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Abstract

Whesd path rutting prevents rapid drainage of water from the pavement surface and causes
hydroplaning. Deeply rutted pavements are associated with driver fatigue, vehicle steering
problems, and vehicle wear. This report reviews state-of-the-practice methods for repairing
rutted asphalt concrete pavements. Information sourcesincluded technica literature, paving
industry representatives and highway agency personnel.

The report describes methods for repairing ruts, but does not address dl rutting mechanisms.
It coverstire-abrasion rutting and plastic deformation of asphat concrete. Rutting from
deformation of unbound layers is not addressed. Reasons for targeting specific rut damage
types are explained.

The report presents:

1. Concepts regarding selection of rut-resstant materids
2. Destriptions of materids and congtruction methods for five repair methods
Micro-Surfacing
Ultra- Thin Bonded Wearing Course—NovaChip®
Ultra- Thin Bonded Wearing Course—UlItra- Thin Whitetopping
Stone Matrix Asphdt
Conventiona Overlays Using High Quality Mixes and Materids
3. Badsc codt estimates and discussions of important economic principasinvolved in
selecting one of the repair types
4. Extensve references separated as to both past and current rut repair research

Recommendations support congtructing experimental sections for evauating the performance
of each rut repair method in Alaska, followed by large-scde trids of viable methods.

Key Words
Alaska, asphdt, pavement, rut, rutting, stud, tire, plastic, deformation, damage, rehabilitation,

repair, maintenance, cost, economic, mill, micro-surfacing, sone, matrix, mastic, asphalt,
SMA, ultra-thin, whitetopping, UTW, NovaChip, overlay, LCCA, life-cycle, aggregate



SUMMARY OF FINDINGS

This report reviews severa state- of-the- practice methods for repairing rutted asphalt concrete
pavements. Information was assembled from numerous sources including a comprehensive
literature review as wdll as persond contacts with pavement industry and highway agency
representatives. The report does not address dl rutting problems. Repairs covered in this
report are for rutting caused by tire abrasion and/or plastic deformation of the asphalt
concrete layer. Specificaly not addressed hereis rutting caused by deformation of the base
course or other unbound aggregate layers. It isimperative that anyone concerned with
repairing arutted pavement investigate the mechanism behind the rutting. Reasons for
targeting specific types of rut damage are explained in Chapter 1 of this report.

The report provides general concepts pertaining to sdecting rut-resistant materias, and then
specificaly describes materids and congruction methods covering five (5) Sate-of-the-
practice repair methods. The report provides some basic cost estimates and discusses
important economic principas involved in selecting one of these repair types. Findly, the
report contains extensve references separated as to both past and current rut repair research.
Repair methods discussed in this report are:

Micro- Surfacing

Ultra- Thin Bonded Wearing Course—NovaChip®

Ultra- Thin Bonded Wearing Course—Ultra- Thin Whitetopping (UTW)

Stone Matrix Asphalt (SVIA)

Conventiond Overlays Using High Quaity Mix Desgn Methods and Materids

The report concludes that each of the repair methods probably merit trids as experimenta
featuresin Alaska, perhgps with a reservation concerning the applicability of UTW overlays.
Asexplained in the report text, UTWSs require amore substantia asphadt concrete layer than
would be available for most Alaskan pavements, after preparation for overlay. SMAsand
conventiona asphat concrete mixes should be evauated using the most rut-resistant
components obtainable, i.e., very hard aggregates and polymer-modified asphat cements.

The report presents basic information concerning various levels of complexity for life-cycle
cogt andysis. The report recommends applying life-cycle cost andysis when sdecting arut
repair method for full-scale projects.

The report recommends small-scale performance trids to eva uate the performance of each
rut repair option under Alaskan conditions. Full-scale rut repair projects would follow
congtruction and careful evaluation of the smaler test sections. One or more repair options
should be sdected for the full-scale rut repair projects. Base the sdection on redidtic life-
cycle cost andyses, but only after enough performance data is collected from the
experimenta sections to judtify such anayses.



