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MODULE1
INTRODUCTION

1. INTRODUCTION AND OBJECTIVES

The information presented in this course has been designed to provide useful
information about asphalt pavement repair to persons who may not be
experienced in this area but who are still responsible for the upkeep of asphalt
pavements in their particular agency. This course has been prepared to address
asphalt road problems for local agencies in both rural and urban areas. The
target audience for this information is city managers, mayors, county
commissioners, and others who must oversee asphalt roads for their agency.
Only asphalt roads, that is roads made with asphaltic materials such as hot-mix
asphalt concrete, cutback asphalts, or emulsified asphalts, are considered in this
course.

The objectives for persons taking this course are:

¢ To gain a basic understanding of the different types of asphalt roéds.

#  To understand the construction and maintenance procedtites dsed for
asphalt roads.

e To interpret the significance of surface distress and determine the
appropriate actions to be taken for different distress types and severities.

®  Tounderstand the basic coneépts of lifeseycle cost analysis and how to
use it to compare different maintenance and fehabilitation alternatives.

2. SCOPE OF COURSE

This training coufge discusges the diffetent types ofiasphalt roads, presents
various methods of buildingand maintaining asphalt roads, and describes the
types of surface distress that are common in asphalt roads. Guidance is given to
help decide what action should bétaken to fix an old asphalt road, how to build a
new asphalt road, anddiows traffic may affect which actions will be most effective.

This course/is intended to assist ageneies with the cost-effective maintenance
of asphalt roads. Although the €otirse addresses numerous pavement types and
conditionsgthere may be instances when additional information is needed. Such
informafion may be found in the'réference list at the end of each module, or from
the lo€al Technology TramsferdT) centers.

1-1




Introduction

3. OVERVIEW

This manual is organized into seven different modules, including this
introductory module. The modules include:

Introduction

Evaluation of Existing Asphalt Pavements.
Full-Depth Asphalt Roadways.

Thick-Lift Asphalt Roadways.

Thin-Lift Hot-Mix Asphalt Roadways.
Thin-Lift Cold-Mix Asphalt Roadways.
Surface-Treated Roadways.

Module Organization

Module 2, "Evaluation of Existing Asphalt Pavements" is intended to provide
methods for determining the current condition of an asphalt pavement, and to
provide some indication as to what actions should be taken to eithefinaifitain or
repair that pavement.

Modules 3 through 7 are intended to provide specific information@bout
different types of asphalt pavements that an agency mayfhave: Inedch of these
modules, information is provided on the different feasiblé rehabilitation options.
This information includes lists of resources needed for différent options;
construction options, drainage recommendations, performatice considerations,
and directions for estimating the life-gycle cost 6fieach option., At the end of each
module are lists of references that contain more detailed information about the
topic presented in the module.

Glossary

The final section ofithe ¢ourse manual s a glossary of terms used throughout
the manual. Further explanation of terms from the manual may also be found in
the references listed for each module.

Course Organization

The modules contained insthis course are intended to be taught either
individually or sequentially. \The information contained in this manual can be
presesifed in a single day. If only one or two modules are to be presented in a
single day, the instiuctor mag need to obtain additional material. The references
liéted after each moduleigan provide this type of additional information.




MODULE 2

EVALUATION OF EXISTING
; ASPHALT ROADWAYS

o 1. CONDITION SURVEY

The first step in determining the condition of a road is conducting a
pavement condition survey. This process involves recording different surface
distress types, severities, and quantities for each road section. Based on the
distress information, a rating is given to each road section that indicates its
relative condition, with higher numbers indicating roads in better condition.

Several types of distresses are used to determine the condition of an asphalt
road surface. These include ravelling, bleeding, polishing, rutting, corrugations,
A shoving, settling, heaving, pumping, cracking, patches, and potholes.(?

The distresses identified along a road are used to identify whether the réad
is in need of functional or structural improvements, or whether some othef
actions need to be taken. Information on road geometry and the condition of
drainage structures (ditches, culverts, pipes, curbs, and guiters) are also used to
help determine the overall condition of a section of road.

References

Several good references are available thatcontain photographs of distress
types and their relative severity levels. The use bf photos when performing a
distress survey will greatly improve the accuracy and consistency of the data
collected. The following sections eéntairiishort deseriptions of the different
distress types, along with photos of some of the distress types. It is highly
recommended to obtain copies of at least the Asphalt-PASER Manual and the
SHRP Distress Identification Manual for the Long-Tetin Pavement Performance Project
listed in the reference list to help in performing actual distress surveys.®

Goal of Distress Survey

The goal of{the distress survieyis to assess the overall condition of the
existing pavement, to identify the ause(s) of the pavement deterioration, and to
determife whether thie pavement is in need of functional or structural
improvement. A road inmeed of only functional improvements will need repairs
that improve the skid resistarice and rideability of the pavement surface. A road
in need of sttuctural improvement will require reconstruction
or the placement of an overlay so that the pavement can withstand the current or
. éxpected traffic levels.
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Evaluation of Existing Asphalt Roadways

2. FUNCTIONAL QUALITY

The functipnal quality of a road refers primarily to the rideability and the
skid resistance of the road surface. Generally, problems with the functional
quality of a road are attributable to the age of the road. The distresses shown in
table 2-1 usually indicate that a new surface layer is needed. Also included in

table 2-1 are suggested repair methods for a particular distress. Figures 2-1
through 2-4 illustrate several of the distress types contained in table 2-1.

Table 2-1. Asphalt paVement functional distress types and descriptions.

by traffic.

Suggested repair
Distress Description methods
Ravelling Wearing away of the pavement surface caused | Sealcoat or thin
by the dislodging of aggregate particles and overlay
loss of asphalt binder. .~
Bleeding Excessive asphalt that is squeezed to the Sand blotting or.
surface by traffic over time. oveflay
Polishing Wearing of rocks in the road surface over tim& |\Sealcoat or thin

overlay

Frost Heave

Raising of the road surfage as water in the
subgrade freezes and éxpands.

Removal and
replacement

Settling Localized area of the road thét sinks, sometimes | Patching or overlay
associated with utility patches'or other
localized repairs.
Transverse | Cracks aeross the(road, related either toaging | Seal cracks greater
Cracks of the surfage, of movementof lower layers (see | than 6 mm
reflective ¢racks).
Reflective Cracks that appear in overlays at preyious Crack sealing or
Cracks crack® o1 jpints in‘the inderlying road surface. |overlay
Slippage Crescent-shaped cracksthabform in the asphalt | Remove top surface
Cracks surface in areas ¢f furning or stopping vehicles. | and resurface using
tack coat.
Longitudinal | Cracks parallel t6 the centerline, either at the Seal cracks greater
Cracks centerlingofover widening joints. than 6 mm
Block Craeks | Regularly-spaced cracks that form as road ages | Seal coat (early);

overlay (late)
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~ Figure 2-2. Example of deteriorated transverse cracks.®
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Figure 2-3. Example of slippage cracking.™!

Figure 2-4. Example of intermediate-sized block cracking.®
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3. STRUCTURAL CAPACITY

The structural capacity of a road refers to its ability to carry traffic without
experiencing large deformations, potholes, or other distress associated with an
overloaded or weak road. The distresses shown in table 2-2 usually indicate that
tef;ere is a problem with the thickness of the road, the drainage conditions, or both.
Figures 2-5 through 2-9 illustrate several of the distress types contained in table 2-

2.

Table 2-2. Asphalt pavement structural distress types and descriptions.
Distress Description Repair method
Rutting Depressions in road along wheelpaths, Overlay (less than 50

caused by truck traffic over time mm); mill and
resurface (more than
50 mm)
Corrugation, | Movement in surface caused by vehicles | Mill suirface and
Rippling stopping. Distress often resembles a overlay withétable
“washboard" pattern. ’ mix
Fatigue Cracks concentrated along the Remove and replace
(Alligator) | wheelpaths, usually ocgurring in an baseand surface
Cracking “alligator skin" or "chickeénwirei(pattern. |(logal); reconstruct
large areas, improve
drainage
Patches Full- and partial-depth.patches placed Remove and replace
after utility cuts afid at areas of severe base and patch if
deterioration. distress reappears
Potholes Localized areas where road is broken into | Repair areas using
small pieces, and traffic pulls pieces out of | quality cold mix or
the pavement until a pothole is formed. | hot mix (if available)
Pumping Water and fine material being pushed Remove and replace
onto the road surface as traffic pushes base and surface
down on the pavement. (local); reconstruct
large areas, improve
drainage
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Figure 2-5. Example of slight to moderate rutting.?)

Figure 2-6. Example of reflective crackfng.(l’
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B

Figure 2-8. Example of edge wedging.®
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Figure 2-9. Evidence of pumping shown by material on surface at éracks.@

4. RATING SCHEME

In order to make informed decisions about tepairing roads, it is important to
have an objective rating scheme th@fallows forall feads to be judged by the same
set of criteria, especially when@oads ate inspected @t different times and by
different people. Table 2-8 can be used as a guide fordetiding what rating a road
section should have.®

In using this rating,procedure, the worst distress ratings should be chosen for
a road section wihien more than one distress type is observed. For example, if a
section has trafisverse cracks that are 6imm wide (rating of 7), with moderate
ravelling (rating 5), and only afféw patches in good condition (rating 7), then the
overall rating'for that section i 5 based on the presence of moderate ravelling.
The PASER Manual includes a/series of photographs to help in identifying the
appropriate rating fona roadéection.”) Again, the purpose of the rating scheme is
to determine what problems exist in the pavement, which in turn helps identify
whatthe best fix is for that pavement.
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Table 2-3. Summary of condition ratings.”

General condition/

Rating | Visible distress Treatment measures
10 [ None New construction.
9 None Recent overlay, like new.
8 ®  No longitudinal cracks except reflection of
paving joints. Recent sealcoat or new
®  Occasional transverse cracks, widely spaced | road mix. Little or no
(12 m or greater). maintenance required.
e  All cracks sealed or tight (open 6 mm or less).
7 ®  Very slight or no ravelling, surface shows
some traffic wear.
®  Longitudinal cracks (open 6 mm) due to First si .
. N irst signs of aging:
reflection or paving joints. Maintain #ith routine
®  Transverse cracks (open 6 mm) spaced 3 m or crack fillin
more apart little or slight crack ravelling. 5
e  No patching or very few patches in excellent
condition.
6 ®  Slight ravelling (loss of fines) and traffic wear.
®  Longitudinal cracks (open 6-13 mm) due to Showhsiens of agin
reflection and paving joints, sound s';g::mmragli &
e  Transverse cracking (opén 6-13 mmjsome " .
spaced less than 3 m. c'ondlflon. Could extend
e . life,with surface
®  First sign of block cracking. . S
e  Slight to moderate flushing or polishing. ),
®  Occasional patching in good condition.
5 ®  Moderdte to severefravelling (Ioss of fine'and
course aggregate).
® Longitudinal and transverse cracks (open 13
mm) show first signs of slight ravelling and Surface aging, sound
secondary cracks. First signs of longituglinal | structural condition.
cracksfear pavement edge. Needs surface treatment
®  Blgek cracking up to 50pereent of surface. or nonstructural overlay.
®  Exiensive to:severe flushing ohpolishing.
.

Some patching or édge wedging in good
condition.
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Table 2-3. Summary of condition ratings (continued).®

General condition /
Rating | Visible Distress Treatment measures.
4 ®  Severe surface ravelling.
e  Multiple longitudinal and transverse cracking, | Significant aging and
with slight ravelling. first signs of need for
®  Longitudinal cracking in wheel path. strengthening. Would
®  Block cracking (over 50 percent of surface). benefit from recycling or
®  Patching in fair condition. overlay.
o  Slight rutting or distortions (13 mm or less).
3 ®  Closely spaced longitudinal and transverse
cracks often showing ravelling and crack
erosion.
®  Severe bl.ock cracking. Needs patching and
®  Some alligator cracking (less than 25 percent )
major oveflay or
of surface). complete recyclin,
®  Patches in fair to poor condition. P yeime:
®  Moderate rutting or distortion (13 to 25 mm
deep).
®  Occasional potholes.

2 e  Alligator cracking (over 25 percent of surface). |{Severe deteriorafion.
®  Severe distortions (50 mm deep). Needs reconstruction
®  Extensive patching in $00n conditién: with extensive base
e  Potholes. repair.

1 . .Severé distress with extensive 1088 of surface Failed. Needs total

integrity. reconstruction.
® Roadway is hazardou§ f6idrive on.

5. DRAINAGE

Many of the pfoblefiis seent inasphalt roads such as rutting and ailigator
(fatigue) crackifig are the result of poor drainage. If water is allowed to stay in
the base, subbase, and subgrade layers, then the road becomes weaker and
deteriorates more quickly.

Ih most cases, Water is removed from a road using ditches, curbs, or gutters,
wiiich run along the roadwSeveral items that should be checked to make sure that
the drainage along a road is performing as well as possible are:®
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¢  Ditch lines should be at least 600 mm below the center of a road.

¢ Ditches, curbs, and gutters should be clean and free of debris. Grass-
lined ditches should be free of plants and trees that would slow the flow
of water, Curbs and gutters should be free of debris which could clog
storm sewer grates and prevent drainage.

® The road should be crowned and there should be no areas of ponding
along the road. These areas cause the subgrade and base layers to soften
and the asphalt surface to deteriorate more quickly.

6. MATERIALS

The type and quality of materials used in a road will affect how long the road
will last and what type of repairs can be done. For asphalt roads, it may be
possible to mill the surface and use the material in a plant-mix recycling process.
For surface treatment roads, this process would not be feasible, but it may be
possible to recycle in-place, mixing the surface and base materials before placing
a new surface treatment.

One other area where material selection and quality will be important(isin
the performance of routine maintenance, such as crack sealing and poth®le repair}
The correct choice of materials and procedures for perforfiing these 6perations
can have a large impact on the quality of the operation and the durability. of the
repairs. A recent study by the Strategic Highway Research Program (SHREP) and
the Federal Highway Administration{EHWA) has produceda reference that
provides guidance on the best way to perform crack sealing and pothole patching
operations.®

Poor materials may also be the cause of problems present in an existing road.
Some examples are:

® Not enough asphalt cément or an asphalt cement that is not hard
enough may resulf in ravelling, premature cracking, or loss of skid
resistance (due to 100se material) on the r9ad.®

®  Use of rounded.rocks rather than crushed for a base layer may provide
less suppért and result inmore fatigue cracking.

¢  Failurefto stabilize water-sengitive soils may lead to weak layers which
also result in more fatigiie cracking.

®  Use of rocks that absorb asphalt cement will leave less material to coat
the'rocks, resulting in the same problems as if not enough asphalt
cement were added, rdvelling, premature cracking, or loss of skid
resistance.

® " Low asphalt cement content: ravelling, cracking, loss of skid resistence.

Highyasphalt cement content: bleeding.

¢ Improper aggregate gradation: rutting.

2-11
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®  Soft subgrades: alligator cracking, rutting.
® Soft aggregates: surface polishing.

7. OTHER CONSIDERATIONS #
In addition to the condition of a road and the particulaf drainage conditions,

many other factors are important when considering what action to take to either
maintain or rehabilitate a section of road. These factors include:

®  Availability of construction equipment and materials.

®  Whether work will be performed by agency or contractor.

® Traffic levels along the road, and the impact of temporarily closing a
road.

®  The levels of heavy truck traffic.

® The time of year when work will be performed.

®  The climatic area where the road is located.

® The availability of funds.

® The condition of other roads for which the agency is r¢

Of all the factors, the last two are probably the most
most agencies, the need for funds is always greater tha
The question then becomes how to decide which sections
greatest need for repair, and how that decision affects the
condition of the road network. e

The use of a pavement managemen ing many of
these decisions. A pavement managemen f as a set of
tools for those responsible for making decisi
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MODULE 3

FULL-DEPTH ASPHALT ROADWAYS

1. INTRODUCTION

One type of roadway pavement that has become increasingly popular in
some States in recent years is full-depth asphalt pavement. This type of
pavement structure is characterized by two distinct layers of asphalt-aggregate
mixtures placed on a prepared soil foundation, as illustrated in figure 3-1. In
contrast, a conventional asphalt pavement consists of a thin AC surface layer
placed on a thicker layer of aggregate (gravel) material.

The top layer, referred to as the surface course or wearing course, consists of
either asphalt concrete (AC) or an asphalt surface treatment. Its main function i§
to provide a smooth and skid-resistant driving surface, and to act as a waterproof
layer that effectively reduces the infiltration of water into the pavementsystem.

The second layer, referred to as the asphalt-treated base layef, consists of one
or more lifts (i.e., paving layers) of either AC or emulsified asphalt-aggregate
mixture. The primary purpose of this layer is to provide the bulk of thefsupport
for traffic loadings applied to the pavement.

/ /
%sphalt Con/cret{suré/

. -
L4 .
. & L
. -
-~ -~

Asphali-Treated Base

.
- & -~

N =W = /M=y = W = /)
Prepared Subgrade

Figure 3-1. Typical full-depth asphalt pavement cross-section.
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Full-Depth Asphalt Roadways

The foundation on which the two asphalt-aggregate layers rest usually
consists of the natural soil that exists along the roadway. Occasionally, however,
the existing soil may be too soft or unstable to provide an adequate platform for
paving work or for the pavement itself. In this case, the deficient soil may be p
replaced with higher quality soils or may be treated with an additive (e.g., lime or
cement) to strengthen or stabilize the soil.

Full-depth asphalt pavement is often used instead of conventional asphalt
pavement for roadways where subsurface moisture and freezing are cause for
concern. It is also generally considered to yield a more cost-effective base layer
for roads subject to heavy loads or medium to heavy traffic volumes.

2. APPROPRIATE REHAB OPTIONS

When a roadway is first constructed, it is built to a relatively high level of -
ride quality, or serviceability. As time goes on, the combined effects of traffic,
age, and climate cause the pavement to deteriorate, or decrease ing@rvicéability.
The general pattern of pavement deterioration is such that seryiceability remains
high for a period of time and then begins to drop off fairly quickly, as shéwn in
figure 3-2.

At some point along the serviceability-time curve, @ decision must be made
to rehabilitate the pavement in order to restore it to a more acceptable .
serviceability level. Typically, rehabilitation is considered appropriate for
pavements ranging in serviceabilify Between(pdor.and good. Reconstruction is
often the more cost-effective strategy for pavements Haying very poor
serviceability.

There are essentially three main rehab options available for full-depth
asphalt concrete. Thiese option§ include the following:

® Recycling.
¢ Resurfacing.
® Surface treatment.

Descriptidns and appropriate uises of these options, as well as the specific
applications And procedures awvailablé inder each option, are provided in the
following se¢tions.
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Figure 3-2. Pavement deterioration versus time

~.  Recycling ‘
- Recycling refers to any process that uti
pavement for reuse in the same or other pa
reclaimed materials may be reprocessed imm
““ recycling trainorin a i ntral asphalt plant. In the
case of the latter, the i sed and then used on a

~  different roadway.

The major advantages o

.. and the conservatio: asphalt binder, aggregate) and the energy
required to proce ials. itional benefits include eliminating the

need for materi , preserving roadway geometrics (i.e.,
eliminating the isi , accommodating vertical clearances).

halt pavement recycling include the possible
ipped local contractors and of suitable in-place
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Various classification schemes have been applied to asphalt pavement
recycling operations, based on one or more of the following items:

®  Absence/inclusion of heat in the recycling process (cold or hot process).
®  Location of material remixing (in-place or at central mixing plant).
e  Depth of pavement removal or reworking (surface, surface and base).

One of the more common classification schemes consists of the following
three categories:

® Surface recycling.
¢ Cold-mix recycling.
¢ Hot-mix recycling.

Surface recycling is a hot or cold, in-place process that targets the top 25 t9 50
mm of pavement. Both cold- and hot-mix recycling operations target the surface
and a portion or all of the base. However, cold-mix recycling can bedéneeither
in-place or at a central plant, while hot-mix recycling is performed at a central
plant.

Each recycling category contains several different procedures, with each
procedure generally best suited for certain situations. Furthermore, the
application of a surface layer (e.g., surface treatment, AC gverlay) on top,of tlie
recycled layer may be required.

Surface Recycling

Surface recycling is the process by whichithe surface of'an asphalt pavement
is removed or reworked to a depth of less than 25 to 50 mm. This operation is
divided into two basic processesi’ pavement removal and hot surface recycling.
Each process, uniqfié ifitermg of objectivés and the équipment and procedures
used, is discussed in further detail below:.

Because surface recycling does not affect the base layer and soil foundation, it
cannot be seriously@iisidered as a rehabilitation option for pavements
containing struétural, moisture, or suibsurface material problems. Such problems
can be addreséed by hot-mix and cold-mix recycling operations.

Pavemesit Removal
Removal of the t6p,25.46 50 mm of surface material can be a useful
rehabilitation technique by itself or in preparation for resurfacing with AC.

Situationaithat are generally appropriate for pavement removal include the
following:?
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e  Correction of low- and medium-severity rutting that has developed in

the upper layer of asphalt.

Corrections to areas of bleeding, ravelling, and poor skid-resistance.

Reestablishing cross-slope for proper surface drainage.

Removing bumps and, consequently, pavement roughness.

Reducing or eliminating the need for feathering of a subsequent

overlay along gutters or near bridge abutments.

e Improvement of bond between existing asphalt surface and subsequent
AC overlay.

Pavement removal is most often accomplished with one of three pieces of
equipment. These include:

e Heater-Planer.
e  Cold Milling Machine.
e  Hot Milling Machine.

The heater-planing operation consists of a mobile heating unit equipped
with, or followed by, a blading device. Auxiliary clean-up equipmefit (e.g., front
end loader and dump truck) are required to remove the bladed méterial frond the
pavement.

The heater-planer appropriately heats the top fraction of pavement, which is
then bladed off and removed for possible reuse as a recycled mix. The heating
systems typically used include radiant-heat emitters or opensflame burners, both
of which are enclosed by a hood that directs the leat onto the pavzement. A
diagram of the various construction options available using the heater-planer is
shown in figure 3-3.

Surface recycling is often performed with a ¢old milling machine. The cold
milling machine uses carbide-tipped cutfer bits mounted on a large revolving
drum to grind the pavément surface into small asphalt millings and allows for
various depths of removal. The millings are typically picked up by the milling
machine and then loaded onfo a dump truck using an attached conveyor belt.
The millings may be used later as a recycled or unreeycled base course or as a
recycled surface courses

Because of the efficiencies of current éold milling devices, hot milling has
seen limited use inlthe United States. This operation, suitable only for asphalt
pavementsgis quitesimilar to cold milling with the exception of an added step of
heating fhe pavemenbprior to grinding. The greater operational cost of hot
milling may be justifiablewher€ high production rates are needed or very cold
weather is expected.
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Table 3-1 lists the primary objectives for which heater-planing and cold
milling are most suitable. Hot milling is typically performed for the same
purposes as cold milling. For improvement of skid resistance by the heater-
planing method, the heating system may be used in conjunction with a steel-
wheeled roller to seat previously spread aggregate chips into the surface.

Hot Surface Recycling

Hot surface recycling is a recycling process whereby the top 25 to 50 mm of
asphalt pavement is reworked on the roadway using a heater-scarifier. The
process involves heating and scarifying the surface, adding new aggregate or
asphalt rejuvenator if required, remixing, and relaying and compacting the
material.

The heater-scarifier is a self-contained unit equipped with a heating system
and a scarifying attachment. The heating system may be a radiant-heat emitter or
an open-flame heater. The scarifying device consists of carbide-tipped steel
blades that act as teeth and tear into the heated asphalt. A steel blade oflicawny:
chain is usually attached behind the scarifier to assist in leveling theé locsened
material. More advanced heater-scarifiers might contain an attached screed dor
better spreading and leveling, or an integral spray system, for immediate
application of a rejuvenator.

Table 3-1. Suitable objectives of various surface recycling processesi

Heater- Cold-

Objective Planing Milling
Remove bumps and reduce pavement roughness X X
Reestablish cross-slope X X
Removal of low-quality slurry, or chip seals X
Removal of surface deterioration X X
(e.g., ravelling, bleedifip)
Maintain propér élearances for underpagses, tunnels, X X
and sign bridges
Impra¥e skid resistance X X
Rfombote bonding with AGoverlay ' X
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After the surface has been heated and scarified, a rejuvenating agent may be
sprayed on the material. If required, new aggregate may also be added.
Remixing and relaying is then performed using either the heater-scarifier or by a
mixing unit or motor grader that follows the heater-scarifier. Pneumatic rollers or
steel-wheeled rollers follow immediately behind the laydown operation and
compact the heated material.

Hot surface recycling is often done for one or more of the following reasons:

Remove surface defects (e.g., ravelling, bleeding).
Remove bumps (less than 50 mm)and reduce roughness.
Reestablish cross-slope.

Retard reflection cracking.

Promote bonding with subsequent overlays.

Improve aesthetics.

Furthermore, by adding new materials, key surface material characteristics
can be corrected or improved. For instance, bleeding and ravellingi€an b&
corrected by adding proper amounts of aggregate or asphalt rejiivenator. Skiel
resistance can be improved by incorporating the proper type ér amount.6f
aggregate, and aged asphalt can be softened for increased life by addifiga
rejuvenator.

old-Mix Recyeclin:

Cold-mix recycling is a procefs ih whick{réglaimed asphalt pavement (RAP)
materials are combined with new recycling agentandyer aggregate to produce
cold-mix paving materials. This proces§, which can be'dongin-place or at a
central mixing plant, requires no heat and\is performed to a'depth greater than 25
to 50 mm. The resulting cold-mix material isimost often used as a base course, on
which a protective agphalt surface layér is placed.

Cold-mix recycling operations largely inwolve cold, in-place recycling (CIR)
procedures. These procedures have been usedior many years, with more
widespread use occurring onlytin the last 20 years. In general, CIR is appropriate
for low-volume aéphalfiroads thabare severely cracked and broken, highly rutted,
or very roughd If'is not recommended for roads with obvious soil foundation
problems or with asphalt mixture problems that cannot be adequately corrected
with CIR.

The benefits 0f£.CIR are niumerous and include the following:®®

® \ Significant structural improvements can be achieved without changes in

horizontal and vertical geometry.
e Most types and severities of pavement distress can be treated.
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Reflection cracking can be delayed or eliminated.
Pavement ride quality can be improved.

Hauling costs can be minimized.

Pavement profile, crown, and cross-slope can be improved.
Production rate is high.

Engineering costs are low.

Among the disadvantages of CIR are the following:##

e  Construction variation is larger for in-place than for central-plant
operations (i.e., lower quality control in the field than at the plant).

e  Curing is required for strength gain, and is dependent upon climatic
conditions, including temperature and moisture.

e  Traffic disruption can be greater relative to other rehabilitation
alternatives.

o The equipment is expensive, and not many contractors may own the
equipment.

e  There are no standard specifications for in-place recycling.

Three distinct types of CIR are currently being used in the Uniited Statest
These types, which are briefly discussed below, include the following:®

® Type 1—Rip/pulverize and compact.
® Type 2—Single Unit Recycler.
® Type3—Recycling Train.

Type 1 CIR—Rip/pulverize and compact

Often referred to as full-depth recycling or réclamation, Type 1 CIR is the
oldest and least expensive method of in-place reeyeling. It is often used when
there is little remainingife in thedbad ofwhen surface.defects are caused by
problems in the underlying layer. 'In this‘proeess, theexisting pavement is
reworked to a depth that'mayvary from 100 £6 800 mm."The recycled material
provides a good-quality asphalt base layer on whieh an AC surface course or a
surface treatment can be applied.®

The general procedures for Type I €IR are illustrated in figure 3-4. The
existing pavement is first ripped and crushied in place by multiple passes of a
scarifier or rippér. The crushed material, or RAP, is then windrowed with a
grader andl may 'be sprayed with the designated recycling agent. New aggregate
may alsp be added at this point./A motor grader is used to thoroughly mix the
newgnaterial, which'is themspread into place by either the grader or a paver.
Following eompaction and curing, a surface layer is then applied. In some
instances; fype 1 CIR may not be appropriate for full-depth AC pavements,
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2. Pulverize
existing pavement existing pavement

L]
3. Windrow Existing 4. Apply Modifier to Windrowed
Asphalt Bound Materials Asphalt Bound Materials

s

5. Mix with existing and/6x 6. Spreadupgraded base
new base aggregate material tospecified thickness

8. Apply wearing surface

®
Figure 34. General sequence of Type 1 CIR operation.
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especially when asphalt thicknesses are greater than 100 mm. Excessive milling
depths are reported to slow production in most cases.”

Type 2 CIR—Single unit recycler

Type 2 CIR is a partial- or full-depth recycling operation that provides a
high-quality base or surface course. In comparison to Type 1 CIR, this operation
provides better quality control with respect to maintaining a uniform
reprocessing depth and to remixing. In addition, Type 2 CIR reduces the recycled
material to a smaller and more uniform size. Type 2 CIR is generally limited to a
depth of 150 to 200 mm and, as a result, may not be able to treat all pavement
defects in a thick, full-depth asphalt pavement.

Type 2 CIR eliminates the need for multiple pieces of equipment and
equipment passes for the breaking, crushing, and mixing operations. As shown
in figure 3-5, a planer or milling ' machine is used to perform these operations in &
single pass. The new mixture is then either windrowed for spreading by a grader
or conveyed to a paver for relaying. Following compaction and curingg@Siitface
layer may or may not be applied. Roughly 1.6 to 3.2 km/day of a sfandard 3.7-m
wide lane can be recycled using this operation.

W iy

1 Dynaplane rips and pulverizes Graderor paver spreads and
the pavement, adds asphalt levels the material
binding agent, and thoroughly
mixes in a single pass.

3 Roller coimpacts material, 4 Surface treatment or overlay.

Figure 3-5."General sequence of Type 2 CIR operation.”®

3-11

VR ————




Full-Depth Asphalt Roadways

Type 3 CIR—Recycling train

Type 3 CIR is the newest and most productive in-place recycling process.
Like Type 2 CIR, it is a partial- or full-depth recycling operation that produces a
high-quality base or surface course. It differs, however, in the equipment
required to carry out the process and, subsequently, in the rate at which the
pavement is recycled. For these reasons, it is more appropriate on large recycling
jobs.

The process involves the use of large, specialized equipment that work
closely together as a recycling train. Figure 3-6 shows a typical recycling train
and the flow of material through the individual pieces of equipment.

The train is headed by a milling machine, which grinds off the existing
pavement to a depth ideally between 50 and 100 mm. The RAP material is then
conveyed to a screening and crushing unit that reduces the material size to less
than 30 to 50 mm.

DIRECTION OF TRAVEL
—el

Figure 34. Type 3 GIR recyclingtrain.®

Next, the RAP material is transported to the mixing unit, or traveling
pugmill. There it isaweighed andimixed with measured amounts of aggregate
and recycling agént. The new mixtiire can be deposited directly into the hopper
of a paver or layed down in a windrowhfor subsequent pick-up by a paver. The
paver then spreads the materiél evenly for compaction by steel-wheeled and/or
rubber-tired rollers. Depending on the existing road condition, depth of
recycling, terrain, and traffic, the train can recycle 3.2 to 9.7 km/day of a standard
3.74m wide lane.
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Hot-

Hot-mix recycling is the process in which all or some portion of the
pavement structure is removed, reduced to the desired size, and mixed hot with
additional asphalt cement at a central plant. The process normally includes the
addition of new aggregate, and may include the addition of a recycling agent.?
The finished product is generally required to meet standard materials
specifications and construction requirements for the type of AC mixture being
produced (e.g., base, binder, or surface course).®?

In comparison with CIR, hot-mix recycling is a costlier and more labor-
intensive operation. Material hauling, hot plant processing, and greater quality
control are major contributors to its higher costs. Although there is generally
more disruption with hot mix recycling, traffic can be allowed on the recycled
pavement much sooner than with CIR because of the shorter curing period. More
importantly, the higher level of quality control in the hot-mix recycling process
generally results in a more stable and consistent mixture.

The two foremost considerations in selecting hot-mix recycling for a given
rehab project are existing pavement condition and cost. As seen in fable 3-2; hot-
mix recycling is considered a proper remedy for many pavement defects In
general, it can be used to correct mixture deficiencies, to retore pavenient
smoothness, and to increase the overall strength of the pavement. Because of its
higher costs, however, careful comparisons must be made to determine if ifisithe
most cost-effective approach for the combination of defects observed in the
existing pavement. This is especiallythecase fof l6W-volume toads and short
rehabilitation projects.

Other matters that must be considered include the suitability of existing
materials for recycling and the availability of experienced and properly equipped
contractors. In the casefof the forer, the presence of the following materials may
render an existing pavement ursuitable for hot-mix regyeling: "

e  More than 10 percent of the pavement material is a seal coat, slurry
seal, or cold patch.

