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ABSTRACT

PURPOSES : Long-life asphalt pavements are used widely in developed countries. In order to be able to devise an effective maintenance
strategy for such pavements, in this study, we evaluated the performance of the long-life asphalt pavements constructed along the national
highways in South Korea. Further, an economic evaluation of the long-life asphalt pavements was performed based on a life-cycle cost
analysis. We aimed to devise a model for evaluating the performance of long-life asphalt pavements using the national highway pavement
management system (PMS) database as well as for analyzing the economic feasibility of such pavements, in order to promote their use in South
Korea.

METHODS : The maintenance history and pavement performance data were obtained from the national highway PMS database. The
pavement performances for a total of 292 sections of 10 lanes (5 northbound lanes and 5 eastbound lanes) of national highways were used in
this study. Models to predict the performances of hot mix asphalt (HMA) and long-life asphalt pavements under two distinct traffic conditions
were developed using a simple regression method. Further, the economic feasibility of long-life asphalt pavements was evaluated using the
Korea Pavement Management System (KoPMS).

RESULTS : We developed service-life prediction models based on the traffic volume and the equivalent of single-axle load and found that
long-life asphalt pavements have service lives 50% longer than those of HMA pavements. Further, the results of the economic analysis showed
that long-life asphalt pavements are superior in terms of various economic indexes, including user cost, delay cost, total cost, and user benefits,
even though their maintenance cost is higher than that of HMA pavements. A comparison of the economic feasibilities of the various groups
showed that group A is superior to HMA pavements in all aspects except in terms of the maintenance criterion (crack 20% or higher) as per the
NPV index. However, the long-life asphalt pavements in group B were superior in terms of the maintenance criterion (crack 25% or higher)
regardless of the economic feasibility.

CONCLUSIONS : The service life of long-life asphalt pavements was found to be approximately 50% longer than that of HMA pavements,
regardless of the traffic volume characteristics. The economic feasibility of long-life asphalt pavements was evaluated based on the KoPMS.
The results of the economic analysis were the following: long-life asphalt pavements are exceptional in terms of almost all factors, such as user
cost, delay cost, total cost, and user benefit; however, the exception is the maintenance cost. Further, the economic feasibility of the long-life
asphalt pavements in group B was found to be better than that of the HMA pavements (crack 25% or higher).
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Table 1. Results of Cluster Analysis
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Table 2. Number of Data Set
Classification Crack rate| Rut depth
Sample | Long life 411
Group data HMA 4,786
1 valid | Long life | 141 (34%) | 77 (19%)
data HMA | 610 (13%) | 683 (12%)
Sample | Long life 154
Group data HMA 568
2 valig | Long life | 30 (20%) | 28 (18%)
data HMA | 58 (10%) | 50 (9%)
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(d) Crack Depth Model — Group 2

Fig. 2 Pavement Service Life Prediction Model
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Table 3. Service Life Prediction by Crack Rate
Regression Model

(unit : year)
Group Pavement Crack rate criteria (%)
type 15 20 25 30
1 HMA 6.9 1.9 15 18.1
Long-life | 10.5 18.0 228 27.5
HMA 5.1 8.4 10.4 12.4
2 Long-life 7.2 12.5 15.7 19
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Table 4. Service Life Prediction by Rut Depth
Regression Model

(unit : year)
Pavement Rut depth criteria (mm)
Group

type 10 15 20 25
1 HMA 75 1.8 16.1 20.4
Long-life 12.7 19.2 257 322
) HMA 5.3 8.7 12.1 15.5
Long-life | 10.0 15.8 21.7 27.6
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Table 5. Speed Prediction Models on PCI

PCI Speed prediction model R-squared

IRI y=-2.6969x+103.04 0.45

PCI: Pavement Condition Index
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Table 6. Road Characteristics for Analysis
G Pavement condition Traffic
r
o |0 | crack | Rut | 5 | ADT | EsaL
u (km) | “rate depth (m/km) (veh/day/ | (veh/day/
p (%) | (mm) lane) lane)
Al 1 213 | 896 | 1.96 3,913 247
A A2 | 1 1353 | 7.48 | 196 2,080 191
A3 | 1 0.177 | 8.06 | 210 | 4,688 348
Ad| A1 123 | 13.76 | 2.53 3,679 223
B1 1 1.01 | 6.80 | 2.26 8,662 530
5 B2 | 1 589 | 7.33 | 1.82 | 83844 890
B3| 1 577 | 933 | 1.91 7,428 897
B4| 1 16.51 | 748 | 3.14 6,674 904
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Table 7. Criterion of Economic Analysis

Classification Criterion

Period

50years

Initial construction cost 123
HMA 5AC 123

Cost Cutting+5AC 131
(One million

won/9,000m?)

Initial construction cost 166

Long life Rut-resistance 166

CuttingtRut-resistance | 202

Discount rate 55%
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Table 8. Analysis Scenario

Maintenance criteria
Scenario| Ryt-depth | Crack rate | Group | Pavement type
(mm) (%)
1 15 10
2 15 15
3 15 20 A and B| HMA/Long life
4 15 25
5 15 30
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Fig. 4 Example of Scenario Analysis
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Table 9. Economic Analysis Summary

(Unit : One Million won)

Classification Costs Y Economic index
ser
Maintenance | Pavement | Maintenance User Delay Total benefit
criteria type cost costs | cost | costs eneiis R B/C
HMA 340.8 19,107.5 - 19,448.3 935.5 594.7 2.7
15mm-10% -
Longlife 367.5 19,089.8 - 19,457.3 953.2 585.7 2.6
HMA 265.0 19,170.9 - 19,435.8 8721 607.2 3.3
15mm-15% -
Longlife 285.5 19,151.9 - 19,437.4 891.1 605.6 3.1
A 5 0% HMA 223.3 19,234.5 _ 19,457.8 808.5 585.2 3.6
mm-20%
Group Longlife 246.5 19,203.5 - 19,450.1 839.5 592.9 3.4
HMA 223.3 19,2517 _ 19,475.0 791.3 568.0 3.5
15mm—-25% -
Longlife 241.2 19,226.4 - 19,467.5 816.6 575.5 34
HMA 223.3 19,251.7 - 19,475.0 791.3 568.0 35
15mm-30% -
Longlife 241.2 19,230.5 - 19,471.6 812.5 571.3 34
5 0% HMA 430.9 43,375.7 | 363.0 44.169.7 2,716.1 2,285.2 6.3
mm-—
0 Longlife 476.6 43,3146 | 288.0 44,079.2 2,852.2 2,375.6 6.0
5 159, HMA 340.8 43,5329 | 288.0 441617 2,634.0 2,293.1 7.7
mm-—
) Longlife 367.5 43,4472 | 2248 44,039.5 2,782.9 2,415.4 7.6
B HMA 279.9 43,697.9 237.2 44,215.0 2,519.7 2,239.8 9.0
15mm-20%
Group Longlife 2957 43,622.7 183.6 44,102.0 2,648.5 2,352.9 9.0
5 5% HMA 251.8 43,855.0 213.8 44,320.7 2,386.0 2,134.2 9.5
mm-25%
Longlife 258.6 43,750.7 161.3 44.170.6 2,542.9 2,284.3 9.8
5 300 HMA 251.8 43,855.0 213.8 44,320.7 2,386.0 2,134.2 9.5
mm-30%
Longlife 252.3 43,788.2 157.6 44,198.2 2,509.0 2,256.7 9.9
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