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Abstract: This paper presents the theory, method, and
application of performance-based pavement needs assessment
at a state level, using the Pennsylvania Interstate System as an
example. First, a general framework is presented for the
pavement asset management and a general optimization model
is established for the pavement maintenance and rehabilitation
needs assessment. Also, the bundling of pavement segments
for the project implementation is discussed. Using the
examples of Statewide Transportation Improvement Plan and
Long Range Transportation Plan for Pennsylvania Interstate
System, the application of performance-based pavement needs
assessment is demonstrated. It is shown that unconstrained
analysis can help decision-makers investigate the real
maintenance and rehabilitation needs; financially-constrained
analysis can help decision-makers select

implementation and

projects  for
examine the corresponding future
pavement conditions. Trade-off analysis can help decision-
makers investigate the outcomes of different investment levels
on pavement maintenance and rehabilitation and make the final
decision on the investment level. The proposed case study
provides a good example of performance-based pavement
needs assessment for developing countries.
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‘x T hile most developing countries are still focusing

on adding more highways to their transportation
system'"’, many developed countries, including the Unit-
ed States, are significantly allocating financial resources

to highway infrastructure maintenance and rehabilitation
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(M&R) activities. In the United States, the moving
ahead of progress in the 21st Century Act (MAP-21) and
the Fixing America’s Surface Transportation ( FAST) Act
established a performance-based approach for state DOTs
to efficiently manage and improve the highway infrastruc-
ture system'”’. Therefore, state DOTs need to develop
and integrate statewide goals, objectives, and perform-
ance measures for highway investment decision-making.
In relation to pavement system management under the
FAST Act, there is a need to conduct a detailed pavement
needs analysis, for both short-term and long-term inter-
state planning and programming, and to effectively link
the pavement investment with the system pavement per-
formance. Most existing pavement management systems
predominately focus on a short-term approach, and most
often do not provide a long-term needs assessment or con-
nect the investment with the system performance'™®
Therefore, there is a need to adopt optimization methods
when conducting a performance-based pavement needs
analysis for short-term planning, state transportation im-
provement programs ( STIPs), and long-term planning,
long range transportation plans ( LRTPs), to meet the
FAST Act requirements.

Pavement investment needs assessment in transportation
planning is basically to investigate pavement M&R needs
at the network level during a planning period. Different
from project-level pavement M&R needs analysis which
selects appropriate M&R activities and develops the opti-
mal M&R schedule for a specific pavement, network-lev-
el pavement M&R needs analysis either evaluates the total
cost to maintain all pavements in the network above a cer-
tain condition level or conducts prioritization/optimization
to select pavement segments to implement most cost-ef-
fective M&R treatments under budget constraints so that
the limited budget can be optimally allocated'” .

Much research has been conducted on pavement M&R
needs/planning at the network level. One of the earliest
attempts was made by Abelson and Flowerdew'™ who
used dynamic programming to estimate the least required
investment needs to maintain a road network in Jamaica.
In the 1980s, the Arizona DOT used optimization tech-
niques for its pavement M&R management, which was
based on linear programming and focused on minimizing
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cost . Starting from 1989, the FHWA (Federal High-
way Administration) required each state highway agency
to have a pavement management system to manage their
pavements'''. In the 1990s,

agencies started to use geographic information systems

several transportation
(GIS) in pavement management for the purposes of data
management and the demonstration of analysis results.
For instance, a prototype pavement management system
was developed for Fountain Hills based on the GIS plat-
[ " In the 2000s, optimization techniques were ap-
plied in the research of pavement management. For in-
stance, Fwa et al. " adopted multiobjective optimization
for pavement maintenance programming at the network
level. Wang et al. " formulated the M&R scheduling
problem as a bi-objective integer programming model
which maximized the effectiveness of pavement mainte-
nance treatments and minimized the maintenance-incurred
user disturbance. In the last ten years, advanced and so-
phisticated optimization methods have been widely used
for network-level pavement M&R decision-making. For
instance, Gao et al. "™ used a parametric method for the
bi-objective pavement maintenance and rehabilitation-
scheduling problem by generating Pareto solutions. Peng

form

et al. """ developed an optimal funding allocation model
for network-level asphalt pavement management systems.
Zhang et al. """ integrated life-cycle analysis and life-cy-
cle optimization into the optimization model for network-
level pavement M&R planning. Lee and Madanat'® pro-
posed a joint bottom-up solution methodology for net-
work-level pavement rehabilitation and reconstruction de-
cision making. Zhang et al. "' developed a general itera-
tive approach for network-level joint optimization of
pavement M&R planning. Santos et al. " used an adap-
tive hybrid genetic algorithm for pavement management

decision making. Wu et al. ™*"!

