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ABSTRACT

PURPOSES : This study aimed to evaluate the performance of pavement management works and to develop a function for estimating the
level of service (LOS) and cost of service (COS) for the systematic and quantitative management of pavement performance in the public
sector.

METHODS : The International Roughness Index (IRI) was used as the performance index for pavement management. Long-term pavement
performance data for a period of 7 years (2007-2014) collected by the National Highway Pavement Management System and historical
maintenance budget data published by the South Korean government were used to develop the LOS-COS function. Based on the function, a
model for estimating the appropriate budget as well as the network conditions was suggested.

RESULTS : There was high degree of correlation between pavement performance and the investment level (R = - 0.74). The developed
LOS-COS function suggested that the unit cost to improve the network IRI to 1 m/km was 32.6 billion KRW. Further, the maintenance
costs normalized with respect to the LOS levels were LOS-A = 88.2 billion KRW, LOS-B = 55.6 billion KRW, and LOS-C = 23.0 billion
KRW.

CONCLUSIONS : This study proposes a simple way of developing a LOS-COS function. It also shows how to develop a network budget
demand and condition estimation model using the LOS-COS function. In addition, it is the first attempt to evaluate the road maintenance
budget in South Korea. It is expected that these results will help in the negotiations between the road managers and budget makers.
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Fig. 1 Maintenance Criteria for Korean National Highway
Network (KICT, 2015)
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Table 2. Definition of LOS in This Study

Category | LOS grade T?r:]e/ir;?)ld Note

Excellent A Under 1.5 New pavement
Good B 1.5~2.5
Fair C 2.5~3.5 | General condition
Poor D 3.5~5.0

Very poor E Over 5.0 Margwc;iﬂaegce
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Table 1. Comparison of IRl Category

Category World Bank OECD FHWA V_irginia state Washington state K(_)rea
(Sayer et al.,1986) | (1987) (2006) | (Reid et al.,2003) | (WSDOT, 2015) |((Kobayashi et al., 2010)
Excellent 0.86 1.5 0.95 0.95 1.5 2
Good 1.97 2.5 1.5 1.58 2.68 2.5
Fair 3.53 35 1.89 2.21 3.47 3
Poor 6.19 4 2.68 3.16 5.05 3.5
Very poor 6.19 4 2.68 3.16 5.05 3.5
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Fig. 2 IRI Distribution of Korean National Highway
Network

Table 3. Basic Statistic of Time—series IRI Data

Sample | Average IRI Standard Note
scale (m/km) deviation (m/km)
17,246 25733 0.9595 2007~2014

Table 4. Probability Density of IRI LTPP Data

IRl interval Frequenc Prob. Note
(m/km) a y density
0~1 48 0.28% 0.28%
1~2 4,411 25.58%
2~3 8,725 50.59%
98.09%
3~ 4 3,207 18.60%
4 ~5 573 3.32%
5~6 137 0.79%
6~7 56 0.32%
7~8 29 0.17%
1.64%
8~9 24 0.14%
9~ 10 12 0.07%
Over 10 24 0.14%

Table 5. Thresholds of IRl by 3-Sigma Rule

Threshold (IRI, m/km)
. Standard

3-sigma rule | ;1o (%) | Minimum Maximum
(left—side) (right-side)

1—sigma 68.2689 1.81 3.26

2-sigma 95.4499 1.37 4.66

3-sigma 99.73 0 10.06
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Table 6. Annual Maintenance Budget and Network IRl

' Budget . @
Fiscal year (billon KRW) IRI (m/km) | Correlation R
2007 64.53 2.32
2008 58.01 213
2009 58.01 2.66
2010 44.42 2.74
-0.74
2011 53.13 2.61
2012 4519 3.05
2013 52.53 2.41
2014 109.181 2.67
Note: 1) 2014 data excluded
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Table 7. Composition of LOS Grade by Calendar Year

Threshold
Grade (R m/km) 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013

LOS-A |Under 1.5| 0.07 | 0.12 | 0.03 | 0.03 | 0.03 | 0.02 | 0.06

LOS-B| ~25 | 0.61|064|0.44 | 043|046 | 0.38 | 0.55

LOS-C| ~35 | 027 |0.22 | 0.42 | 0.40 | 0.41 | 0.38 | 0.33

LOS-D| ~ 5.0 |0.05|0.03| 0.1 | 0.12 | 0.09 | 0.15 | 0.06

LOS-E | Over 5.0 0.00 | 0.00 | 0.01 | 0.02 | 0.01 | 0.07 | 0.01

Budget (Milion KRW)|64,532|58,010(58,010|44,419|53,128|45,191|52,528
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Fig. 4 Transition of LOS Rates by Investment Level
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Table 8. Regression between IRl and Cost in Network

Level
Predictor Cesiere Std. Error | t-value R?
(a,p)
Constant 42039 0.6809 6.1744 0,542
Budget | —0.003063 | 0.0013 | -2.4343 '
4.50
4.00 y=-0.0306x + 4.2039
T R? = 0.5424
300
g 2.50
£
= 2.00
=
1.50
1.00
0.50
—@— Base line of LOS-COS Func.
0.00

0 20 40 60 80 100 120
Budget (Billion KRW)

Fig. 5 Baseline of the LOS—-COS Function
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