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Pavement Preservation Manual
Context and Introduction
A systems approach to transportation asset management (TAM) has been demonstrated to quantify and therefore maximize the rate of return of investments in existing transportation infrastructure.  In the process, TAM provides decision-makers with the ongoing financial impacts of choices between investments in capital improvements and existing system preservation as well as among alternative capital-improvement investment options.
Pavement preservation (PP) is essentially an integral component of a pavement management (PM) program.  It has been amply demonstrated that earlier, quicker, and cheaper intervention in the form of preventive maintenance, minor rehabilitation, and some routine maintenance activities can extend the life of pavement structures at a lower ongoing cost than waiting for structural deficiencies to accelerate the rate of pavement deterioration and the accompanying expensive, challenging, and time-consuming rehabilitation or reconstruction activities.  A pavement management system (PMS) can be used to facilitate the administration of these programs, to analyze the condition trends of the highway network, to estimate funding needs, set condition targets, and measure the effectiveness of pavement investment strategies.  Decision-making for PP that is integrated with a PMS will take the specific forms and nuances that are characteristic of the PMS selected.  It is not the purpose of this document to address these topics, but rather to provide guidance on the general principles of PP and to enable agencies responsible for highway programs to implement a PP philosophy regardless of the state of implementation or integration with a PM program.  The job of customizing these general principles to integrate PP with PM is left to each individual agency.  

The guidance herein provided should enable the PM practitioner to develop a robust process for implementing PP at the project level even if a formal PMS is not available to him or her.  One of the most important aspects of this process is the evaluation of existing pavement conditions for preservation eligibility and treatment selection.  It is very important to separate these components in order to sustain the program and particularly to transfer the knowledge from one practitioner to another so that standard operating procedures and programs are able to adapt to personnel changes.  Many of the practitioners are able to look at a section of pavement and select an appropriate treatment;  yet this may not be obvious to a new employee, to elected officials, and to the tax-paying public.  Having a consistent way of documenting and reporting the decision-making activities is highly effective in retaining knowledge and achieving continual improvement of our pavement activities.
Please note that the document may be detailed beyond what would be required to review on a daily basis once personnel are familiar with the process.  The reader is encouraged to streamline the process to tailor the level of complexity required for his or her agency.  For instance, the number of available treatments may be as low as one – or the pavement types may be fewer than those in the spectrum of possibilities.  So the user is encouraged to take the information available in this document and tailor a process that is workable and feasible to be conducted at the scale of his or her highway network, and also to retain the important components so that it is useful to those that need to review, oversee, or audit the program, and to those interested parties that have questions about particular segments of pavement in the network.  

Pavement Preservation at the Program and Network Level
The importance of a PP programmatic approach in the TAM context cannot be overstated.  While at the project level preservation individual savings may be realized, prioritizing limited preservation resources is the key to achieving maximum budget savings while providing superior serviceability to as many users of the highway network as possible.  For this, at a very minimum a prioritization scheme based on a measure of user benefit (such as weighted-average ADT, vehicle miles traveled, or functional classification) and cost effectiveness (comparison between the do-nothing alternative vs. the preservation alternative, for instance) is necessary.  
A PMS can provide invaluable assistance in implementing a programmatic approach to PP.  The power of the PMS in providing this decision support depends on whether PP is integrated into the PMS or whether the PMS only deals with major treatments (rehabilitation or reconstruction).
In turn, the ability of a PMS to include preservation treatments depends on its ability to characterize pavement condition, in particular on its ability to differentiate between structural and functional distress, and to properly rate the overall condition of the pavement.  PP treatments are applicable typically in the “good” or “fair-to-good” condition states.  By definition these condition states present less distress and at lower severity levels, which unfortunately requires higher accuracy and precision if the distress is to be positively measured.  Nevertheless, even if highway segments that present structural distress (or failure) can be excluded as preservation candidates, there is value in reducing the number of sections that have to be considered for preservation.  Combined with exclusion of pavement segments that are new through a pavement-age filter, a list of candidate segments can be developed that is greatly reduced from the overall network.  So the adoption of some form of pavement-management system by the agency is strongly recommended.
Pavement Preservation at the Project Level

The most important concept in PP is “the right treatment to the right road at the right time.”  PP is not defined necessarily by the treatment applied, but to the rationale for selecting a treatment and the timing of application of the treatment – in other words, the project and treatment selection process.  This document aims to provide the reader with guidance in project and treatment selection based on a project-level pavement-condition evaluation.  Three sections are included – project selection process, pavement evaluation, and decision tree or decision tables, or “matrices.”


Pavement Preservation Project Selection Process

1. Develop a project candidate list

i. Using data on the surface age of the pavement, the pavement type, and the overall condition, narrow down the list of segments to review for potentially receiving a preservation treatment.  If you have a PMS or at least a pavement condition rating, use this information to filter out roads that are in poor structural condition from consideration for PP to optimize resources.
2. Conduct a pavement evaluation
i. For each project to be considered, conduct a pavement evaluation.  The pavement evaluation must provide answers to the following key questions:

1. Is the pavement segment in sound structural condition?

· This determines eligibility of the segment for preservation.

2. What are the predominant pavement deterioration mechanisms in the segment?

· This is necessary for the selection of a proper treatment.

3. What forms of distress are present and must be addressed as part of the preservation project?

· This may impact treatment selection and will impact the inclusion of ancillary treatments for isolated/secondary distress in the segment.

3. Use a preservation treatment project decision mechanism (decision tree, decision matrix, etc)
i. With the information from the pavement evaluation in hand, the next step is to identify preservation treatment(s) that address the existing conditions.

ii. The other component of a decision mechanism is the cost-benefit analysis.  To this end some measure of when the next feasible treatment is required and when that treatment can be applied is needed.  This need not be done on a project-by-project basis except if there is some project-specific condition;  in general this can be done by treatment.  It is suggested to do this on a unit-price basis, as long as the non-pavement costs do not vary widely (such costs may include, for example, high mobilization costs for very short segments;  high maintenance of traffic costs for heavy-volume roads).  If they do, a mechanism should be developed for addressing these cost differences, either by developing cost factors/additives that apply on a project-by-project basis, or by assigning different benefits to the cost-benefit analysis (i.e. some consideration of traffic volume affected by the improvement).
iii. Isolated structural failures can be included in a preservation project as long as the overall condition of the pavement is structurally sound.  The definition of “isolated” is both difficult and essential to proper project selection, as treating these conditions should only be incidental to the overall project cost and this work should be ancillary to the main preservation treatment driving general pavement deterioration.  A threshold of maximum length, or area, or severity level of a particular distress, or estimated cost as a percentage of the total treatment cost, must be made and should be included in the decision tree or matrix.

4. Evaulate Cost effectiveness of treating isolated distress  in a separate program
i. It is possible to treat isolated distress conditions as a separate program, where the work is completed prior to the application of the preservation treatment (say early in the season, or the prior year).  The unit costs of isolated structural repairs, for instance, are high, because it is difficult to achieve high production rates and labor, equipment, and mobilization are significant cost components.  Therefore, the agency should carefully evaluate the cost and feasibility of including these isolated repairs in a preservation project versus doing these repairs in house or through a separate maintenance or repair activity contract.  Addressing isolated conditions in a separate program has the benefit of correcting isolated conditions where the preservation decision would be “do nothing” otherwise;  it has the risk of paying for preparatory work when the preservation treatment is subsequently cancelled – these factors should be included in the decision of whether to implement such a program.
5. Establish a cost estimate.

i. This cost estimate may or may not include all project costs.  The recommended approach is to consider at a minimum major cost drivers that are materially different among alternatives (i.e. preliminary engineering costs, incidentals, isolated distress repair costs).  However, the earlier that it is known whether a project stands a good chance of not obtaining the required financing and funding, the earlier the project prioritization can be accomplished with minimum waste of design and project development effort.  This is of particular importance in PP because the suitability of a treatment is highly dependent on its timing (project scopes expire quickly).  A road that is a good candidate for crack sealing next year, may not be a good candidate in three years.
6. Prioritize the projects
i. Once the treatment scope and project estimate have been completed, the next step is to prioritize among the various project categories.  The prioritization process should be based primarily on cost-benefit analysis.  Initially agency costs should be included as a minimum, but eventually user costs (delays due to construction in particular) and ancillary costs (non-pavement-related project activities that are required by local, state, or federal regulations) should be included as well.  Prioritization is particularly important when needs exceed available budgets.  It is also important in determining an appropriate mix of treatments to be used.
ii. In the implementation (early) stage of a PP program, it is important to demonstrate each treatment in the agency’s toolkit, to develop expertise building and inspecting each, and to develop cost data (especially relative costs of one treatment versus another and versus rehabilitation and reconstruction treatment costs).  So the initial project prioritization would have a “constraint” or “rule” of executing at least one or two projects in each treatment category – at the beginning of implementation, the initial project prioritization may be to begin with one pilot project of a single preservation treatment and roll out treatment implementation based on the experience, gradually building the toolkit as expertise is gained with each treatment and project selection process.
Pavement Evaluation for Pavement Preservation


As discussed above, the pavement-preservation pavement evaluation must answer three key questions.
i. Is the pavement segment in sound structural condition?
The generalized presence of the following distress forms in the segment typically disqualify the segment from preservation treatments.  Isolated areas of structural distress must be identified and treated prior to application of the treatment.  (Suggestion:  No more than the minimum of a) 2% (combined for all structural distresses requiring full-depth repair) of the project area, or b) 12 discrete instances of full-depth repair, whichever is lower;  OR, one spot of full-width failure requiring spot reconstruction no longer than 150 feet (0.03 miles) in length).
a. Major structural distress forms in flexible pavement:
i. Full-depth potholes, deteriorated patching, and full-depth pavement disintegration.
ii. Pavement distortions (frost heaves, depressions) from lack of structural support in the granular layers under the asphaltic concrete.
iii. Fatigue cracking (alligator cracking in thinner pavements, longitudinal wheelpath cracks in thicker pavements).  Note:  edge cracking is technically fatigue cracking in form, but if confined to the pavement edge well outside the travelway or in areas subjected to traffic (such as driveways, mailboxes, etc) it may be possible to address it, depending on the treatment, as long as it is not pervasive or severe.
iv. Rutting due to lack of structural support in the granular layers or rutting of the entire bound layers of the pavement structure.  (This type of rutting is typically characterized by depressions in the wheelpaths, as opposed to rutting due to mix stability, typically characterized by “ridges” outside the wheelpaths, and/or bleeding in the wheelpaths, and/or pushing and shoving in braking or stop areas).

b. Major structural distress forms in composite pavement:

Important Notes: 
1. The general structural deterioration of composite pavement tends to be driven by the underlying PCC slab deterioration and condition and how it manifests itself at the surface, except for those characteristics of the HMA mix that make it susceptible to deterioration within the HMA layer itself (such as permeability, mix instability, excess asphalt, material segregation, slippage cracking, or delamination).