incorporated risk in the de-
cision-making and proposed a risk-based optimisation for
pavement preventative maintenance with probabilistic
LCCA. France-Mensah and O’Brien'”” conducted a com-
parative case study for the budget allocation models of
pavement maintenance and rehabilitation at the network
level. Chu and Huang™'
gramming framework to model and quantitatively com-
pare different maintenance strategies for network-level
highway pavements using mixed-integer linear program-
ming models. Khiavi and Mohammadi'™' used NSGA- [l

to solve the multiobjective optimization in pavement

proposed a mathematical pro-

M&R decision-making.

There are still many other studies on network-level
pavement M&R decision-making which cannot all be re-
viewed and listed here due to paper length limit. Even
though these studies have adopted advanced and sophisti-
cated methods, there remain gaps between these studies
and application in practice. First, most of these studies
focus on short-term pavement M&R planning, and cannot

be applied to long-term case, e. g., 20 or more years.
Secondly, most of the advanced and sophisticated pave-
ment management methods developed in research have
not been adopted in practice. In 2012, the MAP-21 Act
was signed for implementation in the United States. It es-
tablished a performance-based framework to manage the
transportation infrastructure. In 2015, the FAST Act was
enacted as a further enhancement of MAP-21 to support the
long-term development of the transportation infrastructure.
Both acts require long-term planning for transportation in-
frastructure asset management, which is different from the
practice of pavement management systems. Therefore, in
the present study, a practical usable optimization model is
adopted to conduct a performance-based pavement invest-
ment needs assessment for planning using a case study of
the PennDOT interstate system. Even though the purpose
is not to propose an advanced methodology, the real appli-
cation experience will help practitioners know how to con-
duct a performance-based pavement investment needs as-
sessment for long-term planning.

1 Performance-Based Pavement Needs Assessment
1.1 General framework

Typically, the framework of transportation asset man-
agement (TAM) can be used to conduct a performance-
based pavement needs assessment. Fig. 1 presents a gen-
eral transportation asset management ( TAM) framework
to support identifying and programming transportation
projects. The TAM framework has the following primary
components:

1) Goals &objectives: The goals and objectives of the
TAM framework are to identify the most cost-effective
activity profile for the highway asset to achieve asset
state-of-good repair (SGR) over time.

2) Performance measures: Establish SGR thresholds
for the pavement asset.

3) Performance modeling: Using historical pavement
condition data, deterioration models are developed for the
transportation asset. The models are used to predict asset
deterioration over time and the remaining service life.

| Goals and objectives |

Performance measure
identification
Condition assessment and
performance modeling

1l

| Needs assessment |

Asset inventory [ )

L
- - Budget
| Project programming |< constraints
Il

. Budget
Trade-off analysis <: scel;a%?os

Fig.1 TAM framework
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4) Needs assessment: Evaluate the budgetary needs to
achieve the performance goals. These results provide a
base for DOTs to check what and where the M&R needs
are.

5) Project programming: Recommend M&R projects
through the optimization technique in a financially con-
strained environment and estimate the corresponding im-
pacts on asset performance.

6) Trade-off analysis: Summarize performance tradeoffs
under various investment levels.

Based on the general framework in Fig. 1, a more de-
tailed methodology for pavement asset management is
shown in Fig.2. In needs assessment, the objective is to
identify projects that can maximize system performance
within budget constraints,
goals and objectives. In order to achieve this, the follow-
ing methodology is recommended:

1) Use the results of the unconstrained analysis to rec-
ommend the most cost-effective asset repairs based on in-
spection condition data;

2) Bundle asset M&R activities into programmable
projects by analyzing suggested repair, timings and geo-
graphic locations for potential mobilization/economy of
scale savings;

3) Incorporate the decision-maker’s preferences by as-
signing weights to each performance measure and a scale
to score projects based on performance values;

4) Optimize the project selection process so as to maxi-
mize the program benefit under a budget constraint.

