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Pavement Asset Management

ABSTRACT

Road pavement management is an important activity that affects to national economy, movement and safety of people, and also
demands huge amount of budget. Therefore, its management strategy must be established under objective information. In addition,
decision support system that produces the management strategy needs to consider practical benefits from various aspects. Considering
these aspects, this paper aimed to develop a customized Korean life cycle cost analysis model estimating various effects on road users
and socio-environmental costs based on pavement condition. The suggested LCCA model focused on Korean national highway, and
tried to adopt a national guideline recommended by Korean government for securing credibility of estimation results. In the
development processes, some of the suggestions that do not fit well in the situations of pavement management field were added, altered,
or partially modified. These attempts to develop customized asset management system would be an important step to break away from
passive attitudes relying on ready-made software, but also to improve awareness about the social benefits from the better maintenance
strategy.
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Table 1. A development plan considering the “A Guidebook for Investment of Transportation Facilities (MLTM, 2011)”

Cost contents and Korean guidebook Korean life cycle cost analysis model (this study)
sub-models (MLTM, 2011) Modeling plans Typical results
Agency costs| Maintenance |® Based on expressway maintenance costs ® Altered by annual condition based model | ® Budget demands by
()* ® Operational cost (15% of the expressway) ® By maintenance types maintenance
Inspection(2) |No index ® Available but excluded from the type/year/section
Construction definition (Discounted and
and residual undiscounted)
cost (3)
Road user Vehicle ® Fuel + engine oil+ tire + vehicle maintenance +  |® Same definition in contents ® Vehicle operating cost,
costs operating costs | vehicle depreciation ® By a function of total VOC travel time cost, and
) ® By a function of vehicle operating speed by a ® Num. of vehicle type: 12 types vehicle emission cost
vehicle type ® Development of vehicle speed model is | by a vehicle
® Num. of vehicle types: 6 types required type/section/year
Travel time |® Including driver and passengers ® The future traffic demand analysis is
cost (1) ® By using traffic volume, travel time and time value| excluded ® Traffic accident cost
by a vehicle type ® Num. of vehicle types: 12 types by a fatality/section/
® Traffic volume must be from future traffic volume |® By business/non-business hour year
analysis ® Without classification in region
® Based on VDF(Vehicle-Delay Function) ® Development of vehicle speed model is
® By business/non-business hour required
® Num. of vehicle types: 3 types
Traffic accident|® By travel length and accident rate by fatalities ® Development of pavement
costs (3)  |® By human and property condition-based accident cost estimation
® No vehicle classification model is required
Socio-enviro | Emission costs |® For 5 compound from vehicle emission (CO, CO2,|® Same definition in contents
nmental cost (0))] HC, PM, NOx) ® Development of estimation functions by a
® By unit pollutant loads by 10km/hr compound type
® Num. of vehicle types: 7 types ® Num. of vehicle types: 12 types
Noise cost | Defined by costs for soundproof walls ® Available but excluded from the
® Unit cost per equivalent noise reduction definition
Sub-models | Deterioration |No index ® Described by multiple deterioration ® Deterioration speeds,
forecasting speeds for applying Markov process life expectancy by a
model (1) rating
® Maintenance timings
Vehicle speed ® Pavement condition-based vehicle speed |® Free speed and
model (2) estimation model operating speed by a
vehicle
type/section/year
Future traffic Selectable from: ® Annual traffic volume
volume ® Uniformed method-based on initial traffic| by a vehicle type
generation (2) ® Space-free multi-distributions based (differed by model
Monte-Carlo method choice)
Traffic ® Hazard exposure method ® Pavement condition-based model ® Num. of traffic
accidents (3) accidents by a
section/year
Economic  |® Main index: Benefit cost ratio (B/C) ® B/C and NPV ® Priority order of
decision  |® Sub-indices: Net Present Value (NPV) and Internal |® Plus, EUAC(Equivalent Uniformed applied alternatives
indices (2) Rate of Return (IRR) Annual Cost)

Note: *Priority orders are in the parenthesis
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Table 2. Comparison of the Korean LCCA model with existing LCCA models
Contents K-LCCA HDM-4 (current model in use) Real COST PMAS (Kobayashi et al.,
(This study) (PIARC, 2000) (FHWA, 1998) 2008)
Developer Korea World Bank FHWA(U.S.) Japan
. . . Y ly wh .
Analysis framework Fiscal year Fiscal year cars oy whetl Fiscal year
maintenance conducted
. L S . Simplified regression for
Multiple deterioration speeds | Annual deterioration by Expert system (By direct o
Model .. . .. . . annual deterioration in
o . extracted from statistical/ Dynamic mechanistic/ input of life expectancy by MCI (Maintenance
Deterioration Rl stochastic model empirical model users)
forecasting Control Index)
function Model By inspection data from By finding calibration factors |By relying on field By using field data based
. Korean national highway in |included in the basic experience, or preparatory |on Japanese condition
estimation L . . .
2007~2010 estimation function analysis index