2. The joints in the underlying concrete slabs are expected to reflect through to the surface as single cracks, and their sole presence does not indicate structural distress at the joint, simply the reaction of the pavement to expansion and contraction (horizontal movement).
3. Longitudinal paving joints in the surface have a tendency to open and deteriorate.  This is not to be considered a structural distress but rather a surface (functional) distress, unless the deterioration extends deep into the pavement structure.  Longitudinal paving joints tend to be confused with reflection of the underlying longitudinal slab joint;  one way to differentiate between them is to consider that paving joints tend to open wide at the surface and develop a “V”-shaped cross-section, whereas the joint-reflection crack typically has a vertical crack face at the surface.
i. Deteriorated transverse joint-reflection cracks:  the deterioration is typically potholing, wide opening, roughness (bumps), depressions, faulting (difference in elevation from one side of the joint to the other), blow-ups of the actual underlying concrete slabs, or multiple “transverse” alligator cracking at the surface;  and pumping (extrusion of water and fines through the surface under passage of heavy loads).
ii. Deteriorated longitudinal joint-reflection cracks:  Wide opening of the joint with multiple longitudinal cracks, patches, or potholes;  at the outermost longitudinal joint, fatigue cracking in the adjacent asphaltic concrete pavement; differences in surface elevation from one side of the joint to the other; and, pumping (extrusion of water and fines through the surface under passage of heavy loads).
iii. Deteriorated transverse or longitudinal mid-slab cracks:  these typically exhibit similar behavior to that of the transverse or longitudinal joint-reflection cracks.
iv. Fatigue cracking or flexible-type deterioration outside of the underlying concrete slabs. (Follow the descriptions for flexible pavement for this distress form).  This is particularly important in widened pavements where some of the lanes have been constructed with full-depth HMA.
c. Major structural distress forms in liquid-surface-treated roadways:
  Important notes:
1. The distress forms in liquid-surface-treated roadways are similar to those in flexible pavement, except that there can be more distress present (in certain distress types) while maintaining preservation eligibility.  The other major difference in project and treatment selection between flexible and liquid-treated pavements is the limitation on the available feasible treatments for liquid-treated pavements.
2. The distress forms of liquid-surface-treated roadways are similar to those in flexible pavement.  However, the criteria for exclusion are different in these two pavement types.

d. Major structural distress forms in jointed concrete pavements:
Important notes:
1. The distress forms in concrete pavement are often structural in nature.  The eligibility of a rigid-pavement (concrete-surfaced pavement) for PP is correspondingly a function of the quantity of repairs that need to be made in the segment.

2. Due to the limited presence of concrete-surfaced pavements in the state highway network (including municipal roadways), these are not included in the manual at this time until we such time as we begin constructing more rigid (PCC-surfaced) pavement.

i. Major distress types (not discussed further here)

3. Deteriorated transverse joints
4. Deteriorated longitudinal joints

5. Deteriorated mid-slab transverse cracks
6. Deteriorated longitudinal cracks

7. Blowups

8. Depressions

9. Punchouts

10. D-cracking

11. Faulting

ii. What are the predominant pavement deterioration mechanisms in the segment?
Having identified a pavement segment in sound structural condition, we move to considering the deterioration mechanism(s), or “deterioration drivers”, in other words, the primary reason(s) why pavements would fall into worse condition over time.  Some of these drivers indicate structural deterioration and others functional deterioration (some indicate both).  Typically speaking, functional distress can be addressed by some treatment at the surface (which is where the functional condition is measured and felt) – structural distress is difficult to address from the surface except in the early stages, at low severities, and low extent.
a. Aggregate polishing – this can lead to loss of friction.  Polishing depends on the characteristics of the large aggregate, the time the aggregate has been in service, and the forces imposed by surface geometry (i.e. cross-slope, braking, etc).
b. Bleeding or flushing – this can lead to loss of friction, and also is an early indicator of the potential for rutting.
c. Thermal cracking (transverse full-width) – thermal cracking eventually leads to deterioration at the crack, plus the roughness of the road can increase.  Thinner pavements tend to develop thermal cracking full-depth earlier than thicker pavements, where it would typically begin from the top down and provide some extra time to address it.
d. Raveling, pitting – one of the main reasons for early intervention with surface treatments.  Once raveling and pitting (the loss of the coarse aggregate in isolated locations) become high-severity and generalized, the layer typically has to be milled off.
e. Surface potholes – these are high-severity raveling and delamination events.  These have to be repaired if few in number or the layer milled off if numerous (it costs too much to try to “save” the non-potholed surface versus treating the entire layer).  For the purposes of this document, consider delamination to be a form of potholing with extremely large horizontal dimensions with respect to the depth of the pothole.
f. Block cracking, “spider” cracking – this is age-related (brittleness, “shrinkage” or lack of elasticity in expansion-contraction cycles) and can be arrested by eliminating exposure to the air, water, and reducing the magnitude of temperature changes at the surface.  Spider cracking is basically randomly-oriented, hairline cracking caused by a mix that is too brittle for conditions (this may be due to lack of asphalt with respect to fines or an overly brittle asphalt binder itself, or a combination of both).
g. Opening of the longitudinal paving joint(s) – this is often the first form of distress present in HMA surface layers and can lead to raveling.
h. General transverse and longitudinal non-wheelpath cracking – there is a number of reasons why this takes place;  existing cracking under overlays, thermal or aging cracking, etc.  Addressing cracking requires sealing the cracks;  if cracking is sufficiently high in extent or severity, the crack pattern itself may have to be addressed.
i. Longitudinal wheelpath cracking / fatigue cracking – this is an indicator of structural distress and can cause preservation to be ineffective.  Longitudinal wheelpath cracking in its early stages can be slowed down slightly through adding some structure to the facility (overlaying), but if this is the primary distress driver the segment should be treated for rehabilitation as opposed to preservation.
j. Edge cracking – a less-severe form of alligator cracking because it is usually not on the travelway, it should be monitored or addressed if sufficiently severe.
k. Rutting (from mix stability), pushing and/or shoving – the unstable layer should be removed to correct the condition, although some surface milling to remove the rutting followed by a surface treatment (or microsurfacing with rut-filling) can be used to address the functional condition but only temporarily (this would be more of a band-aid treatment).
l. Rutting (from base densification, not progressing) – if the rutting is not caused by mix instability, its magnitude has stabilized, and is not progressing, we can mill out the rut and fill, or rut-fill using microsurfacing (with microsrufacing surface treatment).  

m. Rutting (from base lack of support, progressing) If the rut is progressing and is not caused by surface mix instability, there is structural failure and preservation is not recommended.
n. Joint Reflection cracking (Composite pavement only) – unavoidable cracking unless a major intervention is undertaken, such as full-depth reclamation or cold-in-place recycling followed by an overlay.  The extent and nature of existing cracking is key in determining whether preservation is appropriate.
o. Depressions – If these are from base failures they have to be corrected, or if generalized they preclude the use of PP in the segment.  Depressions, however, may be built into the pavement from the onset and represent a construction defect;  in this case and if isolated they can be treated along with a preservation treatment.
p. Structural Failure – Areas of total pavement failure (full-depth)

q. Pavement Age – If there are no visible deterioration drivers, the pavement is still undergoing environmental stress from temperature and moisture cycles and sun exposure.  This stress impacts the properties of the pavement materials in various ways – in particular, liquid asphalt binder is susceptible to oxidation and hardening from exposure to ultra-violet radiation and air.  This is important at the pavement surface and can result in eventual surface cracking and/or raveling.  The way to treat this “deterioration driver” is to impose a limit based on knowledge of material behavior and expected service life both on the upper end of age and at the low end of age.  An alternative is to test the material at the top 0.5 inches of the pavement structure, but this is rather time-consuming and difficult and should only be done when the rate of return on the value of the additional information is sufficient to justify the investment in a formal, rigorous mechanistic evaluation.  For the purposes of this manual, however, the pavement age limits should be between 9 and 15 years (only higher in an initial survey or if at the beginning of implementation of a preservation program where the backlog of good pavements that are over 15 years old is too large to address in a single construction season.)  If the pavement is exhibiting only crack-related distress, this in itself may be an early indication of age-related distress so that if the pavement is between 9 and 15 of age a surface-protection treatment can be considered along with the crack treatment – this is prudent, judicious application of PP principles.  Age triggers are only included after the decision mechanism based on distress is addressed.  
iii. What other forms of distress are present and must be addressed?
Along with the deterioration drivers, the pavement may be deteriorating in other respects.  For instance, a composite pavement may be beginning to ravel but the underlying PCC joints may have reflected through;  a surface treatment should be preceded by crack sealing to address that form of distress.  In many cases one treatment addresses more than one form of distress, this should be reflected in the decision matrix used to select the treatment and construct the major components of a preservation project. 


Guidance is provided in this document for the identification of distress (the pavement evaluation form, included as Appendix A).  Together with the decision matrix, the information can be used to address distress present and achieve extended service life.

iv. What if the pavement shows no visible distress?
There is still reason, under certain circumstances, to preserve a pavement that shows little or no observable or sensible distress.  In particular, asphalt binder is susceptible to environmental stress from exposure to air, the sun, and moisture, leading to increasing brittleness at the surface and the corresponding susceptibility to cracking and/or raveling.  At some point it will be more cost-effective to intervene than to wait another year for the onset of distress based on this knowledge.  The suggested surface-replacement cycle is a time window between 10 and 15 years for pavements with no distress.  The selection of an intervention should be based on economic/criticality factors, risk mitigation, scheduling, and previous experience in your jurisdiction – if, for example, there is a project planned for non-pavement reasons, the PP intervention could be undertaken in conjunction with that project; or, if resurfacing tends to last at most 15 years, then scheduling a surface treatment prior to the onset of distress one year before could result in significant savings.
Decision Matrix for Pavement Preservation Treatment Selection
Once “sound structural condition” has been established and structurally deficient pavements have been eliminated for consideration for PP, and once the pavement evaluation has been completed, the appropriate treatment for the functional pavement condition can be selected.  The decision process is built on the available treatment(s) that you have decided to include in your treatment toolbox and compiled into “decision tables” or “decision matrices.”  Expand the tables for new treatments in the preservation toolbox.  The treatments are discussed in Section entitled “Development of a treatment toolkit.”

Figure 1 – Role of Decision Tables within PP Treatment Selection Process

In order to use the decision tables, a pavement condition evaluation must be completed.  You may use the pavement evaluation form included in Appendix A, and/or the Long-Term Pavement Performance (LTPP) Distress Identification Manual , available at

http://www.fhwa.dot.gov/publications/research/infrastructure/pavements/ltpp/reports/03031/03031.pdf.  Although there are some minor differences, in particular the definition of a longitudinal paving joint (which is not included in the LTPP definition), the manual is an excellent resource for learning to identify distress.  Another main difference is the measurement units for cracking – the FWEQ and FLEQ concepts are there as a shortcut for the LTPP length basis.  FWEQ and FLEQ allow for a quicker measurement since they are essentially averages as opposed to absolute values.  There is no problem in changing the crack-estimation units, except that the decision thresholds have to be adjusted accordingly.
From the pavement evaluation, you will be selecting a main treatment that addresses the main deterioration drivers.   Step 1 actually consists of pre-filtering for treatments that may not be applicable based on non-pavement-condition factors.  The diagram below explains the overall concept.  
Once you are familiar with the treatments, what they address, and what conditions are appropriate for them, the primary use of the decision tables and processes is for documentation.  This step-by-step guide will help you through the process as you get started, and will help document how you are making PP decisions.  Compilation of the various project actions will also allow you to expand your treatment toolbox, identify what preservation treatment needs are paramount, and document the performance of the treatments as you evaluate their effectiveness.  Figure 2 outlines eight steps required in the process.
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Figure 2 – Diagram of eight-step project (treatment) selection process for preservation

The main goal of this eight-step process is to eliminate treatments and combinations of treatments that are not appropriate or effective for addressing and mitigating the propagation of distress.  At the end of Step VII you will have a list of project alternatives (or a single feasible alternative) available for preservation.  Step VIII consists of “external” (non-pavement) constraints and preferences that are up to you for making the final project intervention decision.