while advancing the state’s

Pavement inspection
data

| Pavement treatment list |

2 N

Treatment performance
jump model

U

Needs assessment

U

Optimization

U

| Project programming|:>| Tradeoft analysis |

Performance models Treatment cost

«I

Life-cycle cost

Performance :)
analysis

estimation

Treatment profile
selection

Fig.2 The methodology for pavement needs analysis

1.2 Unconstrained needs assessment

1.2.1

Planning-level analysis is not intended to provide de-
tailed project-level treatment recommendations. Instead,
recommendations made at the planning level will identify
what level/category of pavement treatments ought to be
applied. Thereafter, the specific decision in relation to
the exact treatment to be applied will be finalized at the
local offices based on field observations of various indi-
Also, planning-level analysis at the statewide level
must account for the variety of treatments applied at the

Pavement treatments

CeEs.

district level that have similar costs and performance ben-
efits. Therefore, grouping together treatments with simi-
lar costs and performance benefits will provide each dis-
trict with flexibility to choose preferred treatments, such
as routine maintenance, minor rehabilitation, rehabilita-
tion, and replacement.
1.2.2 Pavement performance modeling

Pavements deteriorate with age due to accumulated traf-
fic loads, weather, application of de-icing chemicals, and
other factors. Pavement deterioration models can simulate
the deterioration trend and forecast future conditions'” "',
Fig. 3 presents an example of pavement performance
changes after pavement treatment. From the figure, it can
be observed that pavements deteriorate with time and
there is a performance jump immediately after pavement

treatment.
A Performance curve ,
’
Performance| Pefore treqt\rtlent S
(IRD) Pre-treatment .,/
performance curve, s Performance curve
) ’ after treatment
Performance !
jump i
Treatment
. . Tlyear
implementation
Fig. 3  Pavement performance international roughness index

(IRI) change after pavement treatment

1.2.3 Pavement treatment recommendations

Using life-cycle cost analysis and existing pavement
conditions, treatments are recommended for the pavement
segment. The recommended treatments should be able to
minimize the life-cycle cost of the pavement segment
while keeping the pavement in an acceptable state-of-good
repair during service life.

1.3 Constrained needs assessment

1.3.1

In the constrained needs assessment, optimization can
be used to find the optimal solution that maximizes the
benefit under the limited budget. Even though many ad-
vanced and complex optimization techniques have been
developed for pavement M&R decision-making, most of
them have not been applied in real practice due to diffi-
culties in the applications of complex optimization tech-

Pavement project optimization

niques to real applications, especially in relation to a
large pavement network. To achieve the needs of pave-
ment M&R planning at network level, while not making
the model too complex, the following optimization model

is used:

(1)
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S. t.
1 K
z z xiikdﬁk$bj for all j (2)
i=1 k=1
J K
2 2 X =1 for all i (3)
j=1 k=1
P(x,)=P,, or P(x,)<P,, forall i,j (4)

where i is the pavement segment index; j is the year in-
dex; k is the treatment index; [ is the total number of
pavement segments; J is the total number of years in the
planning horizon; K is the total number of pavement
treatments; x,, equals 1(implement treatment & in the j-th
year on pavement segment i) or 0 (do not implement
treatment k in the j-th year on pavement segment i) ; s, is
the general benefit to implement treatment k to pavement
segment i in the j-th year; d,, is the cost to implement
treatment k to pavement segment i in the j-th year; b, is
the budget limit in the j-th year; P is the value of per-
formance measures for pavement segment i in the j-th
year; P . is the minimum allowed values of the perform-
ance measure (the higher the better performance meas-
ures); P, 1is the maximum allowed values of the per-
formance measure ( the lower the better performance

X

measures, e.g. IRI).

Using this model, different types of treatment combina-
tions can be automatically investigated for each pavement
segment and this helps to choose the optimal one, as well
as to reach the optimal decision at network level.

1.3.2 Pavement project bundling

In most states, the pavement system is divided into
segments for the convenience of pavement management.
Each segment is a unit for condition data collection/re-
porting and treatment recommendation. A pavement seg-
ment is typically around 0.5 miles (1 mile =1. 169 km)
long™. Usually, pavement inventory, condition,
treatment history are typically recorded based on each
pavement segment. In the process of pavement needs as-
sessment, pavement activity recommendations are provid-
ed for each pavement segment based on its condition and
treatment history. However, for the convenience of pave-
ment project programming and delivery, it is better to
bundle several pavement segments ( with proposed treat-
ment activities) together. Bundling segments are expected

and

to yield cost savings by reducing mobilization efforts,
minimizing material costs due to economies of scale, and
encouraging competition from contractors bidding on re-
habilitation and replacement projects. The basic method
for bundling projects and incorporating them into a budg-
et-constrained programming process is as follows:

1) Bundling rules setting: Identifying a minimum pro-
ject length (e. g., 2 miles); identifying a preferred pro-
ject length (e. g., 5 miles); identifying a synchroniza-
tion timeframe for advancing/delaying activity implemen-
tation; a poor condition state should be avoided as the re-

sult of any bundle being implemented.