® The pavemént confains cutback asphalts.

¢ The pavément contains any ¢oal tars.

Although the availability of experiénced and properly equipped contractors has
become #iidespreadiin recent years, their proximity to the project may be too far
for hot-miX recycling to be the niost cost-effective rehabilitation strategy.

Because the quality of recycled hot-mix must normally satisfy the

requirementsiof a new AC mixture, a considerable amount of evaluation, testing,
and design workis necessary. This often includes the following tasks:
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Reviewing past construction records of the existing pavement.

Visually assessing the condition of the existing pavement.

Performing material characterization tests on the stockpiled RAP.
Formulating a recycled mixture design and determining the proper
amounts of new materials (e.g., asphalt, aggregate) to be added to the
RAP.

¢ Performing quality control tests on the recycled mixture to determine if
it meets the applicable specifications.

Examples of the design concepts involved in hot-mix recycling can be found
in reference 10.

The construction sequence for hot-mix recycling typically consists of the
following four activities:

e  Full- or partial-depth removal of the pavement.

¢ Reduction of the RAP to the appropriate size.

® Reprocessing of the RAP through a hot-mix plant with the@ddition of
one or more of the following: virgin aggregate, new agphalt cement, and
recycling agent.

® Placement and compaction of the recycled hot-mix as a base, Minder, of
surface course.

The existing full-depth asphalt pavement is generally removed by millitig,
although ripping equipment have also been used. With milling, partiai-and full-
depth pavement removal is possiblg, and sizifig of the RAPs done
simultaneously with the pavement removal step.“Thémilling 6peration is
normally performed to an optimum depfh of between 50 and 100 mm. And,
although single-pass removal to as deep as 200, mm is possible, the operating
speed can be greatly reduced and oversized RAPymay result, thereby requiring
addjitional sizing.

Complete removal of a full-depth asphalt pavement often requires multiple
passes of a milling maching or the use of heayy*duty ripping equipment. While
RAP millings are usually reduced to the appropriate size, the RAP produced by
ripping equipmentfiishgeneralljpundergo additional crushing at the central
plant. Centrallant sizing can be petformed with conventional, fixed, and
portable crushing and screening equipment.®?

Bothi conventional batch plants and continuous mix (drum-mixer) plants
have been used suecessfully to produce recycled hot-mix.? Both plant types
m@dke use of the heat-fransfér method, whereby the RAP is primarily heated
throughimixing with superheated virgin aggregate. Additional asphalt or
recycling agent are also added during the mixing, as called for in the mixture
design.
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Table 3-2. Guide for selection of AC recycling method.®?

Hot-Mix Hot In-Place Cold In-Place

Type of Pavement Distress Recycling Recycling Recycling
Surface Defects
Raveling X x!
Bleeding b x
Slipperiness X X!
Deformation
Corrugations X x!
(washboarding)
Rutting (shallow) X x
Rutting (deep)’ X X3
Cracking (load associated)
Alligator X X
Longitudinal (wheelpath) X x¢ X
Pavement Edge X X
Slivpage X X
Cracking (nonload associated)
Block (shrinkage) X X
Longitudinal (joint) x x&
Transverse (thermal) X X
Reflection Cracking X X
Maintenance Patching
Spray X x°
Skin X X!
Pothole X X
Deep (hot mix) X X
Ride Quality /Roughness
General Unevenness X X
Depressions (settlement) x* X
High Spots (heaving) x'° X1
Notes:

1

2
3
4

10

Applicable if the surface ¢outse thickness does not exceed 40 mm.

Rutting is limited to the top 40 £0,50 mm of the paveément.

Rutting originates below the sutface course, including base and subgrade.

May be a temporaryi€ofiection if éntire layer affected not removed or treated by the
addition of special admixtures.

The addition ¢f new aggregate may be féquired for unstable mixes.

Applicable if the cracking is limited to the surface course of the pavement.
Applicable if the treatment is to'a depth below the layer where the slippage is
occurfing,

Applicable if the eracking is limited to the surface course of the pavement.

Ifi some instances, sprajpand@kin patches may be removed by cold planing prior to
these treatments (considerif very asphalt rich or bleeding).

Maybe only a temporary correction if the distress is related to a subgrade problem.
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As with conventional hot-mix paving operations, the recycled hot-mix is
hauled to the jobsite where it is loaded into the hopper of an asphalt paver for
proper laydown. Steel-wheeled and rubber-tired rollers are used to compact the
newly laid material to the required density.

Resurfacing

Resurfacing is the process in which an AC or a portland cement concrete
(PCC) overlay is placed on the existing pavement to restore serviceability to neas
original level. AC resurfacing is the most common method of rehabilitating
existing pavements, and is the only overlay type to be considered in this manual.
The major advantages of AC resurfacing include the wide availability of hot-mix
paving contractors and equipment, relatively short disruptions to traffic, and
good long-term service. The major disadvantages include the need for careful
design and quality control, decreased vertical clearances, potential for reflective
cracking, and possible adjustments or level-up work required for adjacent
structures (e.g., manholes, curb and gutter, shoulders). In addition, the cost of an
overlay can be prohibitive to many local agencies.

AC resurfacing is typically performed to improve the funétional or sfrirctural
performance of a pavement. Functional performance refers to the ability of a
pavement to provide a safe, smooth-riding surface for tlié travelingpublic.
Functional resurfacing generally consists of a thin AC oyetlay that serves one®r
more of the following purposes:?

Increase skid resistance.

Improve pavement profile (level,up).
Improve rideability.

Improve surface drainage.

Reduce water infiltration.

Retard envitonmental deterioration.
Enhance appearance.

Structural performance refers to the abilify of a pavement to withstand traffic
and environmental loadings. Imcontrast with fiinctional resurfacing, structural
resurfacing normélly involves the iise of a thick AC overlay designed to:

® Incréase structural capacity of the pavement.
® Reduce the rate of deterioration.

Depending uipon the problem in the existing pavement, and on the purpose
of the overlay, ACtesuifaéing may consist of one or more lifts (i.e., paving layers)
of material. The lifts may be a part of either the binder course (the structural
layer) or the surface course (the top, protective layer), and they generally range
from 25 t6 200 mm thick. The binder course is sometimes referred to as the
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leveling course and the surface course is sometimes referred to as the wearing
course.

The material used in each layer can vary in composition. To provide added
strength, binder course material typically contains larger sized aggregate and
slightly less asphalt cement than surface course material. The smaller sized
aggregate and higher asphalt cement content in a surface course material help
provide an abrasion-resistant and waterproof surface layer.

AC overlays may be applied in conjunction with recycling operations to
provide a protective surface. Such overlays are particularly common with cold-
milling (surface removal) and cold in-place recycling (CIR) operations.

To successfully design and construct an AC overlay, a thorough examinatiofi
must be made of the existing pavement, as detailed in module 2 of this manual.
This examination should reveal the prime cause of pavement deterioration so that
proper pre-overlay repairs or treatments can be specified and so that an adequate
overlay thickness can be determined.

The construction sequence for AC resurfacing consists of the followingéteps:

e  Application of pre-overlay repairs or treatments 0 the existinig
pavement.

®  Processing of blended aggregate and asphalt cement at a hot-mix
asphalt plant to produce a hotphomogeneous asphalt paving mixture.

® Placement and compaction of the hot-fix asaleveling, binder, or
surface course.

Pre-overlay repairs or treatments of deteriorated, full-depth asphalt
pavement occasionally include one emmere of the following:

® Localized patchingof potholes orfatigue-cracked (alligatored)

areas.

Level-up patching of rutted wheelpaths,

Treatment of thermal cracks to delay reflection cracking in the overlay.
Surface ley€ling of sags and depressions.

Cleaning and applying a tack eoat to the existing surface to improve
bonding Between the exiSking asphalt surface and the AC overlay.

Hotdmixproduciion may take place at ejther a batch plant or a continuous
mix plant. In a bateh plant, aggfegate is screened into different sizes, weighed to
the specified proportions, blended, and heated and dried in a dryer. Next, the
aggregate is.emptied into a pugmill where it is blended together and mixed with
the properamount (by weight) of heated asphalt cement. The entire batch of hot-
mix is then dischiarged into a haul vehicle.
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In a continuous-mix plant, screened and heated aggregate is continuously
proportioned and transported to the pugmill. Asphalt cement is then sprayed on
the aggregate at a rate that is calibrated with the movement of aggregate. The
two materials are continuously mixed in the pugmill and are discharged into a -
temporary hopper for delivery to the haul vehicle.

After being hauled to the jobsite, the hot-mix is loaded into the hopper of an
asphalt paver for proper laydown. Steel-wheeled rollers and rubber-tired rollers
are then used to compact the newly laid material to the required density.
Achieving the proper density is essential. Insufficient density (compaction) may
lead to rutting problems or stripping (from moisture penetrating the surface).
Too much compaction of the AC can cause construction cracking and bleeding.

Surface Treatment

Surface treatment is a broad term that embraces several types of asphalt ‘and
asphalt-aggregate applications, usually less than 25 mm thick, placed on any kind
of roadway surface.” The general purpose of these applications igffo impifove or
protect the surface characteristics of the roadway. They providé 1o structural P
improvement to the pavement.

Although surface treatment techniques have long J€en used fot rehabbing
low-volume roads, recent advancements in technology have ledto their
successful use on higher volume roads and streets. When uised in the préper
situations, they provide a low-cost, protective surface that extends pavement life
and reduces required maintenancé expenditfires:

The specific functions of surface tréatment techniques ¢an be summarized as
follows:*

Provide aziew wearifig surface,

Seal minor eraeks ifi the surtace.

Waterproof the shrface.

Improve skid resistance and surface drainage.

Slow pavement weathering.

Improyé pavenient appearance.

Provide visual distinction between the mainline pavement and the
shofilder.

® _Rejuvenate the top 6 mm of an AC surface.

Surface treatment fechniques'are classified by their composition and by their use.
Atotal of nine techniqlié§are available for use on full-depth asphalt pavements.
A deseription of each of these techniques and the specific functions they serve are
provided in the sections below.
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1t Chip Sea

An asphalt chip seal consists of sequential applications of asphalt (asphalt
cement, cut-back asphalt, or asphalt emulsion) and stone chips to form a surface
layer as thick as 25 mm. The combined application may be applied vnce (single
chip seal) or may be repeated two or three times (double or triple chip seals).

The primary objectives of the asphalt chip seal are to provide a new, durable
surface course and to increase skid resistance. Although their past use has
typically been on low-volume roads, recent improvements in design and
construction have resulted in greater use on higher volume roads.

The construction sequence for a single asphalt chip seal consists of the
following four steps:®

e Clean the existing surface to remove dirt and other loose materials.

e  Apply the asphalt material at the specified rate and temperature using a
calibrated asphalt distributor.

¢ Immediately spread the stone chips evenly over the surfdee at the
specified rate using a properly calibrated aggregate spreader.

® Immediately roll the stone chips with a rubber-tired roller to firinly seat
them in the asphalt and against the underlying layer.

Depending on the type of asphalt material used and the posted speediliinit,
the chip-sealed road can be opened to traffic within 0.5 to 2 hours.

Open-Graded Friction Course

Open-graded friction courses (OGFC), also éalled plant mix‘sgals or popcorn
mixes, are porous surface mixes produced withlarge amounts of voids (minimum
15 percent) that allow aater to ds@in rapidly through the mix and flow to the side
of the road. These mixes are uged to improve the frictiomyproperties of the surface
and also reduce tire spray and the potentialfor hydroplaning, thereby reducing
wet weather accidents. The ©GEC also tends 1o ptevide a quieter riding surface,
as it produces lower tire noise. Typical thicknesses of OGFC are 25 to 50 mm.®

OGEC contain a more open gradation (i.e., small amount of fines and more
particles of one Size) than conventional'dense graded materials. However, OGFC
mixtures are produced and placed in a manner similar to dense-graded hot
mixes. Aftack coat is needed prior fo the placement of the OGFC and compaction
is accomplished soleljpby a static steel-wheeled roller. This is because vibratory
rollefs ean damage the aggiégate and rubber-tired rollers tend to pick up the
asphalt,
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bberized Chi

A rubberized asphalt chip seal is a special type of chip seal in which rubber
{latex or ground tire rubber) is blended with asphalt cement. This application can
be used solely as a stress-absorbing membrane (SAM) or in conjunction with an
overlay as a stress-absorbing membrane interlayer (SAMI).

In both applications, the purpose is to reduce the reflection of underlying
cracks through the surface layer. The latex or ground rubber tires adds resiliendy
to the asphalt, which improves bonding with the aggregate and reduces the
tackiness and ravelling of the surface. The added resiliency also enables the seal
to "bridge" existing cracks better.

The construction of a rubberized asphalt chip seal is similar to the
construction of an asphalt chip seal. The major difference is the use of a modified
applicator for spraying the thicker rubberized asphalt binder.®

Slurry Seal

A slurry seal is a homogeneous mixture of asphalt emulsion, watergfine
aggregate, and mineral filler that has a creamy, fluid-like appearance®® It is
effective in sealing surface cracks, waterproofing the pavement surface, and
improving skid resistance at speeds below about 65 kph. Three typesiof slurnf
seal are available that differ by the size of aggregate used. The type with the
finest aggregate is primarily used fohsealing purposes, while the type with the
largest aggregate is primarily used for impréving skid resistance and filling
slight depressions.

The slurry seal mixture is produced on=gitéin a special truck-mounted,
traveling mixer. Once mixed, thesliirry is dumped into a spreader box attached
to the back of the véhiele. The/spreader box spreads the slurry onto the cleaned
pavement and an attacheéd squeegee smooths the material into a layer between 3
and 6 mm thick. Rolling is hiot generally necessary and, depending on the
weather, traffic can be allowed on the pavement within 2 to 12 hours.

Micro-Surfacing

Developéd in Europe, miéro-surfacing is a term used to describe the
application of @ polymer-modified slurry seal, with latex rubber being the most
comndonly used polymer. Micro-surfacing materials consist of asphalt and latex
mixed with aggregate, fillersf and other additives and is a modification of the
slutry and sand seal.’ It has been used as a wearing surface and for rut-filling.
Ralumacis probably the most widely known example of this process in the
United States.

3-20




Full-Depth Asphalt Roadways

The construction sequence for micro-surfacing resembles that of slurry seals.
A modified traveling plant mixer is used to continuously load materials from
haul vehicles and mix them on-site. An adjustable width spreader box is used for
resurfacing purposes, while individual drag boxes are used for rut-filling
purposes. Rolling is generally not required and the pavement can typically be
opened to traffic within 1 hour.

Eog Seal

A fog seal is a very light application of an asphalt emulsion (with no
aggregate) to an oxidized asphalt surface. The purpose of the application is to
rejuvenate the oxidized asphalt and seal fine cracks so that the need for more
corrective rehabilitation is postponed for 1 or 2 years.

The treatment is most suitable for low-volume roads that can be closed to
traffic for the 4 to 6 hours required for the material to sufficiently set. It is widely
used along AC shoulders to help provide a distinct delineation between the
mainline pavement and the shoulder. Application involves sprayingdhi@imaterial
at a specified rate using an asphalt distributor.

Sand Seal

A sand seal is a spray application of asphalt emulsion followed by a light
covering of sand or screening. This application serves the same functionias,af6g
seal, but provides better surface friction. However, the surface appearance ofa
sand seal does not provide the delineétion that a'fog seal does.

The placement of a sand seal is typically2 to 5 mm thicknOnee the sand
covering has been applied to the asphalt emulsion, a rubber-tired roller is used to
firmly embed the sand in the asphalt. The pavement can be opened to traffic once
the seal has sufficiently,set (typicallyy abéut 2 hours).

Cape Seal

A cape seal is a combination of both an asphalt’chip seal and a slurry seal.
The advantage of the@@peseal is thata thicker, more durable surface is obtained,
and it can be usedon igher volume rdads.® The cape seal typically results in a
smoother pavenient with a more pleasingappearance, and can provide added
skid resistance.

Thé eonstructionyprocess cofisists of the chip seal being applied first,
follg#ed by the application.of the slurry seal between 4 and 10 days later.
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Sandwich Seal

A sandwich seal consists of an application of asphalt (asphalt emulsion or
asphalt cement), sandwiched between two applications of different sized
aggregate. The primary objectives of the sandwich seal are to provide a new
wearing course and to increase skid resistance.

Typical sandwich seals are constructed between 6 and 19 mm thick. The
construction process consists of the following five steps:

Cleaning the existing surface.

Application of the first aggregate at 60 to 80 percent coverage.
Application of the asphalt material at the specified rate and temperatufe.
Application of the second aggregate (smaller size than first aggregatg) to
sufficiently fill the voids left by the first aggregate.

Rolling of the aggregate with a rubber-tired roller to firmly seat it in the
asphalt.

Depending on the type of asphalt material used, the paveriént can generally
be reopened to traffic within 2 hours.

3. SELECTION OF THE MOST APPROPRIATE REHAB OPTION

Thus far, course participants hawe been introduced to thevarious
rehabilitation procedures used to improve thé serviceability of full-depth asphalt
roadways. In this section, participants will be instructedhon the process used to
determine the preferred rehab option fora given project.

In the decision-making processifor selection of the preferred rehab strategy,
the following steps dfte fundanfental:®®

®  Determination of the cause of distréss(es) or problems of the pavement.

o Development of a candidate list of solutions that will properly address,
cure, and /or prevent filture occurrences of the problem.

®  Selectiorfof the preferred rehabilitation strategy, given economic and
other{project constraints. :

The first\stép is completed using the pavement evaluation procedures
providéd in module 2, and is therefore not discussed here.

The second step,involves the consideration of other (many noneconomic)
faCtors toward the goal Bfidentifying a few practical options (typically between
twoand four). These factors largely consist of the following:
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Functional requirements.
Structural requirements.
Drainage.

Local experience and manpower.
Availability of resources.
Construction considerations.
Limited project funding.

,
® e 00 0 0 0

~ To determine which of the resulting practical options is the most cost-
effective (and thus the preferred rehabilitation method), a life-cycle cost analysis
is recommended. This analysis takes into consideration the various costs and

N estimated performance of each option over its anticipated life and generates a
standard unit of cost by which the options can be compared.

Brief descriptions of the various selection factors and how they affect the
different rehab methods are’provided in the following sections.

Noneconomic Factors

Functional Requirements

Frequently, the main objective in a rehabilitation proj
functional adequacy of the pavement (i.e., increase skid r

= quality). As a result, some alternatives can be quickly sho
consideration. These alternatives ofta‘include the followin

Functional AC overlay.
Asphalt chip seal.
OGEC.

Sand seal.
Cape seal.
Sandwich seal.
Pavement removal.

the specific functional improvement
desired.

ajor rehabilitation objective is to significantly
ural capacity, the list of practical alternatives can be narrowed to
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Structural AC overlay.

CIR (types 1, 2, and 3).

Hot-mix recycling.

Pavement removal with thick AC overlay.
Hot surface recycling with thick AC overlay.

Each of these methods can be used to meet the desired structural requirements.
However, only CIR and hot-mix recycling have the capability of fully correcting
the structural defects (e.g., alligator cracks and rutting) in the asphalt layers.

Drainage

If the pavement evaluation reveals a serious drainage problem, immediate
consideration must be given to those options that will best remedy the drainage
and other problems. Since full-depth asphalt pavements are used to negate the
weakening effects of water on the base layer, drainage problems in these
structures are generally confined to the surface layer. Here, standingwater may:
be the result of either poor cross-slope (e.g., rutting) or a surface thiat does not
drain well. Practical options for addressing these problems conéist of the
following:

Poor cross-slope Non-draining surface Other miethods
Pavement removal OGFC Deepen ditches
Hot surface recycling Asphalt chip seal Place culverts
Microsurfacing Hot@urface regycling Clean outlets
Asphalt chip seal

cal Experi we;

The availability of local contr@@ters with expetience in the various
rehabilitation methddsiis ofterf a major faetor in the sélection process. Local
contractors inexperiencedywith some methods may simply not be capable of
performing those methods or of providing theguality, timeliness, and economics
desired of those methods. ‘Oneoption which §hould be examined in this situation
is the added cost agseciated with etaining outside contractors experienced in the
methods that arenot practiced loeally.

In general, the availabilityof local contractors experienced in each of the
three rehabilitation types is fairly good. Although recycling is not practiced
nearly as much as resurfacing and the placement of surface treatments, the
availability of local ééntractofs capable of successful recycling operations is
steadily growing. Likewise, some of the more specialized surface treatment
techniques, such as micro-surfacing and OGFC, are also catching on.
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Res ire t

Additional up-front costs can generally be expected if local contractors are
improperly equipped or if the necessary materials are not readily available. In
the first case, the additional costs stem from greater mobilization and hauling, as
an experienced outside contractor must be used. In the second case, the
additional costs stem primarily from hauling, as material (usually aggregate)
must be shipped in from distant sources.

The availability of recycling equipment and some surface treatment
equipment are limited in some areas. Devices such as those used in CIR and
microsurfacing operations are still relatively new and, in the case of the former,
quite expensive.

The lack of strong and durable local aggregate can be a concern with either/of
the three general rehabilitation alternatives. Local aggregate that is soft and
nondurable will adversely impact performance and must be avoided.
Additionally, local aggregate producers may not process aggregate intosthe sizes
or shapes required by particular asphalt-aggregate mixtures. This if oecasionally
a concern with some of the surface treatment techniques, such as fnicro-surfacing.

Construction Considerations

Although there are several construction factors worthy of consideration, thé
following are among the most common:

e  Traffic control requirements.
e  Geometric constraints.
®  Suitability of existing pavement matérials for recycling.

The time period for which a re@d Hiust be partially or completely shut down
can often determine whiéh methods get shortlisted for further consideration and
which ones do not. Obvigusly/ the methods that result'in the greatest disruptions
to traffic will be least desirable by the traveling public. Such disruptions are often
tied to material production rates, operational rates of the equipment, and
pavement curing times:

Geometric ¢onstraints can occasionally limit which alternatives get further
consideration. These constrainté fypically include the following:

In-the-road manholes.

Curb and gutter,

Clearances beneath bridges and overhead signs.
Utilities.
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On occasion, the existing asphalt pavement may be unsuitable for recycling
due to the presence of harmful materials or excessive material variability. In the
case of the former, considerable amounts of tar, asphalt cutback, and asphalt
emulsion in the existing pavement can pose operational problems with air quality
or mix design quality. In the case of the latter, several changes in material
composition throughout the project can result in excessive reprocessing changes
and, possibly, excessive testing requirements.

Economic Factors P
imit oject

If the funds available for a particular project are somewhat limited, then it i€
likely that some of the rehabilitation methods with the highest up-front costs yill P
have to be dropped from consideration. This may, however, result in the
dismissal of some of the more cost-effective methods, in which case extra efforts
to secure more funding could be justified.

Performance Considerations

One important aspect in determining the most cost-effective rehabilitation
alternative is the performance of the pavement after it hds been rehdbilitated.
Although performance is defined as the area under a sefviceabilify-fime curve
(figure 3-2), a commonly used indicator of performance i§ sérvice life. Thigis the
period of time that a rehabilitated pavement will last beforg reaching a minimum
acceptable serviceability level.

The performance characteristics depend largely onthe following factors:

Climatic conditions.

Traffic volufnes.

Existing pavement d¢ondition.
Quality of materials.

Mixture design.
Construction quality.

Because of thes€ factors, the experienees of agencies with the different rehab
methods vary widely. Figure 387 shows'the expected service lives of a few of the
rehabilitation methods based ‘on a 1986 survey of several cities and counties.® As
can be@een, resurfaced paveménts are expected to last the longest, followed
closely by in-plage recycled pavements. Surface treated pavements, however, are
geherally expected {0 provide about one-third the life of resurfaced pavements.
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ASPHALT SURFACE MAINTENANCE TECHNIQUES
EXPECTATION LEVELS (in years)

183 responses

14
12
10
8
6
4
2 I
0 Overlay Cold Hot Fog Chip Slurry Crack
in-place in-place seal seal seal filling
recycling recycling
Figure 3-7. Expected life of various rehab methods.?
Life-Cycle Costs

To determine the most cost-effective fehab option, a fixedianalysis period
must first be established. This analysis period may range from 5.6 25 years,
depending on programmed funding.and the desiréfor long-term planning. A
strategy must then be developeddfor eachirehabilitation option such that
pavement serviceability rémains above amihimum aceeptable level over the
analysis period. As seen'in figure 3-8, a stratégy may consist solely of the
rehabilitation alternative or may \involve the altérhative combined with a series of
future maintenance or rehabilitation activities.

Once alterndtive strategies have been developed, the life-cycle costs
associated with'éach strategy canfbe estimated. These are the projected costs
assumed by the local-roads ageney and the traveling public during the analysis
period. di the case of roadway rehabilitation, the following lifecycle costs should
be considered:
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Serviceability

Time or Tralfic

Figure 3-8. Example of different rehab strategies for a giver

¢ Engineering and administrative costs—The co
existing pavement, selectini the preferred rehab

rehabilitated pavement, repati ‘
specifications for the rehab wor

¢ Rehabilitation costs—The cos d future
to an p
° th maintaining a pavement
vel. These costs include
® Salvage value—

analysis period.
ed by the traveling public in the form of
costs, and accidents.

c analysis have been used to compare the cost-
ies. The more common methods, which are
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the different strategies can be compared. The discount rate is commonly taken as
the difference between the interest and inflation rates."® Historically, discount
rates in the range of 3 to 5 percent have been common.

Present-worth method—This method involves converting all future
costs associated with a particular strategy to present-worth costs. These
converted costs and the initial rehab costs are then sued to obtain a
single, present-worth cost that can be directly compared with the
present-worth costs of the other alternatives.

Annualized method—This method involves converting all present and
future costs associated with a particular strategy to a uniform annual
cost over the analysis period. This uniform annual cost can then be
directly compared with the uniform annual costs of the other
alternatives. This method is preferred when the estimated service lives
of various alternatives are different.

Benefit-cost ratio method—This method involves expressing the

ratio of present-worth benefits of a particular strategy to its present-
worth costs. Strategies that result in a benefit-cost ratio gréater than
one are considered economical and the strategy that pro@iuices the
highest incremental ratio with respect to other strategies is

considered the best choice.

Rate-of-return method—This method consists df determining the
discount rate at which the cost and benefit for a given strategy are equéal.
The strategy with the highest first cost that exceeds a minimum
acceptable rate of return (spe€ified by theagency) is\¢onsidered to be the
best alternative.

Although the benefit-cost ratio method is uised frequentlyin the highway
field, it is occasionally difficult to understand.“And, although the rate-of-return
method has the distinct advantage®f négrequiring knowledge of a discount rate,
it can be very time-cofisuming and it has situationalflaws.

The present-worth method and the annualized method are the preferred
methods of analysis and are theréfore presented in this manual. The concepts
behind each of theseamethods are easily understood and the analyses are
relatively straightforward to perform.

In the present-worth methdd, future lump-sum costs and uniform annual
costs are gonverted\to present-worth values using the following two equations:

1
PW=Fx

¢y
A+
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where: PW = Present-worth cost.

F = Future cost at the end of n years.

i = Discount rate.

n = number of years.

a+ir-1
PW=A x -
i1+

where: PW = Present-worth cost.

A = Uniform annual costs for n years.

i = Discountrate.

n = number of years.

In the annualized method, present-worth costs are converted to uniform
annual costs using the following equation:

Uniform annual cost over analysis p
Present-worth cost.

Discount rate.
number of years alys

where: A

PW

@
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Comparing Rehab Strategies

Rehab Strategy A
Initial cost:

Rehab at.10 years:
Salvage value:
Estimated service life:

Rehab Strategy B
Initial cost:
Maintenance at 5 years:
Maintenance at 12 years:
Salvage value:
Estimated service life:

Specified Discount Rate:
Analysis

Rehab Strategy A

PW (initial cost) =

PW (rehab at 10 years) = 65,000 x [1/(1+0.04)°] =
PW (salvage at 15 years) = 20,000 x [1/(1+0.04)"] =

Total Present Worth of Rehab Strategy A

Relub Stalcay .
PW (initial cost) = )

PW (maintenance at 5 years) = 12,000 x [1/
PW (maintenance at 12 years) = 18,000 x [1/
PW (salvage at 15 years) =40,000 x [1/(1+0.04)

Total Present Wor!

Based on the given ass
strategy.

ore cost-effective

$100,000
$ 65,000
$20,000
15 years

$120,000
$12,000
$ 18,000
$40,000
15 years

4 percent

$120,000
+$ 8,167
+$ 7,148
-$12,609

$122,706

Figure Example of
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Comparing Rehab Strategies

S
Initial cost: $150,000
Maintenance at 10 years: $ 25,000
Rehab at 15 years: $ 80,000
Salvage value: $ 40,000
Estimated service life: 20 years
Rehab Strategy B
Initial cost: $130,000
Maintenance at 5 years: $ 15,000
Rehab at 10 years: $ 65,000
Salvage value: $ 20,000
Estimated service life: 20 years
Specified Discount Rate: 4 percent
Analysis
Rehab Strategy A
A (initial cost) = 150,000 x {[(0.04)(1+0.04)*]/[(1+0.04)%-1]} $15,278

PW (maintenance at 10 years) = 25,000 x [1/(1+0.04)*°] = $14,580
A (maintenance at 10 years) = 11,580 x ([(0.04)(1+0.04)]/[(140.04)°-1)} , +$1,179
PW (rehab at 15 years) = 80,000 x [1/(1+0.04)"®] = $25,219

A (rehab at 15 years) = 25,219 x ([(0.04)(1+0.04)*]/[(1+0.04)*~11} +$2,569
PW (salvage at 20 years) = 40,000 x{1/(1+0.04)*"=$8, 582

A (salvage at 20 years) = 8,582 x {[(0.04)(1+0.04)"}/[(1+0:04)-1]} -$ 874
Total Annual Cost of Rehab Strategy A $18,152
Rehab Strategy B

A (initial cost) = 130)000 x {[(QO4)(1+0.04)°] /[(1+0.04)*%1]) $13,241

PW (maintenance at 5 yiears) = 15,000 x {1/(2+0.04)°] = $10,209
A (maintenance at 5 years)= 10,209 x ([(0.04)(1%0.04)*] /{(1+0.04)*-1]} +$1,039
PW (rehab at 10 years) = 65,000 x [1/(1+0.04)¥] = $30,108

A (rehab at 10 years) = 30,108 x {[(0.04)(1+0.04)*] /[(1+0.04)*-1]} +$ 3,067
PW (salvage at 20@ats),= 20,000 %[1/(1+0.04)%] = $4,291

A (salvage at20 years) = 4,291 x {{(0.04)(1+0.04)*]/[(1+0.04)*-1]} -$ 437
Total Annual Cost of Rehab@trategy B $16,910

Baéed on the given assumptions, rehab strategy B is the more cost-effective
strategy.

Figureé3-10. Example of annualized method of economic analysis.
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MODULE 4
THICK-LIFT ASPHALT ROADWAYS

1. INTRODUCTION

In this manual, thick-lift asphalt roadways are defined as asphalt pavements
that have a surface layer greater than 50 mm thick and a granular or soil base
layer above the existing subgrade. Figure 4-1 shows a typical thick-lift pavement
structure. The asphalt layer in thick-lift pavements can be up to 150 mm thick,
and may consist of a specially designed mix placed in a single lift or a traditional
asphalt surface or base material placed in several lifts.

One advantage fo using a single thick layer is a reduction in mobilization
costs for the paving crew and hot mix asphalt plant. Another advantage is the
fact that thicker lifts will cool more slowly, allowing material to be placed later in
the year with less risk of compaction problems. Disadvantages to usifig thick
single-lift asphalt layers include increased risk of damage to the sirface by
construction equipment, and the lack of options should soft subgrade or podr
drainage areas be discovered during paving.®” Multiple lifts of asphalt cafi be
used to bridge over small, isolated weak areas.

Asphalt Cén cret/Surié// 2150 mm

. a a
-
* ..
¢« a 5.a.°
. r s
- -

Aggregate Base

a - o A
. ] .
- v a°t
- " LIPS .
a *° .. LI

=0 S0 = 0= N =
Prepared Subgrade

Figure 4-1. Typical thick-lift asphalt roadway cross-section.
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The top layer(s) in a thick-lift asphalt road generally consists of asphalt
concrete (AC), and may include a surface treatment to improve the surface texture
and to seal out moisture. The functions of the AC layer(s) are to provide both a
smooth driving surface and a load-carrying layer within the pavement structure.

