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CHAPTER 1. INTRODUCTION 

Background 
Pavement preservation is a recognized strategy to cost-effectively maintain the serviceability of a 
pavement and extend its life. According to the Federal Highway Administration (FHWA) 
preservation is defined as “work that is planned and performed to improve or sustain the 
condition of the transportation facility in a state of good repair. Preservation activities generally 
do not add capacity or structural value, but do restore the overall condition of the transportation 
facility” (FHWA 2016). As shown in figure 1-1, this can be accomplished through preventive 
maintenance and minor rehabilitation activities that are designed to restore pavement 
functionality and extend pavement life without necessarily increasing structural capacity (Smith 
et al. 2014). However, it is recognized that the application of these preventive maintenance and 
minor rehabilitation treatments to pavements undergoing structural deterioration or materials 
degradation is, at best, a stop-gap measure that is merely delaying their ultimate failure. It is 
more desirable to apply preventive maintenance and preservation treatments to pavements that 
are (and are expected to remain) structurally adequate and durable. 

 
Source: FHWA 

Figure 1-1. Pavement preservation activities and pavement condition (Smith et al. 2014). 
 
Long service life is a hallmark of concrete pavements, and it is not uncommon for them to 
provide outstanding performance for 40 or more years. Such extended performance periods are 
easily achievable by concrete pavements when they employ durable materials and are properly 
designed and constructed. Throughout their service lives, these pavements will not require any 
significant rehabilitation other than the timely application of appropriate preservation treatments 
to maintain their functionality (e.g., smoothness, friction, quietness). When applied to the right 
concrete pavement at the right time, appropriate preservation strategies can be extremely 
successful at cost-effectively maintaining functionality and extending service life for 50 years or 
more. 
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Unfortunately, it is common today to design concrete pavements with the expectation that they 
will develop structural distress (e.g., slab cracking and joint faulting) within a relatively short 
time frame (e.g., 20 years), triggering the need for full-depth repairs, diamond grinding, slab 
stabilization, and other treatments to maintain their serviceability. Thus, the application of 
maintenance treatments and minor rehabilitation are not used to “preserve” the pavement 
structure. Instead, treatments are applied to concrete pavements that are already suffering 
structural distresses and other deficiencies to extend the service life for a relatively short amount 
of time. Although such treatments restore functionality in the short-term, they often do not 
address the underlying causes of the problems, so the performance of the pavement continues a 
downward spiral toward inevitable major rehabilitation or reconstruction. 

Defining Concrete Pavement Preservation 
In light of the above discussion, it is appropriate to reconsider the term “concrete pavement 
preservation” and define it as follows: 

A strategy of extending concrete pavement service life for as long as possible by 
arresting, greatly diminishing, or avoiding pavement deterioration processes. 

This strategy can be achieved by: 

• Designing and constructing concrete pavement that is durable and remains structurally 
adequate and relatively distress-free throughout a long service life (i.e., design and 
construct long-life concrete pavement, LLCP). 

• Using overlays (asphalt or concrete) as a preservation treatment to maintain the structural 
capacity and serviceability of the existing concrete pavement. 

• Maintaining the serviceability of the existing concrete pavement using concrete pavement 
restoration (CPR) treatments.  

Why is Preservation Important? 
Pavement preservation is a proactive and cost-effective approach for managing pavement assets. 
By methodically applying pavement preservation concepts, a number of significant benefits can 
be realized, including (Smith et al. 2014): 

• Improved Pavement Condition – Effective preservation programs can help maintain 
pavements in good condition for longer periods of time, thereby delaying the need for 
major rehabilitation and reconstruction activities. 

• Increased Safety – Pavements in better overall conditions are generally smoother and 
contribute to safer operating environments for the traveling public. 

• Cost Savings – Cost savings are realized in the form of: (a) extended service lives 
requiring fewer and less expensive treatments; (b) decreased user costs resulting from 
reduced traffic delays; (c) lower vehicle operating costs (due to smoother roads), and (d) 
lower crash-related costs. 

• Higher Customer Satisfaction – Preservation produces smoother and safer roads and 
requires shorter lane closure durations and less invasive procedures, all of which 
contribute to a higher level of satisfaction for the traveling public. 
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Designing Pavements for Preservation 
The fundamental shift in the pavement preservation philosophy in this study revolves around the 
premise that concrete pavement preservation begins with the initial design of the concrete 
pavement structure. The objective is to design and construct long-life concrete pavements that 
are structurally adequate and largely distress-free over their service lives and then apply 
preservation strategies that maintain pavement functionality without compromising the structural 
capacity of the underlying pavement structure. In other words, design the pavement to perform 
instead of designing the pavement for a certain level of distress. 

Some of the key considerations that go into designing pavements for preservation over a long 
service life (>50 years) include: 

• Design and construct effective load transfer systems, especially for pavements exposed to 
high volumes of heavy (truck) traffic. 

• Use durable concrete mixtures and mixture components along with a robust quality 
assurance (QA) program. 

• Integrate effective structural layer thicknesses, panel dimensions, load transfer systems, 
and drainage systems such that the risk for structural distress through typical failure 
mechanisms is virtually eliminated (or significantly reduced). It should be noted that 
certain structural aspects can be provided in initial design/construction (including the use 
of composite pavement structures) or through staged construction (i.e., through the use of 
structural overlays later in life). 

• Use high-performance foundation systems. Several concrete pavement failure 
mechanisms, such as pumping, faulting, longitudinal cracking, and settlements, can be 
traced at least in part to inadequacies of the pavement support system. 

• Monitor pavement performance to identify lead indicators of pavement performance that 
can help to determine the appropriate type of preservation treatment that can be applied 
before the onset of distresses. 

• Ensure adequate ride quality, safe levels of friction, and acceptable levels of tire-
pavement noise throughout the service life of the pavement. 

• Recognize that pavements may reach a condition where maintaining an adequate level of 
serviceability is no longer possible. Agencies can make this determination based on the 
remaining service life and overall economic considerations. 

It is recognized that a vast majority of in-service concrete pavements have not been designed as 
long-life concrete pavements; thus, they may require a different approach for preserving and 
extending the service lives through a combination of overlays and CPR treatments. In some 
cases, complete removal and replacement of the existing pavement structure may be the most 
economical and environmentally sustainable solution from a life-cycle perspective.  

Document Overview and Purpose 
This document provides a feasibility assessment and strategy selection framework for concrete 
pavement preservation with a focus on the long-term preservation of the existing concrete 
pavement structure. The emphasis is on developing life-cycle strategies for concrete pavements 
that address the underlying causes of problems rather than just the symptoms, which are typically 
lag indicators of pavement performance. A framework for selecting concrete pavement 
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preservation strategies using engineering economic analysis techniques and pavement 
management concepts are also discussed. This report consists of three chapters in addition to this 
introductory chapter. 

• Chapter 2. Feasibility Assessment for Concrete Pavement Preservation––This 
chapter discusses the preservation strategies for concrete pavements, along with a 
framework for evaluating the feasibility for preservation treatments and subsequently 
identifying candidate treatments.  

• Chapter 3. Concepts for Strategy Selection––This chapter presents techniques for 
project-level strategy selection that are less sensitive to unknowns (e.g., long-term 
discount rate, cost and timing for future work activities, etc.) and are more useful in 
considering the relative costs and benefits of various options at both the project and 
network levels.  

• Chapter 4. Summary—This chapter presents a brief summary of the recommendations 
from this study.  

 
 



Strategies for Concrete Pavement Preservation––Vol. II Chapter 2 

5 

CHAPTER 2. FEASIBILITY ASSESSMENT FOR  
CONCRETE PAVEMENT PRESERVATION 

Introduction 
This chapter provides a feasibility assessment framework to evaluate strategies that can help 
achieve the maximum utility of existing concrete pavement through preservation. The framework 
focuses on “what” and “why” and does not cover the “how” of concrete pavement preservation 
since that topic is extensively addressed in the literature (Peshkin et al. 2011; Smith et al. 2014; 
Jackson, Puccinelli, and Mahoney 2014). An evaluation framework is provided to determine 
whether a concrete pavement is a feasible candidate for preservation strategies associated with 
various pavement conditions. 

As described in chapter 1, concrete pavement preservation should be considered in the design 
phase as well as in later stages of a concrete pavement’s service life as follows:  

• Pavement design phase – adopt long-life concrete pavement designs that provide 
extended life with little future maintenance and rehabilitation requirements over the 
design life. 

• Later stages of a concrete pavement’s service life – use overlay or concrete pavement 
restoration (CPR) strategies to preserve and enhance the service life of the existing 
pavement. 

For the purpose of concrete pavement preservation as defined herein, the overlay and CPR 
strategies are not different from those that are traditionally used, but the timing of their 
application is shifted to more proactively preserve the pavement structure while maintaining 
overall functionality. An overview of these strategies is presented in the following sections. 

Preservation Using Long-Life Concrete Pavement Design 
Under SHRP2 Project R23, long-life pavements were defined as those providing 50 years or 
more of service without requiring major rehabilitation (Jackson, Puccinelli, and Mahoney 2014). 
Such long-life pavements are excellent candidates for preservation, as the basic elements of 
design, materials selection, and construction are such that major structural or materials failures 
are substantially deferred. This allows relatively low impact preservation techniques to be 
utilized to maintain functionality while effectively delaying the development of significant 
structural deterioration. 

Elements of Pavement Structural Design 
AASHTO’s mechanistic-empirical (ME) 
design procedure was originally issued in 2004 
(ARA 2004) and is now in its second edition 
(AASHTO 2015). Currently referred to as 
Pavement ME, the program has been nationally 
calibrated and continues to be refined for local 
and regional conditions as highway agencies 
implement the procedure. 

Key Point 
Long-life concrete pavements are possible 
through modification of current design and 
construction practices and by requiring 
improved construction quality control. 
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Note: the adoption of ME design procedures alone does not ensure long life but instead provides 
a tool that can be used to assess the potential long-term performance capabilities of various 
concrete pavement designs. 

Pavement ME directly considers many pavement 
elements that are considered essential to long-life 
design (see figure 2-1), accounting for their 
impacts on performance to reduce the risk of 
developing structural distresses under traffic 
loadings and environmental forces.  
 
Note: It is common to slightly increase the slab 
thickness in long-life concrete pavements to 
enhance structural load-carrying capacity and to 
accommodate future diamond grinding 
treatments. 

 
Figure 2-1. Flowchart showing ME design method. 

 
The following subsections provide additional detail on critical design elements. 

Concrete Material Properties 
In ME pavement design, some of the concrete material properties that have a major impact on 
predicted pavement performance include:  

• Strength – the ratio of stress to strength (known as the stress ratio) is directly related to 
fatigue damage, which in turn is related to slab cracking.  

• Volume change – changes in concrete volume due to changes in temperature and 
moisture have a large impact on predicted performance. 
– Temperature effects on volume change are primarily incorporated through the 

concrete’s coefficient of thermal expansion (CTE), measured using AASHTO T 336 
– Standard Method of Test for Coefficient of Thermal Expansion of Hydraulic Cement 
Concrete.  

– Changes in moisture content also affects concrete volume change. As moisture is lost, 
the paste shrinks, resulting in shrinkage of the concrete. The most common test to 
assess shrinkage is AASHTO T 160 – Standard Method of Test for Length Change of 
Hardened Hydraulic Cement Mortar and Concrete. 

Pavement 
Structure

Traffic Materials Climate

Response Damage 
Accumulation

Distresses

Key Structural Design Considerations 
 Layer thicknesses 
 Material properties 
 Joint spacing and load transfer 
 Foundation support and drainage 
 Traffic  
 Environment 
 Future diamond grinding 
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In addition, there is considerable 
information available on ensuring the 
durability of concrete paving mixtures. 
AASHTO PP 84 – Standard Practice for 
Developing Performance Engineered 
Concrete Pavement Mixtures, provides 
detailed discussion of how to assess 
mixtures for transport-related properties, 
freeze-thaw durability, potential for joint 
damage due to the use of chemical deicers, aggregate freeze-thaw damage, and alkali-aggregate 
reactivity. The reader is directed to the cited references, as well as to other sources (e.g., Van 
Dam 2016a; 2016b; 2018). 

Joint Spacing and Load Transfer 
Joint spacing and load transfer are important design features, playing a prominent role in the 
performance of long-life jointed plain concrete pavements (JPCP). Considerations include 
(Smith and Hall 2001): 

• Transverse and longitudinal joint spacing. 

• Lateral edge support (tied concrete shoulder or widened slab). 