2) Bundling eligibility checking: Pavement segments
must be on the same route and direction for bundling;
segments must be of the same pavement type ( asphalt/
composite or concrete); a common activity must be rec-
ommended for the majority of the bundled length; and the
timing of all activities within a bundle must be within the
specified timeframe.

3) Updating bundles: Every year a recommendation
will be made for every segment; and the bundling rules
will be used to produce a project set based on condition
segment recommendations.

2 PennDOT Interstate Pavement Needs Assess-
ment and Pavement TAM Tool

PennDOT has a large interstate system with more than

2 600 segment miles (around 5 600 lane miles) of pave-

ments, which are divided into more than 5 000 segments.

Based on the framework and methodology presented earli-

er, a pavement TAM tool was developed to conduct
needs assessment for planning purposes.

2.1 Performance measures

In PennDOT, the overall pavement index ( OPI) and
international roughness index (IRI) are used as the per-
formance measures to evaluate the interstate pavement
conditions. The OPI is a Pennsylvania pavement index
that looks at both roughness as well as pavement distress.
It is on a scale from 0 to 100 with 100 being in excellent
condition. When a pavement experiences distress, that
distress is quantified into a number and deducted from the
excellent score of 100. The IRI is a measure of pavement
roughness, and it was considered in the OPI. At the time
of developing the pavement TAM tool, MAP-21 used the
IRI as the performance measure, thus, IRI was used as a
secondary performance measure in the PennDOT pave-
ment needs assessment.

2.2 Pavement performance models

There are several types of pavement deterioration mod-
els in the literature. In the PennDOT pavement TAM
tool, the empirical-based Markov model was used. A
Markov model predicts the probability of being in any
discrete condition state at any point in time based on
pavement age and current condition state. Performance
models for different geographical areas and different pave-
ment types are different. A pavement deterioration model
was developed for each pavement type in each geograph-
ical area. For planning purposes, pavement treatments
were grouped into four categories: routine preservation,
minor rehabilitation, major rehabilitation, and replace-
ment. The average performance jumps after a treatment
from historical data were used to measure the effective-
ness of each category of pavement treatment.
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2.3 PennDOT pavement TAM tool modules

The PennDOT pavement TAM tool was developed
using the Macro/VBA in Microsoft Excel. The tool has
user-friendly interfaces to help decision-makers conduct
PennDOT Interstate pavement needs assessment. Fig. 4 is
the “Home” interface of the pavement TAM tool.

PennDOT Tr (TAM)

Interstate System Pavement Planning Tool

Asset M

P 9

Main Functions

Controls

Fig.4 Pavement TAM tool “Home” interface

From Fig. 4, it can be observed that PennDOT pave-
ment TAM tool has four functional modules:

Module 1(basic inputs module) This module guides
users to input basic information into the tool to conduct
various analyses, including pavement inventory, pave-
ment conditions, and performance models. After the in-
puts, the summary of the existing pavement condition can
be generated.

Module 2 ( unconstrained needs assessment module)
This module conducts multi-year unconstrained needs as-
sessment. It can generate pavement treatment and timing,
as well as the predicted conditions. Unconstrained needs
assessment means there is no budget limit for pavement
treatment. In the assessment process, pavement treat-
ments are proposed based on the actual M&R needs. The
tool uses life-cycle cost analysis to recommend the most
cost-effective M&R activity based on inspection condition
data. The results are: 1) Overall output summary, inclu-
ding unconstrained needs each year, pavement conditions
under unconstrained needs assessment using excellent,
good, fair and poor categories; 2) Treatment summary
by year and by treatment type; 3) Cost summary by year
and by treatment type; 4) A detailed list of treatments,
costs, and conditions for each pavement segment; 5) A
detailed list of projects with rankings; 6) Summary by
district, county and route.

Module 3 ( financially-constrained needs assessment
module)  This module applies optimization to develop
multi-year constrained needs assessment for pavement
treatments. It generates similar types of results as the un-
constrained analysis, but with budget constraints.

Module 4 ( trade-off analysis module) It performs
trade-off analysis between investment levels and pavement
system performance and can help decision makers investi-
gate the best investment levels.