The second layer, referred to as the granular base course, consists of
aggregate material placed on the existing subgrade. This layer serves asa
construction platform during the placement of the asphalt concrete layer, and also
functions as a load-carrying layer. In most cases, the aggregate base course will
consist of a crushed rock material.

The foundation on which the aggregate base course and asphalt concrete
layers rest usually consists of the natural soil that exists along the roadway.
Occasionally, however, the existing soil may be too soft or unstable to providé an
adequate platform for placing the aggregate base course, or would require an
excessive amount of aggregate and asphalt concrete to provide adequate
protection from traffic. In this case, the deficient soil may be replacedswith higher
quality soils or may be treated with an additive (e.g., lime, cemerif) t6 strengthen
or stabilize the soil.

2. APPROPRIATE REHAB OPTIONS

When a roadway is first constructed, it is built to a relatively highlevel ot
ride quality, or serviceability. As tifile goes onfithe combined effects of traffic,
age, and climate cause the pavement to deteriorate, br,decrease in serviceability.
The general pattern of pavement deterigfdtion is such thabseiviceability remains
high for a period of time and then begins'to drop off fairly quickly, as shown in
figure 4-2.

At some point@long thegerviceability-time curve, a decision must be made
to rehabilitate the pavement in order to restore it to a miore acceptable
serviceability level. Typigally, rehabilitation iSiconsidered appropriate for
pavements ranging in servigeability between poor and good. Reconstruction is
often the more cost-effective strategy for pavements having very poor
serviceability.

There are essentially thré€ inain rehab options available for thick-lift asphalt

concretegroadways. These options include the following:

® . Recycling.
®  Resurfacing.
o " Surface treatment.
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Figure 4-2. Pavement deterioration versus time/traffic.

Descriptions and appropriate uses of these alternatives, as well as the specifi¢
applications and procedures available under each alternative, are providedingthe
following sections.

Recycling

Recycling refers to any process that utilizes materials froman existing
pavement for reuse in the same or other pavements) In the case of the former, the
reclaimed materials may be reproéessed immediately through an on-the-spot
recycling train or in a relatively/Short time through a'central asphalt plant. In the
case of the latter, the reclaimed materials may be reprocessed and then used on a
different roadway.

The major advanfagesiof asphalbpavement recycling include reduced costs
and the conservation of materials (e.g., asphalt binder, aggregate) and the energy
required to progess those materials. Additional benefits include eliminating the
need for material disposal and, oecasionally, preserving roadway geometrics (i.e.,
eliminatin the need for raising manholes, accommodating vertical clearances).

The major disadvantages©f asphalt pavement recycling include the possible
lack of experienced or properly equipped local contractors and of suitable in-place
materials foRrecycling. The consequence of each of these is usually higher
rehabilitation costs.

4-3
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Various classification schemes have been applied to asphalt pavement
recycling operations, based on one or more of the following items:

®  Absence/inclusion of heat in the recycling process {cold or hot process).
® Location of material remixing (in-place or at central mixing plant).
®  Depth of pavement removal or reworking (surface, surface and base).

One of the more common classification schemes consists of the following
three categories:

®  Surface recycling.
e Cold-mix recycling.
o Hot-mix recycling.

Surface recycling is a hot or cold, in-place process that targets the top 25 {6 50
mm of pavement. Both cold- and hot-mix recycling operations target the surface
and a portion or all of the base. However, cold-mix recycling can be done either
in-place or at a central plant, while hot-mix recycling is performed at'a central
plant.

Each recycling category contains several different procedures, with each
procedure generally best suited for certain situations. Farthermore, the
application of a surface layer (e.g., surface treatment, AC overlay)on top of thée
recycled layer may be required.

Surface Recycling

Surface recycling is the process by which the surface of an asphalt pavement
is removed or reworked to a depth of less than 25 to 50 mm. This operation is
divided into two basic processesspavement removal and hot surface recycling.
Each process, uniqui€ in termg(of objectives and the equipment and procedures
used, is discussed in further/detail below.

Because surface recycling does not affect thébase layer and soil foundation, it
cannot be seriously eonsidered asa rehab option for pavements containing
structural, moisiire, or subsurface material problems. Such problems can be
addressed by/ot-mix and cold-miX réeycling operations.

Pavement, Removal
Removal of thetep 25 td 50 mm of surface material can be a useful rehab

technigue by itself orin preparation for resurfacing with AC. Situations that are
generally appropriate for pavement removal include the following:®
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Correction of low- and medium-severity rutting that has developed in
the upper layer of asphalt.

Corrections to areas of bleeding, ravelling, and poor skid-resistance.
Reestablishing cross-slope for proper surface drainage.

Removing bumps and, consequently, pavement roughness.

Reducing or eliminating the need for feathering of a subsequent
overlay along gutters or near bridge abutments.

Improvement of bond between existing asphalt surface and subsequent
AC overlay.

Pavement removal is most often accomplished with one of three pieces of
equipment. These include:

® Heater-Planer.
¢ Cold Milling Machine.
¢ Hot Milling Machine.

The heater-planing operation consists of a mobile heating unit equipped
with, or followed by, a blading device. Auxiliary clean-up equipmént{e.g., front
end loader and dump truck) are required to remove the bladed miaterial frosfi the
pavement.

The heater-planer heats the top fraction of pavement, which isithen bladed
off and removed for possible reuse as a recycled mix. The heating systems
typically used include radiant-heat emitters or open-flame burniers, both of'which
are enclosed by a hood that directs thé heat ontgfthie,pavement. A diagram of the
various construction options available using the heater-planer 18 shown in figure
4-3.

Surface recycling is often performed with a¢old milling machine. The cold
milling machine uses carbide-tippéd cuttér bits mounted on a large revolving
drum to grind the pavemeént sufface into'small asphalt millings and allows for
various depths of removal, The millings are fypically picked up by the milling
machine and then loaded onto a dump truck usingan attached conveyor belt.
The millings may be used later@s arecycled or unrecycled base course or as a
recycled surface courge.

Because of the efficiencies of eurrent eold milling devices, hot milling has
limited use in the United States.|This operation, suitable only for asphalt
pavement§, is quite similar to cold milling with the exception of the added step of
heating the pavementiprior to grinding. The greater operational cost of hot
millifigymay be justifiabléwhere high production rates are needed or very cold
weather is expected.
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Thick-Lift Asphalt Roadways

Table 4-1 lists the primary objectives for which heater-planing and cold
milling are most suitable. Hot milling is typically performed for the same
purposes as cold milling. For improvement of skid resistance by the heater-
planing method, the heating system may be used in conjunction with a steel-
wheeled roller to seat previously spread aggregate chips into the surface.

Table 4-1. Suitable objectives of various surface recycling processes.

Heater- Cold-
Objective Planing Milling
Remove bumps and reduce pavement roughness X X
Reestablish cross-slope- X X
Removal of low-quality slurry or chip seals X
Removal of surface deterioration X X
(e.g., ravelling, bleeding)
Maintain proper clearances for underpasses, tunnels, X X
and sign bridges
Improve skid resistance X X
Promote bonding with AC overlay X
Hot Surface Recycling

Hot surface recycling is a recycling process Whereby the top 25 to 50 mm of
asphalt pavement is reworked on tlie roadway using ayheater-scarifier. The
process involves heatifig and scarifying the surface, adding new aggiegate or
asphalt rejuvenator if requiréd, rfémixing, and relaying and compacting the
material.

The heater-scarifiefiSaself-contained unit equipped with a heating system
and a scarifying atfachiment. The heating system may be a radiant-heat emitter or
an open-flame heater. The scarifying devige consists of carbide-tipped steel
blades that act a§ teéeth and tear into the heated asphalt. A steel blade or heavy
chain is us@ally aftached behind the scarifier to assist in leveling the loosened
materiall More advaneed heater/earifiers might contain an attached screed, for
betterSpreading andlevélings©r an integral spray system, for immediate
applicationiof a rejuvenator.
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After the surface has been heated and scarified, a rejuvenating agent may be
sprayed on the material. If required, new aggregate may also be added.
Remixing and relaying is then performed using either the heater-scarifier or by a
mixing unit or motor grader that follows the heater-scarifier. Pneumatic rollers or
steel-wheeled rollers follow immediately behind the laydown operation and
compact the material.

Hot surface recycling is often done for one or more of the following reasons:

Remove surface defects (e.g., ravelling, bleeding).
Remove bumps (less than 50 mm) and reduce roughness.
Reestablish cross-slope.

Retard reflection cracking.

Promote bonding with subsequent overlays.

Improve aesthetics.

Furthermore, by adding new materials, key surface material characteristics
can be corrected or improved. For instance, bleeding and ravelling can bé
corrected by adding proper amounts of aggregate or asphalt rejuvenator. Skid
resistance can be improved by incorporating the proper type ¢f amount®f
aggregate and aged asphalt can be softened for increased life by addifig'a
rejuvenator.

Cold-Mix Recycling

Cold-mix recycling is a proceSs in whicl reclaimed asphalt pavement (RAP)
materials are combined with new recycling agentand/er aggrégate to produce
cold-mix paving materials. This proces§, which can be'dongin-place or at a
central mixing plant, requires no heat and'is performed to a depth greater than 25
to 50 mm. The resulting cold-mixmaterial ismost often used as a base course, on
which a protective #8phalt swface layenis placed.

Cold-mix recycling operations largely inivolve cold, in-place recycling (CIR)
procedures. These procedures have been used for many years, with more
widespread use occurring only in the last 20 years. In general, CIR is appropriate
for low-volumedéphalt Foads thabare severely cracked and broken, highly rutted,
or very rough{ It is not recommended for roads with obvious soil foundation
problems or with asphalt mixitire problems that cannot be adequately corrected
with CIR.

The benefits 0fCIR are siumerous and include the following:**

® \ Significant structural improvements can be achieved without changes in

Horizontal and vertical geometry.
o Mokt types and severities of pavement distress can be treated.
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Reflection cracking can be delayed or eliminated.
Pavement ride quality can be improved.

Hauling costs can be minimized.

Pavement profile, crown, and cross-slope can be improved.
Production rate is high.

Engineering costs are low.

Among the disadvantages of CIR are the following:*®

e  Construction variation is larger for in-place than for central-plant
operations (i.e., lower quality control in the field than at the plant).

¢  Curing is required for strength gain, and is dependent upon climatic
conditions, including temperature and  moisture.

e Traffic disruption can be greater relative to other rehab alternatives.

® The equipment is expensive, and not many contractors may own the
equipment.

® There are no standard specifications for in-place recycling.

Three distinct types of CIR are currently being used in the Unifed States.
These types, which are briefly discussed below, include the following:®

e Type 1—Rip/pulverize and compact.
® Type2—Single Unit Recycler.
® Type3—Recycling Train.

Type 1 CIR—Rip/pulverize and compact

Often referred to as full-depth recycling or reclamation, Type L CIR is the
oldest and least expensive method of in-place réeycling. It is often used when
there is little remaining life in the road or when gusface defects are caused by
problems in the underlying layer 4l thiSiprocess, thelexisting pavement is
reworked to a depth that may vary from 100ito 300 mum.)The recycled material
provides a good-quality asphalt base layer on which an'AC surface course or a
surface treatment can be applied.®

The general progediifes, for Typel CIR are illustrated in figure 4-4. The
existing pavemend'is first ripped and eérushed in place by multiple passes of a
scarifier or rippér. The crushed material, 6r RAP, is then windrowed with a
grader and may be sprayed with the designated recycling agent. New aggregate
may alsob&added at this point. /A motor grader is used to thoroughly mix the
new maferial, which is then spread into place by either the grader or a paver.
Follo#ing compaction aficheufing, a surface layer is then applied. In some
instanees, type 1 CIR may not be appropriate for thick-lift AC pavements,
especially, When the asphalt thicknesses are greater than 100 mm. Excessive
milling depths are reported to slow production in most cases.”
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1. Rip and break
existing pavement existing pavement

L]
3. Windrow Existing 4. Apply Modifier to Windrowed
Asphalt Bound Materials Asphalt Bound Materials

5. Mix with existing and/on
new base aggregate material

8. Apply wearing surface

)
Figure 44. General sequence of Type 1 CIR operation.
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Type 2 CIR—Single unit recycler

Type 2 CIR is a partial- or full-depth recycling operation that provides a
high-quality base or surface course. In comparison to Type 1 CIR, this operation
provides better quality control with respect to maintaining a uniform
reprocessing depth and to remixing. In addition, Type 2 CIR reduces the recycled
material to a smaller and more uniform size. Type 2 CIR is generally limited to a
depth of 150 to 200 mm and, as a result, should be able to remove all pavement
defects in a typical thick-lift asphalt pavement.

Type 2 CIR eliminates the need for multiple pieces of equipment and
equipment passes for the breaking, crushing, and mixing operations. As shown
in figure 4-5, a planer or milling machine is used to perform these operations in a
single pass. The new mixture is then either windrowed for spreading by a gradér
or conveyed to a paver for relaying. Following compaction and curing, a surface
layer may or may not be applied. Roughly 1.6 to 3.2 km/day of a standard 3.7-m
wide lane can be recycled using this operation.

g i

1 Dynaplane rips and pulverizes Grader or paver spreads and
the pavement, adds asphalt levels the material.
binding agent, and thoroughly
mixes in a single pass,

3 Rollér compacts material 4 Surface treatment or overlay.

Figure'4-5.'Genefal sequence of Type 2 CIR operations.”
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Type 3 CIR—Recycling train

Type 3 CIR is the newest and most productive in-place recycling process.
Like Type 2 CIR, it is a partial- or full-depth recycling operation that produces a
high-quality base or surface course. It differs, however, in the equipment
required to carry out the process and, subsequently, in the rate at which the
pavement is recycled. For these reasons, it is more appropriate on large recycling
jobs.

The process involves the use of large, specialized equipment that work
closely together as a recycling train. Figure 4-6 shows a typical recycling train
and the flow of material through the individual pieces of equipment.

The train is headed by a milling machine, which grinds off the existing
pavement to a depth ideally between 50 and 100 mm. The RAP material is then
conveyed to a screening and crushing unit that reduces the material size to less
than 30 to 50 mm.

DIRECTION OF TRAVEL

Figure 4-64Type B CIR recyeliiig train.®

Next, the RAP material i transported to the mixing unit, or traveling
pugmill. There it is weighed and mixed with measured amounts of aggregate
and recycling agemnf! ThHeynew mixture can be deposited directly into the hopper
of a paver or lajed down in a windrow for subsequent pick-up by a paver. The
paver then spfeads the material evenly for compaction by steel-wheeled and/or
rubber-tired 10llers. Depending on the existing road condition, depth of
recycling, terrain) and traffic, the train can recycle 3.2 to 9.7 km/day of a standard
3.7-m'wide lane,
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MM ecveli

Hot-mix recycling is the process in which all or some portion of the
pavement structure is removed, reduced to the desired size, and mixed hot with
additional asphalt cement at a central plant. The process normally includes the
addition of new aggregate, and may include the addition of a recycling agent.”
The finished product is generally required to meet standard materials
specifications and construction requirements for the type of AC mixture being
produced (e.g., base, binder, or surface course)."”

In comparison with CIR, hot-mix recycling is a costlier and more labor-
intensive operation. Material hauling, hot plant processing, and greater quality
control are major contributors to its higher costs. Although there is generally
more disruption with hot mix recycling, traffic can be allowed on the recycled
pavement much sooner than with CIR because of the shorter curing period. More
importantly, the higher level of quality control in the hot-mix recycling process
generally results in a more stable and consistent mixture.

The two foremost considerations in selecting hot-mix recycliig for a given
rehab project are existing pavement condition and cost. As seen/in table 42, hot-
mix recycling is considered a proper remedy for many pavement defects. In
general, it can be used to correct mixture deficiencies, to réstore paverhent
smoothness, and to increase the overall strength of the pavement. Because of its
higher costs, however, careful comparisons must be made to determine if it is the
most cost-effective approach for the combination of defects observed in the
existing pavement. This is especially the case for l6W-volume roads and short
rehab projects.

Other matters that must be considered include the suitability of existing
materials for recycling and the availability of experienced and properly equipped
contractors. In the caséeof the foriner, the presence of the following materials may
render an existing pavement ufisuitable for hot-mix recyéling:®?

® More than 10 percent of the pavement material is a seal coat, slurry
seal, or cold patch.

®  The pavenient contains cutback asphalts.

¢ The payement contains any goal tars.

Although the availability of experienced and properly equipped contractors has

becomegvidespread\in recent years, their proximity to the project may be too far
for hot-mix recycling te be the miost cost-effective rehab strategy.
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Table 4-2. Guide for selection of AC recycling method."?

Hot-Mix Hot In-Place Cold In-Place
Type of pavement distress Recycling Recycling Recycling
Surface Defects
Raveling X xt
Bleeding X x*
Slipperiness X x!
Deformation
Corrugations X xt
(washboarding)
Rutting (shallow)’ x xt
Rutting (deep)® X x°
Cracking (load associated)
Alligator X x
Longitudinal (wheelpath) x x8 X
Pavement Edge x X
Slippage X x
Cracking (nonload associated)
Block (shrinkage) x x
Longitudinal (joint) X x®
Transverse (thermal) X X
Reflection Cracking X
Maintenance Patching
Spray X '
Skin x° X
Potholé X x
Deep (hot mix) X X
Ride Quality /Roughness
General Unevenness X X
Depressions (settlement) X X1
High Spots (heaving) x* X0
Notes:
1

2
3
4

10

Applicable if the surface course thickness does hot exceed 40 mm.

Rutting is limited to the top 40.to 50 mm of the pavement.

Rutting originates below the surface course, including base and subgrade.

May be a temporafy éorsection if éntire layer affected not removed or treated by the
addition of special admixtures.

The additiofi of new aggregate may be required for unstable mixes.

Applicable if the cracking is lifilited to fhe surface course of the pavement.
Applicable if the treatment is'{0 4 depth below the layer where the slippage is
ocglirring.

Applicable if the eracking is limited to the surface course of the pavement.

In some instances, spray.an@ skin patches may be removed by cold planing prior to
these treatments (consider if very asphalt rich or bleeding).

May be only a temporary correction if the distress is related to a subgrade problem.
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Because the quality of recycled hot-mix must normally satisfy the
requirements of a new AC mixture, a considerable amount of evaluation, testing,
and design work is necessary. This often includes the following tasks:

Reviewing past construction records of the existing pavement.

Visually assessing the condition of the existing pavement.

Performing material characterization tests on the stockpiled RAP.
Formulating a recycled mixture design and determining the proper
amounts of new materials (e.g., asphalt, aggregate) to be added to the
RAP.

e  Performing quality control tests on the recycled mixture to determine if
it meets the applicable specifications.

Examples of the design concepts involved in hot-mix recycling can be found
in reference 10.

The construction sequence for hot-mix recycling typically consists of the
following four activities:

e  Full- or partial-depth removal of the pavement.

e Reduction of the RAP to the appropriate size.

®  Reprocessing of the RAP through a hot-mix plant with/the addition of
one or more of the following: virgin aggregate, new asphalt gément, and
recycling agent.

¢ Placement and compaction of the recycled hot-mix as a bage, binder, of
surface course.

The existing thick-lift asphalt pavement is{gefierally removed by milling,
although ripping equipment have also been used. Withimilling, partial- and full-
depth pavement removal is possible, and€izing of the RAP iSidone
simultaneously with the pavement removal'step, The milling operation is
normally performed to an optimum depth of between 50 and 100 mm. And,
although single-pass removal to4s deepias 200 mm i, possible, the operating
speed can be greatlyteduced afid oversized RAP may tesult, thereby requiring
additional sizing.

Complete removal of a thick:lift asphalt pavement often requires multiple
passes of a milling maghine or the iise of heavy-duty ripping equipment. While
RAP millings aredisually reduced to the appropriate size, the RAP produced by
ripping equipmént must generally undeérgo additional crushing at the central
plant. Central{plant sizing candbe performed with conventional, fixed, and
portable crushing and screening equipment.®

Both conventional batch plants and continuous mix (drum-mixer) plants
havie Been used successfulllif to produce recycled hot-mix.# Both plant types
makeuse of the heat-transfer method, whereby the RAP is primarily heated
through mixing with superheated virgin aggregate. Additional asphalt or
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recycling agent are also added during the mixing, as called for in the mixture
design.

As with conventional hot-mix paving operations, the recycled hot-mix is
hauled to the jobsite where it is loaded into the hopper of an asphalt paver for
proper laydown. Steel-wheeled and rubber-tired rollers are used to compact the
newly laid material to the required density.

Resurfacing

As discussed in module 3, resurfacing in this manual refers to the process in
which an AC overlay is placed on the existing pavement to restore serviceability
to near original level. The placement of a PCC overlay is another option for thick-
lift AC overlays, but this technique is not discussed in this manual.

The major advantages of AC resurfacing include the wide availability of hot-
mix paving contractors and equipment, relatively short disruptions to traffic, and
good long-term service. The major disadvantages include the need for careful
design and quality control, decreased vertical clearances, potential forgeflective
cracking, and possible adjustments or level-up work required for@djacerit
structures (e.g., manholes, curb and gutter, shoulders). In addition, the cost of an
overlay can be prohibitive to many local agencies.

AC resurfacing is typically performed to improve tlie functiondl or structural
performance of a pavement. Functional performance refersito the@bility of a
pavement to provide a safe, smooth-riding surface for thefraveling public.
Functional resurfacing generally consists of a thin AC overlay\that serves one or
more of the following purposes:?

Increase skid resistance.

Improve pavement profile (level up).
Improve rideability.

Improve surface draindge.

Reduce water infiltration.

Retard environmental deterioration:
Enhance appearance.

Structural perfermance refersito the ability of a pavement to withstand traffic
and environmenfal loadings. In'contrast with functional resurfacing, structural
resurfacing nofmally involves the use 6f a thick AC overlay designed to:

® _Increase structural capacity of the pavement.
o/ Reduce the rate of deterioration.

Depending upon théproblem in the existing pavement, and on the purpose
of the overlay, AC resurfacing may consist of one or more lifts (i.e., paving layers)
of material) The lifts may be a part of either the binder course (the structural
layer) or the surface course (the top, protective layer), and they generally range
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from 25 to 200 mm thick. The binder course is sometimes referred to as the
leveling course and the binder course is sometimes referred to as the wearing
course.

The material used in each layer can vary in composition. To provide added
strength, binder course material typically contains larger sized aggregate and
slightly less asphalt cement than surface course material. The smaller sized
aggregate and higher asphalt cement content in a surface course material help
provide an abrasion-resistant and waterproof surface layer.

AC overlays may be applied in conjunction with recycling operations to
provide a protective surface. Such overlays are particularly common with cold-
milling (surface removal) and cold in-place recycling (CIR) operations.

To successfully design and construct an AC overlay, a thorough examination
must be made of the existing pavement, as detailed in module 2 of this manual.
This examination should reveal the prime cause of pavement deterioration so that
proper pre-overlay repairs or treatments can be specified and so that an adequate
overlay thickness can be determined.

The construction sequence for AC resurfacing consists of the following three
steps:

e  Application of pre-overlay repairs or treatments {0 the existifg
pavement.

®  Processing of blended aggregate and asphalt cement at a hot-mix
asphalt plant to produce a hot, homogeneous asphalt paving mixture.

® Placement and compaction ¢f the hot-niixasa leveling, binder, or
surface course.

Pre-overlay repairs or treatments of deteriorated, thick-lift asphalt pavement
occasionally include one or more of the following:

® Localized patchihg of pbtholes or fatigue-cracked (alligatored)

areas.

Level-up patching of futted wheelpaths.

Treatment of thermal eracks to delay reflection cracking in the overlay.
Surface leveling,of sagsand depressions.

Cleaning dihd the applying a fack coat to the existing surface to improve
bonding between the existing asphalt surface and the AC overlay.

Hot-mix prodiiction may take place at either a batch plant or a continuous
mix plant{ Ina bateh plant, aggregate is screened into different sizes, weighed to
the specified propottions, blendéd, and heated and dried in a dryer. Next, the
aggrégate is emptied into apligmill where it is blended together and mixed with
the proper amount (by weight) of heated asphalt cement. The entire batch of hot-
mix is then discharged into a haul vehicle.
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In a continuous-mix plant, screened and heated aggregate is continuously
proportioned and transported to the pugmill. Asphalt cement is then sprayed on
the aggregate at a rate that is calibrated with the movement of aggregate. The
two materials are continuously mixed in the pugmill and are discharged into a
temporary hopper for delivery to the haul vehicle.

After being hauled to the jobsite, the hot-mix is loaded into the hopper of an
asphalt paver for proper laydown. Steel-wheeled rollers and rubber-tired rollers
are then used to compact the newly laid material to the required density.
Achieving the proper density is essential. Insufficient density (compaction) mafj
lead to rutting problems or stripping (from moisture penetrating the surface).
Too much compaction of the AC can cause construction cracking and bleeding.

Surface Treatment

Surface treatment is a broad term that embraces several types of asphalt and
asphalt-aggregate applications, usually less than 25 mm thick, placed on any kind
of roadway surface.” The general purpose of these applications is to improve or
protect the surface characteristics of the roadway. They provide netfiigtural
improvement to the pavement.

Although surface treatment techniques have long been used for rehabbing
low-volume roads, recent advancements in technology have led to their
successful use on higher volume roads and streets. When used in the proper
situations, they provide a low-cost, protective surface that extends pavement(life
and reduces required maintenance expenditures.

The specific functions of surface treatm@nt téehniques ‘¢an be summarized as
follows:®

Provide a new wearing surface.

Seal minor cracks in the surface.

Waterprogf the surfaée.

Improve skidyresisfance and guiface drainage.

Slow pavementweathering.

Improve pavement appearance.

Provide visual distingtion between the'mainline pavement and the
shouldex

¢ Rejuvénate the top 6 mm of an AC surface.

Surface treatment technifues are classified by their composition and by their
use. A total of nine techniques are available for use on thick-lift asphalt
pavéments. A description of €ach of these techniques and the specific functions
they serve are provided in the sections below.
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Asphalt Chip Seal

An asphalt chip seal consists of sequential applications of asphalt (asphalt
™ cement, cut-back asphalt, or asphalt emulsion) and stone chips to form a surface
layer as thick as 25 mm. The combined application may be applied once (single
chip seal) or may be repeated two or three times (double or triple chip seals).

The primary objectives of the asphalt chip seal are to provide a new, durable
surface course and to increase skid resistance. Although their past use has
typically been on low-volume roads, recent improvements in design and
construction have resulted in greater use on higher volume roads.

The construction sequence for a single asphalt chip seal consists of the
following four steps:®

® Clean the existing surface to remove dirt and other loose materials.

o  Apply the asphalt material at the specified rate and temperature using a
calibrated asphalt distributor.

e Immediately spread the stone chips evenly over the surfacedt the
specified rate using a properly calibrated aggregate spreader.

® Immediately roll the stone chips with a rubber-tired roller fo firmly(seat
them in the asphalt and against the underlying layer.

Depending on the type of asphalt material used and the posted gpeed limit,
the chip-sealed road can be opened to traffic within 0.5 to 2 hours.

n Open-Graded Friction C

Open-graded friction courses (OGFC), 4lsb, called plant niix seals or popcorn
mixes, are porous surface mixes produced with large amounts‘of voids (minimum
15 percent) that allow water to drain rapidly through the mix and flow to the side
of the road. These mixes are used tefifipreve the friction properties of the surface
and also reduce tire spfayiand thé potential for hydroplaning, thereby reducing
wet weather accidents. The ©GFC also tends to,provide a quieter riding surface,
as it produces lower tire noise.) Typical thicknessés of OGFC are 25 tc 50 mm.?

OGFC have a more open gradation than dense-graded mixtures. However,
OGFC mixtures aregiroduced and placed in a manner similar to dense-graded
hot mixes. A tackéeoat is needed prior to the placement of the OGFC and
compaction is accomplished solelytby a static steel-wheeled roller. This is
because vibratory rollers can damage the aggregate and rubber-tired rollers tend
to pick updhe asphalt,

Rubbérized Asphalt Chip'Seal

A rubberized asphalt chip seal is a special type of chip seal in which rubber
(latex or groundytire rubber) is blended with asphalt cement. This application can
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be used solely as a stress-absorbing membrane (SAM) or in conjunction with an
overlay as a stress-absorbing membrane interlayer (SAMI).

In both applications, the purpose is to reduce the reflection of underlying
cracks through the surface layer. The latex or ground rubber tires adds resiliency
to the asphalt, which improves bonding with the aggregate and reduces the
tackiness and ravelling of the surface. The added resiliency also enables the seal
to "bridge" existing cracks better.

The construction of a rubberized asphalt chip seal is similar to the
construction of an asphalt chip seal. The major difference is the use of a modified
applicator for spraying the thicker rubberized asphalt binder.®

Slurry Seal

A slurry seal is a homogeneous mixture of asphalt emulsion, water, fine
aggregate, and mineral filler that has a creamy, fluid-like appearance.® Itis
effective in sealing surface cracks, waterproofing the pavement surfacepand
improving skid resistance at speeds below about 65 kph. Threey/pes of slutry
sea] are available that differ by the size of aggregate used. Th¢ type with the
finest aggregate is primarily used for sealing purposes, while|the type s#ith the
largest aggregate is primarily used for improving skid resistance and filling
slight depressions.

The slurry seal mixture is produced on-site in a special truck-mounted,
traveling mixer. Once mixed, the slurry is dumped into a\spreader box attached
to the back of the vehicle. The spréader boxépréads the slurry onto the cleaned
pavement and an attached squeegee smooths thematerial info a layer between 3
and 6 mm thick. Rolling is not generally necessary and, dépending on the
weather, traffic can be allowed on the pavement within 2 to12 hours.

Micro-Surfaci

Developed in Euzope, micro-surfacing is a termuised to describe the
application of a polymer-modified slurry sealywith latex rubber being the most
commonly used polymer. Micro-surfacing materials consist of asphalt and latex
mixed with aggregate,fillers, and other additives and is a modification of the
slurry and sand@eal.®’ It has been used as a wearing surface and for rut-filling.
Ralumac is probably the most widely known example of this process in the
United States.

The construction sequence for micro-surfacing resembles that of slurry seals.
A modified traveling plant niixer is used to continuously load materials from
héubvehicles and mix Ehiéin on-site. An adjustable width spreader box is used for
resurfacing purposes, while individual drag boxes are used for rut-filling
purposesa Rolling is generally not required and the pavement can typically be
opened 10 traffic within 1 hour.
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Fog Seal

A fog seal is a very light application of an asphalt emulsion (with no
aggregate) to an oxidized asphalt surface. The purpose of the application is to
rejuvenate the oxidized asphalt and seal fine cracks so that the need for more
corrective rehabilitation is postponed for 1 or 2 years.

The treatment is most suitable for low-volume roads that can be closed to
traffic for the 4 to 6 hours required for the material to sufficiently set. It is widely
used along AC shoulders to help provide a distinct delineation between the
mainline pavement and the shoulder. Application involves spraying the material
at a specified rate using an asphalt distributor.

Sand Seal

A sand seal is a spray application of asphalt emulsion followed by a light
covering of sand or screening. This application serves the same function as a fog
seal, but provides better surface friction. However, the surface appearance of a
sand seal does not provide the delineation that a fog seal does.

The placement of a sand seal is typically 2 to 5 mm thick. Orieé the sand
covering has been applied to the asphalt emulsion, a rubber-tired roller isdised tq
firmly embed the sand in the asphalt. The pavement can be opened to Afaffic once
the seal has sufficiently set (typically about 2 hours).

Cape Seal

A cape seal is a combination of botlvan asphalBiehip seal and a slurry seal.
The advantage of the cape seal is that a thicker, more dufable surface is obtained,
and it can be used on higher volume road€ The cape seal fypically results in a
smoother pavement with a more pleasing appearance, and can provide added
skid resistance.

The construction‘proeess consists of théchip seal being applied first,
followed by the applicationof the slurry seal between 4.and 10 days later.

Sandwich Seal

A sandwich séal eonsists of aniapplication of asphalt (asphalt emulsion or
asphalt cement)/sandwiched between fwe applications of different sized
aggregate. The/primary objectiy@s of the sandwich seal are to provide a new
wearing courseand to increase skid resistance.

Typical sandwichiseals are@onstructed between 6 and 19 mm thick. The
conéfruetion process consists of the following five steps:
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Cleaning the existing surface.

Application of the first aggregate at 60 to 80 percent coverage.
Application of the asphalt material at the specified rate and temperature.
Application of the second aggregate (smaller size than first aggregate) to
sufficiently fill the voids left by the first aggregate.

Rolling of the aggregate with a rubber-tired roller to firmly seat it in the
asphalt.

Depending on the type of asphalt material used, the pavement can generally
be reopened to traffic within 2 hours.

