement | where. SPI:Seoul Pavement Condition Index Covermmert 3~0 |V P Maintenance is Iong Repaving is
Index) PDI:Pavement Distress Index ery Poor overdue required

4 International Journal of Highway Engineering - Vol.15 No.2



73} o] A 02 Hofen ItHEEs| YT, 2008). 3 B4 W7o NHPCIL i gt 2 7748 AlA
o|Abm} zro] Fy|-9| zhzbe] mAW A 4o Tk OFTh Eek +4%H NHPCI Barate] i ets A4

=33 9 Bapy 5o Aesign gue zyy s FESt B iag 2h sle] Aels

A Ao AEE Pl 9AHSE PS5 oo, ol EUR HeaiiEs TR A

obslr] oJat R4z AFE o, zhzho] mAAbg e AlSHATE dibmiE OPABE ¥ Haegyigd

Q23 TR E RS0 Wols gAjgto e zAakg  NHPCI A% elol| thgh 48l Fig. 37+ 2tk

S AR mefd 4 glglnh uhdo|, S FE=9

Ao 2w gAWsIA 20l NHPCIo| dishe] e o] 3.1, BEfSHIE CHeh NHPCI 23S P82

solgou, TAeel ot 4 nsu el g 7 712 D/B 7=

wol ot weky RS FAH 2 o AUt ofATE ZA(IHZARZE) 79| 2008

S B3 NHPCI Helol diste] thaat 2 |d~2010d0] AR B4 BAgis BEdie 3

2 APAARE wet A sk NHPCI M€ AHHst7] 98] #2E%), ~4HF

« Regional Construction Management Administrations [18 Regions]

- Field Survey Data of Asphalt Concrete Pavement [2008~2010]

Applied Maintenance Methods

- 5AC: Asphalt Goncretse Overlay [Scm]
= Grid+5 : Grid + Asphailt Concrete Overlay [5cm]
- Mill + Grid + 5 = Milling + Grid + Asphalt Concrete Overlay [5cm]

- MIll12+7BB+Antl-rut—AG : Milling(12cml+Base Laver[7cml+Anti-rut Asphailt

Concrete(s5cm)
- Mill15+10BB+Ant-rut-AC : Milling[15cm)+Basse Layer(10cml+Antl-rut
Asphalt Concretel5cm]
- Mills+Anti-rut-AC : Milling 5cm+Anti-rut Asphait Concrete
- MllI5+Semi-Rigid : Millinal5cm]+Semi-Rigld Pavement
» MIlI5+5 : Milling[5cml+Asphalt Goncrete Overlaviscm]
« Planning+5 : Planning + Asphalt Concrete Overlay[5cm])
- Crack Sealing
« Surface Treatment
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Fig. 3 A Determination Procedure of Maintenance and Rehabilitation Methods for National Highway

Table 8. Establishment of Database for NHPCI Determination
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Table 9. Maintenance and Rehabilitation Methods
Applied on Asphalt Concrete Pavement
of National Highway between 2008 and 2010

Annual Maintenance and Rehabilitation Methods

2008 2009 2010
*5AC «5AC *5AC
* Grid+5 * Grid+5 * Mill12+7BB+
* Mill12+7BB+ » Mill12+7BB+ Anti-rut-AC
Anti—rut-AC Anti—rut-AC * Mill 5+5
« Mill 5+5 * Mill15+10BB+ * Mill 5+Grid

* Mill 5+Anti—-rut-AC| Anti—rut-AC
* Planing+5 * Mill 5+5 * Mill 5+AC+Semi-Rigid
* Crack Sealing * Mill 5+Grid+5 + Planning 5+5

+ Surface Treatment |« Mill 5+Anti—rut-AC| « Surface Treatment
« Crack Sealing

* Surface Treatment

* Mill 5+Anti-rut-AC
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Fig. 4 NHPCI Histogram and Normal Distribution of
Asphalt Concrete Pavement in National
Highway (2008)
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Fig. 5 NHPCI Histogram and Normal Distribution of
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g Meandeviation N
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Fig. 6 NHPCI Histogram and Normal Distribution of
Asphalt Concrete Pavement in National
Highway (2010)

Jut= o] 2008W~2010W 0| AlgyE 7z H
¥ NHPCI H9|5 vwslr] $s) =i+ :[L7‘_}_/—‘|,<_xo_%
AAstF o AA A= oo Table 103 2

Table 10. NHPCI Range Applied to Asphalt Concrete
Pavement of National Highway between
2008 and 2010

Interval Estimation of NHPCI
Method (Reliability 95%) Range
(Mean)
2008 | 2009 | 2010
Preventive |Surface Treatment  [5.52/5.59/5.86(5.92/5.45/5.53 5f0
Maintenance| crack Sealing 5.39/5.52/5.4 568 - | - | 564
5AC 4.56|4.61|4.63(4.67| 4.5 |4.54| 4.65
Overlay ~
o Planning+5AC 4.46(4.55) — | - [5.035.19| 474
v Mill 12+7BB+Anti—rut-AC |4.81/5.04/4.66|5.41|5.19|5.54
e
Mil 15H10BB+Anti-rut-AC | — | - |4.57/4.88| - | -
Ir ill 15+101 nti—rut-AC 57|4.88 473
a |Milling|Mill 5+5AC 4,54 4.6 5.02/5.06/4.98/5.01| ~
Y Mill S+Anti-rut-AC  |4.75/4.89| 5.0 |5.14/4.35/4.46] %
Mill 5+Semi-Rigid - = -1 - |a654.89
Grid+5AC 3.81/4.0(3.823.89| - | - | 3.54
Rehabilitation ~
Mill 5+Grid+5AC - | - |3.013.433.523.64| 374
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Table 11. Independent Sample Test of Preventive
Maintenance and Overlay Applied
between 2008 and 2010
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Table 12. Independent Sample Test of Overlay
Applied between 2008 and 2010

Levene's
Test for » .
Equality of t-test for Equality Means
Variances
95%
Sig. | Mean |Std.Error In(t:grcg(lje?ctﬁ
F |Sig| t | df |- |Diffe | Diffe |"Seoo®
tailed) [rence | rence
Lower|Upper
Equal
Nl variances 44.01/0.00|62.88 101187| 0.00 | 0.97 0.02 |0.94|1.00
H | assumed
P E_qua\
?Varfg‘fes 6347|8175 | 0.00 | 097 | 002 |094]100
assumed

Levene's
Test for _ .
Equality of t—test for Equality of Mean
Variances
.
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Fig. 7 NHPCI Normal Distributions for Preventive
Maintenance, Overlay, and Preservation
Methods (2008~2010)

Table 13. Interval Estimation of the Population Mean
for NHPCI based on Maintenance Methods
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