Treatment Selection Steps (I through VIII)
I. Exclude any treatments based on technical factors other than pavement condition.

Required Inputs:

a. Project limits

b. 2-way daily vehicle traffic (AADT)

c. Rural versus urban location

d. Approximate thickness of the bound layers of the pavement structure (asphalt)

e. Complete treatment toolbox
Description of step:

a.  Identify technical limitations of the various treatments and eliminate treatments based on site conditions other than pavement.  Use Figure I-1 and Table I-1.
Output:


a.  Streamlined treatment toolbox, to be used in the following steps.
Step I Discussion 

TREATMENT FEASIBILITY AND APPROPRIATENESS SETS BASED ON NON-PAVEMENT SEGMENT CHARACTERISTICS 
The following schematic presents two variables that, although not specifically related to pavement characteristics per se, may impact treatment selection:  Traffic volume and rural vs. urban conditions.  Although this is an oversimplification of the issues involved, it is worth considering treatment limitations and suitability to each situation presented.  The schematic and accompanying table below present an overall picture of the limitations, but it is possible to list the limitations by treatment (i.e. rubberized chip seal could have a volume limitation and a limitation where there are sidewalks in the segment;  mill-and-fill may not be feasible where existing asphalt-bound thickness is less than 3 inches (or 4)) or by situation that is encountered (i.e. feasible treatments where there is curb and gutter on city streets;  feasible treatments for areas with high speed; etc) 

[image: image2]
Figure I-1

This provides a set of six (6) sets of treatments, which are listed in the table below.  These sets do not apply to crack sealing or filling, which apply to all sets.  See notes and key below the table.

TABLE I-1

	Tmts (
Sets↓
	Crack Sealing
	Crack Filling
	Rubb. Chip Seal
	2-lift Micro.
	Ultra-thin*
	Thin Overlay*
	Func. Ovrlay**
	Mill &  Fill***

	Pvt thck(
	L
	M
	H
	L
	M
	H
	L
	M
	H
	L
	M
	H
	L
	M
	H
	L
	M
	H
	L
	M
	H
	L
	M
	H

	RL
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	C
	C
	C
	C
	C
	C
	Y
	Y
	Y
	C
	Y
	Y
	C
	Y
	Y

	RM
	Y
	Y
	Y
	Y
	Y
	Y
	N
	N
	N
	Y
	Y
	Y
	C
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	C
	Y
	Y

	RH
	Y
	Y
	Y
	Y
	Y
	Y
	N
	N
	N
	Y
	Y
	Y
	C
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	C
	Y
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	UL
	Y
	Y
	Y
	Y
	Y
	Y
	N
	N
	N
	Y
	Y
	Y
	C
	C
	C
	C
	C
	C
	C
	C
	C
	C
	Y
	Y

	UM
	Y
	Y
	Y
	Y
	Y
	Y
	N
	N
	N
	Y
	Y
	Y
	Y
	Y
	Y
	C
	C
	C
	C
	C
	C
	C
	Y
	Y

	UH
	Y
	Y
	Y
	Y
	Y
	Y
	N
	N
	N
	C
	C
	C
	Y
	Y
	Y
	C
	C
	C
	C
	C
	C
	C
	Y
	Y


* Ultra-thin overlay is typically more expensive than other surface treatments, therefore its selection for low-priority roadways should be reviewed – for many of its uses there are cheaper alternatives.

** The feasibility of the functional overlay depends on curb reveal, guiderail height, number of driveways within the segment, drainage-structure height, and under-clearance issues.  This also applies to a lesser extent to the Thin Overlay as well.  (Theoretically it applies everywhere, but this can be an issue in particular in city streets or residential-area roads with many driveways).

***The main structural concern with Mill & Fill projects is whether there is sufficient bound-layer thickness remaining after milling is completed.  If this is not the case, the pavement might develop structural distress (or fail) while opened to traffic in its milled condition.  A second concern is the integrity of the layer that is going to be exposed by milling.  If it is stripping or raveling, this may exacerbate conditions while the construction project is going on.

Key:  

N – This treatment is excluded from this set.

C – Consider this treatment with constraints.

Y – This treatment is considered in this set.

Please use this table prior to entering the decision matrices so that treatments that are constrained by these conditions are filtered out.  Note that Rubberized Chip Seal is limited to “low” traffic volumes and “rural” roadways.  The volume limitations may change as the technology evolves, but the main concern here is loose stone immediately after construction.  Although rubberized chip seal exhibits vastly fewer individual loose pieces of aggregate relative to traditional chip seal, this may still be a problem in urban areas.

At any rate, list the treatments feasible for the subject project and eliminate consideration of the treatments that are not recommended or that present constraints.

Example:  Segment on a roadway that has 1,200 vehicles per day, on flexible pavement where the bound layers (the layers containing asphalt binder) total 2.5 inches, in an urban area would allow consideration of the following treatments (even before the pavement evaluation is conducted):

UL, pavement thickness = L

Crack sealing: Yes

Crack filling: Yes

Rubberized Chip Seal:  No (not recommended because of possible loose stone)

2-Lift Microsurfacing:  Consider with constraints (check cracking)

Ultra-thin bonded HMA:  Consider with constraints (cost, check cracking)

Thin Overlay:  Consider with constraints (curb reveal, check cracking)

Functional Overlay:  Consider with constraints (curb reveal)

Mill-and-Fill:  Consider with constraints (existing thickness)

In this case the rubberized chip seal is eliminated for consideration, and thin overlay, functional overlay, ultra-thin bonded HMA, and mill-and-fill can be either continue to be considered or outright rejected based on incompatibility with some constraints:  there are only 2.5 inches of bound pavement available for milling.  (Milling presents too high a probability of some pavement failure at a depth over 1 inch or so).  Microsurfacing, Ultra-thin bonded HMA, and Thin Overlay have to be checked regarding cracking extent as these treatments are not specifically effective at treating cracking;  however, this  takes place later in the process and they may still be combined with crack sealing/filling as appropriate to achieve mitigation and reduction of propagation).

Doing this step first will simplify the treatment-selection process.

II. Evaluate the pavement.  

Required Inputs:

a. Project limits

b. Distress definitions (such as LTPP Distress Identification Manual)

c. Pavement evaluation form (such as form in Appendix A)

Description of step:

1. Conduct visual inspection of the proposed project location.

2. Identify the predominant deterioration mechanism(s) being experienced by the pavement.

3. Characterize and measure the distress forms. 
Output:

a. Eligibility of pavement segment for preservation (based on structural distress).  If ineligible, this is the end of the entire process in terms of preservation.

b. Completed pavement evaluation form.

a. Pavement deterioration driver(s)

b. Quantity and severity of distress present in the pavement.

c. Identification of isolated structural distress or failed areas.

Step II Discussion

IMPORTANCE AND FORMAT OF PAVEMENT EVALUATION 

This step is important in documenting the technical basis for preservation decision-making.  The form can be used for any kind of pavement evaluation at the project level.  If you have a PMS or automated distress evaluation, your network-level evaluation will look somewhat different.  Pavement evaluation schemes such as PASER (from Wisconsin, with a 0-10 rating scale), MicroPaver (where 19 distress forms are evaluated and a 0-100 scale is derived), or the Bay Area Pavement Management Pavement Condition Index (also resulting in a 0-100 index) are all feasible to implement at the network level;  at the Connecticut DOT we use automated distress measurement, roughness, and rutting to determine a pavement condition index that is designed to be on our traditional Pavement Serviceability Rating (PSR) scale of 1-9.  The choice of rating system impacts the ability to translate the network-level data to the project level.  Those that have distress information stored will provide greater insight into deterioration drivers.  At the end, however, you will have to run a project-level pavement evaluation.  For this purpose, the Long-Term Pavement Performance (LTPP) Distress Identification Manual is highly recommended as a starting point for distress definitions. 

Append
ix A of this document presents a sample pavement evaluation form that can be used out in the field.  You only need to fill out the distress observed, leaving the rest blank.  You may design your own form, as simple or complex, as formatted or free-form as you see fit.  Regardless of the form used, however, having a standard set of definitions and language to describe distress is strongly suggested for future reference, for ease of communication, and for documentation purposes.

III. Exclude treatments for which distress thresholds are exceeded.  

Required Inputs:

a. Completed pavement evaluation form.

b. Distress thresholds for each treatment.

Description of step:

1.  Check measured distress against distress thresholds for each treatment.

2. Eliminate treatments for which the distress thresholds are exceeded.

Output:

a.   Streamlined treatment toolbox.

Step III Discussion

CHECKING DISTRESS THRESHOLDS FOR EACH PRESERVATION TREATMENT

Some preservation treatments are likely not appropriate for certain quantities of distress.  For instance, ultra-thin overlays are not particularly apt for areas of very frequent high-severity thermal (transverse) cracking – this is because the benefit of the ultra-thin overlay is reduced by the rapid reflection of the underlying cracks.  If these cracks are sufficiently spaced, this is not much of an issue – they are just sealed.  If they are too frequent, though, why not address them in a more comprehensive and effective way through, for instance, mill and fill?