1-CHAPTER 1-INTRODUCTION AND RESEARCH APPROACH
1.1 The Rut Problem In Alaska

Ruts are indentations within the whedl path areas, parale to the centerline, caused by
repested whed loads. Ruts as degp as ~1/8 inch (3 mm) gppear on amogt al normdly
congtructed pavements in Alaska within ayear after congtruction. This amount of rutting is
expected and considered acceptable. It is produced by the post-construction compaction of
materias by the kneading action of vehicletires. Interms of DOT& PF standards, rut depths
remaining less than 0.30 inch (7.6 mm) are of no concern. The rut condition category
assigned to such roadwaysis“good.” Intermediate rut depth categories include those 0.30
inch (7.6 mm) to 0.39 inch (10.0 mm) and 0.40 (10.1 mm) to 0.49 inch (12.5 mm) deep.
These are classfied as “fair” and “margind” respectively, and receive increasingly serious
atention in DOT& PF s pavement management systlem. Pavements rut depths of 0.50 inch
(12.6 mm) or more are classed as “poor,” and are repaired or replaced as soon as possible
within the economic confines of DOT& PF budgeting. Deeply rutted pavements [(= 0.50
inch) (=12.6 mm)] can be dangerous. Ruts often form barriers preventing rapid drainage of
water from the pavement surface during ranstorms—asituation that can lead to loss of
vehicle control through hydroplaning. Rutting decreases driver satisfaction and comfort;
deep rutting noticeably affects vehicle steering response, thus creating or intensfying driver
fatigue. Rutting also increases mechanica wear on vehicle suspenson and steering
components, thereby increasing vehicle user costs.

This report presents methods that may be used to repair rutting of asphat concrete pavements
in Alaska. In genera terms, ruts are aform of pavement damage caused by: 1) deformation

of one or more of the layers of the pavement structure or 2) materid remova from the
pavement surface (usudly through abrasive wear of the pavement surface by studded tires).
Hansen * describesin some detail the critical nature of investigations to determine the cause

of rutting at a particular location before contemplating repair options. He states “ Y ou can't

fix a pavement if you don't know what' swrong. It would be like trying to fix acar
transmisson by changing thetires’. Hansen identifies key eements, each of which hasto be
carefully addressed before developing arut repair strategy .

Treffic Data

Site Invedtigation
Structurd Andyss
Materids Sdlection
Congtruction Methods

For reasons discussed below, repairs addressed in this report are for rutting caused by tire
abrasion and/or plastic deformation of the asphat concrete layer. Specificaly not addressed
herein is rutting caused by deformation of the base course or underlying unbound aggregate
layers. dudtification for disregarding repairs of rutting caused by deformation of unbound
layersis presented in the following paragraph and Table 1. Theligting of repair methods
described in this report was obtained from a generd search of the available literature. Only a



few of the methods have yet been tried in Alaska. “Hard” information regarding costs,

congtructability and performance of each method will remain speculative until each istried
(in the form of a congtruction experimenta feeture) and performance-monitored within the
State. The report aso describes methods by which a particular rut repair method can be
optimaly sdlected (in terms of life-cycle costs and required performance) from a cataog of
repair methods for use on a specific pavement repair project.

Statewide, the Alaska Department of Transportation & Public Facilities (DOT& PF) spends

an esimated $5 million dollars annualy on rut repairs. Consdering the 3,160 paved

centerline miles (5,086 km) in Alaska, such repairs average nearly $1,600 per mile per year.
The abrading action of studded tires and deformation of the agphat concrete materia have
been identified as the predominant rut causing mechanismsin DOT& PF s Centrd and
Southeast Regions. These Regions include the rather densdly populated Anchorage and
Juneau aress respectively. Mot rutting in the Northern Region has been related to soft
aggregate layers benesth the asphalt concrete pavement. The relative economic importance
attached to repairing the rutting in various areas of Alaskais apparent in Table 1. These data

were extracted from the 1999 DOT& PF Pavement Management System reports.

Table 1: Rutting Problem Shown by DOT&PF Region (in centerline-miles, -km)

DOT&PF Region Condition
Good Fair Marginal Poor
*Ruts 0.30” to 0.40” to =0.50"
<0.30” 0.39” 0.49” (=12.6 mm)
(<7.6 mm) (7.6to (10.1to
10.0 mm) 12.5 mm)
Northern 1,482 miles 50 miles 16 miles ~2 miles
(2,385 km) (80 km) (26 km) (3 km)
Central 995 miles 138 miles 70 miles 67 miles
(1,601 km) (222 km) (123 km) (108 km)
Southeast 250 miles 32 miles 22 miles 36 miles
(402 km) (51 km) (35 km) (58 km)

* Average rut depths—based on dectronic measurements sdected from the most deeply
rutted of two measured whed paths and averaged over 1/10 mile (0.16 km) intervals of

roadway.

The Northern Region, with its predominately aggregate-related rutting, contains about haf of
the State’' s paved centerline miles but very little unacceptable rutting. In fact, amost 96% of
Northern Region’s pavements arein “good” condition in terms of rutting. On the other hand,
nearly a quarter of the combined Central and Southeast Region miles (with their asphalt
concrete-related rut problems) arerated “fair” or worse, with more than 6% in the “poor”
category. Thisreport isafirst step in addressing rut repairsin Alaska, and the above dtatistics

judtify the emphasis on repairing deformation and/or abrasion of the asphalt concrete.




