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Abstract: Selecting the right treatment for the right pavement at the right time is fundamental to
pavement preservation success. This research aimed to develop a data-driven decision-making frame-
work for selecting pavement preservation strategies and thereby provide an analytical foundation to
enhance and update “lowa’s Pavement Preservation Guide”. The research utilized the pavement
performance, road characteristics, and preservation project data from Iowa DOT’s databases to
develop a pavement performance profile before and after different preservation treatments, and this
evaluates the effectiveness of the treatment methods in enhancing pavement performance. The results
were used in a simple economic analysis framework to assess the economic viability of preservation
methods in light of their effectiveness levels.
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1. Introduction

Pavement preservation involves proactive efforts to maintain existing pavements
in a state of good repair. Unlike rehabilitation and reconstruction projects, pavement
preservation methods aim to restore and prolong pavement serviceability rather than add
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updates structural capacity. Numerous benefits can be attributed to pavement preservation, includ-
Citation: Arezoumand, S.; ing optimized use of scarce resources to improve safety, mobility, and user satisfaction.
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surface type, functional class, traffic loading, and the extent and severity of distresses. Today,
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many transportation agencies have developed decision-making tools, such as decision

Published: 14 August 2023 trees and application matrices, to assist in the timing and treatment selection of pavement
preservation programs. These decision-making tools typically link preservation treatments
to pavement distress types and severity levels based on decision factors such as service

conditions, past repair and maintenance activities, expected treatment effectiveness, and
the relative costs of the candidate treatments [1,2].

This research aims to develop an analytical foundation for data-driven pavement
preservation strategies by evaluating the effectiveness of different preservation techniques
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2. Data Sources and Description

This study’s primary data source was Iowa DOT’s pavement management information
system (PMIS). lowa DOT’s electronic records management system was also utilized to
derive project location information when necessary. Project details and cost information
were derived from Iowa DOT'’s historical bid tabulations (2015 through 2023). The PMIS
contains comprehensive road characteristics data for all state roads in Iowa. The collected
data include detailed distress measurements, traffic information, and pavement history.
Condition data in the PMIS include indexed metrics, such as the pavement condition index
(PCI), the rutting index, the international roughness index (IRI), and the cracking index,
and the measures of individual distress types, including alligator cracking, transverse
cracking, longitudinal cracking, durability cracks, and joint spalling. The study used the
performance data of 7255 PMIS road segments from 1998 through 2020.

3. Methodology and Analysis
The overall research methodology adopted in this study is described in the sections below.

3.1. Performance Modeling

The effectiveness of a pavement preservation treatment was evaluated by analyz-
ing pavement performance before and after the particular treatment was implemented.
Pavement performance was represented by the absolute values of condition indices and
the index degradation rate. Obtaining these quantities enabled the quantification of the
amount of pavement life extension by a given preservation project. Then, this life extension
calculation was applied to all segments undergoing a given type of preservation treatment.
This allowed for the determination of the expected (mean) life extension capability for
that treatment method. Furthermore, analyzing life extension data against pavement and
road characteristics, particularly the underlying pavement condition and traffic volume,
provides insights into when and where the treatments are best implemented. The condition
index used for the analysis was the PCI because it encompasses all of the important distress
indices for flexible pavements. However, individual distress indices, i.e., the rutting index,
riding index, and cracking index, will be considered in the next steps to establish a rela-
tionship between treatment effectiveness and individual distress. The treatment methods
considered were microsurfacing, slurry seal, patching, crack sealing/filling, and hot mix
asphalt (HMA) thin overlays. The lowa DOT calculates the PCI based on Equation (1) [3]:

PCI = 0.4 x Cracking Index + 0.4 x Riding Index + 0.2 x Rutting Index 1)
where the cracking index is obtained from Equation (2):
Cracking Index = 0.2 x TCI+0.1 x LCI 4+ 0.3 x LWPCI + 0.4 x ACI 2)

where TCI is the transverse cracking index, LCI is the longitudinal cracking index, LWPCI
is the longitudinal wheel path cracking index, and ACI is the alligator cracking index.