• Dowel and tie bar spacing and size.  

Suitable joint spacings depend on many factors such as foundation support, concrete slab 
thickness and other concrete characteristics and environmental conditions. Table 2-1 provides 
guidance on longitudinal and transverse joint spacing while figure 2-2 shows a typical jointing 
layout. 

Table 2-1. Typical Joint Spacing. 

Joint Type Spacing1 Slab Aspect Ratio2 

Longitudinal 12 ft. typical 
(Range of 12 – 14 ft.) 1.25 typical 

(Range of 1.0 – 1.5) 
Transverse 15 ft. typical 

(Range of 10 – 20 ft.) 
1As a rule of thumb, the maximum panel dimension should be between 18 to 24 times 
the slab thickness (FHWA 2019). 
2To reduce the risk of uncontrolled cracking, the aspect ratio (length:width) of each 
panel should not exceed 1.5. 

 

Key Characteristics of Concrete Mixtures 
 Strength needed to fulfill the design intent 
 Volumetrically stable and relatively 

impermeable 
 Durable in the environment in which they will 

serve 
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Figure 2-2. Typical joint layout 

 
Lateral edge support reduces stress and deflection along the outer edges of the slab. This can be 
accomplished using: 

• Tied concrete shoulders. 

• Widened slab (13 – 13.5 ft typical) with the lane striping maintained at 12 ft. 

Note: The use of 14 ft widened slabs has been associated with longitudinal cracking and is now 
discouraged. 

An effective load transfer system is also 
recognized to be critical to the long-term 
performance of JPCP, especially on heavily 
trafficked roadways. Table 2-2 provides 
common load transfer mechanisms and table 
2-3 lists common dowel bar features. 

Table 2-2. Load transfer mechanisms (FHWA 2019). 

Mechanism Description Considerations 

Aggregate 
Interlock 

Mechanical interactions of 
aggregate particles at the 
abutting joint faces 

• Joint width  
• Aggregate gradation 
• Hardness and angularity 
• Concrete mixture proportions 
• Orientation of crack face 

Load Transfer 
Devices 

Mechanical load transfer 
devices (dowel bars) are 
placed across joints at the 
mid-depth of the slab 

• Highly effective transferring load 
from one side of the joint to the next 

• Reduces tensile stresses at the slab 
corners 

• Smooth dowels do not restrict 
horizontal joint movement 

 
  

12-20 ft.

12
-1

4 
ft.

Transverse Joints
(15 ft. typ. spacing)

Longitudinal Joint
(12 ft. typ. spacing)

Direction of Traffic

Key Point 
Agencies in freeze-thaw areas where deicers 
are applied to pavements should use corrosion-
resistant dowel bars to support long life.  
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Table 2-3. Dowel design features (ACPA 2017a; Taylor et al. 2019; FHWA 2019). 

Dowel Design 
Features Recommendations 

Diameter 
Slabs < 8 inches and faulting predicted ........ 1.00 inch 
Slabs ≥ 8 inches but < 10 inches ................... 1.25 inch 
Slabs ≥ 10 inches .......................................... 1.50 inch 

Length 18 inches typ. (some agencies use 15 inches) 

Spacing 12-inch center-to-center across transverse joints 
Alternative: 3-5 dowel bars clustered in wheelpaths 

Material 
Epoxy-coated bars 

Alternatives: Zinc clad, stainless steel clad, stainless steel, other 
high chromium steels 

 
For longitudinal joints, aggregate interlock is the predominant load transfer mechanism. 
Deformed tie bars are often used to maintain alignment and restrain joint movement. Table 2-4 
provides some key tie bar design features. 

Table 2-4. Tie bar design features (ACPA 2017a). 

Dowel Design 
Features Recommendations 

Steel Grade 40, 50 and 60 
Diameter Ranges from 0.625 to 1 inch 
Length Ranges from 24 to 40 inches 
Spacing 30 inch (typical) 

 
Figure 2-3 shows common dowel bar and tie bar layouts and figure 2-4 provides images of the 
depicted layouts.  

 

Figure 2-3. Common dowel and tie bar layouts and vertical location of bars within the slab 
 (based on ACPA 2017b).  

3-5 Dowel Bars in 
Wheel Paths

T/2
T

Smooth Dowel
(18 in. length typ.)

T/2
T

Deformed Tie Bar
(30 in. length typ.)

10-12 Dowel Bars 
Per Lane 

Direction of Traffic

Deformed Tie Bars

Transverse Joint Longitudinal Joint
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© 2018 Mark B. Snyder (both) 

Figure 2-4. Dowel bars placed uniformly across transverse joint (top image) and clustered 
in the wheelpaths (bottom image) (FHWA 2019). 

Foundation Support and Drainage 
An effective foundation system that removes excess water and/or is relatively insensitive to its 
effects will provide stable slab support and resist erosion over the life of the pavement. Erosion 
of the underlying foundation layers can greatly reduce the performance of an otherwise well-
designed pavement.  

Note: Premature failures in concrete pavements often result from excess moisture beneath the 
slab, which contributes to pumping, joint faulting, erosion/loss of support, and slab cracking.  

Table 2-5 provides typical approaches that have been used to reduce the adverse effects of 
moisture on the performance of pavements. 

Table 2-5. Typical approaches to reduce water from the pavement structure. 

Approach Goal 

Seal joints Reduce water infiltration and the keep incompressible materials (e.g., sand, 
stones, debris) out of the joint. 

Install subsurface 
drainage systems 

Remove water from the pavement structure through installation of a properly 
sized and properly designed underdrain system (including spacing of outlets), 
proper ditching, and maintenance of drainage elements (e.g., cleaning 
underdrain outlets and maintenance of the ditch itself). 

Use stabilized bases 
Provide moisture-insensitive layers to mitigate erosion and loss of support 
caused by water intrusion through treatment with hydraulic cement or asphalt 
(Taylor et al. 2019). 

Daylighting granular 
subbase material 

Provide more direct removal of infiltrated water through a less restricted 
outflow path.  
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Effective drainage can typically be achieved through proper subgrade grading, the use of ditches, 
and incorporation of moderately drainable granular subbase materials. A comprehensive 
drainage analysis can determine the most cost-effective approach to establish drainage given 
prevailing climatic conditions, material properties, and traffic levels. Examples of common 
drainage systems are shown in figures 2-5 through 2-7. 
 

 
Figure 2-5. Permeable base system with edge drains (ERES 1999).  

 

 
Figure 2-6. Daylighted permeable base system (ERES 1999).  

 

 
Figure 2-7. Example approaches to remove water from a pavement structure  

(ARA 2004).1 
  

 
1 Based on information from Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavement 
Structures, a March 2004 report prepared for the American Association of State Highway and Transportation 
Officials (AASHTO) as part of National Cooperative Highway Research Program project 1-37A. Used with 
AASHTO’s permission. 
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Quality of Construction 
Designing concrete pavements for long life is the initial step in preserving concrete pavements. 
Yet, ensuring that the intent of the design is specified and constructed with quality is essential for 
the pavement to achieve performance expectations.  

QA is essential for these aspects of concrete 
pavement construction: 

• Plant certification.  

• String line setup and maintenance.  

• Equipment setup and hauling. 

• Placement of concrete to minimize 
segregation and maintain a constant 
load ahead of the paver. 

• Material control (e.g., monitoring 
mixture consistency through air, slump, unit weight testing, etc.). 

• Consolidation without over-vibration or edge sloughing.  

• Thorough application of effective curing compounds. 

• Timely and effective joint sawing.  

None of these activities are different from what is expected in normal construction, but they all 
must be done conscientiously and consistently to achieve the quality necessary for long life. Best 
practices for various aspects of concrete pavement construction are available elsewhere (Smith 
and Hall 2001; ACPA 2008; ACPA 2010; FHWA 2019). 

Overlays 
Many state highway agencies (SHA) use major rehabilitation in the form of overlays (either 
portland cement concrete [PCC] or asphalt concrete [AC]) as a treatment for existing pavements 
that are structurally degraded and in poor condition. However, applying an overlay while an 
existing pavement is still in relatively “good” condition can greatly extend the life of the 
pavement and thus can be considered an effective preservation strategy. Figure 2-8 illustrates 
three typical overlay options and table 2-6 lists typical service lives of these options, with 
significant variability largely dependent upon the condition of the original pavement. Table 2-7 
provides critical features and limitations of the overlays. 

  

Key Point  
Pavement systems that are constructed in 
accordance with the specifications are likely to 
meet or exceed the intended design life and 
exhibit lower life-cycle maintenance costs. 
This requires adherence to a rigorous QA 
program performed during each stage of 
pavement construction to ensure that the 
materials and workmanship meet or exceed the 
project specifications. 
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Unbonded concrete overlay 

 

 
Bonded concrete overlay 

 

 
AC overlay 

Figure 2-8. Three main types of overlays of existing concrete pavement. 
 
 

Table 2-6. Expected service lives of overlay treatments  
(as reported by ACPA 2012).  

Type of Overlay Expected Service 
Life (years) 

Non-structural AC over concrete 3 – 8 

Structural AC over concrete 8 – 20 

Unbonded concrete over concrete 15 – 40 

Bonded concrete over concrete 15 – 30 
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Table 2-7. Critical features and limitations of different overlay options  
(based on Jackson, Puccinelli, and Mahoney 2014). 

Approach Critical Features Limitations 

Unbonded 
concrete 

overlay over 
existing 
concrete 

- Overlay thickness is critical to 
performance 

- Repair locally failed areas 
- 1.5-inch (38 mm) diameter 

corrosion-resistant dowels 
- 15 ft (4.6 m) maximum joint 

spacing 
- Interlayers should not trap water 
- Thicker AC interlayer performed 

better 
- Adequate drainage 

- Significant surface elevation increase 
- Consistent foundation support when 

widening 
- Consistent drainage when widening 

Bonded 
concrete 

overlay over 
existing 
concrete 

- Overlay thickness is critical to 
performance 

- Locally failed areas must be 
repaired 

- Stable subbase 
- Joints must match existing 
- Adequate drainage 

- Existing pavements with materials-
related distress (MRD) are not good 
candidates 

- Existing pavements with voids are not 
good candidates 

- Working cracks can cause debonding of 
overlay 

- Service life up to 35 years 

AC over 
existing 

concrete1 

- Good foundation support 
- Adequate drainage 
- No evidence of pumping 
- Existing pavement is structurally 

adequate 
- Absence or repair of major defects 
- Good bond of concrete pavement 

and AC 

- Concrete pavement must be in good 
condition with few major defects 
(which would require repair) 

- Inadequate bonding can lead to poor 
performance 

- Unproven for the 50-year life 

1 This study only considered AC on CRCP as a long-life design. 
 

Concrete Overlays 
Unbonded and bonded concrete overlays provide several benefits, including (Harrington and 
Fick 2014): 

• Overall cost-effectiveness. 

• Rapid and convenient construction. 

• Minimal maintenance requirements. 

• Enhanced surface characteristics (ride quality, surface friction, noise emissions). 

A summary of typical application of each concrete overlay type, along with primary advantages 
and disadvantages, is provided in table 2-8. Figures 2-9 and 2-10 provide examples of the 
conditions and typical timing for unbonded and bonded concrete overlays, respectively. More 
detailed information on the use of concrete overlays is provided by Harrington and Fick (2014).   
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Table 2-8. Primary application, advantages, and disadvantages of concrete overlay options  
(Jackson, Puccinelli, and Mahoney 2014; Khazanovich and Tompkins 2017;  

Harrington and Fick 2014). 

Type Application Advantages Disadvantages Notes 

Unbonded 
concrete 
overlay 

over 
concrete 

- Pavements in poor 
structural condition with 
extensive structural 
deterioration. 

- Some pavements with 
MRD including ASR and 
D-cracking (need to 
understand the extent of, 
and account for, MRD 
during design) 

- Typical thickness 
between 6 and 10 inches 

- Very good long-
term performance 
with minimal 
maintenance or 
rehabilitation 

- Insensitive to 
existing pavement 
condition 

- Best documented 
record of projects 
in place that have 
achieved long life 

- Significant surface 
elevation gain 

- Placement or cure 
time may make 
work zone 
management 
difficult 

- Existing concrete is treated 
like a stiff base and an AC 
interlayer or thick 
geosynthetic fabric is used as 
a separation layer.  