1.2 Alaska-Specific Rut Research

Two studies covering the (then) state-of-the-art research with respect to rutting in Alaska
were published in 1990. Thefirst, titled “Wheel Track Rutting Due to Studded Tires,” 2 dedls
with the technology of studded tires (including safety benefits), pavement wear rates, factors
affecting rates of pavement wear, the economics of studded tire use, and proposed
restrictions on studded tires. The second, titled * State-of-the- Art on Rutting in Asphalt
Concrete,” ® covers rutting not associated with surface abrasion (studded tire wear). This
report discusses the test properties of rut-resistant materials and methods that can be used to
predict rut formation in pavements. The report also presents asphalt concrete mix design
methods and mechanigtic pavement design methods intended to limit rutting in new
pavements or overlays. Some of the information in each of these reports is useful when
consdering materids or design methods for improved rut resistance, dthough this subject is
addressed using more recent references under following headings. Neither report specificaly
covers the subject of repairing aready-damaged pavements.

Another report was produced (remains unpublished) by the DOT& PF, Centrd Region
Materias Laboratory in 1995. Titled smply “Rut Study,” * the report covers monitored field
sites on two Anchorage roadways, the New Seward Highway and on Tudor Road. The report
examines seasona aspects of accumulating rut damage, rut development on a short Portland
cement concrete section (Tudor Road), and rut development on three types of stone matrix
asphat (SMA) pavement (test sections on the New Seward Highway). This report contains
no information addressing repairs of rutted pavements.

1.3 Rut Repair Methods—General Concepts & Basic “Tools”

The assumption hereisthat the repair method will fix a rut-damaged asphdt concrete layer,
and that dl layers below the asphdt concrete are of adequate design and congtruction. The
author suggests severd categories of rut repairs based on many literature sources and
common sense. Conceptualy, the generd categories of rut repairs are:

Repair Catagory 1. Fill-Width Replacement—Remove and replace the existing asphalt
concrete pavement layer.

Repair Catagory 2. Full-Width Overlay—Place aleveling course of material on top of the
exiging layer.

Repair Catagory 3. Full-Width Mill & Replacement—Remove a portion of the thickness
of the existing pavement materid; then replace with new materid.

Repair Catagory 4. Rut-Width Mill & Replacement—Remove athickness of materia only
from within the width of each rutted area; then replace with new
meteridl.

Repair Catagory 5. Rut-Width Shimming of Low Areas—Add fill materid to the volume
of each rut in order to bring the pavement surface back to proper cross
section (andogous to the use of “Bondo®” to fill smdl dentsin
automobile body work).



Methods of categories 1, 2, and 3 involve pavement overlay or replacement thicknesses of 1
inch (25 mm) or more, and have traditiondly been the “big hammers’ of rut repair. These
categories provide the opportunity to apply many recycling options as part of particular
repair srategies. They usualy involve mos of if not the entire driving surface, and are
therefore inherently expensive in terms of Smply repairing ruts. However, depending on how
much materid is removed and replaced, each can take care of ruts aswell as most other
gructurd or surface damage problems (cracking, bleeding, potholing, raveling, shoving,

etc.). The Alaska DOT& PF has used each of these methods for repairing ruts specificaly, but
usudly in conjunction with repairs for other types of damage. A subsidiary bendfit is
normaly gained from using these methods even where other damage types may not be
prominent or even vishble. These subsdiary benefits are red and can be accounted for in
DOT& PF s Pavement Management System. For example, network-level pavement
management may recommend prophylactic repairs, i.e., preventive maintenance, of
seemingly undamaged pavements. The objective is to improve long-term minimization of

total costs throughout the roadway network (optimization). Rut distress may be aprimary or
secondary target of pavement management project scheduling.

Methods in categories 4 and 5 have not been tried in Alaska. In fact, athough category 4
repairs are possible, no examples of rut-width “mill and fill” projects could be found either in
the literature or through persond contacts. If rutting were the only problem needing repair,
methods 4 and 5 would offer an apparent economic advantage snce they involve adding or
replacing materias only within the rutted whedlpaths. If additiond problems (besides
rutting) exig, these methods would be unsuitable. Also, since specia equipment or materias
are required, the expected economic advantage may not actudly exist. Findly, category 4
and 5 rut repairs would have dmost no subsidiary vaue in terms of preventing other damage
types—as seen in the big picture of pavement management optimization.

Some of the newest methods of rut repair involve categories 2, 3and 5. The new methods
are essentialy overlay techniques even though category 3 requires surface preparation by
milling. These methods are innovative because they utilize new rut-resistant materids that

can be placed in thin layers. Some of the new durry asphat materias can be placed in layers
asthin asabout 1/2 inch (12.5 mm). New hot asphat materials have been devel oped that can
remain stable and rut resistant also when placed as thin as about 3/8 inch (10 mm). Where no
milling preparation is desired, these materias can fill whed path rut depressions while greatly
conserving on materid across the remainder of the roadway width. The newest durry
materials can be applied in such away asto fill very deep ruts [2 inches (50 mm) claimed]
with no milling preparation—a category 5 repair.