3. SELECTION OF THE MOST APPROPRIATE REHAB OPTION

Thus far, course participants have been introduced to the various
rehabilitation procedures used to improve the serviceability of thick-lift asphalt
roadways. In this section, participants will be instructed on the process used {0
determine the preferred option for a given project.

In the decision-making process for selection of the preferred rehab strategy,
the following steps are fundamental:*?

e Determination of the cause of distress(es) or problems of thé pavement.

e Development of a candidate list of solutions that will properly address,
cure, and/or prevent future occurrences of theproblem.

®  Selection of the preferred rehabilitation strategy, given economie and
other project constraints.

The first step is completed using thegpavement evaluation procedures
provided in module 2, and is therefore not discussed here,

The second step involves the consideration of other (many noneconomic)
factors toward the goal of identifying a few praetical options (typically between
two and four). Thesé factors ldrgely consist of the following:

Functional requirements.
Structural requirements.
Drainage.

Local expéfiénee and manpower.
Availdbility of resources.
Conéstruction considerations.
Limited project funding.

1o determinewhich of the resulting practical options is the most cost-
effective (and thus the prefefred rehab method), a life-cycle cost analysis is
recommended. Thisanalysis takes into consideration the various costs and
estimated performance of each option over its expected life and generates a
standard unit of cost by which the options can be compared.
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Brief descriptions of the various selection factors and how they affect the
different rehab methods are provided in the following sections.

Noneconomic Factors

Functional Requirements

Frequently, the main objective in a rehabilitation project is to increase the
functional adequacy of the pavement (i.e., increase skid resistance and/or ride
quality). As a result, some alternatives can be quickly shortlisted for further
consideration. These alternatives often include the following:

Functional AC overlay.
Asphalt chip seal.
OGFC.
Slurry seal.
Microsurfacing.
Sand seal.
Cape seal.

* Sandwich seal.
Pavement removal.
Hot-surface recycling.

Further shortlisting can be done given the specific fufictional improvement
desired.

Structural Requirements

In situations where the major rehabilitation objectiveisto significantly
increase structural capacity, the list of practicahalternatives can'be narrowed to

the following:
®  Structural AGWverlay.
o CIR (types 1,2, and 3)/
® Hot-mix recycling.
® Pavement removal with thick AC overlay.
¢  Hot surface recycling with thick AC overlay.

Each of these metliods can be used {0 meet the desired structural requirements.
However, only €IR and hot-mix recyclinghave the capability of fully correcting
the structural defects (e.g., alligdtor cracks and rutting) in the asphalt layers.

Drainage
If the pavement evaluation reveals a serious drainage problem, immediate
consideration must be given to those options that will best remedy the drainage

and otherproblems. Thick-lift asphalt pavements are generally not susceptible to
weakening effeets of water on the subgrade layer. Drainage problems in these
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structures are commonly confined to the surface layer. Here, standing water may
be the result of either poor cross-slope (e.g., rutting) or a surface that does not
drain well. Practical options for addressing these problems consist of the
following:

Poor cross-slope Non-draining surface Other methods

Pavement removal OGFC Deepen ditches
Hot surface recycling Asphalt chip seal Place culverts
Microsurfacing Hot surface recycling Clean outlets
Asphalt chip seal

Local Experience and Manpower

The availability of local contractors with experience in the various rehab
methods is often a major factor in the selection process. Local contractors
inexperienced with some rehab methods may simply not be capable of
performing those methods or of providing the quality, timeliness, and economics
desired of those methods. One option which should be examined in this situation
is the added cost associated with retaining outside contractors expefiencediin the
methods that are not practiced locally.

In general, the availability of local contractors experienced!in each éf the
three rehab types is fairly good. Although recycling is not practiced fiearly as
much as resurfacing and the placement of surface treatments, the availability of
local contractors capable of successful recycling operations is steadily growing.
Likewise, some of the more specialized surface treatment techniques, such as
micro-surfacing and OGFC, are alsoatching oms

Resource Requirements

Additional up-front costs can generally be éxpected if local'contractors are
improperly equipped or if the necessary materialsiare not readily available. In
the first case, the additional cosfs stem from greater mobilization and hauling, as
an experienced outside contrdctor must be ised. In‘thesecond case, the
additional costs stem primarily from hauling,'as material (usually aggregate)
must be shipped in from distant sources.

The availabilitg®®f féeycling equipment and some surface treatment
equipment are Jifnited it some areas. \Devices such as those used in CIR and
microsurfacing operations are still relatively new and, in the case of the former,
quite expensive.

The lack of strong and durable local aggregate can be a concern with either of
thethiee general rehab,altern@tives. Local aggregate that is soft and nondurable
willadversely impact performance and must be avoided. Additionally, local
aggregateproducers may not process aggregate into the sizes or shapes required
by particulahasphalt-aggregate mixtures. This is occasionally a concern with
some of the subface treatment techniques, such as microsurfacing.
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Constructi ideration:

Although there are several construction factors worthy of consideration, the
following are among the most common:

e Traffic control requirements.
®  Geometric constraints.
e  Suitability of existing pavement materials for recycling.

The time period in which a road must be partially or completely shut down
can often determine which rehab methods get shortlisted for further
consideration and which ones do not. Obviously, the methods that result in the
greatest disruptions to traffic will be least desirable by the traveling public. Such
disruptions are often tied to material production rates, operational rates of the
equipment, and pavement curing times.

Geometric constraints can oceasionally limit which alternatives get further
consideration. These constraints typically include the following:

In-the-road manholes.

Curb and gutter.

Clearances beneath overhead signs and bridges.
Utilities.

On occasion, the existing asphalt pavement may be unsuitable for réeycling
due to the presence of harmful materials or excessive material variability. In the
case of the former, considerable amoufits of tar, asphalt cutbagk)and asphalt
emulsion in the existing pavement can pose operatiofial problems with air quality
or mix design quality. In the case of the latter, several' chafiges in material
composition throughout the project can result in excessive reprocessing changes
and, possibly, excessive testing requirements.

Economic Factors

Limited Project Funding

If the funds available for a particular project'are somewhat limited, then it is
likely that some of tli€ rehab methods with the highest up-front costs will have to.
be dropped fromfonsideration. This may, however, result in the dismissal of
some of the more cost-effective methods, in which case extra efforts to secure
more funding could be justified:

erformiance Considerations
One important aspect in determining the most cost-effective rehab
alternative is the performance of the pavement after it has been rehabilitated.

Although'performance is defined as the area under a serviceability-time curve
(figure 4-2), a commonly used indicator of performance is service life. This is the
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period of time that a rehabilitated pavement will last before reaching a minimum
acceptable serviceability level.

The performance characteristics of each rehab option depend largely on the
following factors:

Climatic conditions.

Traffic volumes.

Existing pavement condition.
Quality of materials.

Mixture design.
Construction quality.

Because of these factors, the experiences of various agencies with the different
rehab methods vary widely. Figure 4-7 shows the expected service lives of a few
of the rehab methods based on a 1986 survey of several cities and counties.® As
can be seen, resurfaced pavements are expected to last the longest, followed
closely by in-place recycled pavements. Surface treated pavements, however, are
generally expected to provide about one-third the life of resurfacedgiavements.

Life-Cycle Costs

To determine the most cost-effective rehab option, a fixed analysis period
must first be established. This analysis period may range from 540 25 years,
depending on programmed funding and the desire for long-term planiing.
strategy must then be developed for each rehab option such that pavement
serviceability remains above a mininitum acceptable level over the analysis
period. As seen in figure 4-8, a strategy may consist selely of the rehab
alternative or may involve the rehab altepifative combinedwith aseries of future
maintenance or rehab activities.

Once alternative strategies haverbeen developed, the life-cycle costs
associated with eachéftrategy cdn be estimated. Theseare the projected costs
assumed by the local-toatls agerncy and the traveling public during the analysis
period. In the case of roadway rehab, the following life cycle costs should be
considered:

® Engineerifig andadministeative costs—The costs of evaluating the
existing pavement, selecting the preferred rehab option, designing the
rehabilitated pavemens, and préparing the necessary plans and
specifications for the ¥ehab work.

® Rehab costs—The costs associated with initial and future rehab
activities iltended tofestore the pavement to an acceptable
serviceabilitylevels

® Maintenance costs—The costs associated with maintaining a pavement
abor above some predetermined performance level. These costs include
both preventive and corrective maintenance costs, but not rehab costs.
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ASPHALT SURFACE MAINTENANCE TECHNIQUES

EXPECTATION LEVELS (in years)

183 responses
0 Overlay Cold Hot Chip Sluny
inplace  in-place sed ﬁlllng
recyding  recydiig
Figure 4-7. Expected life of vatious rehab methods.®
® Salvage value—The value of the pavement at the end of the life cycle or
analysis periods

®  User cosfs—The costs assumied by the traveling public in the form of

delay £osts, increased operating costs, and accidents.
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Timeor Traffic

Figure 4-8. Example of different rehab strategies for a given analyéis period.

Life-Cycle Cost Analysi

Several methods of economic analysis ha¥e béen used to compare the cost-
effectiveness of different rehab strategies, 4The more common methods, which are
briefly discussed below, require the use 6f a discount rate'fo decount for the time
value of money. The discount rate is used t@ eonvert future predicted costs or
benefits to their present worth or to.uniform annual costs so that the economics of
the different strategies can be cdmparedh, The discount rate is commonly taken as
the difference between the interest and inflation rates."® Historically, discount
rates have been in the range 0f 3 to 5 percent.

Present-worth method—This method involves converting all future
costs assoeidt@chwith'a particular strategy to present-worth costs. These
converied costs and theinitial rehab costs are then summed to obtain a
singlé, present-worth cost thatican be directly compared with the
presént-worth costs ¢f the other alternatives.

Annualized method-—This method involves converting all present and
future costs associated with a particular strategy to a uniform annual
cost over the,analysis period. This uniform annual cost can then be
directly compared with the uniform annual costs of the other
alternatives. This method is preferred when the estimated service lives
of warious alternatives are different.
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®  Benefit-cost ratio method—This method involves expressing the
ratio of present-worth benefits of a particular strategy to its present-
worth costs. Strategies that result in a benefit-cost ratio greater than
one are considered economical and the strategy that produces the
highest incremental ratio with respect to other strategies is
considered the best choice.

® Rate-of-return method—This method consists of determining the
discount rate at which the cost and benefit for a given strategy are equal.
The strategy with the highest first cost that exceeds a minimum
acceptable rate of return (specified by the agency) is considered to be thé
best alternative.

Although the benefit-cost ratio method is used frequently in the highway
field, it is occasionally difficult to understand. And, although the rate-of-return
method has the distinct advantage on not requiring knowledge of a discount rate,
it can be very time-consuming and it has situational flaws.

The present-worth method and the annualized method are the preferred
methods of analysis and are therefore presented in this manual. Thé concepts
behind each of these methods are easily understood and the analyses are
relatively straightforward to perform.

In the present-worth method, future lump-sum costs@nd unifomfi annual
costs are converted to present-worth values using the following tw eéquations:

1
PW =F x> 1
d+)"
where: PW =  Present-worth cost.
F - = Future cost at the end of n years,
i = Discountrate.
n = nufnber of years.
(1+)~=1
PW=A x - V)]
iQ+)"
where: PW =/ Present-worth cost.
A = Uniform annuél costs for n years.
i_ = Discount rate,
n \ = number of years

In the annualized method, present-worth costs are converted to uniform
annual eosts using the following equation:
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i1+
A =PW X ~meeemmeeeeeme 3) -
A+ -1 i
where: A = Uniform annual cost over analysis period of n years.
PW =  Present-worth cost. o
i = Discount rate.
n = number of years in analysis period.

In each case, the costs for each option are determined and the option with the
lowest cost represents the most cost-effective solution.

Examples of the present-worth method and the annualized method are provide
in figures 4-9 and 4-10, respectively.

S
N
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Comparing Rehab Strategies

Rehab Strategy A
Initial cost:

Rehab at 10 years
Salvage value:
Estimated service life

Rehab Strategy B

Initial cost:
Maintenance at 4 years
Maintenance at 8 years:
Maintenance at 12 years:
Salvage value:
Estimated service life

$50,000

$15,000
$1,000

Specified Discount Rate:

Analysis

Rehab Strategy A
PW (initial cost) = ’
PW (rehab at 10 years) = 35,000 x [1/(1+0.04)""] =

PW (salvage at 15 years) = 50,000 x [1/(1+0.04)")] =
Total Present Worth of Rehab Strategy A

Rehab Strategy B ‘
PW (initial cost) = »

PW (maintenance at 4 years) = 15,0!
PW (maintenance at 5 years) = 15,000 x

PW (maintenance at 12 years)

$150,000
$35,000

15 years

$120,000
$15,000
$15,000

15 years

$120,000
+ $11,025
+ $8,104
+ $5,957
-$315
$144,771
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Comparing Rehab Strategies

Rehab Strategy A

Initial cost:
Maintenance at 5 years:
Maintenance at 10 years:
Maintenance at 15 years:
Salvage value:
Estimated service life:

Rehab Strategy B
Initial cost:

Rehab at 10 years:
Salvage value:
Estimated service life:

$25,000
$25,000
$2,000

$40,000

Specified Discount Rate:

Analysis

Rehab Strategy A
A (initial cost) = 150,000x{[(.04)(1.04)®]/[(1.04)*°<1] =

PW (maint. @ 5 yrs.) = 25,000x[1/(1.04)°] = $17,015
A (maint. @5 yrs.) = 17,015x{[(.04)(1.04)*]1/[(1.04)**1
PW (maint. @ 10 yrs.) =25,000x[1/(1.04)"] = $11,580
A (maint. @ 10 yrs.) = 11,580x{[(.04)(1.04)*]/[(1.04)%-1]
PW (maint. @ 15 yrs.) =25,000 (1.04)5]

A (maint. @15 yrs.) = 7,881x{[(- .04)
PW (salvage @ 20 yrs.) = 2,000x[1/(1
A (salvage @ 20 yrs.) = 429x{[(.04)(1.
Total Annual Cost of Rehab Strategy

$150,000
$25,000 P

20 years

$200,000
$50,000

20 years

4 percent

$18,949

$20,370
+$2,359

- $874
$21,855
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MODULE 5

THIN-LIFT HOT-MIX ASPHALT ROADWAYS

1. INTRODUCTION

Thin-lift hot-mix asphalt roadways are defined as having a surface layer less
than 50 mm thick with a granular or soil base layer above the existing subgrade.
Figure 5-1 shows a typical thin-lift pavement structure. The asphalt layer in thin-
lift hot-mix pavements can be up to 50 mm thick. The asphalt layer generally
consists of a conventional asphaltic hot-mix surface or base material that is placed
on a granular base course.

The primary function of the AC layer in a thin-lift hot-mix asphalt pavement
is to provide a smooth and somewhat watertight driving surface. The asphalt
layer also provides some load-carrying capacity. The reduction in hot-mix
asphalt quantities for these pavements generally makes them less expensive than
thick-lift asphalt pavements . :

The second layer ina thm-hft hot-mlx asphalt pavement referred to ag'the
granular base course, consists of aggregate material placed g the existisig
subgrade. This layer serves as a construction platform duringthe placement of
the asphalt concrete layer, and also functions as the primaryload-carrying layer
In most cases, the aggregate base course will consist of a crushedirock material.

~ ~ e
/Aﬁphalt/Ccm/crete/Surface <50 mm

. - A o A e
- -
L 3
o a A.A. .
- *a -~

Agaregale Base

MW= N = = N ==

Prepared Subgrade

Figure 5¢1. ‘Typical thin-lift hot-mix asphalt pavement cross-section.
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The foundation on which the aggregate base course and asphalt concrete
layers rest usually consists of the natural soil that exists along the roadway.
Occasionally, however, the existing soil may be too soft or unstable to provide an
adequate platform for placing the aggregate base course, or would require an
excessive amount of aggregate and asphalt concrete to provide adequate
protection from traffic. In this case, the deficient soil may be replaced with higher
quality soils or may be treated with an additive (e.g., lime, cement) to strengthen
or stabilize the soil.

Thin-lift hot-mix asphalt pavements are generally used in low-volume
situations where there is little justification for stronger pavement sections.
Pavements expected to carry more than 100,000 equivalent axle loads over the life
of the pavement should have thicker asphalt sections.”

2. APPROPRIATE REHAB OPTIONS

When a roadway is first constructed, it is built to a relatively high level of
ride quality, or serviceability. As time goes on, the combined éffects of traffic,
age, and climate cause the pavement to deteriorate, or decreage in seryiceability.
The general pattern of pavement deterioration is such that serviceabilify remains
high for a period of time and then begins to drop off fairly quickly, as shown in
figure 5-2.

At some point along the servig@ability-time curve, a decision must be made
to rehabilitate the pavement in orderto restoreit toa,more acceptable
serviceability level. Typically, rehabilitation is consideredhappropriate for
pavements ranging in serviceability betweefypoor and good. Reeonstruction is
often the more cost-effective strategy for pavements having very poor
serviceability.

There are essentialljzthrée main options available for thin-lift hot-mix
asphalt concrete roadways. These optionsinclude the following:

® Recycling
e Resurfacing.
& Surface treatment.

Deseriptions and appropriate uses of these options, as well as the specific
applications and procedures available under each option, are provided in the
following sections.
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Figure 5-2. Pavement deterioration versus time/ traffic.

Recycling

Recycling refers to any process that utilizes materials fiém an existing
pavement for reuse in the same or other pavements. In the gase of the former, the
reclaimed materials may be reprocessed immediately through an on-the-spot
recycling train or in a relatively short time through a central asphalt plant.“In'the
case of the latter, the reclaimed materi@lSimay be@@processed and then used on a
different roadway.

The major advantages of asphalt pavement recycling include reduced costs
and the conservation of materials (e.g., asphalt binder, aggregate) and the energy
required to process those materialst’ Additional benefits include eliminating the
need for material disposalland, decasionally, preserving roadway geometrics (i.e.,
eliminating the need for raising manholes, accommodating vertical clearances).

The major disadvantages of asphalt pavement recycling include the possible
lack of experienced ompidperly equipped local contractors and of suitable in-place
materials for recygling. The consequence of each of these is usually higher
rehabilitation cogts.

Variou® clasgification schemes have been applied to asphalt pavement
recycling operations, based on orié or more of the following items:

¢ Absence/inclusionof heat in the recycling process (cold or hot process).

¢ Location of material remixing (in-place or at central mixing plant).
¢ Deptheof pavement removal or reworking (surface, surface and base).
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One of the more common classification schemes consists of the following
three categories:

® Surface recycling.
e Cold-mix recycling.
® Hot-mix recycling.

Surface recycling is a hot or cold, in-place process that targets the top 25 to 50
mm of pavement. Both cold- and hot-mix recycling targets the surface and a
portion or all of the base. However, cold-mix recycling can be done either in-
place or at a central plant, while hot-mix recycling is performed at a central plant.

Each recycling category contains several different procedures, with each
procedure generally best suited for certain situations. Furthermore, the
application of a surface layer (e.g., surface treatment, AC overlay) on top of the
recycled layer may be required.

Surface Recycling

Surface recycling is the process by which the surface of ah asphalt gavement
is removed or reworked to a depth of less than 25 to 50 mm. {This opération is
divided into two basic processes: pavement removal afid hot'surfdce recycling.
Each process, unique in terms of objectives and the equipment and procedures
used, is discussed in further detail below.

Because surface recycling doés niot affedt thebase layer and soil foundation, it
cannot be seriously considered as an option for pavements containing structural,
moisture, or subsurface material problémsh Such problemsiean be addressed by
hot-mix and cold-mix recycling operations.

Pavement Removal

Removal of the top 25 t6 50 mm of surface material can be a useful rehab
technique by itself or in preparation for resurfacing with AC. Situations that are
generally appropriate for pavement removal include the following:®

o  Corréction of low- and ‘medium-severity rutting that has developed in
the upper layer of asphalt.

Corrections to areas of bleeding, ravelling, and poor skid-resistance.
Reestablishing cross-slope for proper surface drainage.

Remowing bumps and, consequently, pavement roughness.

Reducing oréliminating the need for feathering of a subsequent
overlay along gutters or near bridge abutments.

Improvement of bond between existing asphalt surface and subsequent
AGQoverlay.
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Pavement removal for thin-lift hot-mix asphalt pavements is most often
accomplished with the following pieces of equipment:

¢ Cold Milling Machine.
o Hot Milling Machine.

The heater-planing operation described in modules 3 and 4 is not
recommended for pavements less than 60 mm thick, and is thus not appropriate
for thin-lift hot-mix asphalt pavements.??

Surface recycling is often performed with a cold milling machine. The cold
milling machine uses carbide-tipped cutter bits mounted on a large revolving
drum to grind the pavement surface into small asphalt millings and allows for
various depths of removal. The millings are typically picked up by the milling
machine and then loaded onto a dump truck using an attached conveyor belt.
The millings may be used later as a recycled or unrecycled base course or as a
recycled surface course.

Because of the efficiencies of current cold milling devices, hot nfilling has
seen limited use in the United States. This operation, suitable only for asphalf
pavements, is quite similar to cold milling with the exception of an addedétep of
heating the pavement prior to grinding. The greater operatiénal cost ofthot
milling may be justifiable where high production rates are neéded or very cold
weather is expected.

Table 5-1 lists the primary objectivesifor whiclileold milling is most suitable.
Hot milling is typically performed for the same purposesias cold milling.

Table 5-1. Suitable objectives of cold-milling surface recycling process.

Objective / Cold-Milling
Remove bumps and réeduce pavement toughness X
Reestablish cross-slope X

Removal of low-guality slurry or chip seals

Removal 6f surface deterioration X
(e.g., ravelling, bleeding)

Maintain proper dlearances for underpasses, tunnels, X
and sign bridges

Improve skid resistance X
Promete bonding with AC overlay X
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old-Mix Re

Cold-mix recyeling is a process in which reclaimed asphalt pavement (RAP)
materials are combined with new recycling agent and / or aggregate to produce
cold-mix paving materials. This process, which can be done in-place or at a
central mixing plant, requires no heat and is performed to a depth greater than 25
to 50 mm. The resulting cold-mix material is most often used as a base course, on
which a protective asphalt surface layer is placed.

Cold-mix recycling operations largely involve cold, in-place recycling (CIR)
procedures. These procedures, used for many years, have more widespread use
occurring only in the last 20 years. In general, CIR is appropriate for low-volume
asphalt roads that are severely cracked and broken, highly rutted, or very rougli.
It is not recommended for roads with obvious soil foundation problems or with
asphalt mixture problems that cannot be adequately corrected with CIR.

The benefits of CIR are numerous and include the following:®?

@ Significant structural improvements can be achieved without changes in
horizontal and vertical geometry.

Most types and severities of pavement distress can be treated.
Reflection cracking can be delayed or eliminatéd.

Pavement ride quality can be improved.

Hauling costs can be minimized.

Pavement profile, crown, and cross-slope can be'improved.

Production rate is high.

Engineering costs are low.

Among the disadvantages of CIR are the following:**

®  Constructidn variatiofi is larger for in-place than for central-plant
operations (1.€), lower quality ¢ontrol in the field than at the plant).

®  Curing is requiréd for strength gain, and is dependent upon climatic
conditions, including temperature and moisture.

® Traffic disruption can be greater relative to other rehab alternatives.

® The equipmenbis expensive, and not many contractors may own the
equipiment.

®  Thefe are no standard specifications for in-place recycling.

Tliree distinet types of CIR are currently being used in the United States.
Thesg types, whichiare briefly discussed below, include the following:®

8 \ Type 1—Rip/pulverize and compact.

¢ Type 2—Single Unit Recycler.
® “Type 3—Recycling Train.

5-6




Thin-Lift Hot-Mix Asphalt Roadways

Type 1 CIR—Rip/pulverize and compact

Often referred to as full-depth recycling or reclamation, Type 1 CIR is the
oldest and least expensive method of in-place recycling. Itis often used when
there is little remaining life in the road or when surface defects are caused by
problems in the underlying layer. In this process, the existing pavement is
reworked to a depth that may vary from 100 to 300 mm. The recycled material
provides a good-quality base layer on which an AC surface course or a surface
treatment can be applied.®

The general procedures for Type 1 CIR are illustrated in figure 5-3. The
existing pavement is first ripped and crushed in place by multiple passes of a
scarifier or ripper. The crushed material, or RAP, is then windrowed with a
grader and may be sprayed with the designated recycling agent. New aggregate
may also be added at this point. A motor grader is used to thoroughly mix the
new material, which is then spread into place by either the grader or a paver.
Following compaction and curing, a surface layer is then applied.

Type 2 CIR—Single unit recycler

 Type 2 CIR is a partial- or full-depth recycling operation that provides@
high-quality base or surface course. In comparison to Type 1 CIR; this operation
provides better quality control with respect to maintaining a uniform
reprocessing depth and to remixing. In addition, Type 2 CIR reduces thérecycled
material to a smaller more uniform size. Type 2 CIR is generally limited t0 2
depth of 150 to 200 mm and, as a resulif’should bgable to remgve all pavement
defects in a typical thick-lift asphalt pavement.

Type 2 CIR eliminates the need for multiplépieces of equipment and
equipment passes for the breaking, crushing, and mixing operations. As shown
in figure 54, a planer or,milling macHifi&is used tq pérform these operations in a
single pass. The new fiixture is then either windrowed for spreading by a grader
or conveyed to a paver for rélaying. Followingicompaction and curing, a surface
layer may or may not be applied. Roughly 1.6:0 8.2 km/day of a standard 3.7-m
wide lane can be recycled using this operation.

Type 3 CIR—Recycling train

| Type 3 CIR ié the newest and most productive in-place recycling process.
Lite Type 2 CIR, it is a partial- of full-depth recycling operation that produces a
high-qualityabase o surface course. It differs, however, in the equipment
required(to carry ouf the process and, subsequently, in the rate at which the
pavendent is recycled, Forthesé'reasons, it is more appropriate on large recycling
jobs.
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ONINO

and break 2. Pulverize

1.Rip
existing pavement existing pavement
L]
G ‘ 6)
3. Windrow Existing 4. Apply Modifier to Windrowed
Asphalt Bound Materials Asphalt Bound Materials

. Mix with existing and/or 6. Spr upgraded base
new base aggregate material to spegified thickness

/. Compact, seal and cure

8. Apply wearing surface

©)
Figure 5-3. General sequence of Type 1 CIR operation.
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1 Dynaplane rips and pulverizes 2 Grader or paver spreads and
the pavenent, adds asphalt levels the material
binding agent, and thoroughly
mixes in a single pass.

3 Roller compacts material 4 Surface treatment or overlay.

Figure 54. General sequénce of Type 2 CIR operation.?

The process involves the use of large, specialized equipment that work
closely together as a recycling train. Figure 5-3 shews a typical recycling train
and the flow of material through thesindividual pieces of equipment.

The train is headed bya milling machine)which grinds off the existing
pavement to a depth ideally between 50 and 100imm. The RAP material is then
conveyed to a screening and eruishing unit that réduces the material size to less

- than 30 to 50 mm.

Next, the RAP material is transportéd to the mixing unit, or traveling
pugmill. Therelitis weighed andfimixed with measured amounts of aggregate
and recycling agent. The new mixture can be deposited directly into the hopper
of a pavér onlayed down in a windrow for subsequent pick-up by a paver. The
paver then spreads thematerial évenly for compaction by steel-wheeled and/or
rubberstired rollers. ‘Depending on the existing road condition, depth of
recycling, terrain, and trathic, the train can recycle 3.2 to 9.7 km/day of a standard
3.7-m wide lane.
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DIRECTION OF TRAVEL

Figure 5-5. Type 3 CIR recycling train.®

Hot-Mix Recycling

Hot-mix recycling is the process in which all or some portion of the
pavement structure is removed, reduced to the desired size, and ghixed hot with
additional asphalt cement at a central plant. The process norméally includes the
addition of new aggregate, and may include the addition of a fécyclingdgent..
The finished product is generally required to meet standard materialé
specifications and construction requirements for the type of AC mikture being
. produced (e.g., base, binder, or surface course).®?

In comparison with CIR, hot-mix recycling,is a costlier and more labor-
intensive operation. Material hauling, hot plant processing, and greater quality
control are major contributors to its highe costs. Although there is generally
more disruption with hot mix recycling, traffic can be alilowed onithe recycled
pavement much sooner than with CIR becauge bf the shorter curing period. More
importantly, the higher level of guality. controlin the hot-mix recycling process
generally results ind@ more stable and consistent mixture.

The two foremost considerations in selecting hot-mix recycling for a given
rehab project are existing pavement condition and cost. As seen in table 5-2, hot-
mix recycling is considered a proper remedy for many pavement defects. In
general, it can befused {0 correctmikture deficiencies, to restore pavement
smoothness, afid to increase the overall strength of the pavement. Because of its
higher costs, however, careful@omparisons must be made to determine if it is the
most cost-effective approach for the combination of defects observed in the
existig pavement. This is especially the case for low-volume roads and short
rehabilitation projects,

Other matters that must be considered include the suitability of existing
materials for recycling and the availability of experienced and properly equipped
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Table 5-2. Guide for selection of AC recycling method.™

Hot-Mix Hot In-Place Cold In-Place
Type of pavement distress Recycling Recycling Recycling
Surface Defects
Raveling X x!
Bleeding x x*
Slipperiness X x*
Deformation
Corrugations X xt
(washboarding)
Rutting (shallow) X xt
Rutting (deep) X X2
Cracking (load associated)
Alligator X X
Longitudinal (wheelpath) X x& b
Pavement Edge X X
Slippage X X
Cracking (nonload associated)
Block (shrinkage) x X
Longitudinal (joint) X x®
Transverse (thermal) X < X
Reflection Cracking X X
Maintenance Patching
Spray x° x°
Skin by x
Pothole X X
Deep (hot mix) X X
Ride Quality /Roughness
General Unevenness X X
Depressions (settlement) X x°
High Spots (heaving) 10 x*°
Notes:
1 Applicable if the surface ¢coutse thickness does not exceed 40 mm.
2 Rutting is limited to the top40 £6.50 mm of the pavément.
® Rutting originates below the surfage course, including base and subgrade.
4

addition of specidl admixtures.

May be a temporary@oitestion if entire layer affected not removed or treated by the

The addition of new aggregate may be required for unstable mixes.

Applicable if the cracking is limitéd to the surface course of the pavement.
Applicable if the treatment is to'a depth below the layer where the slippage is
occurring.

Applicable if the eracking is limited to the surface course of the pavement.

In‘Some instances, spraypand.skin patches may be removed by cold planing prior to
these treatments (consider if very asphalt rich or bleeding).

May be only a temporary correction if the distress is related to a subgrade problem.
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contractors. In the case of the former, the presence of the following materials may
render an existing pavement unsuitable for hot-mix recycling:*?

® More than 10 percent of the pavement material is a seal coat, slurry
seal, or cold patch.

® The pavement contains cutback asphalts.

¢  The pavement contains any coal tars.

Although the availability of experienced and properly equipped contractors has
become widespread in recent years, their proximity to the project may be too far
for hot-mix recycling to be the most cost-effective rehabilitation strategy.

Because the quality of recycled hot-mix must normally satisfy the
requirements of a new AC mixture, a considerable amount of evaluation, testing,
and design work is necessary. This often includes the following tasks:

Reviewing past construction records of the existing pavement.

Visually assessing the condition of the existing pavement!

Performing material characterization tests on the stockpiled RAP.
Formulating a recycled mixture design and determining the préper
amounts of new materials (e.g., asphalt, aggregate) to be addéd to the
RAP.

® Performing quality control tests on the recycled mixture fo determing if
it meets the applicable specifications.

Examples of the design concepts involved inthet-mix regycling can be found
in reference 10.

The construction sequence for hot-mix recycling typically eonsists of the
following four activities:

e  Full- or partial*depth removal of the pavemeit.

® Reduction of the RAP to the appropriate size.

®  Reprocessing of the RAP through ahotimix plant with the addition of
one or more of the following: virgin aggregate, new asphalt cement, and
recycling agent,

¢ Placefment and compaction of the recycled hot-mix as a base, binder, or
surfaee course.

The existing thin-lift hot-mix asphalt pavement is generally removed by
milling, although ripping equipment have also been used. With milling, partial-
arid full-depth pavemenififemoval is possible, and sizing of the RAP is done
simultaneously with the pavement removal step. The milling operation is
normally performed to an optimum depth of between 50 and 100 mm. And,
although'single-pass removal to as deep as 200 mm is possible, the operating

5-12




Thin-Lift Hot-Mix Asphalt Roadways

speed can be greatly reduced and oversized RAP may result, thereby requiring
additional sizing.