- Separation layer allows 
overlay to act independently 
from existing concrete 

Bonded 
concrete 

overlay1, 2 

- Pavements in good to 
excellent condition or 
that can be returned to 
good condition in a cost-
effective manner 

- Not for PCC pavements 
that exhibit MRD 

- Typical thicknesses 
between 3 and 4 inches 

- Smallest vertical 
elevation gain 

- Enhance structural 
capacity 

- Eliminate surface 
defects  

- Unlikely to be 
viable for service 
lives longer than 35 
years 

- Depend on the 
integrity of the 
existing pavement 

- Sensitive to surface 
preparation and 
cleaning 

- Factors that significantly 
affect performance: structural 
integrity of existing 
pavement, effective bonding, 
and jointing and curing 
techniques. 

- Carefully monitor 
construction to ensure 
achieving overall good bond 

1 Because of the higher risk associated with bonded concrete overlays, designers should approach their use with caution. See 
Harrington and Fick (2014) for additional guidance on the use of bonded concrete overlays. 
2 During construction, concrete mixture characteristics, surface preparation, construction, and environmental impacts must be 
carefully monitored to ensure an overall good bond is achieved. 
 

 



Chapter 2 Strategies for Concrete Pavement Preservation––Vol. II 

16 

 

Figure 2-9. Example of unbonded concrete overlay on existing, distressed pavement  
(Harrington and Fick 2014). 

 
 

 
Figure 2-10. Example of bonded concrete overlay on existing pavement with surface 

distress (Harrington and Fick 2014). 
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AC Overlays 
AC overlays of concrete pavements have been a common treatment for many decades and can be 
used to add structural capacity to an existing concrete pavement or, in a functional capacity, 
restore ride quality and surface friction while reducing noise. Table 2-9 summarizes the two 
functions of AC overlays of concrete pavement. 

Table 2-9. Primary advantages and disadvantages of asphalt concrete overlay options 
(Jackson, Puccinelli, and Mahoney 2014; Mehta, Ali, and Francois 2018). 

Type Application Advantages Disadvantages Notes 

Structural 

- Pavements in 
relatively good 
structural 
condition to 
enhance structural 
capacity 

- Restore 
structural 
capacity 

- Reduce surface 
permeability 

- Not considered 
a long-life 
option  

 

- Best results are: AC over 
CRCP, AC over cracked 
and seated JPCP and AC 
over rubblized PCC 

- Most used major 
rehabilitation for jointed 
PCC pavements 

Functional1 

- Can be applied to 
pavements in any 
condition, 
although most 
effective for 
pavements in 
good to excellent 
condition  

- Restore ride 
quality 

- Improve surface 
friction 

- Reduce noise 
- Correct surface 

deficiencies 

- May deteriorate 
rapidly 

- Risk of 
reflection 
cracking 

- Not considered a long-term 
rehabilitation 

 

1 Typically used as a stopgap measure for existing pavements in fair, poor, or failed condition until a major rehabilitation or 
reconstruction can be performed.  
 

Note: Traditional AC overlays of concrete pavements can have some limitations, particularly in 
terms of the likelihood of structural distress and discontinuities (e.g., joints, cracks) in the 
existing concrete pavement reflecting through the overlay. This can significantly detract from 
pavement performance and will necessitate repeated maintenance and rehabilitation treatments. 

Concrete Pavement Restoration (CPR) 
CPR treatments can be used to address either 
localized deficiencies or more widespread 
issues. The techniques (several of which are 
shown in figure 2-11) are well-documented in 
the literature (Peshkin et al. 2011; Smith et al. 
2014). CPR can offer:  

• A better and more cost-effective option than overlays for pavements with localized 
distress that would benefit from targeted improvements. 

• An economical solution if the existing pavement is in sound structural condition and free 
of materials-related distresses (MRD), such as D-cracking or alkali-silica reactivity 
(ASR).  

• A “stop-gap” measure to temporarily maintain serviceability until the long-term strategy 
can be programmed, developed, and implemented. 

Key Point  
Compared to overlays, CPR can address the 
specific underlying mechanisms of the 
localized distress and not just the symptoms. 
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Note: CPR may not be the best strategy for concrete pavements that are undergoing structural 
deterioration that cannot be slowed. A global treatment (overlay or reconstruction) may provide 
the most cost-effective, long-term preservation solution for that situation.  

 
1Smith et al. 2014; 2Applied Pavement Technology, Inc. 2019;  
3 WSDOT cc by-nc-nd 2.0 

Figure 2-11. Common CPR strategies. 
 
Table 2-10 provides brief descriptions of the common CPR treatments shown in figure 2-11.  

  

Diamond Grinding1 Slab Stabilization 
& Jacking1

Partial-Depth 
Repairs1

Full-Depth Repairs2 Edge Drain Retrofit1 Dowel Bar Retrofit3

Cross / Slot Stitching1 Joint Resealing & 
Crack Sealing1

https://www.flickr.com/photos/wsdot/3926843002
https://creativecommons.org/licenses/by-nc-nd/2.0/
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Table 2-10. Common concrete pavement preservation treatments  
(adapted from Peshkin et al. 2011 and Smith et al. 2014). 

Treatment Description 

Slab Stabilization 
Filling of voids beneath concrete slabs by injecting cement grout, polyurethane, 
or other suitable materials through drilled holes in the concrete located over the 
void areas. 

Slab Jacking 
Raising of settled concrete slabs to their original elevation by pressure injecting 
cement grout or polyurethane materials through drilled holes at carefully 
patterned locations. 

Partial-Depth Repair 
(PDR) 

Removal of small, shallow (upper one-third to one-half of the slab) areas of 
deteriorated concrete and subsequent replacement with a cementitious or 
proprietary repair material. 

Full-Depth Repair 
(FDR) 

Cast-in-place or precast concrete repairs that extend through the full thickness 
of the existing slab, requiring full-depth removal and replacement of full- or 
partial-lane-width areas. 

Dowel Bar Retrofit 
(DBR) 

Placement of dowel bars across joints or cracks in an existing concrete 
pavement to restore load transfer. 

Cross Stitching Insertion of deformed bars into holes drilled at an angle through longitudinal 
cracks (or, in some cases, longitudinal joints) in an existing concrete pavement. 

Slot Stitching Grouting of a deformed bar into slots cut across a longitudinal joint or crack.  

Diamond Grinding 
Removal of a thin layer of concrete (typically 0.12 to 0.25 inches thick) from 
the pavement surface using special equipment fitted with a series of closely 
spaced, diamond saw blades. 

Diamond Grooving 
Cutting of narrow, discrete grooves into the pavement surface, either in the 
longitudinal direction (i.e., in the direction of traffic) or the transverse direction 
(i.e., perpendicular to the direction of traffic). 

Joint Resealing 
Removal of existing deteriorated joint sealant materials, refacing and cleaning 
the joint sidewalls, and installing new material (liquid sealant and backer rod or 
preformed compression seal). 

Crack Sealing 
Sawing, cleaning, and sealing cracks (typically transverse, longitudinal, and 
corner-break cracks wider than 0.125 inches) in concrete pavement using high-
quality sealant materials. 

 
The selection of appropriate preservation treatments is largely driven by the distresses and 
unique conditions of the pavement. Each treatment is directed at one or two primary deficiencies 
and, while they can be used as stand-alone treatments, in most cases a pavement preservation 
project will employ several treatments in order to restore the serviceability of the pavement to a 
satisfactory level and minimize the potential for the distresses to reoccur. Table 2-11 summarizes 
the primary capabilities and functions of the common preservation techniques, while table 2-12 
presents the general applicability of the various treatments based on the distresses in the existing 
concrete pavement.  
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Table 2-11. Primary capabilities and functions of concrete pavement preservation 
treatments (adapted from Peshkin et al. 2011). 

Treatment 

Prevention/Delay Restoration/Improvement 

Seal/ 
Waterproof 
Pavement/ 
Minimize 
Pumping 

Fill 
Voids  
and 

Restore  
Support  

Remove 
Moisture 
Beneath  

Structure  

Prevent 
Intrusion of 

Incompressible  
Materials  

Remove/  
Control  
Faulting  

Improve  
Texture for  
Friction or 

Reduce 
Hydro-
planing 

Improve 
Profile  

(Lateral 
Surface  

Drainage 
and Ride)  

Improve  
Texture  
for Noise  

Slab 
Stabilization         

Slab Jacking         

Partial-
Depth 
Repair 
(PDR) 

        

Full-Depth 
Repair 
(FDR) 

        

Dowel Bar 
Retrofit 
(DBR) 

        

Cross 
Stitching/ 
Slot 
Stitching 

        

Diamond 
Grinding         

Diamond 
Grooving         

Joint 
Resealing         

Crack 
Sealing         
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Table 2-12. Applicability of treatments based on distresses observed  
(adapted from Peshkin et al. 2001). 

Distress 

Concrete Pavement Preservation Treatments 

Slab 
Stabiliza-

tion 

Slab 
Jacking PDR FDR DBR 

Cross 
Stitching/ 

Slot 
Stitching 

Diamond 
Grinding 

Diamond 
Grooving 

Joint 
Resealing 

Crack 
Sealing 

Corner 
Breaks          a 

Linear 
Cracking      b    a 

Punchouts           

D-Cracking    c       

Alkali 
Aggregate 
Reaction 
(AAR) 

   c       

Map 
Cracking, 
Crazing, 
Scaling 

          

Joint Seal 
Damage           

Joint Spalling           

Blowup           

Pumping           

Faulting           

Bumps, 
Settlement, 
Heaves 

          

Polishing/ 
Low Friction           

Note: Many of these treatments are commonly done in combination to fully address all pavement deficiencies.  
a Cracks with limited vertical movements.  
b Longitudinal cracks only.  
c On pavements with slow-acting D-cracking or ASR. In the case of overlays, unbonded concrete overlays are 
considered viable candidates, but bonded overlays are not. The lower the severity and rate of the MRD (as 
determined through laboratory analysis), the higher the chance of longer service life. 
  



Chapter 2 Strategies for Concrete Pavement Preservation––Vol. II 

22 

Evaluating Pavement Structures 
The process to determine whether a concrete pavement is a feasible candidate for preservation 
includes a rigorous assessment that evaluates the following: 

• Structural adequacy – to determine the existing structural condition and long-term 
structural capacity based on past and anticipated future traffic. 

• Materials durability – to identify durability-related distresses and assess their impacts on 
long-term performance. 

• Functional adequacy – to assess ride quality, surface friction, and tire-pavement noise. 
Note that geometric considerations are outside the scope of this assessment and should be 
done separately. 

The concrete pavement evaluation framework (CPEF) consists of the following four steps: 

Step 1: Assessment of structural adequacy and material durability. 
Step 2: If warranted in Step 1, assessment of functional adequacy. 
Step 3: Assign an overall pavement condition level. 
Step 4: Use condition level to determine feasibility of preservation and ultimately 
preservation treatment options. 

The following general definitions are used in the CPEF. Agencies can tailor each definition to 
their specific criteria.  

• Structural Adequacy 
– Adequate – pavement meets or exceeds agency thresholds for structural condition or 

capacity.  
– Inadequate – pavement falls below agency thresholds for structural condition or 

capacity. 

• Materials Durability 
– No MRD – existing pavement does not exhibit MRD. 
– Moderate MRD – materials-related distresses were identified but are not expected to 

impact long-term performance.  
– Progressive MRD – advancement of materials-related distresses is unstoppable and 

will impact long-term performance.  

• Functional Adequacy 
– Adequate – pavement meets or exceeds agency thresholds for functional condition.  
– Inadequate – pavement falls below agency thresholds for functional condition. 

 
Table 2-13 provides the overall structural/durability condition levels and description of pavement 
condition, with respect to the assessment categories. Similarly, table 2-14 lists the functional 
condition levels for the Structural/Durability Condition Level of 1. 
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Table 2-13. Overall structural/durability condition levels and descriptions. 

Structural / Durability 
Condition Level Description 

0 New concrete pavement after construction. 

1 Concrete pavements judged to have adequate long-term structural capacity, 
are durable, but may require functional preservation (see table 2-14). 

2 
Concrete pavements lack long-term structural capacity and are in need of 
structural enhancement to prevent or arrest the development of future 
structural deterioration. 

3 

Concrete pavements in which the progression of structural deterioration 
and/or materials-related distresses is unstoppable and thus treatments are only 
being applied to maintain some level of serviceability until a major structural 
rehabilitation or reconstruction can be conducted. 

4 
Concrete pavements with structural deterioration and/or materials-related 
distresses that are so severe that structural rehabilitation or reconstruction is 
warranted. 

 
 

Table 2-14. Overall functional condition levels and descriptions for pavements with a 
Structural/Durability Condition of 1. 