Use the distress quantities in the pavement evaluation form and see for what treatments the thresholds are exceeded.  Table III-1 includes the threshold values.
TABLE III-1 – DISTRESS THRESHOLDS FOR EACH PRESERVATION TREATMENT

	Distress


	Extent Unit
	Sev. 
	Rubb Chip Sl
	2-lift 

Micro
	Ultra-thin
	Thin OL
	Functional Overlay
	Mill and Fill

	Polishing
	Max % area
	All
	100
	100
	100
	100
	100
	100

	Bleed/Flush
	Max % area
	L
	100
	100
	100
	100
	100
	100

	
	
	M, H
	20
	100
	100
	100
	100
	100

	Thermal Cracking
	Min FWEQ spacing, ft
	L
	25
	50
	50
	50
	25
	25

	
	
	M
	40
	50
	50
	50
	50
	40

	
	
	H
	50
	75
	75
	75
	75
	50

	Raveling
	Max % area
	L
	100
	100
	100
	100
	100
	100

	
	
	M
	10
	10
	10
	100
	100
	100

	
	
	H
	ISO
	ISO
	ISO
	5
	5
	100

	Surf Potholes
	Max % area
	L
	ISO
	ISO
	ISO
	ISO
	ISO
	100

	
	
	M
	ISO
	ISO
	ISO
	ISO
	ISO
	100

	
	
	H
	ISO
	ISO
	ISO
	ISO
	ISO
	100

	Block Ckg
	Max % area
	L
	100
	10
	100
	100
	100
	100

	
	
	M
	10
	10
	10
	10
	100
	100

	
	
	H
	ISO
	10
	ISO
	10
	10
	100

	Long Pv Jt
	% tot jt lngth
	L
	100
	100
	100
	100
	100
	100

	
	
	M
	10
	100
	10
	10
	10
	100

	
	
	H(1)
	ISO
	10
	ISO
	ISO
	ISO
	100

	NWP Ckng
	Min  FWEQ (T) ck spc (ft), Max  FLEQ (L) / lane
	L
	25, 2.5
	50, 1.5
	50, 1.5
	50, 1.5
	25, 

2.5
	25, 2.5

	
	
	M
	40, 2.0
	50, 1.5
	50, 1.0
	50, 1.0
	50, 

2.0
	40, 2.5

	
	
	H
	50, 1.5
	75, 0.5
	75, 0.5
	75, 0.5
	75, 

1.0
	50, 1.5

	Mix Rutting 
	% tot ln lngth 
	L
	10
	100
	10
	10
	10
	100

	
	
	M
	ISO
	25
	ISO
	ISO
	5
	100

	
	
	H
	ISO
	ISO
	ISO
	ISO
	ISO
	100

	Stab. Rut
	% tot ln lngth
	L
	10
	100
	10
	100
	100
	100

	
	
	M
	ISO
	100
	ISO
	10
	10
	100

	
	
	H
	ISO
	25
	ISO
	ISO
	ISO
	100

	Base Rut
	% tot ln lngth
	All
	ISO
	ISO
	ISO
	ISO
	ISO
	ISO

	T J Rfl Ckng 
	% joints
	L
	100
	100
	100
	100
	100
	100

	
	
	M
	10
	10
	10
	10
	25
	100

	
	
	H
	ISO
	ISO
	ISO
	ISO
	ISO
	ISO

	L J Rfl Ckng 
	% joint length
	L
	100
	100
	100
	100
	100
	100

	
	
	M
	2
	2
	2
	2
	20
	20

	
	
	H
	ISO
	ISO
	ISO
	ISO
	ISO
	20

	Depressions
	Max % area
	L
	ISO
	ISO
	ISO
	2
	5
	5

	
	
	M, H
	ISO
	ISO
	ISO
	ISO
	ISO
	ISO


IV. Select treatments effective for deterioration drivers.  

Required Inputs:

a. Completed pavement evaluation form.

b. List of deterioration drivers.

c. List of treatments and applicability to deterioration drivers.

Description of step:

1. Find any treatments that are effective in addressing all deterioration drivers.

2. Find combinations of two or more treatments that would be effective in addressing all deterioration drivers.

3. Eliminate all other treatments.

Output:

a. List of Effective treatments and/or effective treatment combinations from the already streamlined treatment toolbox.

Step IV Discussion

SELECTION OF EFFECTIVE TREATMENTS FOR DETERIORATION DRIVERS

This is the heart of the treatment selection process.  With experience, PP practitioners can often complete this step by simple reflex – one gets a sense of what works in each situation and there are many of the boxes below that are simply eliminated in one’s head.  So for a flushed pavement, the main treatment could be any one of the surface treatments, but based on how it looks to you (how severe) and how extensive the bleeding is, you may already be thinking mill-and-fill for that particular situation.  This matrix is just a way of capturing all that knowledge and documenting the process so that it can be replicated by your successors and well documented for future reference.  Note that there are ways you can combine two treatments (a prep treatment and the main treatment) to get the main result. Often the combination will be a treatment from Table IV-2 for cracking and a treatment for Table IV-1 to address the surface, such as crack seal plus rubberized chip seal, or crack fill plus ultra-thin overlay.

TABLE IV-1 - DECISION MATRIX FOR FUNCTIONAL TREATMENTS FOR PP
	Distress


	Severity 
	Rubb Chip Seal
	2-lift 

Micro
	Ultra-thin
	Thin OL
	Functional Overlay
	Mill and Fill

	Polishing
	L, M, H
	E
	E
	E
	E
	E
	E

	Bleed/Flush
	L
	E
	E
	E
	E
	E
	E

	
	M, H
	M
	E
	E
	E
	E
	E

	Therm Ckng
	L
	M
	N
	N
	M
	M
	M

	
	M
	M
	N
	N
	N
	N
	M

	
	H
	X
	X
	X
	X
	X
	N

	Raveling
	L
	E
	E
	E
	E
	E
	E

	
	M
	M
	M
	M
	E
	E
	E

	
	H
	X
	X
	X
	M
	M
	E

	Surf Pthles
	L, M
	N
	N
	N
	N
	N
	E

	
	H
	X
	X
	X
	X
	X
	E

	Block Ckng
	L
	E
	E
	E
	E
	E
	E

	
	M
	E
	M
	M
	M
	E
	E

	
	H
	N
	N
	N
	N
	M
	E

	Long Pv Jt
	L
	E
	E
	E
	E
	E
	E

	
	M
	M
	E
	M
	E
	E
	E

	
	H(1)
	X
	X
	X
	X
	N
	E

	NWP Ckng
	L
	M
	M
	M
	M
	M
	E

	
	M
	M
	N
	N
	N
	M
	E

	
	H
	X
	X
	X
	X
	X
	M

	Ftigue Ckng
	L
	N
	N
	N
	N
	M
	M

	
	M
	X
	X
	X
	X
	X
	X

	
	H
	X
	X
	X
	X
	X
	X

	Edge Ckng
	L
	M
	N
	N
	M
	M
	M

	
	M
	N
	N
	N
	N
	M
	M

	
	H
	N
	N
	N
	N
	N
	N

	Mix Rutting 
	L 
	X
	E
	X
	M
	M
	E

	
	M
	X
	M
	X
	X
	X
	E

	
	H
	X
	X
	X
	X
	X
	E

	Stabilized 
	L
	X
	E
	N
	M
	E
	E

	Rutting
	M
	X
	E
	X
	N
	M
	E

	
	H
	X
	E
	X
	X
	X
	E

	Base Rut
	All
	X
	X
	X
	X
	X
	X

	T J Rfl Ckng 
	L
	N
	N
	N
	N
	M
	E

	
	M
	X
	X
	X
	X
	N
	M

	
	H
	X
	X
	X
	X
	X
	X

	L J Rfl Ckng 
	L
	M
	N
	N
	M
	M
	E

	
	M
	N
	N
	N
	N
	N
	M

	
	H
	N
	N
	N
	N
	N
	M

	Depressions
	L
	N
	N
	N
	N
	M
	M

	
	M, H
	X
	X
	X
	X
	X
	X


(1):  High-severity paving joint can be locally repaired (20” min. mill and patch centered around joint, then considered as a Low Severity condition), or milled-and-filled joint and mat
E = effective, M = marginally effective, N = not effective, X = counterproductive/not recommended.

TABLE IV-2 – APPLICABILITY OF CRACK TREATMENTS FOR VARIOUS CRACK-RELATED DISTRESS

	Distress


	Severity 
	Crack Seal
	Crack Fill

	Therm Ckng
	L
	E
	N

	
	M
	E
	N

	
	H
	X
	X

	Block Ckng
	L
	E
	E

	
	M
	E
	E

	
	H
	X
	X

	Long Pv Jt
	L
	E
	E

	
	M
	N
	E

	
	H(1)
	X
	N

	NWP Ckng
	L
	E
	E

	
	M
	E
	M

	
	H
	X
	X

	Ftigue Ckng
	L
	M
	N

	
	M
	M
	N

	
	H
	N
	N

	Edge Ckng
	L
	M
	N

	
	M
	M
	N

	
	H
	N
	N

	T J Rfl Ckng 
	L
	E
	N

	
	M
	E
	N

	
	H
	X
	X

	L J Rfl Ckng 
	L
	M
	E

	
	M
	N
	E

	
	H
	N
	N


(1):  High-severity paving joint can be locally repaired (20” min. mill and patch centered around joint, then considered as a Low Severity condition), or milled-and-filled joint and mat
E = effective, M = marginally effective, N = not effective, X = counterproductive/not recommended.

V. Select ancillary treatments if appropriate.  

Required Inputs:

a. Completed pavement evaluation form with distress measurements.

b. List of ancillary treatments.

Description of step:

1. Find any treatments that are effective in addressing secondary/isolated distress.

2. Include these treatments along with the primary treatment.

Output:

a.   Ancillary work items to be included with main preservation treatments remaining in the streamlined toolbox.

Step V Discussion

WHAT ARE ANCILLARY TREATMENTS?

Ancillary treatments are those for secondary distress forms that are present but are not driving the deterioration of the pavement, or for isolated distress conditions for which the primary treatment does not provide relief (such as spot base failures, for instance, or pushing or shoving at a particular intersection).  Use Table V-1 to find ancillary treatments that address secondary conditions.

TABLE V-1 – ANCILLARY TREATMENT EFFECTIVENESS ON DISTRESS FORMS

	Distress

Form


	Severity 
	CS
	CF
	Pre-Ovl Ck Fill
	Surf.