Road users and

VOC, travel time cost, traffic
accident cost, emission cost

VOC, travel time cost (by
using models developed by

Additional VOC, travel
time cost due to

Additional VOC, travel
time cost due to

socio-environmental costs  |by Korean model (MLTM, . .
various countries) work-zones work-zones
2011)
Self-definition for Developed for unknown users |Self-definition for Self-definition for Mie
Note maintenance environment | Too many input variables domestic usage in U.S. prefecture based on
only for Korean national Calibration/domestication Abnormal definition to domestic pavement
highway matters LCC property condition index(MCI)
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Fig. 1. A flowchart for pavement condition-based life cycle cost analysis model
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representing Korean

Geometric
condition

Road design: unit length=1km, num. of lanes = 2.91, width of a lane=3.5m, shoulder =1.5m
Slope and horizontal curvature: straight (assumption)

Traffic condition

AADT: 12,516 (TMS,2011), uniformed during analysis period

national highways) Speed limit: 80km/h
Detf.:rioration Initial conditior.l o Maintenancc.e F:ffect Deterioration speed
Pavement index (averaged condition in 2011) (Reset condition)
deteriora.ti(?n Crack 3.535% 0.00%
characteristics Rutting 7351 mm 2.00mm Refer to Table 4
IRI 2.295m/km 1.00mvkm

Analysis period and discount rate

30 years, 5.5% (MLTM, 2011)

Table 4. Pavement condition rating systems and corresponding pavement deterioration speeds

Condition Standard for ratings Life expectancy by a rating Deterioration speed by a rating
states Crack Rutting IRI Crack Rutting IRI Crack Rutting IRI
() (mm) (mvkm) (year) (year) (year) (Ylyear) (mm/year) (m/km/year)

1 ~0.5 5 2 1.53 2.39 2.03 0.33 2.09 0.99
2 ~5 10 25 4.19 14.23 1.55 1.07 0.35 0.32
3 ~10 15 3 2.27 15.99 1.56 2.20 0.31 0.32
4 ~15 20 35 1 6.35 1.35 5.00 0.79 0.37
5 15~ 20~ 3.5~ - - - - - -

Source: Han et al. (2012c)

Table 5. Definition of maintenance alternative sets
Alternatives Cutting + Rut-resist Cutting + Conventional hot-mix Conventional hot-mix asphalt Note

pavement S0mm overlay

asphalt 50mm overlay

50mm overlay

1) Crack 20% or
2) Rutting 10mm

1) Crack 10% or
2) Rutting 10mm

1) Crack 30% or
2) Rutting 15mm

1) Crack 20% or
2) Rutting 10mm

Base alternative

1) Crack 35% or
2) Rutting 20mm

1) Crack 25% or
2) Rutting 15mm

1) Crack 40% or
2) Rutting 25mm

1) Crack 30% or
2) Rutting 20mm

Alternative 1 Rutting 15mm
Alternative 2(Current .
Rutting 2
criteria) (KICT,2009) utting 20mm
Alternative 3 Rutting 25mm
Alternative 4 Rutting 30mm
Maintenance unit costs 7131

(Million KRW/lane/km)

55.23

40.04
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Fig. 3. Changing history of roughness (IRI) by maintenance
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Table 6. A relationship between average pavement condition and
vehicle operating speed

. Crack | Rutting| IRI Ave?age Num. of
Alternative @) | (mm) |( ) vehicle maintenance
° speed (kmvh)
Alternative 1 | 4.96 | 7.25 3.68 73.81 2
Altemative2 | 5 o 54 | 377 | 7360 2

(Current criteria)
Alternative 3 | 11.51 | 9.70 5.00 72.17
Alternative 4 | 14.75| 10.79 | 5.76 71.22
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Fig. 4. Changing vehicle operating speed by pavement condition
(A case: IRI, base alternative)
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Table 7. LCC in EUAC by alternatives (discount rate 5.5%) (Unit: Million KRW/year)

EeEge g 98

s Aolarlulg = A

Alternative Maintenance cost Vehicle operating cost | Travel time cost | Traffic accident cost | Emission cost Total cost
Alternative 1 74.99 14,714.76 16,021.67 2,757.55 5,634.71 39,203.69
Alternative 2 68.59 14,724.17 16,058.13 2,908.17 5,637.46 39,396.52
Alternative 3 2322 14,815.57 16,404.95 4,739.54 5,662.93 41,646.21
Alternative 4 18.75 14,856.08 16,552.43 5,955.41 5,673.18 43,055.86

Table 8. An economic evaluation by alternative (base alternative = current criteria) (Unit: Million KRW/year)

Alternative Cost Benefit NPV NPV/Cost EUAC* Benefit by unit vehicle speed (per 1km)
Alternative 1 6.40 199.22 192.83 30.14 2,155.20 90.63
Alternative 2 - - - - 2,165.81 -
Alternative 3 -45.37 -2,295.06 -2,249.69 N/A 2,289.54 -81.14
Alternative 4 -49.85 -3,709.19 -3,659.34 N/A 2,367.07 -81.53

Note: *represent the EUAC of total cost in Table 7
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