Functional 
Condition Level Description1 

A Acceptable IRI, acceptable surface friction, acceptable noise 

B Acceptable IRI, unacceptable surface friction  

C Acceptable IRI, acceptable surface friction, unacceptable noise 

D Unacceptable IRI 

 1 Acceptable and unacceptable ratings are determined by agency specific thresholds. 
 
Figure 2-12 shows a flowchart for assessing the pavement structural capacity and material 
durability adequacy that ultimately assigns a condition level. This condition level is used to 
determine the recommended preservation treatment. The flowchart also provides references that 
can serve as external guidance to assess pavement structural capacity, to carryout pavement 
condition surveys, and to perform a material durability assessment. If step 2 (assess functional 
adequacy) is warranted, figure 2-13 illustrates the determination of the functional condition level. 

Identifying Feasible Treatments 
Table 2-15 provides a matrix of candidate concrete pavement preservation treatments for each 
structural / durability condition level (determined from figure 2-12) and functional condition 
level (determined from figure 2-13, if applicable). 



 

 

24 

C
hapter 2 

S
trategies for C

oncrete P
avem

ent P
reservation––V

ol II 

 
 

Figure 2-12. Flowchart for structural and material durability adequacy assessment. 

Begin Process Begin Evaluation

Structural 
Assessment

Durability Assessment 
per Van Dam et al. 

(2002)Assess structural adequacy for 
current traffic.
• Distress survey (ASTM D6433; 

Miller and Bellinger 2014)
• FWD testing 

(Smith et al. 2017)
• Optional GPR (AASHTO R37)

Assess structural capacity 
for future traffic.
• AASHTO (1993)
• Smith et al. (2017)
• Agency-specific method

Functional 
Assessment

No

Yes

New 
Pavement?

Assign 
Level 0

Structurally 
adequate for 

current 
traffic?

Yes

No

Distress levels 
exceeds Agency 
threshold(s) for 

preservation/ 
rehabilitation?

Yes No

Assign 
Level 4

Assign 
Level 3 

Structural 
capacity for 

future 
traffic?

Assign 
Level 2 

No

Assign 
Level 1 

Yes

MRDs 
present?

Assign 
Level 1 

No

Progressive 
MRD?

Yes

Assign 
Level 2 

No

Assign 
Level 3 

Yes

Assigned structural 
condition level

Assigned structural 
condition level

Select greater of the two values
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Figure 2-13. Flowchart for functional adequacy assessment. 

Functional Adequacy

Measure Profile 
& Determine IRI

Measure Surface 
Friction

Measure Noise

No Yes

Does IRI exceed 
Agency 

treatment 
threshold?

Exceed 
Agency 

threshold?

Assign 
“B”

No

Yes

Exceed 
Agency 

threshold?

Assign 
“A”

No

Assign 
“C”

Yes

Assign 
“D”



 

 

26 

C
hapter 2 

S
trategies for C

oncrete P
avem

ent P
reservation––V

ol II 

Table 2-15. Preservation treatment options by condition level. 

Overall 
Structural / 
Durability 
Condition 

Level 

Functional 
Condition 

level 

BCOL with 
Distress 
Repaired 

UBCOL  
with  

Minimal 
Structural 

Repair 

Structural  
ACOL with 

minimal 
Repair 

ACOL 
with 

Structural 
Distress 
Repaired  

Major 
CPR 
With 

Diamond 
Grind 

Diamond 
Grind a,b 

Diamond 
Grooving a,b 

Next 
Generation 
Concrete 

Surface a,b,c 

Thin, 
Functional 
AC Overlay 

Thin, 
Concrete 
Overlay 

0 n/a Begin monitoring performance. 

1 
 

A Functional preservation not warranted, continue monitoring performance. 

B           

C           

D           

2 n/a  d  e  e  d       

3 n/a           

4 n/a Candidate for reconstruction. 

a short-term, functional treatment if concrete has poor wear resistance (identified from durability assessment). 
b may require minor CPR. 
c preferred treatment when noise mitigation is important to an agency. 
d with minor to moderate structural distresses present. 
e with minimal to no structural distresses present. 
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Summary 
Three broad preservation strategies, working in concert, can be used to help ensure the longevity 
of concrete pavements. The first is to design and construct concrete pavements for long-life, 
which requires the selection of volumetrically stable and durable materials, the selection of 
design features that reduce load- and environmentally-induced stresses, and the construction of a 
high-quality pavement. The second strategy involves the use of overlays, which have 
traditionally been used to restore functionality and structural capacity to deteriorated concrete, 
but in this context, are applied to structurally sound concrete pavements to extend pavement life. 
The third strategy involves the application of CPR techniques, not in a reactive manner, but 
instead applied to structurally sound concrete pavements to maintain a high level of 
serviceability. 

The design and construction of long-life concrete pavements do not require any special or 
exceptional measures but instead rely upon applying common techniques with diligence and 
attentiveness. For long-life concrete pavements, the slab thickness is typically increased slightly 
to enhance structural load-carrying capacity and to accommodate future grinding. Greater 
attention is paid to the supporting layers, ensuring that they provide uniform support, are non-
erodible, and facilitate good drainage. Other design features are implemented to reduce stress, 
including the use of doweled joints at transverse joints, relatively short joint spacing, and 
widened slabs or tied shoulders to provide edge support. Concrete mixtures are proportioned to 
be durable, should exhibit good volume stability under temperature and moisture variations, and 
possess reduced permeability. Effective paving specifications and a quality assurance plan are 
used to ensure high-quality construction. 

This chapter presented a framework to determine when and what type of pavement preservation 
strategies can be used. The framework is divided into four steps. The first step is to perform a 
structural assessment of the concrete pavement to evaluate the loading capacity for current and 
future traffic as well as an evaluation of whether the pavement is under-going materials-related 
distress. After the structural and material evaluation, a condition level from 0 to 4 is assigned (0 
being a new pavement and 4 is a structurally failed pavement). The second step of the process, if 
warranted from the first step, includes performing a functional assessment of the pavement to 
assess rideability, noise and friction. Then a functional condition level from A (acceptable) to D 
(unacceptable) is assigned. The third step determines the governing pavement condition (i.e., 
structural over functional) and the final step provides options for potential pavement preservation 
treatments given the assigned pavement condition level.  
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CHAPTER 3. STRATEGY SELECTION FOR  
CONCRETE PAVEMENT PRESERVATION 

Introduction 
As described in chapter 2, pavement preservation is a strategy for cost-effectively maintaining 
pavement serviceability at a high level and extending pavement life by preventing distresses 
from developing or progressing to critical levels. There are usually many preservation and 
rehabilitation strategy options for any pavement section at any point in time, including different 
types of overlays, various combinations of repair and restoration techniques, and “do nothing” 
(deferral of work to a later time or until reconstruction). Each project-level strategy has 
associated costs, potential impact on pavement service quality and service life, and other factors 
that may be considered in the strategy selection process but can be difficult to quantify 
accurately. Thus, the processes of evaluating alternative strategies and selecting the strategy for 
implementation can be challenging and even controversial. 

Alternative strategies are generally developed with a goal (or assumption) of providing similar 
benefits (e.g., level and quality of service) over similar analysis periods. Conventional strategy 
selection processes generally focus on minimizing agency costs over the anticipated service life of 
the project (i.e., minimizing life-cycle costs) while conforming to initial cost constraints. If all 
quantifiable non-agency costs (e.g., user costs) and benefits (e.g., level and quality of service) are 
similar among strategy options, a life-cycle cost analysis (LCCA) can be performed with 
consideration of only agency costs. Non-agency costs and benefits (especially user-related costs 
related to delays, level of service provided, etc.) that vary between strategies but can be quantified 
monetarily are sometimes also evaluated using LCCA, but not in the same cost stream analysis as 
agency costs (Van Dam et al. 2015). Non-monetary factors (e.g., agency preference, contractor 
experience, construction duration, work site safety, etc.) are typically considered indirectly but can 
be considered directly using decision matrices (FHWA 2013) or other techniques. 

Conventional LCCA is the most widely used economic analysis tool for informing the selection 
of a preferred pavement preservation (or design or rehabilitation) alternative when only agency 
costs must be considered. However, LCCA results are only as good and useful as the inputs to 
the analysis, especially regarding assumptions about the cost and timing of future maintenance 
and rehabilitation activities, the selection of a discount rate, and the estimation and handling of 
salvage values and remaining service life values at the end of the economic analysis period. In 
addition, LCCA-based project-level selection strategies can be difficult to incorporate into 
network-level strategy selection efforts because agency budgets rarely provide enough funding to 
apply the most cost-effective strategies to every project in the network. Network-level 
allocations of funding may dictate that many projects adopt less cost-effective strategies with 
lower initial costs (including “do nothing”) so that limited network resources can be directed to 
the projects that provide the greatest overall benefit to the network.  

Network-level strategy selection should be considered an optimization problem that attempts to 
maximize the benefit accrued to the overall network for any given level of funding by: 1) 
determining which projects to include in the current work program, and 2) determining what 
strategy to apply to each project in the work program. These goals must be accomplished with 
consideration of funding constraints, safety requirements, and minimum serviceability limits for 
each project in the network. Prioritizing projects for inclusion in the network program using a 
“worst first” strategy is tempting but often leads to higher network maintenance costs and lower 
levels of network service. 
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In summary, conventional economic analysis-based project-level strategy selection presents 
many weaknesses and is of limited use in achieving network-level optimization. There is a need 
for improved techniques for project-level strategy selection that are less sensitive to unknowns 
(e.g., long-term discount rate, cost, and timing for future work activities, etc.) and are more 
useful in considering the relative costs and benefits of various options at both the project and 
network levels. This chapter builds on the concepts presented in Volume 1, Chapter 4 of this 
report and presents a framework for project-level selection of concrete pavement preservation 
that are also useful for informing network-level resource allocation decisions. 

Selection Considerations 
Many factors may require consideration in the pavement preservation strategy selection process. 
At the project level, these factors can be broadly categorized as being either monetary 
considerations (including factors that can be expressed in monetary terms or value) and non-
monetary considerations. Additional factors and considerations introduced at the network level 
can further constrain or even override selections made at the project level (e.g., programming 
because of policy, add-ons to contracts for nearby work, etc.). The factors that must be 
considered vary widely between projects, although some considerations (e.g., initial cost of 
construction) are considered in almost all cases. 
 
The following sections provide brief listings and occasional discussions of some of the factors 
commonly considered in preservation strategy selection (as well as in many other aspects of 
pavement design and rehabilitation strategy selection). The topics discussed do not comprise a 
complete list of considerations but are indicative of the potentially broad range of factors that 
may be considered on any given project. 
 
Monetary Considerations 
The consideration of strategy costs, generally through some form of economic analysis, is an 
essential part of almost every pavement preservation strategy selection process. Primary 
consideration is typically given to the initial agency cost of construction of the preservation 
strategy.  

Future maintenance and rehabilitation costs are commonly considered in initial pavement type 
and design selection processes but are less frequently included in pavement preservation strategy 
selection. Similarly, consideration of salvage value and the value of remaining service life (at the 
end of an analysis period) could be considered in pavement preservation strategy selection but 
rarely are in practice. Consideration of the costs and timing of future maintenance and 
rehabilitation work and the salvage value or value of remaining service life could be 
accomplished through conventional engineering economic analysis (EEA); key issues in such 
analyses are discussed later in this report. 

Unlike private-sector investments, public-sector projects and services (such as the construction 
and maintenance of streets and roads) typically do not generate income streams for owner-
agencies; the economic value of highway projects and services is generally considered in terms 
of benefits to the public (e.g., the ability to efficiently transport people and goods, reductions in 
congestion and travel time, etc.) or avoidance of potential costs to either the agency or the users 
(e.g., reducing risks of crashes or preventing deterioration of the facility). Many pavement-
related benefits and costs of the type described above are not directly measurable in monetary 
units.  
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Guidance in the assignment of monetary values to user costs, traffic delay costs, accident and 
injury costs, etc. is increasingly available from many sources, but guidance on these values 
varies widely and some benefits and costs are not easily quantified (e.g., the value of relative 
levels of service for any given traffic volume or composition). Therefore, economic analysis 
alone is often insufficient for selecting project-level or network-level strategies and it is often 
necessary to also consider (or integrate) these sorts of non-monetary factors into the strategy 
selection process. When monetary values to non-agency costs and benefits can be assigned, they 
should generally be evaluated and considered separately from agency costs (Van Dam et al. 
2015).  