Patch
	PDP*
	FDP*
	Micromill
	Mill
	Leveling

	Polishing
	L, M, H
	N
	N
	N
	N
	N
	N
	E
	E
	E

	Bleed/Flush
	L
	N
	N
	N
	N
	N
	N
	E
	E
	E

	
	M, H
	N
	N
	N
	N
	N
	N
	E
	E
	E

	Therm Ckng
	L
	E
	M
	M
	M
	E
	E
	N
	M
	M

	
	M
	E
	M
	M
	M
	E
	E
	N
	M
	M

	
	H
	N
	N
	N
	M
	E
	E
	N
	M
	N

	Raveling
	L
	N
	N
	N
	E
	E
	E
	E
	E
	E

	
	M
	N
	N
	N
	E
	E
	E
	M
	E
	E

	
	H
	N
	N
	N
	E
	E
	E
	N
	E
	M

	Surf Pthles
	L, M
	N
	N
	N
	E
	E
	E
	N
	E
	M

	
	H
	N
	N
	N
	E
	E
	E
	N
	E
	N

	Block Ckng
	L
	E
	E
	E
	E
	E
	E
	N
	E
	E

	
	M
	E
	E
	E
	E
	E
	E
	N
	E
	E

	
	H
	N
	N
	N
	M
	E
	E
	N
	E
	M

	Long Pv Jt
	L
	E
	E
	E
	E
	E
	E
	M
	E
	E

	
	M
	N
	E
	E
	E
	E
	E
	N
	E
	E

	
	H
	N
	N
	N
	E
	E
	E
	N
	E
	M

	NWP Ckng
	L
	E
	E
	E
	E
	E
	E
	M
	E
	E

	
	M
	M
	M
	M
	E
	E
	E
	N
	M
	M

	
	H
	N
	N
	N
	M
	E
	E
	N
	N
	N

	Ftigue Ckng
	L
	M
	N
	N
	M
	E
	E
	N
	M
	M

	
	M
	N
	N
	N
	M
	E
	E
	N
	N
	N

	
	H
	N
	N
	N
	N
	M
	E
	N
	N
	N

	Edge Ckng
	L
	E
	M
	M
	M
	E
	E
	N
	M
	M

	
	M
	N
	N
	N
	N
	E
	E
	N
	N
	N

	
	H
	N
	N
	N
	N
	E
	E
	N
	N
	N

	Mix Rutting 
	L
	N
	N
	N
	E
	E
	E
	M
	E
	M

	
	M
	N
	N
	N
	E
	E
	E
	M
	E
	N

	
	H
	N
	N
	N
	E
	E
	E
	N
	E
	N

	Stabilized 
	L, M
	N
	N
	N
	E
	E
	E
	E
	E
	E

	Rutting
	H
	N
	N
	N
	E
	E
	E
	M
	E
	M

	Base Rut
	All
	X
	X
	X
	X
	N
	E
	X
	X
	X

	T J Rfl Ckng
	L
	E
	M
	M
	E
	E
	E
	N
	M
	M

	
	M
	E
	M
	M
	M
	E
	E
	N
	N
	N

	
	H
	N
	N
	N
	N
	E
	E
	N
	N
	N

	L J Rfl Ckng 
	L
	E
	E
	E
	E
	E
	E
	N
	M
	M

	
	M
	M
	E
	E
	E
	E
	E
	N
	N
	N

	
	H
	N
	M
	M
	M
	E
	E
	N
	N
	N

	Depressions
	L
	N
	N
	N
	M
	E
	E
	M
	M
	M

	
	M, H
	N
	N
	N
	N
	M
	E
	N
	N
	N


* PCC full-depth patch for composite pavement; PDP and FDP to be used on isolated spots only.

VI. Determine compatibility of ancillary treatments with primary treatments.

Required Inputs:

a. List of primary treatments.

b. List of ancillary treatments.

c. Table comparing compatibility of ancillary and primary treatments.

Description of step:

1. Check whether the feasible primary treatments are compatible with ancillary treatments.

2. Exclude combinations that are incompatible.

Output:

a.   List of main treatment/ ancillary treatment combinations that are compatible.

Step VI Discussion

PAIRING ANCILLARY TREATMENTS WITH PRIMARY TREATMENTS

The next step is a check of compatibility between ancillary treatments and the primary treatment.  For instance, a crack-sealing project would not use a leveling course.  And a mill-and-fill project would not use crack sealing (it can – should the item be feasible – use Pre-Overlay Crack Filling).  Use Table VI-1 for this purpose.
TABLE VI-1 -  Main Treatment and Ancillary/Prep item COMPATIBILITY
	Main Treatments (
	CS
	CF
	RCS
	MICRO
	UT
	Thin OL
	Func OL
	MF

	Preparatory/Ancillary Items 

↓
	
	
	
	
	
	
	
	

	Surf Patching
	A
	A
	A
	A
	A
	A
	A
	N

	CS
	--
	C
	R*
	A*
	R*
	N
	N
	N

	CF
	C
	--
	A*
	R*
	R*
	N
	N
	N

	Pre-Ovl Crack Filling
	N
	N
	A
	A
	A*
	R
	R
	R

	Partial-Depth Patching (isolated locations only; includes concrete full depth patching for composite segments)
	A
	A
	A
	A
	A
	A
	A
	A

	Full-Depth Patching (isolated locations only; includes concrete full depth patching for composite segments)
	A
	A
	A
	A
	A
	A
	A
	A

	Leveling Course
	N
	N
	A
	A
	A
	A
	A
	A**

	Micromilling
	N
	N
	A*
	A*
	A*
	A*
	A
	A***

	Milling (Fine milling)
	N
	N
	N
	N
	N
	N
	N
	C

	Remove Paint Striping
	A
	A
	R*
	R*
	R*
	A*
	N
	N

	Microsurfacing for rut-filling*
	N
	N
	A
	R


	A
	A
	A
	N

	
	
	
	
	
	
	
	
	


* Micromilling should not be combined with crack sealing or filling items but rather with pre-overlay crack filling, to be done AFTER micromilling.  Where micromilling is used, Removal of Paint Striping should not be used (duplication).  Micromilling should not be combined with microsurfacing for rut-filling (not compatible and duplicates rut-removal effort).
**Leveling course may be necessary for certain projects and should be placed quickly after milling and cleaning the surface.  For preservation, the need for a leveling course should drive the milling depth, not the milling depth drive the presence of the leveling course. (For instance, a leveling course may sometimes be needed on a high-speed roadway to prevent raveling of the surface after milling while the overlay has not been placed.)

*** Micromilling is allowed if it is THE PRIMARY milling treatment portion of Mill-and-fill – if micromilling is used to mill the existing surface, then fine milling or milling at the same location is not effective (redundant).  Typically the milling portion of mill-and-fill treatments would be accomplished with Fine Milling, not necessarily micromilling.

TABLE VI-1 KEY:  

C = Combined as main treatment where appropriate, combined as preparatory item where appropriate.

R = Recommended ancillary/preparatory treatment together with the main treatment.

A = Allowed as needed;  may replace recommended ancillary treatment as needed.

N = The ancillary item is typically not compatible with the corresponding main treatment and should not be combined except for reasons other than preservation as required and where it is feasible.

Note:  There may be other preparatory/ancillary items included with the project.  The criteria for inclusion of any “allowed” items is based on project-specific conditions and needs, or on an experimental basis, and in amounts where the main treatment still drives the cost and scope of the project.  This means that, for instance, Full-Depth Patching should not be used if this item is needed extensively on the project, because it is indicative of structural failure;  FDP should be used only for isolated conditions.  Surface Patching may be needed to repair a badly opened longitudinal paving joint through a majority of the project length;  in this case, its cost and benefit has to be weighed against changing the scope to mill out the entire layer.  (for instance, [surface patch + ultra-thin overlay] versus [mill-and-fill.] For this scope, the costs and estimated service lives are different.  User costs due to construction delays should be included in the calculation.  Use RealCost software available from the FHWA to compare costs.  Most of the time, however, the appropriate cost will be self-evident.)

VII. List final feasible treatments (primary plus ancillary).

Required Inputs:

a. List of primary treatments.

b. List of ancillary treatments.

Description of step:

1. List all feasible combinations remaining from the streamlined treatment toolbox.

Output:

a.   Final candidate treatment list (project alternatives;  primary plus ancillary treatment list)

Step VII Discussion

THE FINAL CANDIDATE TREATMENT LIST

The cumulative effect of Steps I – VI is to eliminate treatments and combinations of treatments that are not appropriate or effective for the pavement conditions in the project.  Step VII is really the output from all the previous steps.  It may well be that a single treatment remains feasible for conditions.  If there are no feasible treatments, the pavement segment is either a) not a good preservation candidate, or b) the treatment toolbox has to be expanded for site conditions.  For instance, if the deterioration driver is polishing but you have no surface treatments (only crack sealing), you will have to go “outside the box” and implement a new treatment for this condition.  Or you may come up with a new strategy for dealing with the condition.

VIII. Select final treatment.

Required Inputs:

a. Final candidate treatment list.

b. List of other considerations beyond technical/pavement, including cost/benefit relationships, treatment performance, project complexity, etc.

Description of step:

1.  Select final treatment based on inputs to this step.

Output:

a. Selected treatment or combination thereof, including primary and ancillary items with estimated quantities.

Step VIII Discussion

SUBMITTING THE CANDIDATE PROJECT FOR ENGINEERING/DESIGN

Now that the technical assessment and feasible treatment selection (with project work items) is completed, the remaining selection criteria are related to cost, project financing, ability to execute project within the time frame suitable for preservation projects, project complexity, experience with a treatment, and other such constraints. 

The output from Step VIII can be submitted to the next step of putting together project documents (contract and plans, if applicable).

Development of a treatment toolkit

The preservation toolkit is a list of main treatments that will be used to preserve pavements in your highway network.  There are some basic principles in building a treatment toolkit, as follows:

1. Begin by listing treatments that could be used in preservation that you already have experience with.  (Remember that the treatments are not in and of themselves PP, but the treatments WITH the project selection process – the right treatment to the right road at the right time – are the backbone of your preservation program.)

2. Examine your network for the main deterioration driver(s) that your existing treatments do not address.  List potential treatments (in this manual, or from preservation resources or industry information, or your colleagues) that address those drivers and add them one by one, slowly, with implementation on one or more pilot projects, good specifications, and then improve specs and construction practices as needed.  Unfortunately, an early failure can ruin a perfectly good treatment with improper project selection, sub-par construction or materials, bad specifications, or project-specific conditions which may not be related to the treatment at all.  However, these effects are magnified if a large number of projects are constructed at once, so be cautious in the beginning and incrementally move toward full adoption into the toolkit.

3. Avail yourself of existing preservation resources such as the National Center for PP, your state highway agency, peer municipalities, industry publications, research literature, and your LTAP center.  This will keep you aware of new developments in the field and options to save money for the taxpayers in your administrative jurisdiction.

The following is the list of treatments that we are using at the Connecticut DOT, most of which have been used in the state.  The list is not complete (the main treatments missing are the traditional chip seal, and cold-in-place recycling or full-depth reclamation, which have not been implemented at the state on a dedicated-fund basis).

1. Crack Sealing – Using hot-poured rubberized asphalt sealant to fill working cracks.
a. Expected Service Life in preservation:  6-8 years

2. Crack Filling – Filling non-working cracks (those that have little movement) with a high PG graded (PG76-22) asphalt with polyester fibers or some other filler material designed to fill those voids.
a. Expected Service Life in preservation:  4-10 years

3. Rubberized Chip Seal – A layer of single-sized, cubical, pre-coated aggregate spread over a hot liquid asphalt to which 10% or 20% crumb rubber has been incorporated. 
a. Expected Service Life in preservation:  6-8 years.
4. Microsurfacing – A truck-mixed polymerized slurry of emulsion, polymer, and aggregate (and maybe an additive) laid down typically in two lifts, one of which may be for rut-filling.
a. Expected Service life in preservation:  6-9 years.
5. Ultra-thin Bonded Hot-Mix Asphalt – Gap-graded, high-durability Hot-Mix-Asphalt placed immediately after a heavy polymerized tack coat placed with a spray paver, ranging from ½ to ¾ inches thick.
a. Expected Service life in preservation:  9-12 years.
6. Thin Overlays – Hot-mix asphalt (gap- or dense- graded), from ¾ to 1” in thickness, used as a surface treatment and to correct minor imperfections.
a. Expected Service life in preservation:  9-11 years.

7. Functional Overlays – Hot-mix asphalt overlays (typically dense-graded) without milling (may be preceded by leveling course or surface (micro) milling (to correct, say, minor rutting), typically ranging from 1.25 to 2 inches in thickness depending on mix maximum aggregate size.
a. Expected Service life in preservation:  10-14 years.

8. Milling-and-Filling – Functional Overlays as defined above but with milling to the same depth as the overlay.
a. Expected Service life in preservation:  10-14 years.