3 Performance- Based Pavement Needs Assess-
ment for PennDOT Interstate System

This section presents two case studies to demonstrate

the application of performance-based pavement needs as-
sessment. The first case study is the needs assessment for
a STIP; the second one is the needs assessment for a
long-range plan.

3.1 Statewide transportation improvement plan

PennDOT needs to develop the STIP for years 2018—
2021. Assume that the budget plan for interstate pave-
ment is 2 x 10° US dollars for 2018 and 2. 5 x 10* US
dollars annual budget from 2019 to 2021. There are some
confirmed projects from 2018 to 2021. The pavement
TAM tool was used to conduct the analysis. The inputs
include a pavement inventory, analysis period, pavement
treatment cost, economic factors, confirmed projects,
performance models, and budget information.

Using the pavement TAM tool, the unconstrained
needs assessment was conducted. Fig. 5 presents the over-
all summary. From Fig.5(a), it can be observed that un-
der the unconstrained needs analysis, the first year re-
quires more than 1.5 x 10” US dollars to fix the existing
problem in the pavement system. It can be observed in
Fig.5(e) that no pavement segment during the life-cycle
will be in poor condition under the unconstrained needs
analysis. Tab. 1 presents the needs summary by lane mi-
les and by cost for each treatment category and each pave-
ment type.

Using the planned budget, a financially constrained
analysis can be conducted. Fig. 6 presents the overall
summary of the constrained needs analysis. Fig.6(e) in-
dicates that, although the budget is used up each year,
approximately 4. 5% of pavement segments are in poor
condition at the end of the analysis period. The result in-
dicates that the budget is insufficient to cover total pave-
ment needs. This is consistent with the expectation since
the budget is much lower than the unconstrained needs
generated in Fig.5(a). Tab.2 presents the needs summa-
ry by lane miles and by cost for each treatment category
and each pavement type.

From this case study, it can be seen that the proposed
methodology and the developed TAM tool can be well
used for short-term pavement M&R planning, which is
comparable to most pavement management systems.

3.2 Long-range transportation plan (LRTP)

The analysis period for PennDOT LRTP is 2018—
2040. Similar to the STIP analysis, after finishing all re-
lated inputs, the unconstrained and constrained needs as-
sessment can be conducted. Fig.7 presents the overall
summary for the unconstrained needs analysis. The result
from year 2024 to 2027 shows that an increasing trend of
investment is needed to maintain the interstate pavement
system in an acceptable condition (no “poor” condition).
The total unconstrained needs from 2018 to 2040 were
confirmed as 2.383 8 x 10" US dollars.
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Tab.1 Treatment and cost summary (unconstrained needs)

Summar Summary of activities (in lane-miles) Summary of costs (in thousands of YOE dollars)
ul
Y 2018 2019 2020 2021 2018 2019 2020 2021
Minor rehabilitation 0 0 0 0 0 0 0 0
Asphalt pavements Rehabilitation 0 0 0 0 0 0 0 0
Replacement 30.49 7.06 9.48 11.81 145 943 24 827 29 465 41 297
Minor rehabilitation 0 5.00 0 1.39 0 611 0 228
Composite pavements  Rehabilitation 16.51 3.06 21.30 2.01 8297 1071 6 823 745
Replacement 195.53 54.88 87.93 133.86 898 721 177 458 265 085 443 483
Minor rehabilitation 34.17 31.22 24.32 38.84 7 431 7 010 5784 9514
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Replacement 84.37 24.50 25.47 55.81 399 275 71 675 85 007 189 363
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Fig.6 STIP constrained needs assessment. (a) Annual needs trend; (b) Cumulative needs trend; (c) Average OPT trend; (d) Average IRI
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Tab.2 Treatment and cost summary ( constrained needs)

Summary of activities (in lane-miles)

Summary of costs (in thousands of YOE dollars)