The service life extensions with respect to the PCI were then determined by solving
the post-preservation deterioration curve function for the latest pre-preservation index
value. Figure 1 illustrates the improvement in the PCI and the pavement service life
extension caused by pavement preservation treatment. The index benefits were defined as
the area between the pre-project performance curve (i.e., the do-nothing scenario) and the
post-project deterioration curve over the range of extended life; this value was used as an
additional metric to evaluate the treatment effect with respect to a specific condition index.
Note that the pre-project performance curve must be extrapolated onto the extended life
range for this purpose.
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Figure 1. Immediate condition improvement and life extension for an example segment.

In order to determine the average life extension for each treatment type, the results of
each project segment were categorized according to the project type and averaged. Table 1
indicates that slurry sealing could extend pavement life by about 2.5 years, which is the
lowest of all possible treatments. The highest service life extension was provided by hot
mix asphalt (HMA) thin overlays (less than 3 inches) with an average of almost nine years
of extension.

Table 1. Average service life extension by each treatment method.

Treatment Service Life Extension (Years)
Slurry Seal 2.54
Patch 4.24
Microsurfacing 4.52
Crack Seal /Fill 5.62
HMA Overlay 8.93

3.2. Benefit—Cost Analysis

Using the service life extension and index benefits, the next step was a benefit-cost
analysis. The life cycle cost analysis (LCCA) took two primary inputs for each distinct
preservation treatment to determine their cost over the life cycle, namely, implementation
cost and life extension. Implementation costs were calculated as shown in Table 2 based
on the bidding tabulation data. Life—cycle cost was represented by the equivalent uniform
annual cost (EUAC) which was obtained from Equation (3):

discount rate(1 + discount rate)™"ysis period

EUAC = NPV x Sluiii 3)
(1 + discount rate)™ V51 Periot 1
where the net present value (NPV) can be calculated from Equation (4).
NPV = Y ¥ Preservation Cost _ + Y ¥ Maintanance Cost - Salvage value x _ )
0 (1+41)" 0 (141)™ (1+41)"

where ny is the year of expenditure and i is the real discount rate according to the OMB
Circular by the U.S. Government, (1.2 to 2%), and the analysis period was 10 and 20 years.
Maintenance costs were capped at USD 2500 annually and calculated using Equation (5)
based on a 5-year sliding scale.

L %2500 if year <5

Maintanance cost = {2500 if year > 5 ©)
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Table 2. Average implementation cost of the preservation treatments.

Treatment Number of Projects Total Lane Mile Cost Per Lane Mile USD *
Microsurfacing 72 2836 20,995
Crack Sealing/filling 200 4800 4412
Patching 1401 1742 66,000
Slurry Sealing 66 1741 7831
HMA Overlay 412 556 98,556
Total 519 - -

* USD: United States dollar.

Equation (6) can be used to calculate the salvage value, which represents the present
value of any remaining service life:

remaining service life after analysis period

— x Perservation Cost 6
Total amount of service life ©)

Salvage value =

The life cycle cost analysis (LCCA) results, for a 10-year analysis period and 1.5%
discount rate, are summarized in Figure 2. As the figure shows, crack/joint sealing demon-
strated the lowest EUAC at USD 3253.160. Slurry sealing produced the next lowest value
followed by microsurfacing, HMA thin overlay, and patching, with average EUAC values
of USD 5920.129, USD 7861.798, USD 17,985.873, and USD 20,896.108, respectively.
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Figure 2. EUAC for the preservation methods based on the PCI (the analysis period is 10 years).

4. Summary and Conclusions

This research pursued the development of a data-driven framework for objective
decision-making about pavement preservation strategies. Through statistical performance
modeling, the effectiveness of five pavement preservation methods, namely, microsurfacing,
slurry sealing, patching, crack sealing/filling, and HMA thin overlay were determined in
terms of pavement life extension and PCI index benefits. Then, the results were used in a
simple economic analysis framework to evaluate the economic impact of each preservation
method in terms of equivalent uniform annual cost (EUAC). The study found that HMA
thin overlay resulted in the largest service life extension for the PCI, 8.93 years, while slurry
sealing had the lowest service life extension, 2.54 years.
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