Development of a preservation program-implementation strategy

There is nothing that says that you have to have extensive data in order to begin practicing PP.  Once you have determined that a particular treatment is cost-effective on a lifecycle basis, consider it good practice and gain experience a) selecting projects, b) building projects, and c) getting real-world prices and best construction and inspection practices.
A “programmatic approach” to PP relates mostly to a systematic decision-making mechanism versus a project-based decision mechanism.  Although this sounds difficult, there are several ways to achieve system-wide perspective.  For an organization whose PMS is either in the planning stage, is informally defined, or does not have PP integrated into the decision process, you can take an alternative road to implementing PP which follows these guidelines and can lead to the same destination.  The process is as follows:
I)  Begin PP practice right away.

1. Expand PP practice and experience.

Year 1:  Begin PP practice right away.  Select one preservation treatment that presents low risk and high payoff.  This can be either a surface treatment you have experience with or one that costs relatively little.  

a. Suggestions:

i. Preservation crack sealing and/or filling

ii. Chip seal

iii. Thin overlays

iv. Mill and fill

Once you have selected the treatment, research or obtain specifications th4at you can use to allow an opportunity to get a satisfactory result (and reject poorly placed treatments).  

Year 2:  Repeat Year 1 activities for a second preservation treatment.

2. Use a pilot project approach
Year 1:  Find at least one pavement segment in your network that meets the criteria for preservation using the treatment selected in Step 1.  
a. This can entail records review, or a simple driveover, or talking to public-works employees who see roads in your network.  
b. Use a sufficiently large segment and develop a project of the size that would become typical for your agency to execute.  This will help in establishing costs that are useful for full-bore implementation.

c. If feasible, include at least one “control segment” (preferably more than one but this is a function of feasibility and practicality) to monitor performance without the treatment.

Year 2:  If the construction experience with the first pilot project has been positive, expand the single pilot project to at least two (2) separate projects elsewhere that meet conditions.

3. Document performance.  

Year 1:  In the first year this will involve documenting pavement condition before a project is completed and also quality of construction as well as any issues encountered, and the impact of construction quality on any condition indicators.

Year 2:  Measure condition according to the protocols you have selected in Year 1 from Activity (II).  If control segments were used, compare performance and report.

II) Prepare for implementation of a PMS.

Year 1:  

a.  Inventory and segment your network if not already done.  This involves sectioning the network into segments that are of homogeneous condition and that would match typical project length (size).  Include at a minimum pavement type and age, and, if feasible, pavement composition (year of construction, thickness of pavement layers)

b.  Research and select a pavement evaluation system and a condition index, and a PMS that can utilize them.  Determine required evaluation frequency (yearly, biennial, 3 years).
Year 2:

Obtain or develop the PMS.

Update network segments (age, changes, condition if necessary (whole network, ½ of network, 1/3 of network depending on frequency of evaluation)).
III) Report progress and communicate results.

Year 1:

Inform public officials on what the preservation plan is, or obtain their buy-in into the process.

Year 2:

List preservation activities;  produce pavement report with condition and segments.

Year 3:

Begin to show condition targets, required budgets, actual budgets, impact of preservation activities on network condition.

Conclusion

This is a working, living document and process.  As we continue to make progress, an updated version will be posted on the Connecticut DOT’s website.  The project selection process lends itself to customization and automation.  I envision the next version to include a computer-based tool that will go through the eight steps through a questionnaire.  You’ll have to have the completed evaluation form, which is the heart of the process, and the basic road information.
Please provide comments and feedback to Edgardo.block@ct.gov.  Don’t be discouraged by the apparent length and tediousness of the procedure, suggest changes!

Sincerely

Ed

Appendix A – Pavement Evaluation Form

The form is available in an Excel format along with a scoping form (Appendix B) so it can be filled out in the field on paper.

Form instructions:

The form is divided into five (5) sections, plus a heading to identify the location of the route segment being evaluated.
Section I.  Deterioration drivers

This is an overall assessment of what distress is driving deterioration of the pavement in this section of roadway.  Distress forms are the same as the individual distress forms.  Up to three main distress forms are listed.  If you identify a fourth main distress form, you’ll have to write it in.  Although it would be unusual to have more than three predominant distress forms driving deterioration, this may be the case on badly deteriorated roadways.

Section II.  Cracking

Cracking is one of the most common pavement distress forms.  The crack patterns visible at the surface often help explain what the cause of the distress is, in particular whether the cracking is structural in nature or not.  Cracking can be confined to the surface (this may be the case for longitudinal paving joints, or low-severity block cracking, slippage cracking, “Spiderweb” cracking that is from an under-asphalted mix, roller cuts of the paving mat, sometimes longitudinal cracking in very thick pavements (top-down cracking that is fatigue related but can be corrected through milling and filling – this could only happen if the pavement structure is very strong and the truck wheel loads are very heavy, otherwise the fatigue cracking would extend through the pavement structure resulting in a full-depth longitudinal wheelpath crack and/or alligator cracking)).
Transverse cracking is cracking the endpoints of which, when connected, form a line that is oriented across the roadway more than along the direction of travel.

Longitudinal cracking is cracking the endpoints of which, when connected, form a line that is oriented along the direction of travel more than across the roadway.

Block cracking is transverse and longitudinal cracking that connects at roughly 90% angles to form blocks of pavement surrounded by cracks.  Although blocks formed by this cracking can be large, for purposes of evaluation the maximum block size is 5 ft x 5 ft (a little bit smaller than ½ of the lane width).  Note:  After blocks form, the wheelpath areas are somewhat weaker to resist vehicle axle loads, so often block cracking contains fatigue cracking (longitudinal wheelpath cracking or alligator cracking) within the block-cracked area.  When block and fatigue cracking are combined, first count the fatigue cracking and then subtract that area from the total block-cracked area.  Fatigue cracking is an indicator of structural deficiency and is therefore more critical in pavement-preservation decisions.)

The form is available in an Excel format along with a scoping form so it can be filled out in the field on paper.  Use the LTPP Distress Identification Manual to learn distress definitions.

Section III. Surface Distress Forms
Surface Distress Forms include raveling, segregation, bleeding/flushing, rutting, and more severe structural failure such as depressions or full-depth potholes and patches.

Section IV.  Reflected Joint Condition

In Connecticut there are many composite pavements (HMA overlays of Portland-cement concrete (PCC)).  The deterioration in these pavements tends to follow that of the underlying concrete slabs, so there are specific distress forms that are related to the joint.  There is more relative movement at the transverse joints – horizontal movement from thermal gradients and vertical movement when the load transfer is inadequate and/or there is loss of support.  

When old concrete pavements are widened without concrete, there is a differential response from the two pavement structures, often resulting in crack formation and subsequent deterioration.  In these situations it is not uncommon to see fatigue (alligator) cracking on the pavement section outside the concrete.  Vertical movements generally cannot be addressed by preservation.  The usual strategy is to seal the reflected joints before additional distress forms and the joints require patching.  

Section V. Other Distress

There may be distress specific to your jurisdiction or to the project that is not listed in the form.

This area can be used to describe and measure it.


[image: image3.emf]PAVEMENT EVALUATION FORM

From MP______________ To MP_______________

Route: From Description: __________________________________________

To Description: _____________________________________________

DIRECTION:  [  ] Log/Frwrd only [  ] Reverse only  [  ] Both [  ] Undivided (Both)

DISTRESS EVALUATION

I.  Deterioration Mechanism(s) driving overall condition

1 (predominant)

2

3

II. Cracking

Transverse Cracking Avg. Spacing FWEQ* (ft) Typical ck. width (in.) Max. ck. width (in.)

Longitudinal Cracking # FLEQ** (typ. Per lane) Typical ck. width (in.) Max. ck. width (in.)

r

Check if Fatigue Long. Ckg (WP) is present Check if Non-fatigue Long. Ckg (NWP) is present

Block Cracking % project area OR Typical Block Size (Max 5 x 5 ft)  x ft

area (square yards)

Alligator Cracking % project area OR area (square yards) Severity (L,M,H)

Longitudinal Paving Joint Spots Condition (Visible, Open, Raveling) length in feet

General Condition (Visible, Open, Raveling) % length affected

III. Surface Distress Forms

Raveling Extent (Spots, Generalized) Severity (L,M,H)

Check if mostly related to longitudinal paving joint 

Segregation Extent (Spots, Generalized) Severity (L,M,H)

Type (Load to Load, Longitudinal, Random)

Bleeding, Flushing Extent (Spots, Generalized) Severity (L,M,H)

Pushing, Shoving Extent (Spots, Generalized) Severity (L,M,H)

Rutting Extent (Spots, Generalized) Typical depth (in.) Cause: Soft mix

Max. depth (in.) Cause:  Base

Struc. Failure Extent (Spots, Generalized) % project area OR

(Full-depth patch req'd) number cum. area (s.y.)

Surface Failures Extent (Spots, Generalized) % project area OR

(Surface potholes/ptch req'd) number cum. area (s.y.)

IV.  Reflected Joint Condition (Composite Pavt Only - Hot-mix asphalt overlays of underlying concrete pavement

Transverse Joint Reflection Cracks General Severity*** (None, Low, Moderate, High)

% of transverse joint reflection cracks requiring full-depth repair, OR

Number of transverse joint reflection cracks requiring full-depth repair

Longitudinal Joint Reflection Cracks General Severity*** (None, Low, Moderate, High)

% of length of joint reflection crack requiring full-depth repair, OR

Length in feet requiring full-depth repair

Check if long. Jt. Refl. Crack distress is mostly at edge of concrete

with hot-mix-asphalt shoulder (where fatigue distress may appear)

V.  Other Distress Forms (List, Specify Extent (with units) and Severity)

1 Extent_______________ Severity______________

2 Extent_______________ Severity______________

3 Extent_______________ Severity______________

Notes:

*FWEQ = Full-width Equivalent for lane being surveyed (if many lanes, use % of the total width or use a representative lane)

**FLEQ = Full-length Equivalent for lane being surveyed (if many lanes, use total observed for road and divide by # of lanes)

***Severity of Joint Reflection Cracks: None = no joint reflection crack is visible

    in composite pavement Low = single joint reflection crack with little or no spalling

Moderate = multiple joint-reflection cracks

High = Joint reflection crack is open more than 2", potholed/patched, or bumpy


APPENDIX B – Example of the Eight-Step process
Route 166, Old Saybrook, MP 0.89 – 1.62

1.  12,800 square yards of total project area (2 lanes plus narrow shoulders, almost 30 ft wide on avg);  15,420 lineal feet of paint striping (epoxy)

2.  Urban area

3.  Average Daily Traffic:

0.89 – 0.95 =   3200 v

0.95 – 1.09 =   3700 v

1.09 – 1.17 =   4300 v

1.17 – 1.37 =   7700 v

1.37 – 1.62 = 10100 v

4.  Pavement Composition:  

2.0 inches HMA on 

1.0 inches liquid treatment (various chip seals) on

7.0 inches of gravel base.