Non-Monetary Considerations 
There are many additional non-monetary factors that are sometimes considered in the selection 
of a preferred pavement preservation strategy. These factors are often additions or reductions in 
benefits, costs and risks that accrue to the owner-agency, to facility users, or to society in 
general. They can include (but are not limited to): 
 

• User costs (delays, vehicle maintenance, cargo damage, etc.). 
• Quality of service provided. 
• Environmental impact/sustainability. 
• Use of recycled materials. 
• Traffic control options (including access to local businesses). 
• Agency experience with strategy. 
• Availability of experienced contractors. 
• Duration of work zone. 
• Future options for preservation and rehabilitation. 
• Durability/service life expectation. 

 
Some of these considerations can be quantified objectives and it may be possible to estimate 
their values monetarily, whereas others are most easily evaluated subjectively. Techniques for 
including one or more of them in a pavement strategy selection process include multi-objective 
cost-effectiveness analysis and weighted factor value engineering decision matrices. These 
approaches are summarized briefly in Volume 1, Chapter 4 of this report and are discussed in 
detail in WRA–PIARC (2012), Markow (2012) and FHWA (2013). 
 
Network Constraints on Project-Level Selections 
Policies and decisions made at the network or agency level (or higher) often dictate the inclusion 
of projects in the preservation, rehabilitation, or reconstruction program. For example, policy 
may dictate the allocation of major funding to sections that exceed IRI or friction thresholds, and 
the resulting reduction in discretionary funds may necessitate the use of less cost-effective 
strategies on other projects (i.e., deferral of needed preservation work). Another example is when 
programming of a pavement section is moved up to take advantage of possible cost efficiencies 
that result from combining it with another section that has been programmed for work. 
 
Policy-based decisions can also dictate the use of specific preservation strategies, without regard 
for their cost-effectiveness (e.g., the oft-repeated anecdote of top-down direction to place as 
many lane-miles of thin asphalt overlays as possible during an election year). 
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The reasons for these types of directives can vary widely, but it is essential that strategy selection 
and resource allocation processes have the ability to accommodate such constraints and 
requirements (and/or be able to provide justification for reconsidering them). 
 
Performing Cost Evaluations 
While there are many non-monetary factors that can drive the selection of pavement preservation 
strategies, the consideration of agency costs and the cost-effective use of limited funds are often 
the primary criterion for preliminary strategy selections and often play a major role in the final 
selections as well. 

The strengths and weaknesses of many approaches to the consideration of project costs are 
discussed in Chapter 4 of Volume 1 of this report. The following is a summary of key issues in 
performing conventional LCCA as they relate to cost analyses of pavement expenditures, 
especially pavement preservation strategies. Concepts for improved cost analysis for pavement 
preservation strategy selection are also presented. 

Key Issues in Discounted Cash Flow Methods 
There are several limitations to the use of discounted cash flow methods (i.e., LCCA) in 
pavement strategy selection that, if not understood and used correctly, can provide false support 
for poor choices. Some of the most important issues include: the use of accurate estimates of the 
timing and costs of future preservation and rehabilitation work; the use of an appropriate 
discount rate; the assumption of equal benefits and service among competing alternatives; and 
the treatment of end-of-analysis and end-of-life matters such as value of remaining service life 
and salvage value of remaining materials, respectively. There are special considerations for some 
of these issues in the relatively short analysis periods often associated with pavement 
preservation strategies. 

Estimation of Costs and Timing of Future Work 

The accurate estimation of life-cycle activity costs and timing is the most important factor in 
conducting a good pavement LCCA (Hallin et al. 2011). Long analysis periods commonly 
associated with selection from among several alternatives for new pavement construction and 
major rehabilitation generally require consideration of many cycles of maintenance and at least 
one rehabilitation activity. Each anticipated activity has an associated estimated cost and takes 
place at an assumed time, but neither cost or time of work is known with complete accuracy and 
the degree of uncertainty increases the further in the future the work is to be performed. 

Most pavement preservation activities are effective for much shorter durations, and most do not 
necessarily lead to specific future work. For example, the proper placement of partial-depth 
repairs does not necessarily lead to a need for full-depth repairs or joint resealing at some time in 
the future. Therefore, it is generally not necessary to consider the timing and cost of future works 
to ensure that the pavement preservation work achieves its assumed service life. This eliminates 
one of the major sources of uncertainty in conventional pavement LCCAs. 

The use of some types of overlays as pavement preservation presents an exception to the 
discussion above. For example, unbonded concrete overlays have the potential for design lives of 
30 to 50 years or more. Achieving that service life will likely require similar future maintenance 
and rehabilitation cycles similar to those of new concrete pavement construction. 
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Discount Rate 

The “real” discount rate used in net present value (NPV), equivalent uniform annual cost 
(EUAC), and other conventional economic analyses represents the combined effects of interest 
(cost of funds or potential return on an investment foregone) and inflation rates. It is used to 
estimate the present value of all future costs (and benefits, if applicable) and has the following 
general impacts: higher discount rates reduce the present value of future costs by a greater 
amount than do lower discount rates; a zero discount rate values future costs the same as current 
costs; and negative discount rates increase the present value of future costs above their cost in the 
future. 

Chapter 4 of Volume 1 and the references cited therein provide extensive discussions of the 
validity of discount rates typically used in economic analyses of highway pavement construction 
and rehabilitation options. Key arguments against the use of typical OMB-published discount 
rates (which are based on treasury bond yields and the inflation of common goods and services) 
in highway pavement economic analyses center on the following: 

• Government agencies typically invest very little (if any) money at prevailing interest rates; 
budgets are typically spent during the budget cycle and accrue no long-term interest. 

• Most highway funds come from taxes and tolls with some funding from the sale of bonds. 
Therefore, the cost of money to public sector agencies is typically very low. 

• In many instances, highway funds are “dedicated,” and savings produced by selecting one 
design or rehabilitation alternative over another cannot be used for other purposes such as 
education, social programs, etc. Therefore, there is no “cost of opportunity forgone.” 

Thus, for many highway agencies, the actual cost of money is low (or zero) and the effective 
discount rate (estimated as the cost of money minus inflation) is near zero (or possibly negative). 
Accurate economic analyses require the use of a discount rate that reflects the actual costs of 
funds to the agency and the actual rate of inflation appropriate to agency expenditures. 

Assumption of Equal Benefits and Service 

Conventional LCCA evaluates the effective present or equivalent annual value of a stream of 
agency costs representing initial project costs, future maintenance and rehabilitation activities 
and end-of-life treatments (salvage value or value of remaining service life). The inherent 
assumption of these analyses is that the benefits or services of all competing alternatives are 
approximately equal, which is true only if the competing alternatives have been selected and 
designed with that goal in mind. Common experience suggests that this assumption is not valid 
for many competing new pavement designs, which can have widely ranging cycles of 
maintenance, rehabilitation, and overlay applications and, therefore, may produce a range of 
quality of service to the traveling public over their design lives. 

Differences in service provided by competing pavement preservation strategies over relatively 
short intervals are easy to imagine. For example, Alternative A could be to perform full-depth 
repairs and diamond grind the pavement, while Alternative B might be the same except no 
diamond grinding. Both alternatives might provide 15 years of service before the next set of 
repairs, but Alternative A will almost certainly provide better ride quality throughout the period 
(albeit at a higher initial cost). The consideration of such differences in service quality is 
important in conducting more accurate economic analyses of the cost-effectiveness of competing 
alternatives. 
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Analysis Period and End-of-Life Treatments 

As discussed in Chapter 4 of Volume 1, it is often necessary in LCCA (when performing NPV 
analysis of new pavement design alternatives) to truncate an analysis period for one alternative to 
match the analysis period of another alternative. In such cases, one generally assigns a 
“remaining service life” value as a benefit or negative cost to the end of the cost stream for any 
alternative not at end its design life. If the pavement’s service value has been fully consumed at 
the end of the analysis period, one can (and should) determine the “salvage” value of the 
materials that will be derived from the pavement structure.  

Pavement preservation activities also have associated service lives over which they are effective 
and after which time they must be repeated (or another treatment must be applied). The time 
between successive preservation and/or rehabilitation activities can be called a “service interval.” 
The duration of the service interval may vary with the condition of the pavement when the 
preservation work is performed, the environment, and the traffic conditions (as well as with the 
quality of materials and construction. If the economic analysis is performed over a time shorter 
than the service interval, it may be appropriate to compute a value of remaining service life for 
the preservation activity as well; using an analysis period equal to the service interval eliminates 
the need for considering a remaining service value for the preservation work. Most preservation 
activities (e.g., diamond grinding, grooving, full- and partial-depth repairs, joint sealing, etc.) are 
improvements or maintenance of the original pavement surface and have no material value of 
their own that would present a salvage value at the end of the analysis period or at the end of the 
pavement life. Overlays, which provide additional material to the pavement structure, are the 
exception.  

Concepts for Improved Cost Analysis of Pavement Preservation Strategies 
The previous discussions and analyses (in this chapter, as well as in Volume 1, Chapter 4) lead to 
the following concepts for improving the analysis and selection of pavement preservation 
strategies: 

• Unlike most new pavement design alternatives, competing pavement preservation 
strategies often (by incident or design) can provide very different qualities of service at 
very different levels of cost. Cost-effectiveness analyses must be used to consider both 
the differences in benefit (quality and duration of service) as well as the differences in 
cost associated with the strategies. 

• Pavement preservation activities generally have much shorter periods of effectiveness 
than are used in conventional LCCA. Further, most pavement preservation activities do 
not drive or necessarily lead to specific subsequent preservation or rehabilitation 
activities. Therefore, it should be possible to perform economic analyses over just the 
service interval of the preservation activity, without consideration of any future work. 
This would eliminate the uncertainty associated with predicting the cost and timing of 
future work, leaving only the uncertainty in selecting the correct service interval for the 
selected preservation activity. 
– Longer-life overlays would likely be an exception, requiring the consideration of future 

maintenance and rehabilitation work to achieve the intended overlay design life. 
– If future activities are eliminated from the cost-effectiveness analysis, there is no need 

to select a discount rate, which eliminates another important and sensitive source of 
variability in conventional LCCA. 
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• When future activities are included in a preservation strategy (e.g., for long-life overlays 
and strategies with deferred work), a strong case can be made for using a zero or near-
zero (or even negative!) discount rate based on agency cost of money and industry-
specific inflation rates. When properly considering these factors, the use of a zero 
discount rate may be well within the range of values for the foreseeable future. It also 
more accurately represents a “cost of ownership” point of view than does heavy 
discounting of future costs. 

• Selecting an analysis period that matches the service interval of the preservation strategy 
eliminates the need for determining value of remaining service life, thereby eliminating 
the use of another value that can be disputed (i.e., whether the value is determined by 
linear depreciation over the expected service life from the time of construction of by 
some other means). An exception would be if reconstruction is planned before the end of 
the service interval for the preservation activity. 

• Most pavement preservation activities provide value by extending the life of the existing 
pavement but provide no materials that are normally salvageable at the end of the 
pavement service life. Even full- and partial-depth repairs add no new material to the 
pavement structure—they simply replace existing material and become part of the 
original pavement. Thus, there is no need to consider salvage value in analyses of most 
pavement preservation works.  
– Overlays do provide new material that may be salvaged at the end of the pavement 

service life; they are exceptions to the discussion above.  
 
Selecting Preferred Strategies for Pavement Preservation 
Project-Level Cost-Effectiveness Analysis 
Summary of Considerations and Requirements 

Reduce Uncertainty in Forecasting Discount Rate and Activity Costs and Timing 
As described earlier, current LCCA techniques are highly sensitive to assumptions concerning 
the timing and costs of activities, the selected discount rate, and other factors. The degree of 
certainty in estimating these factors (especially the timing and costs of maintenance, 
rehabilitation, and reconstruction activities) decreases the further ahead they must be forecast or 
predicted because policies and budgets can change in significant and unforeseeable ways, even 
over relatively short periods of time. Such variability calls into question the value of seriously 
considering such speculative long-term analyses when determining immediate action with 
relatively short-term strategies (such as in most pavement preservation actions).  

Analyses that place more emphasis on shorter-term time frames offer the potential for simpler, 
more transparent evaluations that avoid many of the pitfalls associated with forecasting highly 
variable activity costs and timings. If the consideration of future events can be eliminated, the 
need for a discount rate is also eliminated, which removes another source of uncertainty from the 
analysis. 