Summary
2018 2019 2020 2021 2018 2019 2020 2021
Minor rehabilitation 0 0 0 0 0 0 0 0
Asphalt pavements Rehabilitation 0 0 0 0 0 0 0 0
Replacement 1.91 6.24 2.05 11.90 7252 31611 11 878 61 059
Minor rehabilitation 0 5.00 0 0 0 611 0 0
Composite pavements  Rehabilitation 0 12.99 9.99 0 0 6 591 5274 0
Replacement 37.67 34.42 33.82 32.02 169 894 159 050 157 166 158 342
Minor rehabilitation 0 22.28 7.52 0 0 4 899 2 009 0
Concrete pavements Rehabilitation 0 0 0 0 0 0 0 0
Replacement 4.04 10.42 15.25 6.12 22 666 47 407 73 697 29 842
Total ( all Minor rehabilitation 0 27.27 7.52 0 0 5511 2 009 0
ol (a Rehabilitation 0 12.99 9.99 0 0 6 591 5274 0
pavement types)
Replacement 43.63 51.08 51.12 50.03 199 812 238 068 242 741 249 243
> 3(5) The information in Fig.7 is very useful in pavement M&
= . .
8 £25 R planning and general long-term pavement planning. It
'?:) 520 can provide high-level decision-makers with the informa-
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= . . . . .
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a . . .
= 100 @ expenditure dollars). Since the annual budget is much
?) lower than the unconstrained needs as shown in Fig.7(a),
g % it is observed in Fig. 8 that, starting from 2022, the per-
o
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% 88 result can help decision-makers to ask for more funding
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<
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k) 20 From this analysis, it is seen that the proposed method-
g 3 ology and the developed TAM tool can be used well for
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E x93 S & 28 3 8 8% long-term pavement M&R planning, which is included in
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Year most existing pavement management systems.
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Fig.7 LRTP unconstrained needs-overall output summary.
(a) Annual needs trend; (b) Average OPT trend; (c) Average IRI
trend; (d) Sate-of-repair trend

Typically, the trade-off analysis is the favorite part for
most decision makers; and it is also required by the per-
formance-based approach. In the trade-off analysis, four
investment levels were investigated: 3 x 10° US dollars per
year (i.e., 300 million US dollars per year), 5 x 10° US
dollars per year(i.e., 500 million US dollars per year),
6 x 10° US dollars per year (i.e., 600 million US dollars
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per year), and 7 x 10° US dollars per year (i.e., 700 mil-
lion US dollars per year) in year of expenditure dollars.
Fig.9(a) and Fig.9(b) present the system performance at
different investment levels. Fig.10 shows the system’s
state-of-good-repair at different investment levels. Based
on the results, it is observed that in general, higher invest-
ment levels produce better system performance. The infor-
mation in Fig. 10 can help decision makers inform their
high-level officers about what level of performance the sys-
tem can achieve if they provide a certain level of funding/
investment, which can help them ask for more funding,
with the exact amount of additional funding required. It al-
so provides high-level officers the options of investment
levels and the corresponding system performance to help
them make a reasonable decision, which is the core of a
performance-based pavement M&R needs assessment.
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Fig.9 Pavement system performance at different investment

levels. (a) Pavement average OPI trend; (b) Pavement average IRI
trend

4 Conclusions

1) This paper presented a case study of performance-
based approach for short-term and long-term pavement
needs assessment in transportation planning at state level.
A general pavement asset management framework was de-
veloped, and the framework was applied to the pavement
M&R needs assessment in transportation planning. The
framework adequately connected pavement system per-
formance and investment levels to meet the requirements
of the FAST Act. Using two case study examples, a
STIP and a LRTP, the performance-based pavement
needs assessment for PennDOT was demonstrated.

2) The results from case studies show that the presented
methodology and the developed TAM tool can be used in
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Fig.10 Pavement state-of-good-repair comparison (in percent
of lane miles) at different investment levels. (a) 300 million US
dollars per year; (b) 500 million US dollars per year; (c) 600 million
US dollars per year; (d) 700 million US dollars per year

both short-term and long-term pavement needs assessment
for transportation planning at a network level. It also
demonstrates that unconstrained analysis and constrained
analysis are essential parts of a performance-based ap-
proach for pavement M&R planning, and the trade-off a-
nalysis is the core part for a performance-based pavement
M&R planning. The trade-off analysis presents decision
makers with the options of investment levels and the cor-
responding system performance helps them make a rea-
sonable decision. It is also a very good support for them
to ask for more pavement M&R funding.

3) Even though the case study is from the US, it pro-
vides a good example for developing countries. Most de-
veloping countries are still focusing on highway construc-
tion and pay little attention to pavement M&R. There-
fore, in their transportation planning, the most important
focus is still planning new roads, not the M&R of the
road. However, some developing countries, like China,



250

Zheng Yubin, Bai Qiang, Chen Lin, and Bismark Agbelie

may soon shift from the construction stage to M&R
stage. Through the tools adopted in the present study, de-
veloping countries can employ similar methods to develop
their own TAM tools, resulting in time and financial re-
source savings.
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