5.  Pavement Surface Age: 9 years (2002).

6.  Pavement evaluation (typical condition shown in two images, form in the following page: )

[image: image4.jpg]



Top:  Photolog Image of Route 166, MP 1.00     Bottom:  Pavement Image at same location
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Pavement Evaluation Form


[image: image6.emf]PAVEMENT EVALUATION FORM

From MP__0.89_________ To MP___1.62_________

Route: From Description: __________________________________________

166 To Description: _____________________________________________

DIRECTION:  [  ] Log/Frwrd only [  ] Reverse only  [  ] Both [X ] Undivided (Both)

DISTRESS EVALUATION

I.  Deterioration Mechanism(s) driving overall condition

1Block cracking (predominant)

2Transverse cracking

3Longitudinal cracking (non-wheelpath)

II. Cracking

Y Transverse Cracking 80Avg. Spacing FWEQ* (ft) 0.25Typical ck. width (in.) 0.25Max. ck. width (in.)

Y Longitudinal Cracking 1.5# FLEQ** (typ. Per lane) 0.125Typical ck. width (in.) 0.25Max. ck. width (in.)

r

Check if Fatigue Long. Ckg (WP) is present Check if Non-fatigue Long. Ckg (NWP) is present

Y Block Cracking 10% project area OR Typical Block Size (Max 5 x 5 ft) 5x 5 ft

area (square yards)

Y Alligator Cracking % project area OR 20area (square yards) L Severity (L,M,H)

Y Longitudinal Paving Joint Y Spots V Condition (Visible, Open, Raveling) length in feet

General Condition (Visible, Open, Raveling) % length affected

III. Surface Distress Forms

Raveling Extent (Spots, Generalized) Severity (L,M,H)

Check if mostly related to longitudinal paving joint 

Segregation Extent (Spots, Generalized) Severity (L,M,H)

Type (Load to Load, Longitudinal, Random)

Bleeding, Flushing Extent (Spots, Generalized) Severity (L,M,H)

Pushing, Shoving Extent (Spots, Generalized) Severity (L,M,H)

Rutting Extent (Spots, Generalized) Typical depth (in.) Cause: Soft mix

Max. depth (in.) Cause:  Base

Y Struc. Failure S Extent (Spots, Generalized) % project area OR

(Full-depth patch req'd) 2number 20cum. area (s.y.)

Surface Failures Extent (Spots, Generalized) % project area OR

(Surface potholes/ptch req'd) number cum. area (s.y.)

IV.  Reflected Joint Condition (Composite Pavt Only - Hot-mix asphalt overlays of underlying concrete pavement

Transverse Joint Reflection Cracks General Severity*** (None, Low, Moderate, High)

% of transverse joint reflection cracks requiring full-depth repair, OR

Number of transverse joint reflection cracks requiring full-depth repair

Longitudinal Joint Reflection Cracks General Severity*** (None, Low, Moderate, High)

% of length of joint reflection crack requiring full-depth repair, OR

Length in feet requiring full-depth repair

Check if long. Jt. Refl. Crack distress is mostly at edge of concrete

with hot-mix-asphalt shoulder (where fatigue distress may appear)

V.  Other Distress Forms (List, Specify Extent (with units) and Severity)

1 Extent_______________ Severity______________

2 Extent_______________ Severity______________

3 Extent_______________ Severity______________

Notes:

*FWEQ = Full-width Equivalent for lane being surveyed (if many lanes, use % of the total width or use a representative lane)

**FLEQ = Full-length Equivalent for lane being surveyed (if many lanes, use total observed for road and divide by # of lanes)

***Severity of Joint Reflection Cracks: None = no joint reflection crack is visible

    in composite pavement Low = single joint reflection crack with little or no spalling

Moderate = multiple joint-reflection cracks

High = Joint reflection crack is open more than 2", potholed/patched, or bumpy


Step 1 – Streamline Treatment Toolbox By Non-Pavement Considerations

(refer to Table I-1 and Figure 1)

Design ADT 10,100 – urban area, UM – Pavement Thickness - L

Available Treatments for UM 

Crack Sealing - Y

Crack Filling - Y

Rubberized Chip Seal - N

2-lift Microsurfacing - Y

Ultra-thin bonded HMA - Y

Thin overlay - C

Functional overlay - C

Mill-and-fill - C

UM

Eliminate: Rubberized Chip Seal

Consider Thin Overlay, Functional Overlay, Mill-and-Fill with constraints:

Milling depth, ability to raise road (check for curb reveal, driveways)

· In this section, raising the road profile is not an available option more than 0.5 inches because of existing structures (catch basins) and numerous driveways.  Consider Thin overlay, eliminate functional overlay and mill-and-fill.

Streamlined Treatment Toolbox:

Crack Sealing

Crack Filling

2-lift Microsurfacing

Ultra-thin bonded HMA

Thin overlay (1 inch)

Step 2 – Evaluate the Pavement.

Looking at the evaluation form for this segment, we can infer the following:

a. Pavement is eligible (structural distress is only isolated)

b. Deterioration drivers:

a. Block cracking

b. Transverse cracking (thermal)

c. Longitudinal cracking (non-wheelpath)

c. Quantities of distress:  As listed in the evaluation form.

Thermal Cracking, L – spacing 80 ft

Longitudinal Cracking, L – 1.5 FLEQ

Block Cracking, L – 10% of area, typical block size 5 x 5 ft

Longitudinal Paving Joint – Generalized, [V]isible

Alligator Cracking, 20SY (ISOLATED), Low severity

Structural failure, 2 areas totaling 20 SY

Step 3 – Check Distress Thresholds for each treatment

Our Streamlined Treatment Toolbox consists of five treatments:

Crack Sealing

Crack Filling

2-lift Microsurfacing

Ultra-thin bonded HMA

Thin overlay (1 inch)

If you look up these five treatments and distresses in Table 6 in the Manual,  the table is reduced to the following plus crack sealing and filling.

TABLE III-1 (reduced) – DISTRESS THRESHOLDS FOR EACH PRESERVATION TREATMENT

	Distress


	Extent Unit
	Sev. 
	2-lift 

Micro
	Ultra-thin
	Thin OL

	Thermal Cracking
	Min FWEQ spacing, ft
	L
	50
	50
	50

	
	
	M
	50
	50
	50

	
	
	H
	75
	75
	75

	Block Ckg
	Max % area
	L
	10
	100
	100

	
	
	M
	10
	10
	10

	
	
	H
	10
	ISO
	10

	NWP Ckng
	Min  FWEQ (T) ck spc (ft), Max  FLEQ (L) / lane
	L
	50, 1.5
	50, 1.5
	50, 1.5

	
	
	M
	50, 1.5
	50, 1.0
	50, 1.0

	
	
	H
	75, 0.5
	75, 0.5
	75, 0.5


So all three surface preservation treatments are still feasible.  Crack sealing and filling are not included in the threshold tables at this point, so they continue to be considered.

Note that Longitudinal paving joint, alligator cracking, structural failure are not deterioration drivers so that they are not listed in this table.  They are addressed in the ancillary-treatment selection phase (step V).

Remaining streamlined Treatment Toolbox is

Crack Sealing

Crack Filling

2-lift Microsurfacing

Ultra-thin bonded HMA

Thin overlay (1 inch)

Step 4 – Select Treatment for Deterioration Driver(s)

Block cracking, thermal cracking, longitudinal cracking (non-wheelpath, I.e. Non-fatigue)

TABLE IV-1 (reduced) - DECISION MATRIX FOR FUNCTIONAL TREATMENTS FOR PP
	Distress


	Severity 
	2-lift 

Micro
	Ultra-thin
	Thin OL

	Therm Ckng
	L
	N
	N
	M

	Block Ckng
	L
	E
	E
	E

	NWP Ckng
	L
	M
	M
	M


(1):  High-severity paving joint can be locally repaired (20” min. mill and patch centered around joint, then considered as a Low Severity condition), or milled-and-filled joint and mat
E = effective, M = marginally effective, N = not effective, X = counterproductive/not recommended.

TABLE IV-2 (reduced) – APPLICABILITY OF CRACK TREATMENTS FOR CRACK-RELATED DISTRESS

	Distress


	Severity 
	Crack Seal
	Crack Fill

	Therm Ckng
	L
	E
	N

	Block Ckng
	L
	E
	E

	NWP Ckng
	L
	E
	E


Looking at the results from Table 2, Crack seal is effective for all distress forms present in the segment.  Looking at Table 1, the thin overlay is marginally effective for thermal cracking and non-wheelpath cracking.  All three surface treatments are effective for block cracking and longitudinal paving joint.

Our alternatives, then, are:

1. Crack seal

2. Thin OL

There are also combinations of crack and surface treatments that would accomplish the same thing as long as they are compatible:

3. Crack seal +2-lift micro

4. Crack seal +Ultra-thin

5. Crack seal +Thin OL

Theoretically, crack seal and fill could be combined with the three treatments, but if crack seal alone can do the job, then it may not be necessary to add a third item if two can complete the work.

So we have five main alternatives

1. Crack seal

2. Thin OL

3. Crack seal +2-lift micro

4. Crack seal +Ultra-thin

5. Crack seal +Thin OL

Step 5 – Select ancillary treatments for other distresses

TABLE V-1 (reduced) – ANCILLARY TREATMENT EFFECTIVENESS ON DISTRESS FORMS

	Distress

Form


	Severity 
	CS
	CF
	Pre-Ovl Ck Fill
	Surf.

Patch
	PDP*
	FDP*
	Micromill
	Mill
	Leveling

	Long Pv Jt
	L
	E
	E
	E
	E
	E
	E
	M
	E
	E

	Ftigue Ckng
	L
	M
	N
	N
	M
	E
	E
	N
	M
	M

	Str. Fail.
	M, H
	N
	N
	N
	N
	M
	E
	N
	N
	N


* PCC full-depth patch for composite pavement; PDP and FDP to be used on isolated spots only.

Notice that the ancillary treatment effectiveness for longitudinal paving joint for crack seal is already effective. 

Long. Pv. Jt

Possible Effective Ancillary Treatments:

Crack Seal - $

Crack Fill - $

Pre-Overlay Crack Fill - $

Surface Patch - $$

Partial depth patch - $$$

Full-depth patch - $$$$

Mill - $$$

Level - $$

Fatigue cracking:

Partial Depth Patch - $$$

Full-depth patch - $$$$

Structural failure:

Full-depth patch - $$$$

So we would have the following alternatives based on cost:

Crack Seal Longitudinal Paving Joints - $

Crack Fill Longitudinal Paving Joints - $

Pre-Overlay Crack Fill Longitudinal Paving Joints - $

Partial Depth Patch Fatigued Areas- $$$

Full-Depth Patch Structurally Failed Areas - $$$$

Step VI – Check compatibility of ancillary treatments with primary treatments:

TABLE VI-1 -  Main Treatment and Ancillary/Prep item COMPATIBILITY
	Main Treatments (
	CS
	MICRO
	UT
	Thin OL

	Preparatory/Ancillary Items 

↓
	
	
	
	

	CS
	--
	A*
	R*
	N

	CF
	C
	R*
	R*
	N

	Pre-Ovl Crack Filling
	N
	A
	A*
	R

	Partial-Depth Patching (isolated locations only; includes concrete full depth patching for composite segments)
	A
	A
	A
	A

	Full-Depth Patching (isolated locations only; includes concrete full depth patching for composite segments)
	A
	A
	A
	A


TABLE VI-1 KEY:  

C = Combined as main treatment where appropriate, combined as preparatory item where appropriate.