Complete removal of a thin-lift hot-mix asphalt pavement can generally be
done with a single pass of a milling machine or the use of ripping equipment.
While RAP millings are usually reduced to the appropriate size, the RAP
produced by ripping equipment must generally undergo additional crushing at
the central plant. Central-plant sizing can be performed with conventional, fixed,
and portable crushing and screening equipment.®?

Both conventional batch plants and continuous mix (drum-mixer) plants
have been used successfully to produce recycled hot-mix.# Both plant types
make use of the heat-transfer method, whereby the RAP is primarily heated
through mixing with superheated virgin aggregate. Additional asphalt or
recycling agent are also added during the mixing, as called for in the mixture
design.

As with conventional hot-mix paving operations, the recycled hét-mixis
hauled to the jobsite where it is loaded into the hopper of an asphélt paver for
proper laydown. Steel-wheeled and rubber-tired rollers are used t6 compaét the
newly layed material to the required density.

Resurfacing

As discussed in module 3, resurfaging in this manual reférs to the process in
which an AC overlay is placed on thé existing pavement to restore serviceability
to near original level. PCC overlays of thinAlift hot-mix a8phalt foadways are
another option, but are not discussed in this manual.

The major advantages of AC resusfacing include the wide availability of hot-
mix paving contractors and equipment, relatively short disruptions to traffic, and
good long-term service, The miajor disadvantages include the need for careful
design and quality control, decreased vertical elearances, potential for reflective
cracking, and possible adjustments or level-upwoik required for adjacent
structures (e.g., manholes, curband gutter, shoulders). In addition, the cost of an
overlay can be prokibitive fo many loeal agencies.

AC resurfaging is typically pérformed’to improve the functional or structural
performance of @ pavement. Funetional performance refers to the ability of a
pavemeiit 0, provide a safe, smopth-riding surface for the traveling public.
Functional resurfacing,generally consists of a thin AC overlay that serves one or
mo1€ of the following purpeses:”

5-13




Thin-Lift Hot-Mix Asphalt Roadways

Increase skid resistance.

Improve pavement profile (level up).
Improve rideability.

Improve surface drainage.

Reduce water infiltration.

Retard environmental deterioration.
Enhance appearance.

Structural performance refers to the ability of a pavement to withstand traffic
and environmental loadings. In contrast with functional resurfacing, structural
resurfacing normally involves the use of a thick AC overlay designed to:

¢ Increase structural capacity of the pavement.
®  Reduce the rate of deterioration.

Depending upon the problem in the existing pavement, and on the purppse
of the overlay, AC resurfacing may consist of one or more lifts (i.e., paving layers)
of material. The lifts may be a part of either the binder course (th€ structural
layer) or the surface course (the top, protective layer), and they generally range
from 25 to 200 mm thick. The binder course is sometimes reférred to agthe
leveling course, and the surface course is sometimes referred o as thé wearing
course.

The material used in each layer can vary in composifion. To provide added
strength, binder course material typically contains larger ¢ized aggregate and
slightly less asphalt cement than Surface codrse material. The smaller sized
aggregate and higher asphalt cement content in a‘surfaee course material help
provide an abrasion-resistant and waterproef surface layer.

AC overlays may be applieddmconjunction with recycling operations to
provide a protectiyé surface. SSuch ovetlays are particularly common with cold-
milling (surface removal) and cold in-place recycling (€IR) operations.

To successfully design and construct an AC overlay, a thorough examination
must be made of the existing pavement, as detailed in module 2 of this manual.
This examinatiofi should reveal the prime cause of pavement deterioration so that
proper pre-oyerlay repairs or treatments can be specified and so that an adequate
overlay thickness can be deterinined,

The construetion sequence for AC resurfacing consists of the following steps:
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®  Application of pre-overlay repairs or treatments to the existing
pavement.

®  Processing of blended aggregate and asphalt cement at a hot-mix
asphalt plant to produce a hot, homogeneous asphalt paving mixture.

® Placement and compaction of the hot-mix as a leveling, binder, or
surface course.

Pre-overlay repairs or treatments of deteriorated, thin-lift hot-mix asphalt
pavement occasionally include one or more of the following:

® Localized patching of potholes or fatigue-cracked (alligatored)

areas.

Level-up patching of rutted wheelpaths.

Treatment of thermal cracks to delay reflection cracking in the overlay.
Surface leveling of sags and depressions.

Cleaning and applying tack coat to the existing surface to improve
bonding between the existing asphalt surface and the AC overlay.

Hot-mix production may take place at either a batch plant or@ continucus
mix plant. In a batch plant, blended aggregate is heated and drjed in a dryfer,
screened into different sizes, and then weighed to the specified proportions.
Next, the aggregate is emptied into a pugmill where it is $lended togéther and
mixed with the proper amount (by weight) of heated asphali cement. The entiré
batch of hot-mix is then discharged into a haul vehicle.

In a continuous-mix plant, screéned and h€atédaggregate is continuously
proportioned and transported to the pugmill. Asphalf éément\is then sprayed on
the aggregate at a rate that is calibrated with the movement ofaggregate. The
two materials are continuously mixed in the pugmill and are discharged into a
temporary hopper for delivery to the haul vehiele.

After being hauled t6the jobsite, the hot-mix is loaded into the hopper of an
asphalt paver for properlaydown. Steel-wheeled rollers and rubber-tired rollers
are then used to compact the newly layed material to the required density.
Achieving the proper density is essential. Insufficient density (compaction) may
lead to rutting problems o stripping,(from moisture penetrating the surface).
Too much compéetion of the AC can eause construction cracking and bleeding.

Surface Treatment

Susface treatment.is a brodd term that embraces several types of asphalt and
asphali-aggregate applicafions, usually less than 25 mm thick, placed on any kind
of roadway surface.” The general purpose of these applications is to improve or
protect the surface characteristics of the roadway. They provide no structural
improvement to the pavement.
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Although surface treatment techniques have long been used for rehabbing
low-volume roads, recent advancements in technology have led to their
successful use on higher volume roads and streets. When used in the proper
situations, they provide a low-cost, protective surface that extends pavement life
and reduces required maintenance expenditures.

The functions of surface treatment techniques are summarized as follows:®

Provide a new wearing surface.

Seal minor cracks in the surface.

Waterproof the surface.

Improve skid resistance and surface drainage.

Slow pavement weathering.

Improve pavement appearance.

Provide visual distinction between the mainline pavement and the
shoulder.

® Rejuvenate the top 6 mm of an AC surface.

Surface treatment techniques are classified by their compogition and by their
use. A total of nine techniques are available for use on thin-liff hot-mix aéphalt
pavements. A description of each of these techniques and the Specificfurictions
they serve are provided in the sections below.

Asphalt Chip Seal

An asphalt chip seal consists 6f sequenti@l applications of asphalt (asphalt
cement, cut-back asphalt, or asphalt emulsion) and storie.chips to form a surface
layer as thick as 25 mm. The combined application may be applied once (single
chip seal) or may be repeated two or three times (double or triple chip seals).

The primary objéctives offhe asphalt chip seal are to provide a new, durable
" surface course and to inéreage skid resistanice. Although their past use has
typically been on low-velumie roads, recent iaprovements in design and
construction have resulted in greater use on hiigher volume roads.

The construétion sequence fora single asphalt chip seal consists of the
following four(steps:®

® _Clean the existing surface to remove dirt and other loose materials.

e Apply the asphalt material at the specified rate and temperature using a
calibrated asphalt distributor.

®  Immediately spiead the stone chips evenly over the surface at the
specified rate using a properly calibrated aggregate spreader.

e [mnmediately roll the stone chips with a rubber-tired roller to firmly seat
them in the asphalt and against the underlying layer.
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Depending on the type of asphalt material used and the posted speed limit,
the chip-sealed road can be opened to traffic within 0.5 to 2 hours.

Open-Graded Friction C.

Open-graded friction courses (OGFC), also called plant mix seals or popcorn
mixes, are porous surface mixes produced with large amounts of voids (minimum
15 percent) that allow water to drain rapidly through the mix and flow to the side
of the road. These mixes are used to improve the friction properties of the surface
and also reduce tire spray and the potential for hydroplaning, thereby reducing
wet weather accidents. The OGFC also tends to provide a quieter riding surface,
as it produces lower tire noise. Typical thicknesses of OGFC are 25 to 50 mm.®

OGFC contain a more open gradation (i.e. small amount of fines and more
particles of one size) than conventional dense-graded materials. However,
mixtures are produced and placed in a manner similar to dense-graded hot
mixes. A tack coat is needed prior to the placement of the OGFC and compaction
is accomplished solely by a static steel-wheeled roller. This is becausé vibratory
rollers can damage the aggregate and rubber-tired rollers tend to pick up the
asphalt.

bberj Chi

A rubberized asphalt chip seal is a special type of chip seal in which riibber
(latex or ground tire rubber) is blended with asphalt cement.| This application can
be used solely as a stress-absorbing fiembrane{SAM) or in conjunction with an
overlay as a stress-absorbing membrane interlayer (SEAMID:

In both applications, the purpose is to reduce the reflection of underlying
cracks through the surface layer. Thelatex or ground rubber tires adds resiliency
to the asphalt, which isfiproves bénding with the aggregate and reduces the
tackiness and ravelling of the siirface. The added resiliency also enables the seal
to "bridge” existing cracks better,

The construction of a rubberized asphalt chip seal is similar to the
construction of an asphalt éhip seal. The major difference is the use of a modified
applicator for spfaying the thicker rubberized asphalt binder.®

Slurry Seal

A slurry seal 18 a homogenéouts mixture of asphalt emulsion, water, fine
aggregate, and mineral fillefthat has a creamy, fluid-like appearance.® Itis
effective inysealing surface cracks, waterproofing the pavement surface, and
improving skid resistance at speeds below about 65 kph. Three types of slurry
seal are available that differ by the size of aggregate used. The type with the
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finest aggregate is primarily used for sealing purposes, while the type with the
largest aggregate is primarily used for improving skid resistance and filling
slight depressions.

The slurry seal mixture is produced on-site in a special truck-mounted,
traveling mixer. Once mixed, the slurry is dumped into a spreader box attached
to the back of the vehicle. The spreader box spreads the slurry onto the cleaned
pavement and an attached squeegee smooths the material into a layer between 3
and 6 mm thick. Rolling is not generally necessary and, depending on the
weather, traffic can be allowed on the pavement within 2 to 12 hours.

Micro-Suzfaci

Developed in Europe, micro-surfacing is a term used to describe the
application of a polymer-modified slurry seal, with latex rubber being the most
commonly used polymer. Micro-surfacing materials consist of asphalt and latex
mixed with aggregate, fillers, and other additives and is a modification of the
slurry and sand seal.® It has been used as a wearing surface and fof rut-filling.
Ralumac is probably the most widely known example of this prgeess in the
United States.

The construction sequence for micro-surfacing resemibles that of slurry seals.
A modified traveling plant mixer is used to continuously load materials from
haul vehicles and mix them on-site. An adjustable width Spreader box is used for
resurfacing purposes, while individual drag boxes are used for rut-filling
purposes. Rolling is generally not féquired afd thie,pavement ¢an typically be
opened to traffic within 1 hour.

Fog Seal

A fog seal is a vefty light applicationof an asphalt emulsion (with no
aggregate) to an oxidized\asphalt surface. The purposef the application is to
rejuvenate the oxidized asphalt and seal fine éracks so'that the need for more
corrective rehabilitation is‘postponed for 1 or2 years.

The treatmenffis most suitablé for low-volume roads that can be closed to
traffic for the 440 6 hours required for the material to sufficiently set. It is widely
used along AC shoulders to help provide a distinct delineation between the
mainline pavement and the shoulder. Application involves spraying the material
at a spétified rate using an asphalt distributor.

Safid Seal

A sandseal is a spray application of asphalt emulsion followed by a light
covering of sahd or screening. This application serves the same function as a fog
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seal, but provides better surface friction. However, the surface appearance of a
sand seal does not provide the delineation that a fog seal does.

The placement of a sand seal is typically 2 to 5 mm thick. Once the sand
covering has been applied to the asphalt emulsion, a rubber-tired roller is used to
firmly embed the sand in the asphalt. The pavement can be opened to traffic once
the seal has sufficiently set (typically about 2 hours).

Cape Seal

A cape seal is a combination of both an asphalt chip seal and a slurry seal.
The advantage of the cape seal is that a thicker, more durable surface is obtained,
and it can be used on higher volume roads.® The cape seal typically results in a
smoother pavement with a more pleasing appearance, and can provide added
skid resistance.

The construction process consists of the chip seal being applied first,
followed by the application of the slurry seal between 4 and 10 daysflater.

Sandwich Seal

A sandwich seal consists of an application of asphaltasphalt eniuilsion or
asphalt cement), sandwiched between two applications of different sized
aggregate. The primary objectives of the sandwich seal are t0, provide a néw
wearing course and to increase skid resistance.

Typical sandwich seals are constructed between 6 aid, 19 mm thick. The
construction process consists of the followingfive steps:

Cleaning the existing surface.

Applicationdf the first@ggregate at 60 to 80 percent coverage.
Application of the asphalt materiabat the specified rate and temperature.
Application of the 8econd aggregate (smaller size than first aggregate) to
sufficiently fill thewoids left by the first aggregate.

Rolling of the aggregate with a rubber-tired roller to firmly seat it in the
asphalt.

Depending on the type of asphaltmaterial used, the pavement can generally
be reopened to fraffic within 2 hours.
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3. SELECTION OF THE MOST APPROPRIATE REHAB OPTION

Thus far, course participants have been introduced to the various
rehabilitation procedures used to improve the serviceability of thin-lift hot-mix
asphalt roadways. In this section, participants will be instructed on the process
used to determine the preferred option for a given project.

In the decision-making process for selection of the preferred rehab strategy,
the following steps are fundamental:*

® Determination of the cause of distress(es) or problems of the pavement.

® Development of a candidate list of solutions that will properly address,
cure, and /or prevent future occurrences of the problem.

®  Selection of the preferred rehabilitation strategy, given economic and
other project constraints.

The first step is completed using the pavement evaluation procedures
provided in module 2, and is therefore not discussed here.

The second step involves the consideration of other (manynoneconefnic)
factors toward the goal of identifying a few practical options (typicallybetween
two and four). These factors largely consist of the followfing:

Functional requirements.
Structural requirements.
Drainage.

Local experience and manpowery
Availability of resources.
Construction considerations.
Limited project funding,

To determine which bf the resulting practical options is the most cost-
effective (and thus the preferted rehabilitationimethod), a life-cycle cost analysis
is recommended. This analysistakes into congideration the various costs and
estimated performance of each 0ption over its anticipated service life and
generates a standérd unit of cost by which the options can be compared.

Brief descriptions of the vafious selection factors and how they affect the
different rehab methods are provided in the following sections.
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Noneconomic Factors
io, i e

Frequently, the main objective in a rehabilitation project is to increase the
: functional adequacy of the pavement (i.e., increase skid resistance and /or ride
quality). As a result, some alternatives can be quickly shortlisted for further
consideration. These alternatives often include the following:

Functional AC overlay.
Asphalt chip seal.
OGEFC.

Slurry seal.
Microsurfacing.

Sand seal.

Cape seal.

Sandwich seal.
Pavement removal.
Hot-surface recycling.

Further shortlisting can be done given the specific functio
desired.

Structural Requirements

In situations where the major ilitatio
increase structural capacity, the list
the following:

Structural AC overlay.

Each of these meth meet the desired structural requirements.
However, only ing have the capability of fully correcting
the structural

veals a serious drainage problem, immediate
those options that will best remedy the drainage
oblems. Thin-lift hot-mix asphalt pavements may be susceptible to
s of water on the subgrade layer. Drainage problems in these
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structures may also consist of standing water on the pavement surface as a result
of either poor cross-slope (e.g., rutting) or a surface that does not drain well.
Practical options for addressing these problems consist of the following:

Poor cross-slope Non-draining surface Other methods
Pavement removal OGFC Deepen ditches
Hot surface recycling Asphalt chip seal Place culverts
Micro-surfacing Hot surface recycling Clean culverts
Asphalt chip seal

Ci ience owe

The availability of local contractors with experience in the various
rehabilitation methods is often a major factor in the selection process. Local
contractors inexperienced with some methods may simply not be capable of
performing those methods or of providing the quality, timeliness, and economies
desired of those methods. One option which should be examined in this situation
is the added cost associated with retaining outside contractors experiefigedhin the
methods that are not practiced locally.

In general, the availability of local contractors experienced ifi each of the
three rehabilitation types is fairly good. Although recycling is not practiced
nearly as much as resurfacing and the placement of surface treatments, the
availability of local contractors capable of successful recycling operations,is
steadily growing. Likewise, some of the more specialized surface treatment
techniques, such as micro-surfacing@nd OGFCgare also catching on.

e Requirement

Additional up-front costs can generally be eéxpected if local contractors are
improperly equipped_or if the negéssafy materials are not readily available. In
the first case, the additional cobts stem {rom greater mobilization and hauling, as
an experienced outside ¢ontractor must be used. In the second case, the
additional costs stem primarily from hauling, agmaterial (usually aggregate)
must be shipped in from distantsources.

The availability of Tecycling equipment and some surface treatment
equipment arefimited in some areas. Deyices such as those used in CIR and
microsurfacing Operations are@till relatively new and, in the case of the former,
quite expénsive.

The lack of strongiand diirable local aggregate can be a concern with either of
the three general rehabilifation alternatives. Local aggregate that is soft and
nondurable will adversely impact performance and must be avoided.
Additionallyplocal aggregate producers may not process aggregate into the sizes
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or shapes required by particular asphalt-aggregate mixtures. This is occasionally
a concern with some of the surface treatment techniques, such as micro-surfacing.

Construction Considerations

Although there are several construction factors worthy of consideration, the
following are among the most common:

®  Traffic control requirements.
®  Geometric constraints.
®  Suitability of existing pavement materials for recycling.

The time period for which a road must be partially or completely shut down
can often determine which rehabilitation methods get shortlisted for further
consideration and which ones do not. Obviously, the methods that result in the
> greatest disruptions to traffic will be least desirable by the traveling public. Such
disruptions are often tied to material production rates, operational rates of the
equipment, and pavement curing times.

Geometric constraints can occasionally limit which alternatiyes get further
consideration. These constraints typically include the following;

In-the-road manholes.

Curb and gutter.

Clearances beneath bridges and overhead signs.
Utilities.

On occasion, the existing asphalt paverfient may be unsmitablé for recycling
due to the presence of harmful materials or €xcessive material variability. In the
case of the former, considerable amounts of tar, asphalt cutback, and asphalt
emulsion in the existing pavement@@ii pose operational problems with air quality
or mix design quality¢ Imythe cade of the lafter, several éhanges in material
composition throughout the project can resulfiin excessive reprocessing changes
and, possibly, excessive testing requirements.

Economic Factors

Limited Project Fandi

If thefunds available for a particular project are somewhat limited, then it is
likely thiat some of the rehabilitafion methods with the highest up-front costs will
havedo be dropped froi, consileration. This may, however, result in the
dismigsal of some of the more cost-effective methods, in which case extra efforts
to secure more funding could be justified.
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Perf Considerati

One important aspect in determining the most cost-effective rehabilitation
alternative is the performance of the pavement after it has been rehabilitated.
Although performance is defined as the area under a serviceability-time curve
(figure 5-2), a commonly used indicator of performance is service life. This is the
period of time that a rehabilitated pavement will last before reaching a minimum
acceptable serviceability level.

The performance characteristics of each option depend largely on the
following factors:

Climatic conditions.

Traffic volumes.

Existing pavement condition.
Quality of materials.

Mixture design.
Construction quality.

Because of these factors, the experiences of various agencies with different@ehab
methods vary widely. Figure 5-6 shows the expected service lives of a féw of the
rehabilitation methods based on a 1986 survey of severalecities'and cdunties.”

As can be seen, resurfaced pavements are expected to last the longest, followéd
closely by in-place recycled pavements. However, surface freated pavements are
generally expected to provide aboud 6ne-thirddhe life of resurfaced pavements.

Life-Cycle Costs

To determine the most cost-effective rehabilitation option, a fixed analysis
period must first be establishedgThisanalysis peried may range from 5 to 25
years, depending ofi pregramined funding and the désire for long-term planning.
A strategy must then be deveéloped for each bption sugh that pavement
serviceability remains abgvé a minimum aceeptable level over the analysis
period. As seen in figure 5-7, a strategy may consist solely of the rehab
alternative or may mvelve thetehab alternative combined with a series of future
maintenance orfehab activities.

Once alternative strategiés have been developed, the life-cycle costs
associated with each strategy can be estimated. These are the projected costs
assunfed by the loeal-roads agency and the traveling public during the analysis
peried. In the case ofxoadwéy rehabilitation, the following life-cycle costs should
be'  lered:
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ASPHALT SURFACE MAINTENANCE TECHNIQUES

14

12

10

EXPECTATION LEVELS (in years)

183 responses

Fog Chip

Overlay Cold Hot Slurry Crack
in-place in-place seal seal seal filling
recycling reoycling

Figure 5-6. Expected life of various rehab methods.®

Engineering and administrative costs—The costs 0f evaluating the
existing pavement, selecting the preferred option, designing the
rehabilitated pavement, and preparing thiemnecessary plans and
specifications for the rehabilitation.work.

Rehabilitation costs—The costs 4ssogiated with initidkband future
rehabilitation activities intended to ¥estore the pavement to an
acceptable serviceability level,

Maintenance®osts—The costs associated with maintaining a pavement
at or above somepredetermined performance léyvel. These costs include
both preventive and\corrective mainteénance costs, but not rehabilitation
costs.

Salvage value—The value of the pavement at the end of the life cycle or
analysis p€riod.

User cots—The costs assumediby the traveling public in the form of
delay gosts, increased @ferating costs, and accidents.
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Serviceahility

Timeor Traffic

Figure 5-7. Example of different rehab strategies for

Life-Cycle Cost Analysis

Several methods of economic sis
effectiveness of different rehabilitation st
which are briefly discussed below, requi
represents the time value of money. The d1
predicted costs or benefits to thei

pared. The discount rate
and inflation rates.®®

volves converting all future
icular strategy to present-worth costs. These
ehab costs are then summed to obtain a

is method involves converting all present and

ith a particular strategy to a uniform annual

cost over period. This uniform annual cost can then be

irectly compared with the uniform annual costs of the other

natives. This method is preferred when the estimated service lives
ious alternatives are different.
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Benefit-cost ratio method—This method involves expressing the

ratio of present-worth benefits of a particular strategy to its present-
worth costs. Strategies that result in a benefit-cost ratio greater than

one are considered economical and the strategy that produces the
highest incremental ratio with respect to other strategies is

considered the best choice.

Rate-of-return method—This method consists of determining the
discount rate at which the cost and benefit for a given strategy are equal.
The strategy with the highest first cost that exceeds a minimum
acceptable rate of return (specified by the agency) is considered to be the
best alternative.

Although the benefit-cost ratio method is used frequently in the highway
field, it is occasionally difficult to understand. And, although the rate-of-return
method has the distinct advantage of not requiring knowledge of a discount rate,
it can be very time-consuming and it has situational flaws.

The present-worth method and the annualized method are the preférréd
methods of analysis and are therefore presented in this manual. THe eoncepts
behind each of these methods are easily understood and the analyses are
relatively straightforward to perform.

In the present-worth method, future lump-sum costs and uniform annual
costs are converted to present-worth values using the following two equafions:

where:

where:

1
PW=Fx — 1
(1+)¥
PW = Present-worth cost,
F = Futue cost at th€ end ofin years.
i = Discountratel
n = numberofyears.
1+i)"-1
A O ———— 2
i(1+)"
PW =| Present-worth cost.
A \ = | Uniform annual costs for n years.
i = Diseount rate;
n = numbenofgjears.

In the annualized method, present-worth costs are converted to uniform
annual costsusing the following equation:
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i1+
A =PW x o 3)
Q+i)-1
where: A = Uniform annual cost over analysis period of n years.
PW = Present-worth cost.
i = Discount rate.
n = number of years in analysis period. ¢

In each case, the costs for each option are determined and the option with the
lowest cost represents the most cost-effective solution.

However, because of the other noneconomic factors included, the option
the lowest life cycle cost may not be the preferred solution.

Examples of the present-worth method and the annualized meth
provided in figures 5-8 and 5-9, respectively.

&
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Comparing Rehab Strategies
chab Strate
A Initial cost: $150,000
N Rehab at 10 years $35,000
\ Salvage value: $50,000
. Estimated service life 15 years
Rehab Strategy B
Initial cost: $120,000
™ Maintenance at 4 years $15,000
Maintenance at 8 years: $15,000
o Maintenance at 12 years: $15,000
_ Salvage value: $1,000
b Estimated service life 15 years
Specified Discount Rate:
Analysis
Rehab Strategy A
PW (initial cost) =
PW (rehab at 10 years) = 35,000 x [1/(1+0.04)'"] =
b PW (salvage at 15 years) = 50,000 x [1/(1+0.04)**] =
Total Present Worth of Rehab Sitegy A
. Rehab Strategy B
PW (initial cost) = $120,000
. $11,025
+ $8,104
+ $5,957
- $315
$144,771

nt-worth method of economic analysis.
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Comparing Rehab Strategies

Rehab Strategy A i
Initial cost: $150,000
Maintenance at 5 years: $25,000
Maintenance at 10 years: $25,000

Maintenance at 15 years: $25,000

Salvage value: $2,000

Estimated service life: 20 years

Rehab Strategy B
Initial cost: $200,000
Rehab at 10 years: $50,000
Salvage value: $40,000
Estimated service life:

Specified Discount Rate:
Analysis

eh t
A (initial cost) = 150,000x{[(.04)(1.04)*]/[(1.04)*-1] =
PW (maint. @ 5 yrs.) = 25,000x[1/(1.04)°] = $17,015
A (maint. @ 5 yrs.) = 17,015x{[(.04)(1.04)*] /[(1.04)**-1
PW (maint. @ 10 yrs.) = 25,000x[1/(1.04)"] = $11,580
A (maint. @ 10 yrs.) = 11,580x{[(.04)(1.04)*1/[(1.04)%-1]
PW (maint. @15 yrs.) = 25,0*/

A (maint. @15 yrs.) =7,881x{[(09)(1 + $803
PW (salvage @ 20 yrs.) = 2,000x[1/
A (salvage @20 yrs.) = 429x{[(.04)(1. —-$44 .
Total Annual Cost of Rehab Strategy $18,949
$20,370
+$2,359
- $874
$21,855

igure 5-9. Example of annualized method of economic analysis.
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MODULE 6
THIN-LIFT COLD-MIX ASPHALT ROADWAYS

1. INTRODUCTION

Thin-lift cold-mix asphalt roadways are defined as pavements having a cold-
mix asphalt surface layer less than 50 mm thick with a granular or soil base layer
above the existing subgrade. Figure 6-1 shows a typical thin-lift pavement
structure. The asphalt layer in thin-lift cold-mix pavements consists of a
conventional emulsified asphaltic cold-mix surface or base material, rather than
the conventional hot-mix materials used in thin-lift hot-mix asphalt roadways.

The primary function of the AC layer in a thin-lift cold-mix asphalt pavement
is to provide a smooth, somewhat watertight, driving surface. The asphalt layer
will also provide some load-carrying capacity.

The second layer in a thin-lift cold-mix asphalt pavement, refefred to asthe
granular base course, consists of aggregate material placed on the existing
subgrade. This layer serves as a construction platform during the placemént of
the asphalt concrete layer, and also functions as the primany load-carrying layer
of the pavement. In most cases, the aggregate base coursewill consist of a
crushed rock material.

— —
ﬁsphalt Coﬁre e Surfé/ <50 mm
~ ~ - = -

Aggregate Base

-~ S

*
.

®a

W =4ll= /N = /N = /N =/
Prépared Subgrade

Figure 621. Typical thin-lift cold-mix asphalt pavement cross-section.
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The foundation on which the aggregate base course and asphalt concrete
layers rest usually consists of the natural soil that exists along the roadway.
Occasionally, however, the existing soil may be too soft or unstable to provide an
adequate platform for placing the aggregate base course, or would require an
excessive amount of aggregate and asphalt concrete to provide adequate
protection from traffic. In this case, the deficient soil may be replaced with higher
quality soils or may be treated with an additive (e.g., lime or cement) to
strengthen or stabilize the soil.

Thin-lift cold-mix asphalt pavements are generally used in low-volume
situations where there is little justification for stronger pavement sections.
Pavements expected to carry more than 100,000 equivalent axle loads over the life
of the pavement should have thicker asphalt sections.”

2. APPROPRIATE REHAB OPTIONS

When a roadway is first constructed, it is built to a relatively Mighlevel of
ride quality, or serviceability. As time goes on, the combined effects of traffie,
age, and climate cause the pavement to deteriorate, or decrease in servicéability,
The general pattern of pavement deterioration is such that serviceability remain$s
high for a period of time and then begins to drop off faifly quickly, as shown in
figure 6-2.

100

80

60

40

Percent of Service Life Remaining

20

Increasing Time or Traffic

Figure 6-2. Pavement deterioration versus time and/or traffic,
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At some point along the serviceability-time curve, a decision must be made
to rehabilitate the pavement in order to restore it to a more acceptable
serviceability level. Typically, rehabilitation is considered appropriate for
pavements ranging in serviceability between poor and good. Reconstruction is
often the more cost-effective strategy for pavements having very poor
serviceability.

There are essentially three main options available for thin-lift cold-mix
asphalt concrete roadways. These options include the following:

® Recycling.
® Resurfacing.
® Surface treatment.

Descriptions and appropriate uses of these options, as well as the specific
applications and procedures available under each option, are provided in the
following sections.

Recycling

Recycling refers to any process that utilizes materials from an existifig
pavement for reuse in the same or other pavements. In thé ease of the former, the
reclaimed materials may be reprocessed immediately through an on-the-spot
recycling train or in a relatively short time through a central asphalt plant. In the
case of the latter, the reclaimed materials may be reprocessed and then used on a
different roadway.

The major advantages of asphalt pavement recycling inelude reduced costs
and the conservation of materials {e.g., asphalt binder, aggregate)and the energy
required to process those materials. sAdditional benefits include eliminating the
need for material dispdsal and, gécasionally, preserving roadway geometrics (i.e.,
eliminating the need for raising manholes, acecommodating vertical clearances).

The major disadvantages of asphalt pavementirecycling include the possible
lack of experienced or properlyequipped local contractors and of suitable in-place
materials for recyclifig. The consequeénce of each of these is usually higher
rehabilitation cogts.

Various clagsification schemes have been applied to asphalt pavement
recycling operations, based on one or more of the following items:

®  Absence/inclusiofi of heat in the recycling process (cold or hot process).

® _ Location of material remixing (in-place or at central mixing plant).
e Depth of pavement removal or reworking (surface, surface and base).
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One of the more common classification schemes consists of the following
three categories:

®  Surface recycling.
o  Cold-mix recycling.
®  Hot-mix recycling.

Surface recycling is a hot or cold, in-place process targeting the top 25 to 50
mm of pavement. Both cold- and hot-mix operations target the surface and a
portion or all of the base. However, cold-mix recycling can be done either in-
place or at a central plant, while hot-mix recycling is performed at a central plant.

Each recycling category contains several different procedures, with each
procedure generally best suited for certain situations. Furthermore, the
application of a surface layer (e.g., surface treatment, AC overlay) on top of the
recycled layer may be required.

Surface Recycling

Surface recycling is the process by which the surface of an asphalt gavemerit
is removed or reworked to a depth of less than 25 to 50 mm. This opération is
divided into two basic processes: pavement removal afid hot surface recycling/

Each process, unique in terms of objectives and the equipmient and procedurés
used, is discussed in further detail below.

Because surface recycling does ot affect the base layer'‘and soil foundation, it
cannot be seriously considered as a rehali option for pavéments containing
structural, moisture, or subsurface material problems. Such problems can be
addressed by hot-mix and cold-mix recycling operations.

Pavement Removal

Removal of the top 25 t6 50 mm of surfacé material can be a useful
rehabilitation technique by itsélf or in preparation for resurfacing with AC.
Situations generally:appropriatefor pavement removal include the following:?

e  Correction of low- and medilim-severity rutting that has developed in
the upper layer of agphalt.

Corrections to areas of bleeding, ravelling, and poor skid-resistance.
Reestablishing cross:slope for proper surface drainage.

Removing bumpsnd, consequently, pavement roughness.

Reducing or eliminating the need for feathering of a subsequent
overlay along gutters or near bridge abutments.

Improvement of bond between existing asphalt surface and subsequent
AC gverlay.
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Pavement removal for thin-lift cold-mix asphalt pavements is most often
accomplished with the following pieces of equipment:

e Cold Milling Machine.
e Hot Milling Machine.