Reflect Differences in Duration and Quality of Service Provided by Different Strategies 
Another weakness of using current LCCA techniques for selecting a preferred project treatment 
from a pool of candidate treatments is that it the analysis generally assumes or infers that all 
feasible candidate treatments provide equal (or at least comparable) benefits in terms of both the 
duration and quality of service (e.g., they all provide x years of service before the next service 
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intervention and all provide similar performance metrics, such as IRI and surface friction, over 
the service interval). It is reasonable to assume that different candidate treatments address project 
needs in different ways, so it is unreasonable to assume that they all provide identical 
performance results. Furthermore, it is often desirable to be able to consider candidate treatments 
that intentionally provide different performance results (e.g., a lower-cost, short-term fix versus a 
higher-cost longer-term fix). While strategies with different service lives can be handled in 
conventional LCCA by using EUAC analyses or by adjusting the cost stream using remaining 
service life (RSL) values, there are inherent assumptions in using EUAC and RSL values (e.g., 
the linear depreciation manner in which the RSL is typically estimated and the implication of 
repeated strategy applications in EUAC comparisons of strategies with different service 
intervals). 

Useful at Project Level and Network Level 
It would also be useful if project-level pavement preservation strategy selection techniques were 
more directly and immediately useful for network-level asset allocation and optimization. 

Strategy Selection Details 

Identifying Feasible Preservation Strategies 
The first step is to develop candidate preservation and repair strategies that are feasible for the 
project being considered—each strategy proposed must at least adequately address the 
immediate or impending functional and structural needs of the project.  

“Do nothing now” (i.e., “defer action one or more years”) is a candidate strategy for any project 
that is not at or below critical performance or safety thresholds or for which work is mandated by 
policy or other driving factors. It is not an option for any project that must be addressed 
immediately and for which further deferral of action is not an option. “Do nothing now” is often 
the preferred and most cost-effective strategy for projects that have been recently constructed, 
overlaid, or repaired. 

Note that the “do nothing now” option does not add lane-mile-years (LMY) of service to a 
pavement section until some future preservation or rehabilitation action takes place. However, 
the pavement continues to provide service to the users at some level of quality, which must be 
considered as a baseline above which other strategies must be computed or to which they must 
be compared when adjustments for service quality and traffic levels are considered in the 
analysis. This concept is discussed later. 

Selecting Service Intervals 
Calculation of cost-effectiveness requires estimation of the period of time over which the 
selected strategy will be effective. Service intervals for each construction, preservation, or 
rehabilitation technique should be defined as follows: 

• New Construction – the time between initial construction and reconstruction or 
placement of an unbonded concrete overlay. 

• Unbonded Concrete Overlay (UBOL) – the time between UBOL placement and 
pavement reconstruction or placement of the next UBOL. 

• Bonded Concrete Overlay on Concrete (BCOC) – the time between overlay placement 
and pavement reconstruction or placement of an unbonded concrete overlay. 
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• Asphalt Overlay – the time between overlay placement and pavement reconstruction, mill 
and overlay with asphalt, or placement of unbonded concrete overlay. 

• Grinding, Grooving, Patching, Joint Sealing and other Pavement Preservation and 
Rehabilitation Techniques – the time between placement/construction of the specific 
technique until the next rehabilitation of similar type/function or until it is no longer 
effective, even if it hasn’t been repeated (e.g., for joint resealing that eventually fails and 
the joints are not resealed immediately, the end of the service interval is defined by the 
time of sealant failure, not when resealing is eventually performed). Note that the 
assigned serviceable interval of a technique is not shortened by pavement reconstruction 
or placement of an overlay before the end of the interval; a debit for the unused portion of 
the service interval can be taken during the cost-effectiveness analysis (similar to the use 
of remaining service life value in LCCA). 

• Strategies that include multiple techniques (e.g., full-depth repairs and diamond grinding) 
are split into component processes, each of which has its own associated service interval 
and may be different and vary (e.g., 10 years for full-depth repairs and 15 years for 
diamond grinding). 

• “Do nothing now” can be considered a strategy that adds service life to the eventual 
preservation technique by an amount equal to the time of deferral. For example, if 
diamond grinding has a service life of 15 years but one strategy today is to defer the work 
for three years, that strategy of deferred diamond grinding has a service life of 18 years.  
– Deferred strategies must be evaluated using a measure of effectiveness that reflects 

provision of a different quality of service (e.g., the fact that service quality [i.e., IRI 
and surface friction] will continue to decline during the time diamond grinding is 
deferred, while immediate diamond grinding produces immediate improvements in 
service quality).  

– It may also be appropriate to use a shorter service interval if the deferral time results 
in less effective or less durable rehabilitation.  

– Finally, the cost of deferred work is often greater than the cost of immediate work 
(e.g., the need for additional repairs after preservation has been deferred). 

Agency-specific service intervals should be developed for each preservation or rehabilitation 
activity based on performance records for each preservation technique on agency roads. 
Guidance on selection of service interval values should reflect the possible impacts of pavement 
age at time of repair, traffic volume/composition, and environmental conditions (i.e., moisture, 
freezing, use of deicing chemicals, etc.). Table 3-1 presents a conceptual example of service 
interval selection that incorporates these principles. 
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Table 3-1. Conceptual example of agency-specific service interval selection. 

 
 

Considering Quality of Service, Volume and Type of Users 
The basic unit of benefit proposed by Galehouse and Sorenson (2007) is two-dimensional: 
project length in lane-miles multiplied by years of service, or lane-mile-years of service. The 
corresponding measures of cost-effectiveness are cost (in dollars) per lane-mile-year of service 
added (DLMY), which should be minimized, or lane-mile-years of service added per dollar 
spent, which should be maximized. This approach is valid when each preservation alternative 
provides similar quality of service (i.e., similar ride quality, surface friction, etc. over the 
analysis period), but the value of one lane-mile-year of service can vary dramatically when the 
quality of service varies between preservation alternatives.  

For example, suppose that hypothetical preservation alternative A is to perform scattered full-
depth repairs and immediately follow with diamond grinding, while alternative B is to perform 
only the repairs. If the alternatives have similar service intervals (say, 15 years), alternative A 
will never be selected because the additional cost of grinding will be factored into the analysis, 
but the additional benefit of grinding will not be considered.  

The analysis can more accurately reflect the different values of the two alternatives by factoring 
in the different qualities of service provided. Given that ride quality is an important measure of 
service quality to the traveling public, one possible approach is to multiply pavement section 
length by the area under a projected ride quality vs. time performance curve for each alternative. 
The added benefit gained for either alternative would be represented by the area bounded by the 
curve for the proposed alternative and the curve that results from doing nothing, multiplied by 
the project length, i.e.,  a “three-dimensional” estimate of project benefit. 

This concept is illustrated in figure 3-1, which continues the hypothetical analysis above. It is 
assumed that the agency uses a Ride Quality Index (RQI) with a range of 0 (worst possible) to 
100 (best possible). The present RQI is 70 and models or experience indicate that it will decrease 
to 50 over the next 15 years if no preservation activities are undertaken (as indicated by the 
upper bound of the grey area in each graph). Models or data suggest that Alternative A (full-
depth repairs plus diamond grinding) will immediately increase RQI to 95 and that RQI will then 
decrease to 80 after 15 years (indicated by the upper surface of the blue area in part (a)). It is 
expected that Alternative B (full-depth repairs only) will immediately increase RQI to 80, with a 
decrease to 65 in 15 years (indicated by the upper surface of the orange area in part (b)).  

Low High Low High Low High Low High
Full-Depth Repair 25 15 20 12 20 12 16 10
Partial-Depth Repair 15 10 12 9 12 8 10 7
Diamond Grinding 20 15 20 15 16 12 16 12
Grooving 30 20 30 20 30 20 30 20
Joint Resealing 15 12 12 10 10 8 8 7

Traffic

Preservation Technique

        
Pavement Age at Rehabilitation (yrs)

Environment
Mild Severe Mild Severe

< 15 years > 15 years
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(a) 

 

 
(b) 

Figure 3-1. Conceptual illustration of incorporating ride quality with service interval (time) 
for determining value-based cost-effectiveness. 

 

The areas between the projected RQI performance curves and the “do nothing” RQI performance 
curve (i.e., the blue and orange areas in parts (a) and (b)) provide measures of the relative value 
of benefits obtained from these two candidate alternative treatments over the 15-year service 
interval. The additional RQI-years provided by Alternative A, when compared to those of 
Alternative B, may now justify the additional cost of selecting Alternative A. Or they may not, 
depending on the change in costs with respect to the change in value of the results.  

The value of one lane-mile-year of service is also indicated by considering the volume and/or 
composition of traffic that use the facility. At the project level, all alternatives provide service to 
the same section of pavement with the same projected level of traffic and no further adjustment 
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is required to select the preferred preservation strategy. At the network level, however, where 
funding is allocated over many possible projects carrying different traffic volumes and 
compositions, it may be appropriate to provide a further weighting that is based on some measure 
of traffic (e.g., average daily traffic [ADT], average daily truck traffic [ADTT], equivalent 
single-axle load [ESAL] repetitions, etc.).  

The measure of added benefit in network-level allocation analyses could be most easily 
estimated by multiplying the previously computed RQI-lane-mile-years value by some factor 
representing cumulative or average traffic impact over the service life. Alternatively (and more 
complexly), it could be estimated as the volume between the time-quality-traffic surfaces for 
each alternative and the do-nothing alternative for the same project, multiplied by the project 
length. In either case, this “four-dimensional” estimate of project benefit would allow 
comparisons of the cost-effectiveness of alternatives with different service lives, different 
resulting qualities, applied to different projects with different lengths and different levels of 
traffic.  

Computation of Cost-Effectiveness 
The cost-effectiveness of each preservation alternative can be indicated by considering the cost 
of the option and the selected measure of benefit—lane-mile-years of service, adjusted for 
quality of service and/or some measure of traffic served—dividing one by the other. Highway 
agencies are generally tasked with providing the most benefit for a fixed level of budget, so the 
use of benefits/costs (lane-mile-years/$, adjusted for quality and/or traffic) is recommended for 
consistency with that mission. This value should be computed for each feasible or responsive 
alternative preservation or rehabilitation strategy for a given project, and for each project in the 
network. 

Initial Acceptance and Rejection of Strategies 
In conventional economic analyses where both benefits and costs can be expressed in monetary 
terms, any strategy that results in a ratio of benefits-to-costs (B/C) of less than 1 (B/C < 1) is 
rejected and eliminated from further consideration; this is the economic equivalent of having a 
negative net present value. When using a non-monetized agency benefit (e.g., RQI-lane-mile-
years of service), the “fair market value” of the benefit units must be estimated in monetary 
terms so that a B/C threshold can be established for initial acceptance or rejection of each 
preservation strategy. This “fair market value” can be considered as the maximum amount of 
money that an agency is willing to pay to purchase one additional lane-mile-year of service (or 
some variant thereof).  

There are many ways that this “fair-market value” of pavement service life can be estimated. 
One way that should be considered is to use the typical unit cost of the least cost-effective 
preservation or rehabilitation strategy that an agency is willing to employ. For example, if lane-
mile-years are the measure of service being considered and an agency employs several 
preservation or rehabilitation treatments with typical unit costs that range from $1000/lane-mile-
year to $10,000/lane-mile year, then the maximum value that the agency is willing to pay for one 
lane-mile-year of service is apparently around $10,000 and the critical value for B/C should be 
selected around this value (i.e., 0.0001 lane-mile-years/$ or 0.1 LMY/$1000). Any strategy with 
B/C lower than this should be rejected and eliminated from further consideration 
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Expanding Strategy Options 
It is generally accepted that there is an “optimum” time for performing preservation treatments. 
Applying a treatment too late is believed to often result in increased repair quantities, reduced 
level of effectiveness and reduced time to the next required intervention, while applying a 
treatment too early may not produce enough benefit to justify the cost of the treatment.  

For example, diamond grinding is highly effective in improving pavement ride quality and 
surface friction characteristics, but the benefits derived in a single pass are related to the initial 
texture and roughness of the pavement surface (among other factors). If the pavement is too 
rough (e.g., high levels of faulting, slab curl, etc.), the improvement in ride quality gained 
through a single pass of grinding equipment may not meet smoothness requirements and the 
process may take longer and be more expensive than if the work was performed when the 
pavement was less rough. Conversely, there may be little benefit in service quality or deferred 
intervention derived from diamond grinding a new, well-constructed pavement with low IRI and 
good friction values. 