R = Recommended ancillary/preparatory treatment together with the main treatment.

A = Allowed as needed;  may replace recommended ancillary treatment as needed.

N = The ancillary item is typically not compatible with the corresponding main treatment and should not be combined except for reasons other than preservation as required and where it is feasible.

Thin overlay cannot be combined with crack sealing or crack filling, only with pre-overlay crack filling.  However, pre-overlay crack filling (crack filling) is not effective for thermal cracking, so that thin overlay is not compatible with some of the required treatments.  This disqualifies it from consideration.

Pre-overlay crack filling is not compatible with crack sealing, which is effective for all cracking distresses.  Therefore it is disqualified too as an ancillary treatment.

So, we have

a.  Crack Sealing (with partial-depth patching and full-depth patching)

b.  Microsurfacing (with crack sealing, partial-depth patching, and full-depth patching)

c.  Ultra-Thin overlay (with crack sealing, partial-depth patching, and full-depth patching)

as the remaining primary treatments that can accept the required ancillary items.

Step VII -  Final Treatment List

Our options are:

a. Crack Sealing Project, with 20 SY of partial-depth patching and 20 SY of full-depth patching

b. Microsurfacing project with crack sealing, 20 SY of partial-depth patching and 20 SY of full-depth patching

c. Ultra-thin overlay with crack sealing, 20 SY of partial-depth patching and 20 SY of full-depth patching

There is a major difference between alternative (a) and the other two, in that the surface is not addressed.  The last piece of the puzzle is whether it is a good idea to preserve the surface even though it is not deteriorating.  This is related to the Pavement Age variable (Item ii. Q in the “Pavement Evaluation for PP” in the Manual), but here there is some distress that is not specifically required.  Look at the pavement age of the pavement (9 years at the time of evaluation) – it is within the window of pavement age where it is appropriate to provide preventive surface cover.  Now the following questions come into play:

· Is it worthwhile or feasible to plan for another project within the next 4-5 years?

· What is your experience with cracking progression – do you expect significant life after the cracks are addressed but the surface is not?

· What is the likelihood that the project will not be executed if the cost includes a surface treatment (what do I really have money for)?

Step VIII – Select a Treatment

At this point the network-level makes its way back into the decision-making process.  Life-cycle cost analysis, project prioritization, and multi-year programming all must be considered.

Microsurfacing lasts 6-9 years 

Ultra-thin bonded HMA lasts 9-12.

Crack sealing can last from 4-9 years, with the sealing performance only being on its function (sealing cracks), not protecting the surface.

Ultra-thin is higher-quality and less likely to fail than microsurfacing.

Crack sealing addresses only cracks, not the surface.

Project estimates (2011 unit costs):

Microsurfacing 


$ 5.50 / sy

Ultra-thin bonded HMA 

$ 7.00 / sy

Crack sealing


$ 0.75 / sy

Partial Depth Patching

$50.00 / sy

Full-Depth Patching

$100.00 / sy

Remove Paint Striping

$   1.25 / lf

Paint Striping (Epoxy)

$   1.50 / lf

	Alternative
	Item
	Qty
	Unit Cost
	Item Cost for Alternative
	Total Cost for Alternative

	a. 
	Crack Sealing
	12,800 sy
	$  0.75
	$ 9,600
	

	
	Partial Depth Patching
	20 sy
	$ 50.00
	$ 1,000
	

	
	Full Depth Patching
	20 sy
	$100.00
	$ 2,000
	

	
	Paint Striping (Epoxy)
	15,420 lf
	$  1.50  
	$ 23,130
	$ 35,730

	b.
	Microsurfacing
	12,800 sy
	$ 5.50
	$ 70,400
	

	
	Removal of paint striping
	15,420 lf
	$ 1.25
	$ 19,275
	

	
	Crack Sealing
	12,800 sy
	$  0.75
	$ 9,600
	

	
	Partial Depth Patching
	20 sy
	$ 50.00
	$ 1,000
	

	
	Full Depth Patching
	20 sy
	$100.00
	$ 2,000
	

	
	Paint Striping (Epoxy)
	15,420 lf
	$1.50
	$23,130
	$ 125,405

	c.
	Ultra-thin Bonded HMA
	12,800 sy
	$ 7.00
	$ 89,600
	

	
	Removal of paint striping
	15,420 lf
	$ 1.25
	$ 19,275
	

	
	Crack Sealing
	12,800 sy
	$  0.75
	$ 9,600
	

	
	Partial Depth Patching
	20 sy
	$ 50.00
	$ 1,000
	

	
	Full Depth Patching
	20 sy
	$100.00
	$ 2,000
	

	
	Paint Striping (Epoxy)
	15,420 lf
	$1.50
	$23,130
	$ 144,605


Non-pavement related project costs not included:  Preliminary Engineering, Incidentals, Mobilization, Traffic Control, any other costs.

Now this becomes an economic decision where life-cycle cost analysis comes into play (expected service life vs. initial cost over an analysis period).

For this state road, Alternative (c.) would be the selected alternative, with the ancillary items described.




Select treatment alternatives that address deterioration drivers; include ancillary/prep work


DECISION TABLES








Develop costs and select final alternative based on lifecycle costs.  Add to project list;  develop final list based on prioritization rules and budget constraints.


PROJECT PRIORITIZATION





Submit for project design, contract development, and construction





Determine if preservation is appropriate





PAVEMENT EVALUATION





























VIII. SELECT FINAL TREATMENT BASED ON REMAINING CRITERIA (COST/BENEFIT, PROJECT COMPLEXITY,  ENGINEERING EXPERIENCE WITH TREATMENT, etc)





VI. DETERMINE COMPATIBILITY OF ANCILLARY TREATMENTS WITH PRIMARY TREATMENTS





VII. LIST FINAL FEASIBLE TREATMENTS (PRIMARY PLUS ANCILLARY)





V. SELECT ANCILLARY TREATMENTS IF APPROPRIATE





IV. SELECT TREATMENTS EFFECTIVE FOR DETERIORATION DRIVERS





III. EXCLUDE ANY TREATMENTS FOR WHICH DISTRESS THRESHOLDS ARE EXCEEDED





II. EVALUATE THE PAVEMENT AND DETERMINE SEGMENT ELIGIBILITY





I. EXCLUDE ANY TREATMENTS BASED ON TECHNICAL FACTORS OTHER THAN PAVEMENT  CONDITION





LOW


(1 – 5000)





2-WAY AADT





























MODERATE


(5001-15,000)





HIGH 


(15,001 and higher)





RURAL


RL set





RURAL


RM set





RURAL


RH set





URBAN


UH set





URBAN


UM set





URBAN


UL set









_1376808804.xls
Scoping

		PAVEMENT PRESERVATION PROJECT SCOPING SHEET

						From MP______________		To MP_______________

		Route:				From Description: __________________________________________

						To Description: _____________________________________________

						DIRECTION:  [  ] Log/Frwrd only [  ] Reverse only  [  ] Both [  ] Undivided (Both)

		General Scope				Do Nothing (Can Wait)

						Beyond Preservation (Needs Structural Rehab or reconstruction)

						Crack sealing

						Crack filling

						Crack sealing and filling

						Rubberized Chip Seal

						Microsurfacing

						Ultra-thin Overlay

						Functional Overlay

						Thickness (inches):____________

		SCOPE GOOD UNTIL				Material/mix(es):

		(YEAR)

						Mill and Fill

						Depth (inches):__________

						[   ] Mill curb-to-curb     [  ] Mill mainline + Rum.Str. Only

						Milling type (maximum 3.0 inches), check only one:

						[   ] Micromilling

						[   ] Fine milling

						[   ] Milling

						Filling material/mix(es), lifts (equal to milling depth):

						[   ] Need to place first lift same day

						[   ] If need to place lift same day, cleaning spec

		Ancillary items:				Micromilling (depth: _____ inches)

						Crack sealing

						Crack filling

						Pre-overlay crack treatment (crack filling)

						Surface patching

						Partial-depth patching (replacement of bound layers only)

						Full-depth patching (replacement of entire pavement structure including base)

						Removal of paint striping

						Other Special, project-specific item(s) required

						Describe other special, project-specific item(s) in box below:

		Additional Comments and Notes:





Evaluation

		PAVEMENT EVALUATION FORM

								From MP______________								To MP_______________

		Route:						From Description: __________________________________________

								To Description: _____________________________________________

								DIRECTION:  [  ] Log/Frwrd only [  ] Reverse only  [  ] Both [  ] Undivided (Both)

		DISTRESS EVALUATION

		I.  Deterioration Mechanism(s) driving overall condition

						1										(predominant)

						2

						3

		II. Cracking

						Transverse Cracking								Avg. Spacing FWEQ* (ft)								Typical ck. width (in.)								Max. ck. width (in.)

						Longitudinal Cracking								# FLEQ**		(typ. Per lane)						Typical ck. width (in.)								Max. ck. width (in.)

																r

										Check if Fatigue Long. Ckg (WP) is present												Check if Non-fatigue Long. Ckg (NWP) is present

						Block Cracking														Typical Block Size (Max 5 x 5 ft)										x		ft

														area (square yards)

						Alligator Cracking														area (square yards)										Severity (L,M,H)

						Longitudinal Paving Joint								Spots																length in feet

														General																% length affected

		III. Surface Distress Forms

						Raveling																Severity (L,M,H)

														Check if mostly related to longitudinal paving joint

						Segregation																Severity (L,M,H)

						Bleeding, Flushing																Severity (L,M,H)

						Pushing, Shoving																Severity (L,M,H)

						Rutting																Typical depth (in.)								Cause: Soft mix

																						Max. depth (in.)								Cause:  Base

						Struc. Failure

						(Full-depth patch req'd)												number				cum. area (s.y.)

						Surface Failures

						(Surface potholes/ptch req'd)												number				cum. area (s.y.)

		IV.  Reflected Joint Condition (Composite Pavt Only - Hot-mix asphalt overlays of underlying concrete pavement

						Transverse Joint Reflection Cracks

														Number of transverse joint reflection cracks requiring full-depth repair

						Longitudinal Joint Reflection Cracks

														Length in feet requiring full-depth repair

														Check if long. Jt. Refl. Crack distress is mostly at edge of concrete

														with hot-mix-asphalt shoulder (where fatigue distress may appear)

		V.  Other Distress Forms (List, Specify Extent (with units) and Severity)

				1												Extent_______________						Severity______________

				2												Extent_______________						Severity______________

				3												Extent_______________						Severity______________

		Notes:

		*FWEQ = Full-width Equivalent for lane being surveyed (if many lanes, use % of the total width or use a representative lane)

		**FLEQ = Full-length Equivalent for lane being surveyed (if many lanes, use total observed for road and divide by # of lanes)

		***Severity of Joint Reflection Cracks:

		in composite pavement