The heater-planing operation described in modules 3 and 4 is not
recommended for pavements less than 60 mm thick, and is thus not appropriate
for thin-lift cold-mix asphalt pavements.®

Surface recycling is often performed with a cold milling machine. The cold
milling machine uses carbide-tipped cutter bits mounted on a large revolving
drum to grind the pavement surface into small asphalt millings and allows for
various depths of removal. The millings are typically picked up by the milling
machine and then loaded onto a dump truck using an attached conveyor belt.
The millings may be used later as a recycled or unrecycled base course or as a
recycled surface course.

Because of the efficiencies of current cold milling devices, hot niilling has
seen limited use in the United States. This operation, suitable only for asphalt
pavements, is quite similar to cold milling with the exception of an addedétep of
heating the pavement prior to grinding. The greater operational ¢ost ofhot
milling may be justifiable where high production rates aré needed or very cold
weather is expected.

Table 6-1 lists the primary objectjsfés for whi¢h,cold milling is most suitable.
Hot milling is typically performed for the same purposes.as cold milling.

Table 6-1. Suitable objectives of cold-milling surface recyeling process.

Objecfive Cold-Milling
Remove bumps and reduce pavement toughness X
Reestablish cross-slope X

Removal of lowsguality slurry ox chip seals

Removal g¢f surface deterioratiorn X
(e.g., ravelling, bleeding)

Maidhtain proper clearances for underpasses, tunnels, X
and sign bridges

Improve skid resistafiee :

Promote bonding with AC overlay
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Cold-Mix Recycling

Cold-mix recycling is a process in which reclaimed asphalt pavement (RAP)
materials are combined with new recycling agent and/or aggregate to produce
cold-mix paving materials. This process, which can be done in-place or at a
central mixing plant, requires no heat and is performed to a depth greater than 25
to 50 mm. The resulting cold-mix material is most often used as a base course, on
which a protective asphalt surface layer is placed.

Cold-mix recycling operations largely involve cold, in-place recycling (CIR)
procedures. These procedures, used for many years, have more widespread use
occurring in the last 20 years. In general, CIR is appropriate for low-volume
asphalt roads that are severely cracked and broken, highly rutted, or very roughs
It is not recommended for roads with obvious soil foundation problems or with
asphalt mixture problems that cannot be adequately corrected with CIR.

The benefits of CIR are numerous and include the following:®*?

¢ Significant structural improvements can be achieved without changes in
horizontal and vertical geometry.

Most types-and severities of pavement distress can bé freateds
Reflection cracking can be delayed or eliminated.

Pavement ride quality can be improved.

Hauling costs can be minimized.

Pavement profile, crown, and cross-slope can be improved.

Production rate is high.

Engineering costs are low.

Among the disadvantages of CIR are the following:*~

¢  Construction variationfis larger for in-place than for central-plant
operations (i.) lowgr quality'¢ontrol in the field than at the plant).

e Curing is required for strength gain) and is dependent upon climatic
conditions, including temperature andymoisture.

e Traffic disruption can be greater relative to other alternatives.

o  The equipifiéiibis expensive, and not many contractors may own the
equipfment.

® There are no standardsspecifications for in-place recycling.

Thi€e distinet types of CIR are currently being used in the United States.

Thesé types, whichiare briefly discussed below, include the following:®”

¢ \ Type 1—Rip/pulverize and compact.

o Type 2—Single Unit Recycler.
o “Type 3—Recycling Train.
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Type 1 CIR—Rip/pulverize and compact

Often referred to as full-depth recycling or reclamation, Type 1 CIR is the
oldest and least expensive method of in-place recycling. It is often used when
there is little remaining life in the road or when surface defects are caused by
problems in the underlying layer. In this process, the existing pavement is
reworked to a depth that may vary from 100 to 300 mm. The recycled material
provides a good-quality base layer on which an AC surface course or a surface
treatment can be applied.®?

The general procedures for Type 1 CIR are illustrated in figure 6-3. The
existing pavement is first ripped and crushed in place by multiple passes of a
scarifier or ripper. The crushed material, or RAP, is then windrowed with a
grader and may be sprayed with the designated recycling agent. New aggregaté
may also be added at this point. A motor grader is used to thoroughly mix the
new material, which is then spread into place by either the grader or a paver.
Following compaction and curing, a surface layer is then applied.

Type 2 CIR—Single unit recycler

Type 2 CIR is a partial- or full-depth recycling operation that provides a
high-quality base or surface course. In comparison to Typefl CIR; this@peration
provides better quality control with respect to maintaining a uniform
reprocessing depth and to remixing. In addition, Type 2 CIR reduces‘the feeyéled
material to a smaller and more uniform size. Type 2 CIR is generally limited to a
depth of 150 to 200 mm and, as a resulf, sShould & @ble to remove all pavement
defects in a typical thick-lift asphalt pavement.

Type 2 CIR eliminates the need for multiplé pieces of equipment and
equipment passes for the breaking, crushing, and mixing operations. As shown
in figure 6-4, a planer onmilling ndachine is used to perform these operations in a
single pass. The new mixture ig' then either windrowed for spreading by a grader
or conveyed to a paver for relaying. Following eompaction and curing, a surface
layer may or may not be applied., Roughly 1.640 32 km/day of a standard 3.7-m
wide lane can be recycled using this operation.

Type 3 CIR—Recydling train

Type 3 CIR[is the newest and most productive in-place recycling process.
Like Type@ CIR it is a partial- or full-depth recycling operation that produces a
high-qualify base or sirface course.’ It differs, however, in the equipment
requiféd o carry out'the proeéss and, subsequently, in the rate at which the
pavement is recycled. Forthese reasons, it is more appropriate on large recycling
jobs.
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2. Pulverize
existing pavement existing pavement

L]
3. Windrow Existing 4. Apply Modifier to Windrowed
Asphalt Bound Materials Asphalt Bound Materials

5. Mix with existing and/ef 6. Spread upgraded base
new base aggregate material te.specified thickness

8. Apply wearing surface

10
Figure 6-3. General sequence of Type 1 CIR operation.
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g gy

1 Dynaplane rips and pulverizes 2 Grader or paver spreads and
the pavement, adds asphalt levels the material.
binding agent, and thoroughly
mixes in a single pass.

3 Roller compacts material. 4 Surface treatment or overlay.

Figure 6-4. General sequence of Type 2 CIR operation.®”

The process involves the use of 1drge, specidlized equipmentthat work
closely together as a recycling train. Figure 6-5 shows a fypical teeycling train
and the flow of material through the indiviflual pieces of equipment.

The train is headed by a milling machine, which grinds off the existing
pavement to a depth ideally betwéen 50 and 100 mun. \The RAP material is then
conveyed to a screening and crushing unif that reduces the material size to less
than 30 to 50 mm.

Next, the RAP material is transported to the mixing unit, or traveling
pugmill. There it isg#€ighed and miked with measured amounts of aggregate
and recycling agefit. The new mixture éan be deposited directly into the hopper
of a paver or layed down in a windrow forsubsequent pick-up by a paver. The
paver then spreads the material @vénly for compaction by steel-wheeled and/or
rubber-tizéd rollers), Depending on the existing road condition, depth of
recycling, ferrain, anditraffic, the train can recycle 3.2 to 9.7 km/day of a standard
3.7-nd wide lane.
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DIRECTION OF TRAVEL

PAVING TRAIN METHOD

Figure 6-5. Type 3 CIR recycling train.®®

Hot-Mix Recycling

Hot-mix recycling is the process in which all or some portion of the
pavement structure is removed, reduced to the desired size, and mixed hot with
additional asphalt cement at a central plant. The procesé normallylificludes the
addition of new aggregate, and may include the addition of a recyeling agent
The finished product is generally required to meet standard materials
specifications and construction requirements for the type of AC mixture being
produced (e.g., base, binder, or surfage course).

In comparison with CIR, hot-mix recyeling is a costlier anid more labor-
intensive operation. Material hauling, hot planib processing, and greater quality
control are major contributors to itsshigher costs. Although there is generally
more disruption with hot mix réeyeling, traffic can beallowed on the recycled
pavement much sooner than with CIR because of the shrter curing period. More
importantly, the higher level'of quality confrohin the hot-mix recycling process
generally results in a morestable and consistent mixture.

The two forefiost considerations in selecting hot-mix recycling for a given
rehab project afe existing pavement eondition and cost. As seen in table 6-2, hot-
mix recycling i§ considered a proper remedy for many defects. In general, it can
be used to corréet mixture defigiencies, to restore smoothness, and to increase the
overall@irength ofithe pavement. Because of its higher costs, however, careful
comparisons muskt be;made tofdetermine if it is the most cost-effective approach
forfthe combination of défécts observed in the existing pavement. This is
especiallysthe case for low-volume roads and short rehabilitation projects.
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Table 6-2. Guide for selection of AC recycling method.®®

Hot-Mix Hot In-Place Cold In-Place

Type of pavement distress Recycling Recycling Recycling
Surface Defects
Raveling X x!
Bleeding b'e : x*
Slipperiness X - xt
Deformation
Corrugations P xt
(washboarding)
Rutting (shallow)* X xt
Rutting (deep)’ X X
Cracking (load associated)
Alligator X X
Longitudinal (wheelpath) X X8 X
Pavement Edge X X
Slippage X X
Cracking (nonload associated)
Block (shrinkage) X x
Longitudinal (joint) X by
Transverse (thermal) X X
Reflection Cracking X X
Maintenance Patching
Spray x° x°
Skin x° X
Pothole X X
Deep (hot mix) X X
Ride Quality /Roughness
General Unevenness X X
Depressions (settlement) x° x°
High Spots (heaving) 10 x*°
Notes:

1

2
3
4

Applicable if the surface course thickness does not exceed 40 mm.

Rutting is limited to the top 40 to 50 mm of the' pavement.

Rutting originates below the Surface course, including base and subgrade.

May be a temporafy coffection if entire layer affected not removed or treated by the
addition of special admixtures.

The addition/of new aggregate may be reguired for unstable mixes.

Applicable if the cracking is limifed to the surface course of the pavement.
Applicable if the treatment is to a depth below the layer where the slippage is
occuiting.

Applicable if the eracking is limiited to the surface course of the pavement.

In'some instances, sprayand skin patches may be removed by cold planing prior to
these freatments (considerif very asphalt rich or bleeding).

May be enly a temporary correction if the distress is related to a subgrade problem.
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Other matters that must be considered include the suitability of existing
materials for recycling and the availability of experienced and properly equipped
contractors. In the case of the former, the presence of the following materials may
render an existing pavement unsuitable for hot-mix recycling:"?

More than 10 percent of the pavement material is a seal coat, slurry
seal, or cold patch.

The pavement contains cutback asphalts.

The pavement contains any coal tars.

Although the availability of experienced and properly equipped contractors has
become widespread in recent years, their proximity to the project may be too far.
for hot-mix recycling to be the most cost-effective strategy.

Because the quality of recycled hot-mix must normally satisfy the
requirements of a new AC mixture, a considerable amount of evaluation, testing,
and design work is necessary. This often includes the following taslks:

Reviewing past construction records of the existing pavement.

Visually assessing the condition of the existing pavement.

Performing material characterization tests on the stockpiled RAP.
Formulating a recycled mixture design and d&termining the proper
amounts of new materials (e.g., asphalt, aggregate) to be added totlie
RAP.

Performing quality control tests on the recycled mixture to determine if
it meets the applicable specifications.

Examples of the design concepts invelvéd in hot-mix regyeling can be found
in reference 11.

The constructién sequenée for nof-mix recycling typically consists of the
following four activities:

Full- or partial-depth removal of the pavement.

Reductionefithe RAP tothe appropriate size.

Reproéessing of the RAP through a hot-mix plant with the addition of
one or more of the following:virgin aggregate, new asphalt cement, and
recycling agent.

Placement and compaction of the recycled hot-mix as a base, binder, or
surface course.

The existing thin=lift ¢old-mix asphalt pavement is generally removed by
milling, although ripping equipment have also been used. With milling, partial-
and fullsdepth pavement removal is possible, and sizing of the RAP is done
simultaneously with the pavement removal step. The milling operation is
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normally performed to an optimum depth of between 50 and 100 mm. And,
although single-pass removal to as deep as 200 mm is possible, the operating
speed can be greatly reduced and oversized RAP may result, thereby requiring
additional sizing.

Complete removal of a thin-lift cold-mix asphalt pavement can generally be
done with a single pass of a milling machine or the use of ripping equipment.
While RAP millings are usually reduced to the appropriate size, the RAP
produced by ripping equipment must generally undergo additional crushing at
the central plant. Central-plant sizing can be performed with conventional, fixed,
and portable crushing and screening equipment.®®

Both conventional batch plants and continuous mix (drum-mixer) plants
have been used successfully to produce recycled hot-mix.*” Both plant types
make use of the heat-transfer method, whereby the RAP is primarily heated
through mixing with superheated virgin aggregate. Additional asphalt or
recycling agent are also added during the mixing, as called for in the mixture
design.

As with conventional hot-mix paving operations, the recycled hot-mix is
hauled to the jobsite where it is loaded into the hopper of an asphalt paverfor
proper laydown. Steel-wheeled and rubber-tired rollers are used to corfipact the
newly layed material to the required density.

Resurfacing

As discussed in module 3, resurfacing in this‘maniial refers £o the process in
which an AC overlay is placed on the existifis pavement {0 festore serviceability
to near original level. PCC overlays of thin-lift éold-mix asphalt roadways are not -
discussed in this manual.

The major advantages of AC resurfaginyg include the wide availability of hot-
mix paving contractors and eqiiipment, relatively shortdisruptions to traffic, and
good long-term service. The major disadvantages include the need for careful
design and quality control, decreased vertical clearances, potential for reflective
cracking, and possibleadjustments or level-up work required for adjacent
structures (e.g., méanholes, curb and gutter, shoulders). In addition, the cost of an
overlay can be prohibitive to many local agencies.

AC resurfacing is typically performed to improve the functional or structural
performiance of a pavement. Funetional performance refers to the ability of a
pavement to provide a safe, sniooth-riding surface for the traveling public.
Functional resurfacing generally consists of a thin AC overlay that serves one or
more of théfollowing purposes:®
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Increase skid resistance.

Improve pavement profile (level up).
Improve rideability.

Improve surface drainage.

Reduce water infiltration.

Retard environmental deterioration.
Enhance appearance.

Structural performance refers to the ability of a pavement to withstand traffie
and environmental loadings. In contrast with functional resurfacing, structural
resurfacing normally involves the use of a thick AC overlay designed to:

® Increase structural capacity of the pavement.
¢  Reduce the rate of deterioration.

Depending upon the problem in the existing pavement, and on the purpose
of the overlay, AC resurfacing may consist of one or more lifts (i.e., paving layers)
of material. The lifts may be a part of either the binder course (thegfructural
layer) or the surface course (the top, protective layer), and they génerally range
from 25 to 200 mm thick. The binder course is sometimes referfed to as the
leveling course, and the surface course is sometimes referred tg as the fVearing
course.

The material used in each layer can vary in composition) To provide@dded
strength, binder course material typically contains larger sized aggregate and
slightly less asphalt cement than sutfade courée miaterial. The smaller sized
aggregate and higher asphalt cement content in a surfaéecourse material help
provide an abrasion-resistant and waterproof surface layer,

AC overlays may be applied in.conjunction with recycling operations to
provide a protective stirface. Suh overlays are partieularly common with cold-
milling (surface removal)and/eold in-placerecycling (CIR) operations.

To successfully designand construct an’AC bverlay, a thorough examination
must be made of the existing pavement, as detailed in module 2 of this manual.
This examinationshould ¥eveal the prime cause of pavement deterioration so that
proper pre-overlay repairs or treatmeérits can be specified and so that an adequate
overlay thickngss can be determined.

Thé eonstruction sequence/for AC resurfacing consists of the following three
steps:
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e  Application of pre:overlay repairs or treatments to the existing
pavement.

®  Processing of blended aggregate and asphalt cement at a hot-mix
asphalt plant to produce a hot, homogeneous asphalt paving mixture.

® Placement and compaction of the hot-mix as a leveling, binder, or
surface course.

Pre-overlay repairs or treatments of deteriorated, thin-lift cold-mix asphalt
pavement occasionally include one or more of the following:

® Localized patching of potholes or fatigue-cracked (alligatored)

areas.

Level-up patching of rutted wheelpaths.

Treatment of thermal cracks to delay reflection cracking in the overlay,
Surface leveling of sags and depressions.

Cleaning the existing surface and the application of a tack coat to
improve bonding between the existing asphalt surface and the AC
overlay.

Hot-mix production may take place at either a batch plant or'a continugiis
mix plant. In a batch plant, blended aggregate is heated and dried in a dfyer,
screened into different sizes, and then weighed to the specified propoifions.
Next, the aggregate is emptied into a pugmill where it is blended together and
mixed with the proper amount (by weight) of heated asphalt eement. Théentite
batch of hot-mix is then discharged into a haul vehicle.

In a continuous-mix plant, screened and heated aggregate'is éontinuously
proportioned and transported to the pugmillhAsphalt cemenbis then sprayed on
the aggregate at a rate that is calibrated with‘theémovement of aggregate. The
two materials are continuously mixed in the pugmill and are discharged into a
temporary hopper for delivery tofhe haubvehicle.

After being hauled to the jobsite, the hot-miix is loaded into the hopper of an
asphalt paver for proper laydown. Steel-wheeledrollers and rubber-tired rollers
are then used to compact the newly layed material to the required density.
Achieving the propeffidensity is esgential. Insufficient density (compaction) may
lead to rutting préblems or stripping (ffom moisture penetrating the surface).
Too much compéction of the AC gan causéconstruction cracking and bleeding,.

Surface Tieatment
Surface treatment is @ibroad term that embraces several types of asphalt and

asphalt-aggregate applications, usually less than 25 mm thick, placed on any kind
of roadway Surface.®” The general purpose of these applications is to improve or
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protect the surface characteristics of the roadway. They provide no structural
improvement to the pavement.

Although surface treatment techniques have long been used for rehabbing
low-volume roads, recent advancements in technology have led to their
successful use on higher volume roads and streets. When used in the proper
situations, they provide a low-cost, protective surface that extends pavement life
and reduces required maintenance expenditures.

The specific functions of surface treatment techniques can be summarized 2§
follows:®

Provide a new wearing surface.

Seal minor cracks in the surface.

Waterproof the surface.

Improve skid resistance and surface drainage.

Slow pavement weathering.

Improve pavement appearance.

Provide visual distinction between the mainline pavemént and the
shoulder.

® Rejuvenate the top 6 mm of an AC surface.

Surface treatment techniques are classified by their'¢omposition and by théir
use. A total of nine techniques are available for use on thin-lift cold=mixasphalt
pavements. A description of each of these techniques and the specific furctions
they serve are provided in the sectiongbelowy

Asphalt Chip Seal

An asphalt chip seal consists of sequential applications of asphalt (asphalt
cement, cut-back asphalt, or asphalf emiulsion) and stone chips to form a surface
layer as thick as 25 mm) The/ombined application may be applied once (single
chip seal) or may be repeated two or three times (double or triple chip seals).

The primary objectives of the asphalt chipseal are to provide a new, durable
surface course andff0 ifierease skidiresistance. Although their past use has
typically been gn low-volume roads, recent improvements in design and
construction have resulted in greater use on higher volume roads.

Thé construction sequence for a single asphalt chip seal consists of the
following four steps:®

®  Clean the existing surface to remove dirt and other loose materials.

®_ Apply the asphalt material at the specified rate and temperature using a
calibrated asphalt distributor.
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e Immediately spread the stone chips evenly over the surface at the
specified rate using a properly calibrated aggregate spreader.

e Immediately roll the stone chips with a rubber-tired roller to firmly seat
them in the asphalt and against the underlying layer.

Depending on the type of asphalt material used and the posted speed limit,
the chip-sealed road can be opened to traffic within 0.5 to 2 hours.

Open-Graded Friction Course

Open-graded friction courses (OGFC), also called plant mix seals or popcorn
mixes, are porous surface mixes produced with large amounts of voids (minimum
15 percent) that allow water to drain rapidly through the mix and flow to the sidé
of the road. These mixes are used to improve the friction properties of the surface
and also reduce tire spray and the potential for hydroplaning, thereby reducing
wet weather accidents. The OGFC also tends to provide a quieter riding surface,
as it produces lower tire noise. Typical thicknesses of OGFC are 25 to 50, mm.?

OGEFC contain a more open gradation (i.e., small amount of fines and more
particles of one size) than conventional dense-graded materials.” Howevef, OGFG
mixtures are produced and placed in a manner similar to densesgraded hot
mixes. A tack coat is needed prior to the placement of thé OGFC'and eompaction
is accomplished solely by a static steel-wheeled roller. This is because vibratory
rollers can damage the aggregate and rubber-tired rollers tend to pick up the
asphalt.

Rubberized Asphalt Chip Seal

A rubberized asphalt chip seal is a special type of chip seal in which rubber
(latex or ground tire rubber) is blend&with asphalficement. This application can
be used solely as a sti€s8-absorbing membrane (SAM) or in conjunction with an
overlay as a stress-absorbifig membrane inteflayer (SAMI).

In both applications, the purpose is to reduce the reflection of underlying
cracks through the surface layer, The latex or ground rubber tires adds resiliency
to the asphalt, which improves bonding with the aggregate and reduces the
tackiness and ravelling of the surface. The added resiliency also enables the seal
to "bridge" existing cracks bettef.

Thé conistruction of a rubberized asphalt chip seal is similar to the

construction of an asphalt chip'seal. The major difference is the use of a modified
applicator for spraying the thicker rubberized asphalt binder.®

6-17




Thin-Lift Cold-Mix Asphalt Roadways

Slurry Seal

A slurry seal is a homogeneous mixture of asphalt emulsion, water, fine
aggregate, and mineral filler that has a creamy, fluid-like appearance.® It is
effective in sealing surface cracks, waterproofing the pavement surface, and
improving skid resistance at speeds below about 65 kph. Three types of slurry
seal are available that differ by the size of aggregate used. The type with the
finest aggregate is primarily used for sealing purposes, while the type with the
largest aggregate is primarily used for improving skid resistance and filling
slight depressions.

The slurry seal mixture is produced on-site in a special truck-mounted,
traveling mixer. Once mixed, the slurry is dumped into a spreader box attachefl
to the back of the vehicle. The spreader box spreads the slurry onto the cleanéd
pavement and an attached squeegee smooths the material into a layer between &
and 6 mm thick. Rolling is not generally necessary and, depending on the
weather, traffic can be allowed on the pavement within 2 to 12 hours;

Micro-Surfacing

Developed in Europe, micro-surfacing is a term used to describedhe
application of a polymer-modified slurry seal, with laték rubber being the most
commonly used polymer. Micro-surfacing materials congist of asphalband lafex
mixed with aggregate, fillers, and other additives and is a modification of the
slurry and sand seal.® It has beenféed as a wearing surfage and for rut-filling.
Ralumac is probably the most widely known example of this process in the
United States.

The construction sequence for micro-sutfacing resembles that of slurry seals.
A modified traveling plant mixemi§iised to confifiuously load materials from
haul vehicles and niixthem ofi-site.“An adjustable width spreader box is used for
resurfacing purposes, while individual drag boxes ate used for rut-filling
purposes. Rolling is generally not required and the pavement can typically be
opened to traffic within 1 hour.

Fog Seal

A fog seal is a very light@pplication of an asphalt emulsion (with no
aggregate) tolan oxidized asphalt surface. The purpose of the application is to
rejuvénate theoxidized asphalf and seal fine cracks so that the need for more
comrective rehabilitation is pdstponed for 1 or 2 years.

The treatment is most suitable for low-volume roads that can be closed to

traffic for the 4 to 6 hours required for the material to sufficiently set. It is widely
used along AG shoulders to help provide a distinct delineation between the
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mainline pavement and the shoulder. Application involves spraying the material
at a specified rate using an asphalt distributor.

nd Sea

A sand seal is a spray application of asphalt emulsion followed by a light
covering of sand or screening. This application serves the same function as a fog
seal, but provides better surface friction. However, the surface appearance of a
sand seal does not provide the delineation that a fog seal does.

The placement of a sand seal is typically 2 to 5 mm thick. Once the sand
covering has been applied to the asphalt emulsion, a rubber-tired roller is used to
firmly embed the sand in the asphalt. The pavement can be opened to traffic once
the seal has sufficiently set (typically about 2 hours).

Cape Seal

A cape seal is a combination of both an asphalt chip seal and a shaify S&alk
The advantage of the cape seal is that a thicker, more durable surfate is obtained)
and it can be used on higher volume roads.”’ The cape seal typically resultsdn a
smoother pavement with a more pleasing appearance, and can provide added
skid resistance.

The construction process consists of the chip seal béing applied first,
followed by the application of the slurry seal between 4 and 10 days later.

Sandwich Seal

A sandwich seal consists of an application of.asphalt (asphalt emulsion or
asphalt cement), sandwiched between two applications of different sized
aggregate. The primarypobjectivesof the 8andwich séal are to provide a new
wearing course and to'inctease gkid resistanee.

Typical sandwich seals‘are eonstructed between 6 and 19 mm thick. The
construction process consists of thefollowing fivesteps:

Cleaning(the existing surface.

Application of the first aggregateat 60 to 80 percent coverage.
Application of the asphalt material at the specified rate and temperature.
Application of the second aggregate (smaller size than first aggregate) to
sufficiently fill the voidé left by the first aggregate.

Rolling of the aggregéte with a rubber-tired roller to firmly seat it in the
asphalt.
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Depending on the type of asphalt material used, the pavement can generally
be reopened to traffic within 2 hours.

3. SELECTION OF THE MOST APPROPRIATE REHAB OPTION

Thus far, course participants have been introduced to the various
rehabilitation procedures used to improve the serviceability of thin-lift cold-mix
asphalt roadways. In this section, participants will be instructed on the process
used to determine the preferred option for a given project.

In the decision-making process for selection of the preferred rehab strategy,
the following steps are fundamental:%%

e Determination of the cause of distress(es) or problems of the pavement.

® Development of a candidate list of solutions that will properly address,
cure, and/or prevent future occurrences of the problem.

® Selection of the preferred rehabilitation strategy, given econmicand
other project constraints.

The first step is completed using the pavement evaluation procedufes
provided in module 2, and is therefore not discussed herg!

The second step involves the consideration of other (many noneconomic)
factors toward the goal of identifying a few practical options (kypically between
two and four). These factors largely{consist ofthéfellowing:

Functional requirements.
Structural requirements.
Drainage.

Local experiénce and nfanpower.
Availability of fesoujces.
Construction considerations.
Limited project funding.

To determineahich'of the resulting practical options is the most cost-
effective (and thiis the preferred rehabilitation method), a life-cycle cost analysis
is recommendéd. This analysistakesinto consideration the various costs and
estimated performance of each option over its anticipated service life and
generatés a standard unit of cost by which the options can be compared.

Brief descriptions 6fithé' various selection factors and how they affect the
different rehab methods are provided in the following sections.
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Noneconomic Factors
cti i ents

Frequently, the main objective in a rehabilitation project is to increase the
functional adequacy of the pavement (i.e., increase skid resistance and /or ride
quality). As a result, some alternatives can be quickly shortlisted for further
consideration. These alternatives often include the following;:

Functional AC overlay.
Asphalt chip seal.
OGEFC.

Slurry seal.
Microsurfacing,

Sand seal.

Cape seal.

Sandwich seal.
Pavement removal.
Hot-surface recycling.

Further shortlisting can be done given the specific functio
desired.

Structural Requirements

ificantly
narrowed to

In situations where the major
increase structural capacity, the lis
the following:

Structural AC overlay.

Each of these me eet the desired structural requirements.
However, only have the capability of fully correcting
the structural and rutting) in the asphalt layers.

to those options that will best remedy the drainage
blems. Thin-lift cold-mix asphalt pavements may be susceptible to
ts of water on the subgrade layer. Drainage problems in these
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structures may also consist of standing water on the pavement surface as a result
of either poor cross-slope (e.g., rutting) or a surface that does not drain well.
Practical options for addressing these problems consist of the following:

Poor cross-slope Non-draining surface Other methods
Pavement removal OGFC Deepen ditches
Hot surface recycling Asphalt chip seal Place culverts
Microsurfacing Hot surface recycling Clean outlets
Asphalt chip seal

Xxperien d Manpower

The availability of local contractors with experience in the various
rehabilitation methods is often a major factor in the selection process. Local
contractors inexperienced with some methods may simply not be capable of
performing those methods or of providing the quality, timeliness, and economies
desired of those methods. One option which should be examined in this situation
is the added cost associated with retaining outside contractors expefienced in the
methods that are not practiced locally.

In general, the availability of local contractors experienced in each®f the
three rehabilitation types is fairly good. Although recyclifig is not pfacticed
nearly as much as resurfacing and the placement of surfage treatments, the
availability of local contractors capable of successful recycling operations is
steadily growing. Likewise, some of the more specialized surface treatment
techniques, such as micro-surfacing‘anét OGEE, afealso catching on.

EESOUI'CE Reguirements

Additional up-front costs can generally beexpected if local contractors are
improperly equippedfor if the nécessarymaterials are not readily available. In
the first case, the additiohal cgsts stem fromygreater mobilization and hauling, as
an experienced outside eontractor must bewsed. In the second case, the
additional costs stem primarily from hauling; asmaterial (usually aggregate)
must be shipped in from distant sources.

The availapility of recycling equipment and some surface treatment
equipment are limited in some areas. Dévices such as those used in CIR and
microsurfacing operations are §fill relatively new and, in the case of the former,
quite expensive.

The lack of strong and@urable local aggregate can be a concern with either of
the three general rehabilitation alternatives. Local aggregate that is soft and
nondurabléswill adversely impact performance and must be avoided.
Additionally, local aggregate producers may not process aggregate into the sizes
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or shapes required by particular asphalt-aggregate mixtures. This is occasionally
a concern with some of the surface treatment techniques, such as micro-surfacing.

Construction Consideratio

Although there are several construction factors worthy of consideration, the
following are among the most common:

®  Traffic control requirements.
®  Geometric constraints.
®  Suitability of existing pavement materials for recycling.

The time period for which a road must be partially or completely shut down
can often determine which rehabilitation methods get shortlisted for further
consideration and which ones do not. Obviously, the methods that result in the
greatest disruptions to traffic will be least desirable by the traveling public. Such
disruptions are often tied to material production rates, operational rates of the
equipment, and pavement curing times.

Geometric constraints can occasionally limit which alternatives get furiher
consideration. These constraints typically include the following;

In-the-road manholes.

Curb and gutter.

Clearances beneath bridges and overhead signs.
Utilities.

On occasion, the existing asphalt pavémeént may be unsuitablé for recycling
due to the presence of harmful materials or excessive material variability. In the
case of the former, considerable amounts of tar, asphalt cutback, and asphalt
emulsion in the existing pavemerif can pose operational problems with air quality
or mix design quality. In the cdse of thelatter, several changes in material
composition throughouttheproject can result in excessive reprocessing changes
and, possibly, excessive testing requirements.

Economic Factors
Limited Project funding

If thé funds available for a particular project are somewhat limited, then it is
quite likely that someof the reh@bilitation methods with the highest up-front
costé will have to be'dropped from consideration. This may, however, result in
the dismissal of some of the more cost-effective methods, in which case extra
efforts togecure more funding could be justified.
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Performance Considerations

One important aspect in determining the most cost-effective rehabilitation
alternative is the performance of the pavement after it has been rehabilitated.
Although performance is defined as the area under a serviceability-time curve
(figure 6-2), a commonly used indicator of performance is service life. This is the
period of time that a rehabilitated pavement will last before reaching a minimum
acceptable serviceability level.

The performance characteristics of each rehabilitation option depend largely
on the following factors:

Climatic conditions.

Traffic volumes.

Existing pavement condition.
Quality of materials.

Mixture design.
Construction quality.

Because of these factors, the experiences of various agencies with the différent
rehab methods vary widely. Figure 6-6 shows the expected sefvice livés of a few
of the rehabilitation methods based on a 1986 survey oféeveral cifi¢s and
counties."? As can be seen, resurfaced pavements are expécted to last the longést,
followed closely by in-place recycled pavements. Surface freated pavements,
however, are generally expected to provide about one-third the life of resurfaced
pavements.

Life-Cycle Costs

To determine the most cost-effective rehab option, a fixed analysis period
must first be establighed. This@nalysis period may tange from 5 to 25 years,
depending on programihed funding and the desire forlong-term planning. A
strategy must then be déveloped for each'tehabilitation alternative such that
pavement serviceability remains above a minimum acceptable level over the
~ analysis period. As seen in figute 6-7, a strategy may consist solely of the
rehabilitation altéfnative or may involve the option combined with a series of
future maintepance or rehabilitation dctivities.