In developing preservation strategies for a project, it may be desirable to consider a strategy that 
involves deferred preservation (e.g., do nothing now, but plan a diamond grind to occur in 5 
years). This concept can be handled with the process described previously but requires careful 
consideration of the inputs and evaluation process. 

The effective service interval (analysis period) for the deferred work strategy at the time of 
evaluation is the period of deferral plus the normal service interval for the deferred preservation 
action. For the previous example, this might be 20 years – 5 years of deferral time and 15 years 
for the grinding after it is performed. If this option were selected for implementation, it would 
need to be included in subsequent planning periods with corresponding reduced deferral periods 
(e.g., 4 years of deferral in one year, 3 years deferral in 2 years, etc.). 

The measure of benefit (e.g., lane-mile-years of service added) used in the analysis would almost 
certainly have to reflect differences in quality of service (e.g., RQI times LMY); otherwise 
deferral will always be selected over immediate action because the service interval (analysis 
period) is increased with little or no increase in cost, resulting in greater cost efficiency. 
Computing areas between performance profiles to make an adjustment for quality of service will 
be more complex when one or more activities are deferred. 

Finally, it may be necessary or desirable to discount the cost of the deferred work if it occurs 
more than a few years in the future. One rationale for eliminating the discount rate in the 
previously proposed analysis was that all costs are assumed to occur “now” so there is no need 
for discounting. Deferral of work for a short time may not invalidate the use of zero discount, but 
as deferral time increases the accuracy of future cost estimates becomes more questionable and 
an argument can be made for a non-zero discount rate (for which the value can be debated, as 
described previously). 

To avoid these inaccuracies and arguments, it may be best to limit options with deferred 
preservation work to 3 years or less of deferral. 
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Identifying the Most Cost-Effective Strategy 
It must be recognized that the types of cost-effectiveness analyses recommended herein are 
special versions of benefit-cost (B/C) analysis and are, therefore, subject to the same limitations 
and caveats. One of the most important of these is that the strategy with the highest B/C ratio (in 
this case, the highest ratio of lane-mile-years of service per dollar) is not necessarily the most 
effective use of available funds. All preservation strategy options being considered must be 
ranked from lowest cost to highest cost and, starting with the lowest cost option, an incremental 
analysis must be done to determine whether the value of the additional benefit gained in moving 
to the higher-cost alternative option is worth the additional cost (i.e., whether the value of ΔB/ΔC 
> 1). 

This process is well-documented for analyses dealing with monetized costs and benefits. The 
higher-cost alternative is chosen if ΔB/ΔC > 1; otherwise, the lower-cost alternative is retained. 
For the alternative that remains, incremental benefits and costs with respect to the next higher 
cost option are computed and the process continues until all alternatives have been considered 
and only one remains. After completing this incremental analysis, the strategy that remains is 
considered the most cost-effective strategy considered. 

It follows from the earlier discussion of initial acceptance and rejection of strategies that the 
incremental analysis of cost-effectiveness using “lane-mile-years of added service” (or some 
variant thereof) requires the use of a threshold of acceptance or rejection based on the agency’s 
defined “fair market value” of each service unit (e.g., of ΔB/ΔC > 0.1 LMY/$1000, from the 
previous example). 

The incremental analysis process ensures strategy selections that are correct and consistent with 
those of net present cost (NPC) or equivalent uniform annual value (EUAV) analyses. The 
selected strategy is sometimes, but not always, the option that had the highest overall benefit/cost 
ratio.  

Conventional deterministic LCCA techniques (e.g., NPV or EUAC) can be used to validate 
strategy selections performed using cost-effectiveness analysis by evaluating the longer-term 
implications of the selected strategy (i.e., considering specific longer-term work activities and 
resulting pavement performance measures). However, the potential sources of inconsistency and 
uncertainty increase with long-term conventional LCCA, including the inability to easily 
quantify differences in quality of service provided, uncertainty in the timing and cost of future 
maintenance and rehabilitation activities, assumptions concerning the discount rate, etc. 
Sensitivity analyses of these variables can be performed when performing a deterministic LCCA; 
the use of stochastic (probabilistic) LCCA is also an option for checking the validity of the 
strategy selection.  

Alternatively, the impacts of future maintenance and rehabilitation activities can be considered in 
the proposed cost-effectiveness analysis by incorporating them into preservation strategies with 
analysis periods that incorporate more than one service interval (e.g., Alternative A described 
previously could be extended to include another patch-and-grind at year 15 and an unbonded 
concrete overlay at year 30, for example). This approach would allow consideration of different 
qualities and impacts of benefits (although the estimation of those values would be more 
complex and variable), but the estimation of future activity timing and costs would be subject to 
the same uncertainty as in conventional LCCA, and the use of a zero discount rate would be 
more difficult to defend. 



Strategies for Concrete Pavement Preservation––Vol. II Chapter 3 

43 

Considering Other Factors in Project-Level Strategy Selection 
It is recognized that consideration of agency costs and lane-mile-years of service may be major 
components of the strategy selection and funding allocation processes, but that there are often 
additional factors that merit consideration and may, in some cases, drive the processes. Many of 
these factors are not easily or indisputably quantified (e.g., user costs, reductions in crash 
frequency and severity, reductions in travel time, sustainability, etc.). These can be considered in 
many ways: informally (at the discretion of the owner’s representative), using a formal weighted 
decision-factor process (as described in NHI’s Value Engineering course (FHWA 2013), or 
using weighted factor calculations and Multi-Criteria Analysis (MCA), as described by WRA-
PIARA (2012) and Markow (2012), and discussed briefly in Chapter 4, Volume 1 of this report. 

Putting it All Together  

Figure 3-2 presents a flow chart for the recommended project-level strategy selection process 
described above. 

Example 

A simplified example application of the pavement preservation strategy selection procedure and 
flow chart follow. Table 3-2 presents hypothetical costs, anticipated service life and expected 
quality factor adjustments for four hypothetical preservation alternatives for a hypothetical 
project.  

Table 3-2. Summary of hypothetical preservation strategy alternative  
information for example.  

 

 
The hypothetical owner agency has determined that the most it is willing to pay for one unit of 
service benefit (quality-adjusted lane-mile-years of service) is $3125; therefore, the agency’s 
minimum acceptable cost-effectiveness if 1/$3125 = 0.00032 or 0.32 quality-adjusted service 
units/$1000. Alternative B has a cost-effectiveness that is less than this value; it is eliminated 
from further consideration. 

The remaining three alternatives are ranked from lowest cost to highest, as shown in table 3-3, 
and an incremental analysis is performed on the two lowest-cost options (Alternatives A and D). 
The incremental cost-effectiveness of Alternatives A and D is 0.338, which is greater than the 
agency’s minimum acceptable cost-effectiveness of 0.32, so it is worth making the additional 
expenditure for Alternative D; Alternative A is rejected. 

  

Alternative
Cost/lane-mile, 

$1000
Service Life, yrs Quality Factor

Service Benefit              
(Serv Life*Quality Factor)

Cost-Effectiveness 
(Serv Benefit/Cost)

Action

A 20 6 1.2 7.2 0.360
B 15 4 1.15 4.6 0.307 REJECT
C 58 15 1.3 19.5 0.336
D 32 9 1.25 11.25 0.352
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Figure 3-2. Flow chart for pavement preservation strategy selection  

using cost-effectiveness criterion. 
 
 

Table 3-3. Summary of remaining strategy options, for example, ranked by cost. 

 

Alternative
Cost/lane-mile, 

$1000
Service Life, yrs Quality Factor

Service Benefit              
(Serv Life*Quality Factor)

Cost-Effectiveness 
(Serv Benefit/Cost)

Incremental Cost-
Effectiveness 

(ΔB/ΔC)
Action

A 20 6 1.2 7.2 0.360 0.338 REJECT A
D 32 9 1.25 11.25 0.352 0.317 REJECT C
C 58 15 1.3 19.5 0.336
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Incremental analysis is performed on Alternatives D and C. The incremental cost-effectiveness 
for Alternatives D and C is 0.317, which is less than the agency’s minimum acceptable cost-
effectiveness of 0.32. Since the return on the additional investment is below the agency’s 
minimum acceptable return, Alternative C is rejected and Alternative D is determined to be the 
most cost-effective strategy for this project. 
 
Network-Level Analysis – Asset Allocation 
Galehouse and Sorenson (2007) provides an example of how cost-effectiveness analyses can be 
used to determine whether a particular allocation of network funding will result in an overall 
increase or decrease in network condition by comparing the number of lane-mile-years of service 
purchased to the number of lane-mile-years of service consumed each year. It also demonstrates 
how a constant level of network funding can be reallocated to increase the quantity of lane-mile-
years of service purchased to ensure that overall network service life doesn’t decrease. It does 
not, however, provide guidance or a framework for optimizing the allocation of network 
resources to maximize the benefits (lane-mile-years of service gained) for a given level of 
funding. 

The discussion herein presents one way to optimize the allocation of a fixed budget to projects 
with the most cost-effective preservation strategies using the same type of cost-effectiveness 
analysis (i.e., considering agency costs, lane-mile-years of service expected from each repair 
strategy, and consideration of both quality of service and the volume and type of traffic 
impacted). 

Summary of Considerations and Requirements 

At the network level, pavement management agencies must recognize that the problem of 
network-level budget allocation to individual projects is a multi-objective optimization problem 
where the goals are to maximize network performance (using an agency-defined indicator/metric 
such as lane-mile-years of remaining service life, likely weighted or modified to reflect both 
quality of service and composition/volume of traffic) while simultaneously controlling (or 
minimizing) the costs of ownership. These goals must be accomplished subject to: 

• Budget constraints (as there is rarely enough budget to perform the most cost-effective 
project-level work on all projects or roadway segments in the network).  

• Minimum service or performance constraints that force the inclusion of some roadway 
projects or segments into the program in any given year due to policy requirements (e.g., 
IRI trigger at 200 inches/mi, friction coefficient trigger at 0.18, overall pavement 
condition index trigger at 40, etc.), regardless of whether their inclusion represents an 
optimal expenditure of resources. 

• Any other condition or policy that drives resource allocation and/or strategy selection for 
one or more projects in the network. 

 
Recommended General Strategy 

The following general approach to network-level pavement preservation funding allocation is 
recommended. It was not developed for use in selecting major rehabilitation and reconstruction 
strategies, although it is possible that the concepts could be extended, with modifications, for 
those applications as well. 
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One approach that can be recommended for network-level funding allocation, subject to the 
requirements and constraints described previously, is summarized below: 

• Perform strategy selections for all projects in the network using the process described 
previously. 

• Identify any projects that must be programmed during the current cycle because they 
have exceeded allowable performance thresholds (e.g., unacceptable ride quality, noise, 
or friction characteristics), policy requirements, or other reasons. 

• For each “must do” project, allocate sufficient funding to perform the lowest-cost 
strategy option that adequately addresses the project requirements that trigger mandatory 
inclusion in the current program. 

• Reserve (but do not allocate) sufficient additional funding to perform the most cost-
effective feasible strategy option for each “must do” project. 

• Rank the remaining projects according to the cost-effectiveness of their selected 
strategies (from most cost-effective to least cost-effective). 

• Allocate the remaining budget (but not the reserve described above) to these projects, 
starting with the most cost-effective and proceeding down the list until remaining budget 
funds are insufficient for funding any more projects. 

• Add any remaining budget to the reserve budget. 

• Perform incremental analysis of the cost-effectiveness (ΔB/ΔC) of moving from the 
lowest-cost feasible option to the next higher-cost feasible option for each “must do” 
project. Identify the “must-do” project and with the highest incremental cost-
effectiveness for moving to the next higher-cost feasible strategy. 

• Compare the incremental cost-effectiveness for this “must-do” project and strategy 
improvement with the cost-effectiveness of the highest-ranked unfunded project on the 
list of other network projects. Select and fund the option that is more cost-effective. 

• Repeat the previous two steps until all funding (including the reserve funding) has been 
allocated. 

Other network-level optimization techniques can be used to validate the results of the approach 
described here. Differences in the optimization approaches and techniques and their impacts on 
the optimization results should be fully considered in the event of different results. 

Asset Allocation Strategy Details 

The accurate evaluation of relative cost-effectiveness at the network level requires an additional 
level of complexity over what must be done at the project level. 

The use of “lane-mile-years of service” proposed by Galehouse and Sorenson (2007) is an 
adequate project-level service metric when all strategies are presumed to produce similar quality 
of service over the service interval, and the same vehicles (number and composition) will travel 
the road. 
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When different strategies produce different qualities of service over the service intervals, those 
differences should be reflected in the cost-effectiveness metric. One approach for modifying the 
cost-effectiveness metric to reflect differences in quality of service over the service interval is 
described in a previous section. This concept becomes particularly important when considering 
strategies that involved deferred preservation and maintenance activities. 