Once alternative strategies have been developed, the life-cycle costs
assocjdted\with each strategy ¢an be estimated. These are the projected costs
assumed by theloecal-roads agercy and the traveling public during the analysis
périod.  In the case of roadway rehabilitation, the following life-cycle costs should
be considered:
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ASPHALT SURFACE MAINTENANCE TECHNIQUES

EXPECTATION LEVELS (in years)
183 responses
14

12 -

10 |~

i

Overlay Cold Fog Chip Slurry Crack
in-place |n-p|ace seal filling
recycling  recycling

Figure 6-6. Expected life of yétious rehabmetheds.®?

¢ Engineering and administrative costs— The costs of evaluating the
existing pavement, selectifig thepreferred réhab option, designing the
rehabilitated pavement, and preparing the necessary plans and
specifications for the rehab work.

e Reéhabilitation costs—The costs assoeciated with initial and future
rehabilitation activities intended to restore’the pavement to an
acceptable sefvigeability level.

® Mainten@nce costs—The costSassociated with maintaining a pavement
at or above some predetermined performance level. These costs include
both preventive and cdrréctive maintenance costs, but not rehab costs.

e Sdlvage value—The value of the pavement at the end of the life cycle or
analysis period.

® ' User costs—Th@eesis assumed by the traveling public in the form of
delay costs, increased operating costs, and accidents.
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Serviceability

Figure 6-7. Example of different rehab strategies for
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alternatives. This method is preferred when the estimated service lives
of various alternatives are different.

®  Benefit-cost ratio method—This method involves expressing the
ratio of present-worth benefits of a particular strategy to its present-
worth costs. Strategies that result in a benefit-cost ratio greater than
one are considered economical and the strategy that produces the
highest incremental ratio with respect to other strategies is
considered the best choice.

¢  Rate-of-return method—This method consists of determining the
discount rate at which the cost and benefit for a given strategy are equal.
The strategy with the highest first cost that exceeds a minimum
acceptable rate of return (specified by the agency) is considered to be the
best alternative. ’

Although the benefit-cost ratio method is used frequently in the highway
field, it is occasionally difficult to understand. And, although the rate-of-return
method has the distinct advantage of not requiring knowledge of a discount rate;
it can be very time-consuming and it has situational flaws.

The present-worth method and the annualized method are the preferréd
methods of analysis and are therefore presented in this manual. | The corcepts
behind each of these methods are easily understood and the analyses@are
relatively straightforward to perform.

In the present-worth method, future lump-sum costs and uniform annual
costs are converted to present-worth'Walues usifig the following two equations:

1
PW = F X =meemmemm 1
1 +i)™
where: PW = Present-worth cost.
F = Futurecoshat the end of n years.
i = Discountrate.
n = number of years:
(i)™ -1
PW =A x —emmeeen (3]
i(1+)™
where:| PW = “Present-worth cost.
A = Uniform annual costs for n years.
i) = Discountrate.
n )= number of years.
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In the annualized method, present-worth costs are converted to uniform
annual costs using the following equation:

i1+
A=PWx ——-o @) pe
1+i)=-1
where: A = Uniform annual cost over analysis period of n years.
PW =  Present-worth cost.
i = Discount rate.
n = number of years in analysis period.

In each case, the costs for each option are determined and the option with the
lowest cost represents the most cost-effective solution.

However, because of the other noneconomic factors included, the.opti
the lowest life cycle cost may not be the preferred solution.

Examples of the present-worth method and the annualize

provided in figures 6-8 and 6-9, respectively. !
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) Comparing Rehab Strategies
Rehab Strategy A
- Initial cost: $150,000
Rehab at 10 years $35,000
> Salvage value: $50,000
Estimated service life 15 years
N Rehab Strategy B
Initial cost: $120,000
N Maintenance at 4 years $15,000
Maintenance at 8 years: $15,000
- Maintenance at 12 years: $15,000
Salvage value: $1,000
N Estimated service life 15 years
~ Specified Discount Rate:
Analysis
.
PW (initial cost) =
PW (rehab at 10 years) = 35,000 x [1/(1+0.04)"] =
" PW (salvage at 15 years) = 50,000 x [1/(1+0.04)"] =
Total Present Worth of Rehab Strategy A
Rehab Strategy B ‘
PW (initial cost) = $120,000
PW (maintenance at 4 years) = 15,000 + $11,025
™ PW (maintenance at 5 years) = 15,000 x + $8,104
) PW (maintenance at 12 years) = + $5,957
A PW (salvage at -$315
. Total Present $144,771
» is the more cost-e

nt-worth method of economic analysis.
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Comparing Rehab Strategies

Rehab Strategy A

Initial cost:
Maintenance at 5 years:
Maintenance at 10 years:
Maintenance at 15 years:
Salvage value:
Estimated service life:

Rehab Strategy B
Initial cost:

Rehab at 10 years:
Salvage value:
Estimated service life:

$25,000
$25,000
$2,000

$40,000

Specified Discount Rate:
Analysis

Rehab Strategy A
A (initial cost) = 150,000x{[(.04)(1.04)*°]/[(1.04)®*-1] =

PW (maint. @5 yrs.) =25,000x[1/ (1.04)°] = $17,015
A (maint. @ 5 yrs.) =17,015x{[(.04)(1.04)*"1/[(1.04)*"-1
PW (maint. @ 10 yrs.) =25,000x[1/ (1.04)'°] = $11,580
A (maint. @ 10 yrs.) = 11,580x{[(.04)(1.04)] /[(1.04)®-1]
PW (maint. @ 15 yrs.) = 25,00 1.04)™

A (maint. @15 yrs.) = 7,881 x{[(.
PW (salvage @ 20 yrs.) = 2,000x[1/(
A (salvage @20 yrs.) = 429%{[(.04)(1.
Total Annual Cost of Rehab Strategy

A (rghab. @10 yrs.
PW (salvage @ 20 yrs.

$150,000
$25,000

20 years

$200,000
$50,000

20 years

4 percent

$18,949

$20,370
+ $2,359

__-$874
$21,855

6-30

igure 6-9. Example of annualized method of economic analysis.




~ Thin-Lift Cold-Mix Asphalt Roadways

REFERENCES

1. Asphalt Institute, Thickness Design of Asphalt Pavements for Highways and
Streets, Manual Series No. 1 (MS-1), February 1991.

2. Pavement Design: Principles and Practices, Training Course Manual, National
Highway Institute, September 1987.

3.  Asphalt Institute, Asphalt Surface Treatments: Construction Techniques,
Educational Series No. 12 (ES-12), February 1982.

4.  Techniques for Pavement Rehabilitation, Training Course Manual, National
Highway Institute, Federal Highway Administration, Fifth Revision, May
1993.

5. Roberts, F. L., P. S. Kandahl, E. R. Brown, D. Y. Lee, and T. W. Kennedy, Hot~
Mix Asphalt Materials, Mixture Design, and Construction, First Edition, National
Asphalt Pavement Association, Education Foundation, 1991.

6. Heitzman, M. A, State of the Practice: Design and Construction of Asphalt Paving
Materials with Crumb Rubber Modifier, Report No. FHWA-5A-92-022, Federal
Highway Administration, May 1992.

7. Techniques for Pavement Rehabilitation, Training Course Manual, National
Highway Institute, Federal Highway Administration, Thizrd\Revision,
October 1987.

8. Hudson, 5. W.,, B. F. McCullough, and R, FaCarmichael, Susfiece Design and
Rehabilitation Guidelines for Low-Volume Roads—Final Report, Keport No.
FHWA /TS-87-225, Federal Highway, Administration, June 1987.

9. Epps,]. A., Cold-Recycled Bifuminous Conerete Using Bithminous Materials,
NCHRP Synthesis of Highway Practice 160, National Cooperative Highway
Research Program, July 1990.

10. Wood, L. E., T4D. White, and T, B.Nelson, Current Practice of Cold In-Place
Recycling of Asphalt Pavements, Transpertation Research Record 1178,
Transportation Research Boatd, 1988,

11. Asphaltinstitute, Asphalt Hof-Mix Recycling, Manual Series No. 20 (MS 20),
Second Edition, 1986.

12. Asphalb Institute, The Asphalt Handbook, Manual Series No. 4 (MS 4), 1988.

6-31




Thin-Lift Cold-Mix Asphalt Roadways -

13. Asphalt Recycling and Reclaiming Association, An Overview of Recycling and
Reclamation Methods for Asphalt Pavement Rehabilitation, August 1992.

14. Epps,]. A, D. N. Little, R. ]. Holmgreen, and R. L. Terrel, Guidelines for
Recycling Pavement Materials, NCHRP Report 224, National Cooperative
Highway Research Program, September 1980.

15. AASHTO Guide for Design of Pavement Structures, American Association of
State Highway and Transportation Officials, 1986.

16. Peterson, D. E., Life-Cycle Cost Analysis of Pavements, NCHRP Synthesis of
Highway Practice 122, National Cooperative Highway Research Program,

December 1985.

6-32 -




MODULE 7
SURFACE-TREATED ROADWAYS

1. INTRODUCTION

Surface-treated roadways are defined as those pavement structures in which
the top layer, or riding surface, consists of a thin application of an asphalt cement
or a combination of an asphalt cement and aggregate layer. There are many
different types of surface treatments and each of these treatments are placed for a
multitude of different reasons. What they have in common is that they are
constructed to address a functional and not a structural deficiency of the
pavement. Functional deficiencies are those that detract from the pavement's
ability to serve the traveling public and include poor skid resistance, rutting or
other non-structural wearing of the surface (in'some cases), and other safety
shortcomings. Because surface treatments address functional deficiencies, they
tend to be rather thin. The maximum thickness of surface treated lay@rs is ardund
25 mm; thin surfaces beyond that thickness are usually referred tofas “thin-lif"
asphalt overlays.

It is possible to find a surface treatment on any type of pavementfas it is an
accepted rehabilitation technique for all types of roads. Thus\one may find
beneath a surface-treated roadway an AC pavement, a PCC pavement, or €Vén a
gravel road or previously applied surface treatment. The following list
summarizes some of the common types of surfate tfeatments that are being
constructed today.

Asphalt chip seal.
Open-graded friction course;
Rubberized agphalt chipfseal.
Polymer-modified, chip seal.
Slurry seal.

Micro-surfacing.

Fog seal.

Sand seal,

Cape sedl.

Sandwich seal.

Whilé the appropriate application of each of these different techniques is
beyond [the scope of this modulé, the interested reader is encouraged to seek out a
numben of excellent referéiigés on this topic.®?
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2. APPROPRIATE REHAB OPTIONS

It is important to remember that surface-treated pavements themselves are
usually already rehabilitated. That is, surface treatments are a type of
rehabilitation (or, in some cases, maintenance) that are applied to address
deficiencies in existing pavements. The rehabilitation of surface-treated
pavements is somewhat more problematic than might be the case with a typical,
deteriorated original pavement structure, as surface treatments are constructed
with a wide range of materials and admixtures, and the effect of these different
materials on subsequent rehabilitations is not widely reported (although it is
known that the potential for problems does exist).

In what cases is it appropriate to consider rehabilitating a surface-treated,
pavement? There are two primary reasons. Recalling that a surface treatment is
applied to address a functional deficiency, it is possible that the pavement has
begun to exhibit structural defects that need to be corrected. For example, a
surface treatment placed on an AC pavement to correct polishing indhe
wheelpath might begin to show reflective alligator cracking. Sindilarly, chip 8eals
placed on a gravel roadway might exhibit rutting. These are ¢ases in whi¢h
repeated traffic loads have caused the pavement to continue to deterior@ite and
need further rehabilitation.

The other case in which a surface-treated roadway might need réhabilitdtion
is if the surface treatment itself begins to fail. Assuming thak the pavementitself
is still in sound structural conditior, the surfa¢e treatment ¢ould be peeling off,
abrading away, polishing, or weathering. In'such éases, the benefits of the
functional improvements are lost.

The type of deterioration exhibited by the Surface-treated roadway, the type
and condition of the underlyingg@avement, and the desired future service life
(both in terms of yéarsiand néimber of traffic loadings) all impact the selection of
the appropriate method of rehabilitation. Three appropriate rehabilitation
techniques for surface-treated pavements age discussed here: recycling,
resurfacing with asphalt conerete, and applying additional surface treatments.
This discussion is fellewed by, gliidance on selecting an appropriate treatment
from among thése strategies.

Recycling

Recyeling refers to any process that takes materials from an existing
pawement for reuse in either'the same or other pavements. When reused in the
same pavement, thereclaimed materials may be reprocessed immediately
throughan on-the-spot recycling train, or in a relatively short time through a
central'@sphalt plant. When recycled elsewhere, the reclaimed materials may be
reprocessed and then used on a different roadway (or other application).
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The major advantages of asphalt pavement recycling include potentially
reduced costs, conservation of materials (e.g., asphalt binder, aggregate), and
lower energy consumption required to process those materials. Additional
benefits include eliminating the need for material disposal and, occasionally,
preserving roadway geometrics (e.g., eliminating the need for raising manholes
or adjusting curb lines, or accommodating vertical clearances).

Major disadvantages of asphalt pavement recycling include the possible lack
of experienced or properly equipped local contractors and a shortage of suitable
in-place materials for recycling. The consequence of either of these disadvantages
may ultimately be higher rehabilitation costs. Successful recycling also may
require more engineering than other rehabilitation techniques, and many of the
combinations of recycling methods and surface treatment materials are
incompatible.

There are several different ways of classifying recycling operations, but a
well accepted differentiation of the most common techniques is based on the
following three categories:

¢  Surface recycling.
¢  Cold-mix recycling.
¢  Hot-mix recycling.

Surface recycling is a hot or cold, in-place process that 1§ limited to the'tep 25
to 50 mm of pavement. Cold-mix recycling can be done either in-place or at a '
central plant, always includes the surfacélayerdndmay includeone or more
base layers. Hot-mix recycling also includes the surface, faay inglide one or more
base layers, and is performed at a central plant, These techniqiies are described
below in further detail.

urfa clin,

Surface recycling is the process by which the surface of an asphalt pavement
is removed or reworked to a'depth of less than25 te 50 mm. This operation is
divided into two basic processes: pavement removal and hot surface recycling.
Each process is discugSed ifpfurther detail below. Because surface recyeling does
not include remop/al of the base layer or reworking of the foundation, it is not a
good rehabilitation option for pavements exhibiting structural, moisture, or
subsurface material problems; sueh problems are better addressed by hot-mix
and coldfix recyeling operations. It can also be a difficult process to perform
satisfactorily if theré ignot a higher type material beneath the surface treatment.
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Pavement Removal

Removal of the top 25 to 50 mm of surface material can be a useful
rehabilitation technique by itself or in preparation for resurfacing with AC.
Deficiencies that are appropriately addressed by pavement removal include the
following:®

e Low-and medium-severity rutting that can be isolated to the upper
surface layer.

®  Areas of bleeding, raveling, and poor skid-resistance.

¢ Inadequate cross-slope for proper surface drainage.

e  Where there is a need to reduce or eliminate feathering of a
subsequent overlay along gutters or near bridge abutments.

e Improvement of bond between existing asphalt surface and subsequent
AC overlay.

Pavement removal is most often accomplished with the following pieces of
equipment:

e Cold Milling Machine.
¢ Hot Milling Machine.

The heater-planing option described in modules 3 and\4 is not recommended
or pavements less than 60 mm thick or for pavements with eut-backmatésial, and
is thus not generally appropriate forssurface-treated roadways.

Surface recycling is often performed with a cold miilling machine. Cold
milling machines use carbide-tipped bit§ méunted on a largérevelving drum to
grind the pavement surface into small asphalt millings; the adjustable drum
allows the removal of varying thicknesses of material. The millings are typically
transferred from thedhilling mdchine into a dump truck by a conveyor belt, and
may be used later in‘€ither a base course ohrecycled sutface course.

Because of the efficiengies of current cold milling devices, hot milling has
seen limited use in the United States. This operation is quite similar to cold
milling, except foffan ad@ed step of heating the pavement prior to milling. The
greater operatiénal cost of hot millingimay be justifiable where high production
rates are needed or very cold weather is’expected.

Table\7-1lists the primary objectives for which cold milling is suitable. Hot
milling is typically performed for the same purposes as cold milling.
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Table 7-1. Suitability of various surface recycling processes.

Cold-

Objective Milling
Remove bumps and reduce pavement roughness X
Reestablish cross-slope X
Removal of low-quality slurry or chip seals
Removal of surface deterioration X
(e.g., raveling, bleeding)
Maintain proper clearances for underpasses, tunnels, X
and sign bridges
Improve skid resistance X
Promote bonding with AC overlay X

Cold Mix Recydli

Cold-mix recycling is a process in which reclaimed asphalt pavement (RAP)
materials are combined with a lighter fraction of asphalt cementand/or
additional aggregate to produce cold“mix paving materials. This process, which
can be done in-place or at a central mixing plant, requires ne heat and is
performed to a depth greater than 25 to 50 fam, The resulting ¢bld-mix material
is most often used as a base course, on which a protective asphaltsurface layer is
placed.

Cold-mix recycling ©perations largely invelve cold, ifi-place recycling (CIR)
procedures. While these procedures have been iised for many years, they have
seen widespread use only in‘the last 20 years. In géneral, CIR is appropriate for
low-volume asphalt roads that are 8everely cracked and broken, highly rutted, or
very rough. It is notfecomifiended fonroads with obvious soil foundation
problems or with@sphalt mixture probléims that cannot be adequately corrected
with CIR.

The ienefits of €IR are numerous and include the following:* %
€  Significant structiifal improvements can be achieved without changes in
horizontal and vertical geometry.

® Moshtypes and severities of pavement distress can be treated.
o  Reflection cracking can be delayed or eliminated.
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Pavement ride quality can be improved.

Hauling costs can be minimized.

Pavement profile, crown, and cross-slope can be improved.
Production rate is high.

Engineering costs are low.

Among the disadvantages of CIR are the following:* ¢

¢  Construction variation is larger for in-place than for central-plant
operations (i.e., lower quality control occurs in the field than at the
plant). -

o Curing is required for strength gain, and is dependent tpon climatic
conditions, including temperature and moisture.

o  Traffic disruption can be greater relative to other rehabilitation
alternatives.

® The equipment is expensive, and not many contractors may own the
equipment.

®  There are no standard specifications for in-place recyclings

Three distinct types of CIR are currently being used in the United Stafes.
They include the following:®

® Type 1—Rip/pulverize and compact.
® Type 2—Single Unit Recycler.
® Type 3—Recycling Train.

Type 1 CIR—Rip/pulverize and compact

Often referred to as full-depth recycling ér reclamation, Type 1 CIR is the
oldest and least expensive method of in-place réaycling. It is often used when
there is little remaining life in i€ roadior when surface defects are caused by
problems in the underlying layer. Inthisprocess, theexisting pavement is
reworked to a depth that may vary from 100;to 300 mm. The recycled material
provides a good-quality asphalt base layer on which an AC surface course or a
surface treatment can be applied.®

The generdl procedures for Type 1 CIR are illustrated in figure 7-1. The
existing pavement is first ripped and ¢fushed in place by multiple passes of a
scarifier or ripper. The crushed material, or RAP, is then windrowed with a
grader@nd may be sprayed with the designated recycling agent. New aggregate
may [also be addedjat this poifif,’ A motor grader is used to thoroughly mix the
ngWpmaterial, which istheri spread into place by either the grader or a paver.
Following compaction and curing, a surface layer is then applied.
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1. Rip and break 2. Pulverize
existing pavement existing pavement

3. Windrow Existing 4. Apply Modifier to Windrowed
Asphalt Bound Materials Asphalt Bound Materials

) 6. Spread upgraded be
new base aggregate material to,specified thickness

8«Apply wearing surface
Figure 7-1. General sequence of Type 1 CIR operation.®
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Type 2 CIR—Single unit recycler

Type 2 CIR is a partial- or full-depth recycling operation that provides a
high-quality base or surface course. In comparison to Type 1 CIR, this operation
provides better quality control in that it is possible to maintain a uniform
reprocessing depth and achieve better remixing. In addition, Type 2 CIR reduces
the recycled material to a smaller more uniform size.

Type 2 CIR eliminates the need for multiple pieces of equipment and
equipment passes for the breaking, crushing, and mixing operations. As shown
in figure 7-2, a planer or milling machine is used to perform these operations in a
single pass. The new mixture is then either windrowed for spreading by a grader
or conveyed to a paver for relaying. Following compaction and curing, a surfacé
layer may or may not be applied. Roughly 1.6 to 3.2 km/day of a standard 3.7-m
wide lane can be recycled using this operation.

1 Dynaplane rips and pulverizes 2 Grader or paver spreads and
the pavement, adds asphalt levels the material.
binding agent, and thoroughly
mixes in a single pass.

3 Roller compacts material. 4 Surface treatment or overlay.

Figure 7-2. General sequence of Type 2 CIR operation.®
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Type 3 CIR—Recycling train

Type 3 CIR is the newest and most productive in-place recycling process.
Like Type 2 CIR, it is a partial- or full-depth recycling operation that produces a
high-quality base or surface course. It differs, however, in the equipment
required to carry out the process and, subsequently, in the rate at which the
pavement is recycled. For these reasons, it is more appropriate on large recycling
jobs.

The process involves the use of large, specialized pieces of equipment that
work closely together as a recycling train. Figure 7-3 shows a typical recycling
train and the flow of material through the individual pieces of equipment.

DIRECTION OF TRAVEL

ST

PAVING TRAIN METHOD

Figure 7-3. Type 3 CIR recyclingitrain.®

The train is headed by a milling machine, which grinds the existing
pavement to a depth ideally befween 50 and 100'mm. The RAP material is then
conveyed to a screenifig afiel crushing, unit that reduces the material size to less
than 30 to 50 mm¢{

Next, the RAF material is transported to the mixing unit, or traveling
pugmill sThere it iSweighed and mlixed with measured amounts of aggregate
and recyeling agent. The new niixfure can be deposited directly into the hopper
of a gaver or deposited iibapwindrow for subsequent pick-up by a paver. The
paver then\spreads the material evenly for compaction by steel-wheeled and/or
rubber-tired rollers. Depending on the existing road condition, depth of
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recycling, terrain, and traffic, the train can recycle 3.2 to 9.7 km/day of a standard
3.7-m wide lane.

Hot-Mix Recycling

Hot-mix recycling is the process in which all or some portion of the
pavement structure is removed, reduced to the desired size, and mixed hot with
additional asphalt cement at a central plant. The process normally includes the
addition of new aggregate, and may include the addition of a recycling agent.®
The finished product is generally required to meet standard materials
specifications and construction requirements for the type of AC mixture being
produced (e.g., base, binder, or surface course).?

In comparison with CIR, hot-mix recycling is a costlier and more labor-
intensive operation. Material hauling, hot plant processing, and greater qualify
control are major contributors to its higher costs. Although there is generally
more disruption with hot mix recycling, traffic can be allowed on the recycled
pavement much sooner than with CIR because of the shorter curing'period."More
importantly, the higher level of quality control in the hot-mix redyeling process
generally results in a more stable and consistent mixture.

The two main considerations in selecting hot-mix re€ycling fond given
rehabilitation project are the existing pavement conditioni and the¢oshof the
rehabilitation. As seen in table 7-2, hot-mix recycling is a proper remedy for
many pavement defects. In general, it can be uged to correct mixture deficiencies,
to restore pavement smoothness, afid t6 incredse the overall strength of the
pavement. Because of its higher costs, however, carefuleamparisons must be
made to determine if it is the most cost-effective approach forithe defects
observed in the existing pavement.

Other factors thafimust befonsideréd include the suitability of existing
materials for recycling and the availabilify of experienced and properly equipped
contractors. In the case of the former, the presence of the following materials may
make an existing pavement unsuitable for hotsmix recycling:®

®  More thafi 10 pefcent of the pavement material is a seal coat, slurry
seal, of eold patch.

e The pavement containdcutback’asphalts.

® The pavement contains any coal tars.

Althotuigh the availability of experienced and properly equipped contractors has

beéome more widespreadiin recent years, it may still be difficult to locate
qualified local contractors able to undertake a successful hot-mix recycling job.
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Table 7-2. Guide for selection of AC recycling method.®

. Hot-Mix HotIn-Place | Cold In-Place
Type of Pavement Distress Recycling Recycling Recycling
Surface Defects
Raveling X x!
b Bleeding X x4
Slipperiness X x!
Deformation
N Corrugations X x!
(washboarding)
Rutting (shallow)’ b x*
Rutting (deep)® X x5
" Cracking (load associated)
Alligator X X
Longitudinal (wheelpath) b x8 X
- Pavement Edge X X
Slippage X X
™ Cracking (nonload associated)
Block (shrinkage) X X
Longitudinal (joint) X X
. Transverse (thermal) X X
' Reflection Cracking X X
Maintenance Patching
Spray x° X
Skin X *®
Pothole X X
Deep (hot mix) X X
. Ride Quality /Roughness
General Unevenness X X
Depressions (settlement) x1° X1
High Spots (heafing) X x*°
Notes:
N 1

Applicable if the surface course thickness does not éxceed 40 mm.

Rutting is limited to the top 40 t0 50 mm of the pavement.

Rutting originates below the surfacecourse, including base and subgrade.

May be a temporary correction if entirélayer affected not removed or treated by the
addition of gpecial admixtures.

The addition of new aggregaté may be required for unstable mixes.

Appligable if the cracking is limited to the surface course of the pavement.
Applicable if the treatment is t0 a depth below the layer where the slippage is
occurring.

Applicable if the crackifigis limited to the surface course of the pavement.

In some instances, spray and skin patches may be removed by cold planing prior to
these tréatments (consider if very asphalt rich or bleeding).

May be only a temporary correction if the distress is related to a subgrade problem.

2
. 3
1
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Because the quality of recycled hot-mix must normally satisfy the
requirements of a new AC mixture, a considerable amount of evaluation, testing,
and design work is necessary. This often includes the following tasks:

Reviewing past construction records of the existing pavement.

Visually assessing the condition of the existing pavement.

Performing material characterization tests on the stockpiled RAP.
Formulating a recycled mix design and determining the proper amounts
of new materials (e.g., asphalt, aggregate) to be added to the RAP.
Performing quality control tests on the recycled mixture to determine if
it meets the applicable specifications.

The construction sequence for hot-mix recycling typically consists of the
following four activities:

¢  Full- or partial-depth removal of the pavement.

® Reduction of the RAP to the appropriate size.

® Reprocessing of the RAP through a hot-mix plant with th€ addition 6f
one or more of the following: virgin aggregate, new agphalt cement, and
recycling agent.

® Placement and compaction of the recycled hot-mix as a base/binder, or
surface course.

The existing surface-treated roadway is generally removed by milling,
although ripping equipment have aléo been used. With milling, partial- and full-
depth pavement removal is possible, and sizing of the RAP is done
simultaneously with the pavement remoyél step. The milling operation is
normally performed to an optimum depth of between 50 and 100 mm. Although
single-pass removal to as deep as 200 mm is possible, the operating speed can be
greatly reduced and oversized RAP#nay result, théreby requiring additional
sizing.

If the surface treated roadway has beneathyit a full-depth asphalt pavement,
multiple passes of a milling machine or the use ofheavy-duty ripping equipment
may be required. While RAP millings are usually reduced to the appropriate
size, the RAP prefluced by ripping egquipment must generally undergo additional
crushing at the/éentral plant. Central-plant sizing can be performed with
conventional, fixed, and portalilé crushing and screening equipment.®®

Béth conventional batch plants and continuous mix (drum-mixer) plants
have been used sugessfully 16 produce recycled hot-mix.® Both plant types
make use of the heat<fransfermethod, whereby the RAP is primarily heated
through mixing with superheated virgin aggregate. Additional asphalt or a
recycling agent are also added during the mixing, as called for in the mixture
design.
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As with conventional hot-mix paving operations, the recycled hot-mix is
hauled to the jobsite where it is loaded into the hopper of an asphalt paver for
proper laydown. Steel-wheeled and rubber-tired rollers are used to compact the
newly layed material to the required density.

Feasibility of Recycling Options

Recycling may be an option for surface-treated roadways when there s little
or no remaining structural life in the existing pavement and when other measures
short of reconstruction will neither address problems in the pavement nor

provide the desired future performance. This may be seen when the surface of
the pavement exhibits an excessive amount of structural deterioration, such as
alligator cracking, deep wheel path rutting, or large deflections under load.
When these conditions are present, they usually signify the need for
reconstruction of the roadway, and when reconstruction is needed recycling
should be considered as an option. The exception to this is when surface
recycling techniques are used and it has been determined that the roadway’s
problems can be successfully addressed without removing the entire pavement.

Recycling surface treated roadways can be as successful as ofher recyclifig

projects if normal care is taken in their planning and design. The major décisions
to make in a recycling project are whether the in-place materialsiare ablé to be
~ recycled and where in the new pavement (or elsewhere) they willbe used. The

least cause for concern arises when the existing pavement is being reworked to
serve as a base and entirely virgin material will be placed on tep of it asa surface.
Special care must be taken, however,#then a surface treated Yoadway is being
upgraded to a higher type facility and the new paverient will'be built with

» materials recycled from the old surface. In@uch cases, the aterials used in the
mix must be carefully studied to ensure the project’s feasibility.

In any recycling project, the exisfifig,pavement must be examined to
determine if it can befeéycled. Ao begin with, is there sufficient material present

‘\ to recycle? Care must be taken to identifylayer thicknesses so that the materials
and their thicknesses are known, Where thisis éxtremely important isina
recycling project, such as surface recycling, that'is fiot reworking all of the

structure. Surface treatments are, by their nature, very thin and there is not much
material to mill.

The optimal use of a recycléd surface treated roadway is in a surface mix, as
it already has the high quality matérials in it that would help to reduce the
overall £0sfs’of the project. However, there are many different materials that are
useddn surface treatménts thatmay not perform well in a recycled surface mix.

~ These include many of the polymer materials that have been added to surface
treatments to enhance chip retention as well as the rubber products that have
been added t0)a range of surface treatment mixes to improve their performance.

» 7-13




Surface-Treated Roadways

These (and other) additives obtain their desirable properties during their initial
use and their properties will change if they are either reheated or overheated.
Some cutbacks and specialized asphalt applications will also not work in any hot
recycling process.

Another problem with recycling surface treated roadways is that, over time,
the pavement’s surface may become quite rich in asphalt. This excess of binder
may make it difficult to obtain a satisfactory mix design of the recycled mixture.
However, this problem, if it will occur, should be identified during the mix design
stage. This is especially critical for any material that will be recycled through afy
asphalt plant in a hot operation.

Resurfacing

Resurfacing is the process by which an AC or PCC overlay is placed on the
existing pavement to restore serviceability to near original levels. AC resurfacing
is the most common method of rehabilitating existing pavements, and is the only
overlay type considered in this manual. The major advantages of A@#ésurfacing
include the wide availability of hot-mix paving contractors and guipment,
relatively short disruptions to traffic during the construction proeess, andgood
long-term service. The major disadvantages include the need for careful desigr
and quality control, the resultant decreased vertical clearances, the pétential for
reflective cracking, and the possible adjustments or level-iip work required for
adjacent structures (e.g., manholes, curb and gutter, shoulders). Inadditiongthe
cost of an overlay can be prohibitive to many local agencies.

AC resurfacing is typically performed to improveithe funetional or structural
performance of a pavement. Functionalgesurfacing generally consists of a thin
AC overlay that serves one or more of the following purposes:*”

Increases skid resistangé.

Improves pavement/protile (levels up).
Improves rideability.

Improves surface drainage.

Reduces water infiltration.

Retards enwitonmental deterioration.
Enhanées appearance.

In contrast with functiondl resurfacing, structural resurfacing is the
application of a thicker AC overlay. Such overlays are designed to:

@  Increasestriictural€apacity of the pavement.
®  Reduce therate of structural deterioration.
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Depending upon the condition of the existing pavement and the purpose of
the overlay, AC resurfacing may consist of one or more lifts (i.e., paving layers) of
material. The lifts may be a part of either the binder course (the structural layer)
or the surface course (the top, protective layer), and they generally range from 25
to 200 mm thick. The binder course is sometimes referred to as the leveling
course, and the surface course is sometimes referred to as the wearing course.

The material used in each layer can vary in composition. To provide added
strength, binder course material typically contains larger sized aggregate and
slightly less asphalt cement than surface course material. The smaller sized
aggregate and higher asphalt cement content in a surface course material help
provide an abrasion-resistant and waterproof surface layer.

AC overlays may be applied in conjunction with recycling operations to
provide a protective surface. Such overlays are particularly common with cold-
milling (surface removal) and cold in-place recycling (CIR) operations.

The successful design and construction of an AC overlay begins witlia
thorough examination of the existing pavement, as discussed in mg@ule 2 of this
manual. The causes of pavement deterioration must be identified ¢ that preper
pre-overlay repairs or treatments can be specified and so an adequate oveflay
thickness can be designed.

The construction sequence for AC resurfacing consists '0f the following thre
steps:

® Application of pre-overlay repairs or treatmefits to the existing
pavement.

® DProcessing of blended aggregate and asphalt cementat a hot-mix
asphalt plant to produce a suitable asphalb concrete paving mixture.

®  Placement and, compactiofiof the hot-mix asia leveling, binder, or
surface course.

Pre-overlay repairs or treatments of deteriorated, surface-treated roadways
are needed to help ensure that theoverlay will last @s long as desired. These
treatments include one@mmore of the following:

®  Localizéd patching of potholes obfatigue-cracked (alligatored)

areas.

Level-up patching of rutted wheelpaths.

Treatment of thermal cracks to delay reflection cracking in the overlay.
Surface leveling,of sags and depressions.

Cleaning the existing surface and the application of a tack coat to
improve bonding between the existing asphalt surface and the AC
overlay.
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Hot-mix production may take place at either a batch plant or a continuous
mix (drum) plant. In a batch plant, blended aggregate is heated and dried in a
dryer, screened into different sizes, and then weighed to the specified
proportions. Next, the aggregate is emptied into a pugmill where it is blended
together and mixed with the proper amount (by weight) of heated asphalt
cement. The entire batch of hot-mix is then discharged into a haul vehicle.

In a continuous-mix plant, screened and heated aggregate is continuously
proportioned and transported to the pugmill. Asphalt cement is then sprayed on
the aggregate at a rate that is calibrated with the movement of aggregate. The
two materials are continuously mixed in the pugmill and are discharged into a
temporary silo for transfer to the haul vehicle.

After being hauled to the jobsite, the hot-mix is loaded into the hopper ofan
asphalt paver for proper laydown. Steel-wheeled rollers and rubber-tired rollers
are then used to compact the newly layed material to the required density.
Achieving the proper density is essential. Insufficient density (compaction) may
lead to rutting problems or stripping (from moisture penetrating thesurface).
Too much compaction of the AC can cause construction cracking and bleeding.

Feasibility of Resurfacing

In general, there are no major problems associated with resurfacing a surface
treated roadway. As has already been discussed, howeves, the condition offhe
existing surface is important in any rehabilitation project, and AC overlaysare no
exception. Asphalt concrete overlays must befplaced on a‘uniform surface in
order to perform well. Rutting, surface corrugatiofisyor other surface
irregularities should either be filled or niilled to provide alevelsurface. Care
should be taken with milling, however, as some surface treated pavements may
not be thick enough to be milled.

In order to enfuréa goofl bond between the gverlay and the existing surface
treatment, a tack coatshould be applied. Ifithe surfage’is already rich in asphalt
(that is, exhibiting bleeding or areas of streaking), it may be necessary to remove
or blot these areas prior to placing the resurfaging. Excess asphalt in the
underlying layer mayeventuallypbleed through the new surface. If the surface
treatment is lodse or raveling, the overlay will not bond well to the surface.
Following re¢ommended practicesin the construction of the overlay should help
to ensure that any problemsépecific to the surface treatment will not adversely
affect the overlay.

Sififace Treatments

As noted at the beginning of this module, surface treatments cover a broad
range of pavement surface applications. The term encompasses several types of
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asphalt and asphalt-aggregate applications, usually less than 25 mm thick, placed
on any kind of roadway surface.? The general purpose of these applications is to
improve or protect the surface characteristics of the roadway; they provide no
structural improvement to the pavement.

The specific functions of the different surface treatments can be summarized
~ as follows:®

Provide a new wearing surface.

Seal minor cracks in the surface.

Waterproof the surface.

Improve skid resistance and surface drainage.

Slow pavement weathering.

Improve pavement appearance.

Provide visual distinction between the mainline pavement and the
shoulder.

® Rejuvenate the top 6 mm of an AC surface.

Surface treatment techniques are classified by their composition afid by theirdise.
There are nine common surface treatment techniques that may be used oné
surface treated roadway. A description of each of these techniques and4he
specific functions they serve are provided in the sections below. The feasibility of
treating an already surface treated roadway with another application 6fa surfacé
treatment is discussed later.

Asphalt Chip Seal

An asphalt chip seal consists of sequential applications of asphalt (asphalt
cement, cut-back asphalt, or asphalt emulsion)and stone chips to form a surface
layer as thick as 25 mm. The combing@application may be applied once (single
chip seal) or may be r¢peated twb or three times (double or triple chip seals). The
primary objectives of the asphalt chip seal'areto provide @ new, durable surface
course and to increase skid resistance.

The construction sequence for asingle asphalt chip seal consists of the
following four step&:®®

e Clean fhe existing surfaée to remove dirt and other loose materials.

o  Apply'the asphalt material at the specified rate and temperature using a
calibrated asphalt distributor.

e, | Immediately 8pread the stone chips evenly over the surface at the
specified rateusing a properly calibrated aggregate spreader.

e _Immediately roll the stone chips with a rubber-tired roller to firmly seat
themyin the asphalt and against the underlying layer.
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Depending on the type of asphalt material used and the posted speed limit,
the chip-sealed road can be opened to traffic within 0.5 to 2 hours.

O ad iction Cours

Open-graded friction courses (OGFC), also called plant mix seals or popcorn
mixes, are porous surface mixes produced with large amounts of voids (minimum
15 percent) that allow water to drain rapidly through the mix and flow to the side
of the road. An open gradation is used for these mixes which means that
typically one size stone is used with little fines. These mixes are used to improve
the friction properties of the surface and also to reduce tire spray and the
potential for hydroplaning, thereby reducing wet weather accidents. The OGFC
also tends to provide a quieter riding surface, as it produces lower tire noise.
Typical thicknesses of OGFC are 25 to 50 mm.®

OGFC mixtures are produced and placed in a manner similar to dense-
graded hot mixes. A tack coat is needed prior to the placement of the OGFC and
compaction is accomplished solely by a static steel-wheeled rollerf This'is
because vibratory rollers can damage the aggregate and rubberftired rollers tend
to pick up the asphalt.

Rubberized Asphalt Chip Seal

A rubberized asphalt chip seal is a special type of chip seal in which rubber
(latex or ground tire rubber) is blendéd with agphalt cement. This application can
be used solely as a stress-absorbing membrarie (SAM). or in conjunction with an
overlay as a stress-absorbing membrane jziterlayer (SAMI:

In both applications, the purpose is to reduee the reflection of underlying
cracks through the surface layer  Fhiglatex or grouind rubber tires adds resiliency
to the asphalt, whicl{improvesbonding with the aggiegate and reduces the
tackiness and raveling of the surface. The added resiliehcy also enables the seal
to "bridge" existing cracks better.

The construction.of a rubberized asphalt chip seal is similar to the
construction of arf asphalf chip seal.\The major difference is the use of a modified
applicator for spraying the thicker rubberized asphalt binder."®

Slurry Seal

A slurry sealis athomogeheous mixture of asphalt emulsion, water, fine
agpregate, and mineral filler that has a creamy, fluid-like appearance.®? It is
effective in sealing surface cracks, waterproofing the pavement surface, and
improving skid resistance at speeds below about 65 kph. Three types of slurry
seal are available that differ by the size of aggregate used. The type with the

7-18




Sutface-Treated Roadways

finest aggregate is primarily used for sealing purposes, while the type with the
largest aggregate is primarily used for improving skid resistance and filling
slight depressions.

The slurry seal mixture is produced on-site in a special truck-mounted,
traveling mixer. Once mixed, the slurry is dumped into a spreader box attached
to the back of the vehicle. The spreader box applies the slurry onto the cleaned
pavement and an attached squeegee smooths the material into a layer between 3
and 6 mm thick. Rolling is not generally necessary and, depending on the
weather, traffic can be allowed on the pavement within 2 to 12 hours.

icro-

Developed in Europe, micro-surfacing is a term used to describe the
application of a polymer-modified slurry seal, with latex rubber being the most
commonly used polymer. Micro-surfacing materials consist of asphalt and latex
mixed with aggregate, fillers, and other additives and is a modification of the
slurry and sand seal.® It has been used as a wearing surface and fordut-fillifig,

The construction sequence for micro-surfacing resembles that of slurrySeals.
A modified traveling plant mixer is used to continuously load matérialsdrom
haul vehicles and mix them on-site. An adjustable width gpreader bafis used for,
resurfacing purposes, while individual drag boxes are used for rut-filling
purposes. Rolling is generally not required and the pavement\can usually &
opened to traffic within 1 hour.

Fog Seal

A fog seal is a very light application of an asphalt emulsion (with no
aggregate) to an oxidized asphalt surface. The purpose of the application is to
rejuvenate the oxidizedyasphalt afid seal fine cracks s6jthat the need for more
corrective rehabilitation iSipostponed forl on?2 years.

This treatment is most suitable for low-volumie roads that can be closed to
traffic for the 4 to 6 hours required\for the material to sufficiently set. Itis widely
used along AC shoulders £ help provide a distinct delineation between the
mainline pavemgnt and the shoulder. Application involves spraying the
bituminous material at a specified rate ising an asphalt distributor.

Sand Seal

Avsand seal is a'sprajgapplication of asphalt emulsion followed by a light
covering of sand or screening. This application serves the same function as a fog
seal, but provides better surface friction. However, the surface appearance of a
sand seal does not provide the delineation that a fog seal does.
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The placement of a sand seal is typically 2 to 5 mm thick. Once the sand
covering has been applied to the asphalt emulsion, a rubber-tired roller is used to
firmly embed the sand in the asphalt. The pavement can be opened to traffic once
the seal has sufficiently set (typically about 2 hours).

Cape S

A cape seal is a combination of both an asphalt chip seal and a slurry seal.
The advantage of the cape seal over either a conventional chip seal or slurry seal
is that a thicker, more durable surface is obtained, and it can be used on higher
volume roads.® The cape seal results in a smoother, more visually pleasing
surface, and it also may provide added skid resistance.

The construction of a cape seal consists of the chip seal being applied first]
followed by the application of the slurry seal between 4 and 10 days later.

wich

A sandwich seal consists of an application of asphalt (asphdlt emulsion or
asphalt cement), sandwiched between two applications of différent sized
aggregate. The primary objectives of the sandwich seal are to provide@ new
wearing course and to increase skid resistance.

Typical sandwich seals are constructed between 6 and 19 mm thick. "The
construction process consists of the following five steps:

Clean the existing surface.

Apply the first aggregate at 6040 80 percent coverage.

Apply the asphalt material at the'S§peeified rate and temperature.
Apply the second aggregate (smaller size than first aggregate) to
sufficientlyfill the voids left by the first aggregate.

Roll the aggregate with a rubber-tired roller fo firmly seat it in the
asphalt.

® o 00

Depending on the type of asphalt material tised, the pavement can generally
be reopened to traffic Within 2 houirs.

sibili ur eat

Sufface treatments are placed to address a functional deficiency of the
existing pavement.Such defi¢iencies are usually related to improving ride, by
legeling or smoothing outithe surface, or enhancing safety, by providing a more
skid resistant surface. Surface treatments also have the benefit of sealing off the
structure and reducing further deterioration.
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The performance of surface treatments is shorter-lived than other
rehabilitation strategies, and the placement of a surface treatment on an already
existing surface treated pavement may not last as long as an original placement of
a surface treatment. Thus it is important to consider the desired life of the
proposed treatment prior to its construction. If the first treatment was placed as a
stopgap measure to slow down deterioration, it may be time to consider a more
- aggressive rehabilitation strategy, such as resurfacing or
recycling / reconstruction.

As a general rule, multiple surface treatments will not solve a number of
defects that typically develop in pavements over time, such as surface
- irregularities and structural deficiencies. Any care that is typically taken in the
selection of a surface treatment as the appropriate rehabilitation or maintenance
strategy originally must also be taken when considering placing a surface
treatment over a pre-existing treatment. A detailed distress survey should
proceed any selection of a surface treatment as the appropriate rehabilitation
" strategy. The surveyor should look for weak areas, areas of alligator cracking,
potholes and other indicators of structural problems. These must befemoved
and repaired. Depressions, areas of bleeding, and other surface déficiencies
should also be noted and addressed prior to placement of the surface treatifient.
While it is theoretically possible to place any of these surface treatments®n top of
an existing surface treatment, they will not all perform uniférmly well.

If the pavement surface is at all porous, a higher than normal asphalt

N application rate will be required. Alsoythe more uneven the Suiface, the more
chips will be needed. Specific concerns about tlie application of a surface
treatment on top of another relate to the condition of'the éxisting surface
treatment and the compatibility of the subSequent treatment with the current one.
Furthermore, there may be a greater chance of bleed through, poor chip retention,
- and so on, depending on the treatmentthat is selected. Additional precautions

related to the use of sufface treatfents include the following:

¢  The application of sitface treatments is usually limited to when the air
temperature is at least 10° C (50° F).

¢  Surface treatments should not be applied to a wet surface or when rain is
imminents

3. SELECTION OF THE MOST APPROPRIATE REHAB OPTION
Thué far, a number of rehabilitation procedures have been presented that can
improve the servieeability of sufface treated roadways. In this section, a process

that{ean be used to determiifié the preferred rehabilitation option for a given
projectis discussed.
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In the decision-making process for selecting the preferred rehabilitation
strategy, the following steps are fundamental:™¥

® Determination of the cause of distress(es) or problems of the pavement.

® Development of a candidate list of solutions that will properly address,
cure, and /or prevent future occurrences of the problem.

®  Selection of the preferred rehabilitation strategy, given economic and
other project constraints.

The first step is completed using the pavement evaluation procedures
provided in module 2, and is not discussed here.

The second step involves considering many noneconomic factors, with the
goal of identifying a few practical options (typically between two and four).
These factors largely consist of the following;:

Functional requirements.
Structural requirements.
Drainage.

Local experience and manpower.
Availability of resources.
Construction considerations.
Limited project funding.

To determine which of the resulting practical options i§ the most cost-
effective (and thus the preferred rehabilitation{methed), a life-¢ycle cost analysis
is recommended. This analysis takes into gonsiderationithe various costs and
estimated performance of each option arid génerates a standaid unit of cost by
which the options can be compared.

Brief descriptionéiof the vafious seléction factorsiand how they affect the
different rehabilitation methods are provided in the following sections.

Noneconomic Factors
Functio irements

Frequently, the main objective in‘a rehabilitation project is to increase the
functional adequacy of the pavement (i.e., increase skid resistance and /or ride

quality)f As a tesult, some rehabilitation alternatives can be quickly shortlisted
for further consideration. Theée alternatives might include the following:
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Functional AC overlay.
Asphalt chip seal.
OGEC.

Slurry seal.
Microsurfacing,.

Sand seal.

Cape seal.

Sandwich seal.
Pavement removal.
Hot-surface recycling.

Once more specific details about the desired functional improvements are
developed, this list can be further reduced.

Structural Requirements

In situations where the major objective is to significantly increase structural
capacity, the list of practical alternatives can be narrowed to the following:

Structural AC overlay.

CIR (types 1, 2, and 3).

Hot-mix recycling,.

Pavement removal with thick AC overlay.
Hot surface recycling with thick AC overlay.

Each of these methods can be used to'meet the‘desirédstructuralrequirements.
However, only CIR and hot-mix recycling Wave the capability of fully correcting
any structural defects (e.g., alligator cracks‘andyrutting) in the asphalt layers.

Drainage

If the pavement evaluatiofi reveals a seribus drainage problem, consideration
must be given to those alternatives that willbeshaddress the drainage problems.
Surface-treated roadways are nok generally used imyareas where there is a
weakening effect of water on the base layer. Standing water problems may be the
result of either podt eross-slope (e.g., butting) or a surface that drains too slowly.
Practical alternafives to these problems include the following;

Poor cross+slope Slow draining
Payement removal OCGFC

Hot surface regyeling Asphalt chip seal
Microsurfacing Hot surface recycling

Asphalt chip seal




Surface-Treated Roadways

Local Experience and Manpower

The availability of local contractors with experience in the various
rehabilitation methods (and, in some cases, the availability of the specialized
equipment) is often a major factor in the selection process. Local contractors
inexperienced with some rehabilitation methods may simply not be capable of
doing the work, or of providing a quality job within the time period and costs
that have been budgeted. One option which should be examined in this situation
is the added cost associated with retaining outside contractors experienced in the
methods that are not practiced locally.

The availability of local contractors experienced in each of the three
rehabilitation types is growing. Although recycling is not practiced nearly as
much as resurfacing and surface treatments, the availability of local contractors
capable of successful recycling operations is steadily growing. Likewise, some of
the more specialized surface treatment techniques, such as microsurfacing and
OGFC, are also becoming more widely used.

Resour equire ts

Additional initial costs can generally be expected if lacal contractérs are
improperly equipped or the necessary materials are not teadily available. In the
first case, the additional costs stem from greater mobilization and hauling, asén
experienced outside contractor must be used. In the second case, the additional
costs stem primarily from hauling, a8 material{nsually aggregate) must be
shipped in from distant sources.

In some areas, there is limited availabilitjiof recycling equipment and some
surface treatment equipment. Devices such as these used in CIR'and
microsurfacing operations are stilltelatively new and, in the case of the former,
quite expensive.

The lack of strong and durable local aggregate can be a concern 'with either of
the three rehabilitation alternatives. Local aggregate that is soft and nondurable
will adversely impaetgperformanceand must be avoided. Additionally, local
aggregate produéers may not processaggregate into the sizes or shapes required
by particular aéphalt-aggregate mixturés. This is occasionally a concern with
some of the surfdce treatment ¢&chniques, such as microsurfacing.

Co; tion Considerati

The following construetion factors typically must be considered in selecting
the preferred strategy:
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e  Traffic control requirements.
®  Geometric constraints.
e  Suitability of existing pavement materials for recycling.

The period that a road must be partially or completely shut down can often
determine which rehabilitation methods get shortlisted for further consideration
and which ones do not. Obviously, the methods that result in the greatest
disruption to traffic will be least desirable to the traveling public. Such
disruptions are often tied to material production rates, operational rates of the
equipment, and pavement curing times. '

Geometric constraints can occasionally limit which alternatives get further
consideration. These constraints typically include the following:

®  In-the-road manholes.

® Curb and gutter.

® Clearances beneath bridges or overhead signs.
e Utilities.

On occasion, the existing surface treated pavement may be unsuitablefor
recycling due to the presence of harmful materials or excessive material
variability. In the case of the former, considerable amouits of tar, asphait
cutback, and asphalt emulsion in the existing pavement can pose operational
problems with air quality or mix design quality. In the case of the latter, séveral
changes in material composition throughout the project canzésult in excessive
reprocessing changes and, possibly;excessivedestifig requirements.

Economic Factors
Limi oot Fu

If the funds availabléfor 4 particular project are §omewhat limited, then it is
likely that some of the rehabilitation methods with the highest initial costs will
have to be dropped from consideration. This'may, however, result in the
dismissal of some of the more ¢ost-effective methods, in which case extra efforts
to secure more fupding couild bejustified.

erforma i ion

Oné important aspect in determining the most cost-effective rehabilitation
alternative is the' performance 6f the pavement after it has been rehabilitated.
Although performangce miay be defined as the area under a serviceability-time
curveas shown in figure 7-4, a commonly used indicator of performance is
service life.\This is the period of time that a rehabilitated pavement will last
before reachinga minimum acceptable serviceability level.
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Figure 7-4. Pavement deterioration versus time

The performance characteristics of each rehabilitatio
on the following factors:

Climatic conditions. ‘

Mixture design.

°

e Traffic volumes.

e  Existing pavement condition.
e  Quality of materials.

.

°

Because of these factors, s agencies with the different
rehabilitation methods va ws the expected service lives

of a few of the reha ey of several cities and
counties. Asca vements are expected to last the longest,

followed closel ements. Surface treated pavements,

however, are pr e about one-third the life of resurfaced

paveme i ific information available about the performance of

rehabi i surface treated roadways.
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ASPHALT SURFACE MAINTENANCE TECHNIQUES
EXPECTATION LEVELS (in years)
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Figure 7-5. Expected life of various rehab methods.®

Life-Cycle Costs

To determine the most cost-effective rehabilitation option, a fixed analysis
period must first be established. This analysis period may range from 5 to 25
years, depending on programmeddiifiding and the desire for long-term planning.
A strategy must thendbe'developed for each rehabilitation option so that
pavement serviceability reimaiiis above a minimum ac¢eptable level over the
analysis period. As seen in figure 7-6, a stratégyhmay consist solely of the
rehabilitation alternative or may involve the altérnative combined with a series of
future maintenance orsehabilitation activities

Once alternafive strategies have'been developed, the life-cycle costs
associated with each strategy cafi be estimated. These are the projected costs
assumed by the local-roads ageney and the traveling public during the analysis
period.(In the case of roadway rehabilitation, the following life-cycle costs should
be considered:
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Servicesbility

of the pavement at the end of the life cycle or

med by the traveling public in the form of
rating costs, and accidents.
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-C, C i

Several methods of economic analysis have been used to compare the cost-
effectiveness of different rehabilitation strategies. The more common methods,
which are briefly discussed below, require the use of a discount rate, which
represents the time value of money. The discount rate is used to convert future
predicted costs or benefits to their present worth or to uniform annual costs so
that the economics of the different strategies can be compared."® The discount
N rate is commonly taken as the difference between the interest and inflation rates.

Historically, discount rates have been in the range of 3 to 5 percent.

® Present-worth method — This method involves converting all future
costs associated with a particular strategy to present-worth costs. These

N converted costs and the initial rehabilitation cost are then summed to

obtain a single, present-worth cost that can be directly compared with
the present-worth costs of the other alternatives.

¢  Annualized method — In this method, all present and future costs
associated with a particular strategy are converted to a unifefin afinual

- cost over the analysis period. This uniform annual cost gan then be
directly compared with the uniform annual costs of the/other
alternatives.

®  Benefit-cost ratio method — This method involyés expressiig the
ratio of present-worth benefits of a particular stratégy to'ifs present-
worth costs. Strategies that result in a benefit-cost ratio greater tham
one are considered economical and the strategy that produces the
highest incremental ratio withirespectd@wther strategies is
considered the best choice.

o Rate-of-return method — In thefate-of-return method, the discount rate
at which the cost and benefit for a given strategy are equal is
determined. The strategy with the highest first cost that exceeds a
minimum acgeptable raté of refurn (specified by the agency) is
considered 0 be the Hest alternative.

Although the benefit-cost ratio method 1s used frequently in the highway
field, it is occasionally difficult tounderstand. And, although the rate-of-return
method has the distifiéfadyantage 6n not requiring knowledge of a discount rate,
it can be very tinfe-consuming and it has situational flaws.

The present-worth method and the ‘annualized method are the preferred
methods@#f analysis and are therefore presented here. The concepts behind each
of thesg methodsaréeasily undérstood and the analyses are relatively
straightforward to perform.

In'the present-worth method, future lump-sum costs and uniform annual
costs are converted to present-worth values using the following two equations:
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1
PW =F x —=-rmmmn — Eq.1
1+

where: PW Present-worth cost.
F = Future cost at the end of n years.
i Discount rate.

n number of years.

1+i)"-1

PW= A x ~-meeme — Eq.2
i1+
where: PW = Present-worth cost.

A = Uniform annual costs for n years.
i = Discount rate.
n = number of years.

In the annualized method, present-worth costs are converted £ uniform
annual costs using the following equation:

i1+
A =PW x ——ememeemn Eql 3
a+)-1
where: A = Uniform annual éosbover afialyisis period of 1 years.
PW =  Present-worth cost.
i = Discount rate.
n = number of years in analysis period.

Examples of the presént-worthdhiethod and the annualized method are provided
in figures 7-7 and 7-8, réspectively.
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Comparing Rehab Strategies

Rehab Strategy A
N Initial cost: $150,000
Rehab at 10 years $35,000
Salvage value: $50,000

Estimated service life 15 years

Rehab Strategy B

- Initial cost: $120,000
Maintenance at 4 years $15,000
Maintenance at 8 years: $15,000
Maintenance at 12 years: $15,000

Salvage value: $1,000

N Estimated service life 15 years

- Specified Discount Rate: 4 percent

- Analysis

Rehab Strategy A
PW (initial cost) =

PW (rehab at 10 years) = 35,000 x [1/(1+0.04)'% =
PW (salvage at 15 years) = 50,000 x [1/(1+0.04)"*] =
Total Present Worth of Rehab Strategy A

| Reab Szategy B L 2
~ PW (initial cost) = $120,000
PW (maintenance at 4 years) = 15,000 + $11,025

+ $8,104
+ $5,957

- 8315
$144,771

PW (maintenance at 5 years) = 15,000 x
PW (maintenance at 12 years) = 15,000 x [1

Based on the given assump
is the more cost-effe

t-worth method of economic analysis.
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Comparing Rehab Strategies

Strate:
Initial cost: $150,000
Maintenance at 5 years: $25,000
Maintenance at 10 years: $25,000
Maintenance at 15 years: $25,000
Salvage value: $2,000
Estimated service life: 20 years

Rehab Strategy B
Initial cost: $200,000

Rehab at 10 years:
Salvage value: $40,000
Estimated service life:

Specified Discount Rate:
Analysis

Rehab Strategy A
A (initial cost) = 150,000x{[(.04)(1.04)*1/[(1.04)*-1] =
PW (maint. @ 5 yrs.) =25,000x[1/ (1.04)%] = $17,015
A (maint. @ 5 yrs.) = 17,015x{[(.04)(1.04)*°1/ [(1.04)%
PW (maint. @ 10 yrs.) = 25,000x[1/(1.04)""] = $11,580
A (maint. @ 10 yrs.) = 11,580x%{[(.04)(1.04)°] /[(1.04)*-
PW (maint. @ 15 yrs.) = 25,000%[1/ (1.04)®

A (maint. @ 15 yrs.) = 7,881

+$1,733

+ $803

— 544
$18,949

$20,370

PW (rehab.
A (rehab. @10 + $2,359
—=$874

$21,855
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GLOSSARY

Alligator Cracking — A series of interconnecting cracks in an asphalt layer that
are caused by repeated traffic loadings. The cracking pattern resembles that of an
alligator’s skin or chicken wire. The cracks indicates fatigue failure of the asphalt
layer. Hence, the term fatigue cracking is also used.

Analysis Period — The period of time used in making economic comparisons
between rehabilitation alternatives. The analysis period should not be confused
with the pavement’s design life (performance period).

Asphalt Cement — A black petroleum based product used as the binder material
in most high-quality asphalt pavements. Asphalt cement is a residual of the
crude oil distillation process. Asphalt cement is left after the lubricating and fuel
oils have been extracted from the crude oil.

Asphalt Concrete — A highiciuality mixture of aggregate particles embedded in a
matrix of asphalt cement that fills the voids between the aggregate particles.and
binds them together. The mixture is compacted to a uniform, dense state.

Asphalt Emulsion — A mixture of asphalt cement, water, and an emulsifyifig
agent. The emulsifying agent acts like a soap and allows the asphalt to bé
dispersed in the water. The dispersed asphalt can be easil§ mixed With aggregate
or sprayed on a pavement surface. The water and asphalt eyentually separate
(break) leaving the residual asphalt cement.

Asphalt Surface Course — The top layer of an asphalfpavement. \Also known as
the wearing course.

Asphalt Surface Treatment — See surface treatment.

Asphalt-Aggregate Mikhire — Almixture oflaggregate particles and either
asphalt cement or emulsifiechasphalt. Asphalt aggregate mixtures range in
quality from high-quality asphalt concrete to low-guality cold mix.

Base Course — The pavement layer located directly beneath the surface layer.
The base layer cangonsist of an asphali*aggregate mixture or untreated aggregate
(gravel) material / Ifl most instances, the base layer is located directly on the
subgrade, unless a subbase layer@s used.

Bleeding — Excess asphalt binder 0ccurring on the pavement surface. The
bleedifig may create a shimy, gldss-like surface that may be tacky to the touch.
Bleeding is usually foundinthe wheel paths.

Block Cracking)— A rectangular pattern of cracking in asphalt pavements that is
gaused by hardening and shrinkage of the asphalt. Block cracking typically
occursiata uniformly-spaced interval.




GLOSSARY (continued)

Cold In-Place Recycling (CIR) — The breaking up, mixing, and reworking of the
existing roadway without the application of heat. Cold in-place recycling is
typically performed to a depth greater than 50 mm.

Cold Milling — The removal of the upper portion (usually 25 to 50 mm) of an AC
surface using drum-mounted carbide steel cutting bits,

Cutback Asphalts — Asphalt cement that has been diluted through the addition
of a petroleum solvent. The solvent softens the asphalt cement and allows it tg'be
easily mixed with aggregates or sprayed on the pavement surface. The solvent
eventually evaporates leaving the residual asphalt cement.

Discount Rate — The difference between the market rate of interest and the rate
of inflation.

Distress Survey — An evaluation of a pavement to determine the cause and
extent of deterioration.

Emulsified-Asphalt Aggregate Mixture — An emulsified asphalt that is
combined with aggregate particles, which upon evaporation of the watér
produces a continuous film of asphalt on the aggregate,

Fatigue Cracking — see alligator cracking.

Frost Heave — Volumetric increag€'in the soilidue to the formation and
continuing expansion of ice lenses.

Functional Condition — A measure of the pavements ability to provide good
ride quality and good skid resistance.

Heaving — See frost heave.

Hot-Mix Asphalt Concrete — See asphalt conciete.

Life-Cycle Costs#= Aimethod used to compare design alternatives based on
economic congiderations throughotit the life of the pavements. Life-cycle costs

include initial construction, maintenance, and rehabilitation costs.

Overla§ — A layer of asphalt material placed over the original pavement or
previous overlay to remedy functional or structural deficiencies in the pavement.

Patech - A portion of the pavement surface that has been removed and replaced
or additional material applied to the pavement after original construction.




GLOSSARY (continued)

Performance Period — The period of time that an initially constructed or
rehabilitated pavement structure will perform before reaching its terminal
serviceability.

Polishing — Wearing away of the surface binder, causing exposure of the coarse
aggregate particles. A polished pavement surface is smooth and has little skid
resistance.

Potholes — Bowl-shaped holes of various sizes in the pavement surface.

Pumping — Ejection of loose material and water from under the pavement
through joints and cracks, caused by vertical movement of the pavement under
traffic loadings.

Raveling — Wearing away of the pavement surface caused by the dislodging of
aggregate particles and loss of asphalt binder.

Reconstruction — Complete removal and replacement of a pavement section
with a new design.

Reflection Cracking — Cracking that appears on the surfacejof an overldy above
joints and cracks in the underlying pavement layer due to horizontal and vertical
movement of these joints and cracks.

Rehabilitation — Work undertaken to@xtend the@ervice life of an existing
pavement.

Rideability — A measure of the ride quality of a pavement as perceived by its
users.

Restoration — Work réquited tofeturn the existing pavement structure to a
suitable condition to perform safistactorily.

Rubber-Tired Roller — A piece of asphalt compaction equipment that is
equipped with rubbeztif&&npAlso known as pneumatic tired roller.

Rutting — Longitudinal surface depressions in the wheel path caused by plastic
movement of the mix, inadequaté éompaction, or abrasion from studded tires.

Serviceability — Ability of a pavément to provide a safe and comfortable ride to
its usefs:

Settlement — A depression in an asphalt pavement that is caused by the settling
or erosion of theunderlying base and subgrade layers.




GLOSSARY (continued)

Shoving — Longitudinal displacement of a localized area of the pavement
surface caused by braking or accelerating vehicles.

Slippage Cracks — Crescent-shaped cracks occurring in the direction of traffic,
generally caused by shoving of the asphalt surface course. p

Steel-Wheeled Roller — A piece of compaction equipment that contains a large
steel drum. The steel drum can be either vibratory or static.

Stress-Absorbing Membrane Interlayer (SAMI) — A layer that dissipates
movements and stresses at a joint or crack before they create stresses in an
overlay. They generally include a spray application of rubber- or polymer-
modified asphalt as the stress-relieving material, followed by placing and sez
aggregate chips.

Structural Capacity — A measure of a pavement’s ability to carry repeated t
loads over time.

Structural Condition — The condition of a pavement as it per
support repeated traffic loadings.

Subbase Course — The layer or layers of specified m:
between the base and subgrade to support the base co

Subgrade — The top of a roadbe@m whi

shoulders are constructed.
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