When evaluating the relative cost-effectiveness of strategies that are being applied to different 
projects, it is important to recognize that the value of 1 lane-mile-year of service is also indicated 
by considering the volume and/or composition of traffic that use the facility. Therefore, the cost-
effectiveness metric used for network-level analyses (including funding allocation) must 
somehow reflect the different amounts of service provided to the traveling public on different 
roadways, even when the ride quality profile and service intervals are the same. For example, 
diamond grinding might provide similar improvement in ride quality over similar periods of time 
and at similar cost on two projects with very different traffic levels (e.g., moderate traffic versus 
very high traffic). If only one project could be funded, it would be common sense to invest in the 
facility that serves more users when all else is equal. Therefore, network-level cost-effectiveness 
analysis must somehow reflect traffic volume and composition with an adjustment factor that is 
based on ADT, ADTT, ESAL applications, or some other suitable indicators.  

The measure of traffic-adjusted service in network-level allocation analyses could be most easily 
estimated by multiplying the project-level service metric (e.g., quality-adjusted lane-mile-years 
of service) by some factor representing cumulative or average traffic impact over the service life. 
Alternatively (and more complexly), it could be estimated as the volume between the time-
quality-traffic surfaces for each alternative and the do-nothing alternative for the same project, 
multiplied by the project length. In either case, such metrics of traffic- and quality-adjusted 
service life would allow more accurate comparisons of the cost-effectiveness of alternatives with 
different service lives, different resulting qualities of service, applied to different projects with 
different lengths and different levels of traffic.  

Putting it All Together  

Figure 3-3 presents a flow chart for the recommended network-level pavement preservation 
funding allocation process described above. 

Example 

A simplified example application of the network-level allocation of pavement preservation funds 
to a set of candidate projects, using the concepts and flow chart presented previously, is 
described below. Table 3-4 presents hypothetical costs, anticipated service life, expected quality 
factor adjustments, traffic adjustment factors and project lengths for the selected (most cost-
effective) preservation strategies for each of the five hypothetical projects that comprise the 
network. Two of the projects (A and C) have been designated as “must do” projects for the 
current funding cycle, so all cost-effective preservation strategies are presented for these projects 
(not just the one that is most cost-effective). Note that Project A is the project from the previous 
example for project-level strategy selection. 
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Table 3-4. Summary of hypothetical network-level  
preservation strategy options for example.  

 

 
 

 

Figure 3-3. Flow chart for pavement preservation budget allocation strategy selection using 
cost-effectiveness criterion. 

  

Project
Project 

Length (PL), 
lane-miles

Alternative
Cost/lane-mile, 

$1000
Project Cost, 

$1000

Service 
Life (SL), 

yrs

Quality 
Factor 
(QF)

Traffic 
Factor 

(TF)

Service Benefit              
(SL*QF*TF)

Cost-Effectiveness 
(Serv Ben/ Proj Cost)

Must Program?

A 20 246 6 1.2 7.92 0.0322
D 32 393.6 9 1.25 12.375 0.0314

B 14.8 E 26 384.8 8 1.25 1.3 13 0.0338 No
B 22 145.2 6 1.2 8.64 0.0595
C 50 330 14 1.25 21 0.0636

D 8.7 A 35 304.5 10 1.3 1.15 14.95 0.0491 No
E 10.1 B 20 202 6 1.1 1.5 9.9 0.0490 No

1.1A 12.3 Yes

C Yes6.6 1.2
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Table 3-5 presents a subset of the information from table 3-4 that lists the “must do” project 
options first (lowest cost first), followed by the non-mandatory project (ranked by cost-
effectiveness, highest first). Incremental analyses of cost-effectiveness are also provided for 
moving from the lower-cost to higher-cost options for the two “must-do” projects. 
 

Table 3-5. Summary of hypothetical network-level  
preservation strategy options, ranked.  

 

 
Assume that the managing agency has a budget of $1200 (*1000) for the current programming 
cycle. The amount required to fund the lowest-cost options for the “must-do” projects is 391.2; 
the amount that must be reserved to fund the most cost-effective options for the “must-do” 
projects is 332.4, which leaves 1200 – 391.2 – 332.4 = 476.4 for funding the nonmandatory 
projects.  

The most cost-effective nonmandatory project, D, requires 304.5 and can be funded. This leaves 
171.9, which is not enough to fund the next most cost-effective nonmandatory project (Project E 
requires 202 in funds). The unallocated 171.9 is added to the 332.4 reserve funding, so available 
funding for the remaining allocation is 504.3. 

A comparison is now done between the incremental cost-effectiveness of “must-do” project 
option with the lowest cost (to go to the next higher cost option) and the most cost-effective non-
mandatory project. Project C is currently the lowest-cost funded “must-do” project and the 
incremental cost-effectiveness of moving from the Alternative B to Alternative C is 0.669. This 
value is higher than the most cost-effective strategy for Project E (0.0490), so the agency is 
better served by upgrading Project C to Alternative C at an additional cost of 330 – 145.2 = 
184.8. This reduces unallocated funds to 504.3 – 184.8 = 319.5. 

Project A is now the lowest-cost funded “must-do” project and the incremental cost-effectiveness 
of moving from the Alternative A to Alternative D is 0.0302. This value is lower than the most 
cost-effective strategy for Project E (0.0490), so the agency is better served by funding Project E 
at a cost of 202 than by upgrading Project A. C to Alternative C at an additional cost of 330 – 
145.2 = 184.8. This reduces unallocated funds to 319.5 – 202 = 117.5, which is not sufficient for 
funding Project B (384.8 needed) or for funding the upgrade to Project A (147.6 needed). If 
additional funds cannot be obtained, the agency could consider funding a lower-cost (less than 
117.5), less cost-effective option for Project B, if one exists.  

Project Alternative
Project Cost, 

$1000

Service 
Benefit              

(SL*QF*TF)

Cost-Effectiveness     
(Serv Ben/ Proj Cost)

Incremental Cost-
Effectiveness (ΔB/ΔC)

Must 
Program?

A 246 7.92 0.0322 0.0302
D 393.6 12.375 0.0314
B 145.2 8.64 0.0595 0.0669
C 330 21 0.0636

D A 304.5 14.95 0.0491 No
E B 202 9.9 0.0490 No
B E 384.8 13 0.0338 No

A Yes

C Yes
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Table 3-6 is identical to table 3-4 except that the funded projects and strategies are highlighted in 
green. It should be noted that the network-level strategy selected addresses both “must-do” 
projects, but that the limited funding prevents the use of the most cost-effective strategy for 
Project A because those funds were used more cost-effectively to fund Projects D and E. In 
addition, Project B is not funded (unless the unallocated 117.5 in funding is used to fund a 
current sub-optimal strategy). If Project B is not addressed this year, the work that is deferred to 
a future year is a sub-optimal solution for that project. In any event, the projects and alternatives 
selected represent an optimized allocation of limited funding for the assumed data used in this 
analysis. 

Table 3-6. Hypothetical allocation example, with final selections highlighted   

 

 
Summary 
There are usually many preservation and rehabilitation strategy options for any pavement section 
at any point in time. Each project-level strategy has associated costs, potential impact on 
pavement service quality and service life, and other factors that may be considered in the strategy 
selection process but can be difficult to quantify accurately. Current common pavement 
preservation strategy selection strategies do not adequately consider these factors in a 
quantifiable way.  

Network-level strategy selection is a multi-objective optimization problem that attempts to 
maximize the benefit accrued to the overall network for any given level of funding. Strategies 
selected for network funding allocation may result in sub-optimal funding and less cost-effective 
strategies at the project level. 

This chapter presents and demonstrates the use of cost-effectiveness analysis in pavement 
preservation strategy selection to account for the different levels of service associated with 
different preservation strategies applied at different times. It also demonstrates concepts for 
using cost-effectiveness analyses in the allocation of network funds, considering both the quality 
of service provided and the number and type of users that use different pavement sections in the 
network.  

It should be noted that the analysis and strategy selection/optimization techniques presented 
herein are intended for use as a tool in decision-making, recognizing that there are likely 
additional factors that impact the decision processes that are not represented by these techniques.  

 

Project Alternative
Project Cost, 

$1000

Service 
Benefit              

(SL*QF*TF)

Cost-Effectiveness     
(Serv Ben/ Proj Cost)

Incremental Cost-
Effectiveness (ΔB/ΔC)

Must 
Program?

A 246 7.92 0.0322 0.0302
D 393.6 12.375 0.0314
B 145.2 8.64 0.0595 0.0669
C 330 21 0.0636

D A 304.5 14.95 0.0491 No
E B 202 9.9 0.0490 No
B E 384.8 13 0.0338 No

A Yes

C Yes
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CHAPTER 4. SUMMARY 

Designing Pavements For Preservation 
The fundamental shift in the pavement preservation philosophy in this study revolves around the 
premise that concrete pavement preservation begins with the initial design of the concrete 
pavement structure. The objective is to design and construct long-life concrete pavements that 
are structurally adequate and largely distress-free over their service lives and then apply 
preservation strategies that maintain pavement functionality without compromising the structural 
capacity of the underlying pavement structure. In other words, design the pavement to perform 
instead of designing the pavement for a certain level of distress. 

Three broad preservation strategies, working in concert, can be used to help ensure the longevity 
of concrete pavements: 

• The first is to design and construct concrete pavements for long-life, which requires the 
selection of volumetrically stable and durable materials, the selection of design features 
that reduce load- and environmentally-induced stresses, and the construction of a high-
quality pavement.  

• The second strategy involves the use of overlays (asphalt or concrete), which have 
traditionally been used to restore functionality and structural capacity to deteriorated 
concrete, but in this context, are applied to structurally sound concrete pavements to 
extend pavement life.  

• The third strategy involves the application of CPR techniques, not in a reactive manner, 
but instead applied to structurally sound concrete pavements to maintain a high level of 
serviceability. 

Concrete Pavement Evaluation Framework 
The process to determine whether a concrete pavement is a feasible candidate for preservation is 
discussed in Chapter 2 and includes a rigorous assessment that evaluates the following: 

• Structural adequacy – to determine existing structural condition and long-term structural 
capacity based on past and anticipated future traffic. 

• Materials durability – to identify durability-related distress(es) and assess its impact on 
long-term performance. 

• Functional adequacy – to assess ride quality, surface friction, and tire-pavement noise. 
Note that geometric considerations are outside the scope of this assessment and should be 
done separately. 

The first step is to perform a structural assessment of the concrete pavement to evaluate the load-
carrying capacity for current and future traffic as well as an evaluation of whether the pavement is 
experiencing any materials-related distress. After the structural and material evaluation, a condition 
level from 0 to 4 is assigned (0 being a new pavement and 4 is a structurally failed pavement). The 
second step of the process, if warranted from the first step, includes performing a functional 
assessment of the pavement to assess rideability, noise, and friction. Then a functional condition 
level from A (acceptable) to D (unacceptable) is assigned. The third step determines the governing 
pavement condition (i.e., structural over functional), and the final step provides options for 
potential pavement preservation treatments given the assigned pavement condition level. 
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Strategy Selection Framework 
Many factors may require consideration in the pavement preservation strategy selection process. 
At the project level, these factors can be broadly categorized as being either monetary 
considerations (including factors that can be expressed in monetary terms or value) and non-
monetary considerations. Additional factors and considerations introduced at the network level 
can further constrain or even override selections made at the project level (e.g., programming 
because of policy, add-ons to contracts for nearby work, etc.). The factors that must be 
considered vary widely between projects, although some considerations (e.g., initial cost of 
construction) are considered in almost all cases. While there are many non-monetary factors that 
can drive the selection of pavement preservation strategies, consideration of agency costs and the 
cost-effective use of limited funds are often the primary criterion for preliminary strategy 
selections and often play a major role in the final selections as well. 

Conventional economic analysis-based project-level strategy selection presents many 
weaknesses and is of limited use in achieving network-level optimization. There is a need for 
improved techniques for project-level strategy selection that are less sensitive to unknowns (e.g., 
long-term discount rate, cost, and timing for future work activities, etc.) and are more useful in 
considering the relative costs and benefits of various options at both the project and network 
levels. Chapter 3 of this report presents a framework for project-level selection of concrete 
pavement preservation that are also useful for informing network-level resource allocation 
decisions. 
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