1.4 Aiming at Rut-Resistant Materials—General Concepts

Thereis no intention to make this report into adesign guide for rut-resistant paving meterias.
However, some background and reference materias are presented that give the reader a
genera perspective about how appropriate (rut-resistant) materials might be sdected, and
incorporated into the agphalt concrete mix design process. The section aso discusses tests to
determine the rut resstive potentid of agphdt concrete materid in the laboratory. This



information will be food for thought when comparing various repair dternatives without the
bendfit of long-term field test data from Alaskan Sites.

Keep in mind that the specia (and perhaps very costly) rut-resistant materias used for rut
repairs become just asingle layer of anew pavement structure. New and old layers, must
therefore function as an acceptable new structurd system. The new sysem will fall if the
choice of repair methods and materidsis wrong. Repairs made with even the best materids
will fall if they are placed on “poor” materids. The “poorness’ or “ gppropriateness’ of
materiasis of course rdative. Resolve the question using a vaid method to design the
pavement structure, as a system of layers, based on expected traffic and environmenta
loadings. The structure must meet performance requirements not only for predicted rutting,
but predicted cracking, and roughnessaswell. Finaly, be careful in sdecting a pavement
design method. Get advice; verify that your design method accurately modes the
performance of every layer of materid within the pavement structure.

If adesign method is not available that models performance of that new high-tech rut repair
materid you' ve selected, then your rut repair project is an experiment! If thisis the case, try
to include one or more control sections within the project limits, make a concerted effort to
monitor performance (usudly 2 to 5 years or more), and keep good notes. Eventually,
develop or modify a design method to properly modd the new materids.

1.4.1 Selecting Aggregate for Rut Repair Materials

What about the relative importance of aggregate used in rut repair materias? The aggregate
component is about 95 percent (by weight) of an asphat concrete mixture. It'sthe aggregate
that: form srong particle-to- particle contacts to support the vehicle load, must remain stable
to resst permanent deformation, and must be hard enough to resst surface wear. Since
asphalt concrete is dmost entirdly aggregate, can rut performance of candidate repair
materias be predicted smply through one or more aggregate tests? The answer is no, but
aggregate tests are indeed useful and are discussed below.

Although aggregate comprises dmost the entire asphalt concrete mass, aggregete tests are
problematic. Aggregate tests usualy come up short on their ability to quantify asphalt
concrete performance. An idea aggregate test or suite of tests would alow researchersto
derive a quantitative function (a“ cdibration”) between test values and fidd performance.
Theinterplay of the many variables in agphdt concrete/environmental systems pretty much
guarantees that such functions are not derived. The bottom line is that aggregate test results
are used for thelr quditative “index” vaue (able to discriminate between severd qudity
levels), but will not quantitatively predict performance. For example, DOT& PF has assumed
for along time, as have many other agencies, that gradation is strongly related to rut
susceptibility of the pavement. Although the DOT& PF congiders gradation information
generdly “useful” and coarser aggregate gradations in particular to be beneficid, the
Department does not estimate rut devel opment based on gradation variables.

NCHRP Report 405 relates aggregate test properties to pavement performance °. It identifies
aggregate tests that appear to best correlate with how the asphalt concrete resists plastic



deformation in laboratory performance tests of the asphalt concrete mix. Standard test
methods are identified in the publication. Modified or new test procedures are described in a

report gppendix. The following tests were identified as corrdaing best with permanent
(plastic) deformation.

Aggregate Gradation Determined by Sieve Anayss

Uncompacted Void Content of Coarse Aggregate

Flat or Elongated Particles in Coarse Aggregate (2:1 rétio)

Uncompacted VVoid Content of Fine Aggregate

Methylene Blue Test of Fine Aggregeate*

Andyss of P200 (-0.074 mm) Size Fraction for Determining D60 and D10 Sizes*
Methylene Blue Test of P200 (-0.074 mm) Size Fraction*

* Permanent deformation may be due to stripping and loss of material rather than plastic deformation

The findings of NCHRP Report 405 were from aggregate and mix performance tessrunin
the laboratory. The report recommends field trias to validate and quantify the link between
agoregate test data and actua pavement performance.

DOT& PF adopted a Finnish test method, the so called “Nordic Abrasion Vaue' test in an
attempt to characterize the resistance of Alaskan aggregates to tire-stud abrasion. It isnot a
gstandard DOT& PF test, and is therefore not contained in publications of Alaska Test
Methods (ATMs). However, the test method (DOT& PF version) can be obtained by
contacting the Statewide Materids Engineer at the DOT& PF Materias Laboratory in
Anchorage, Alaska (907-269-6200). Nordic Abrasion test values are in terms of aggregate
weight percent lost under wet-abrason conditions, i.e, arotating drum containing a mixture
of aggregate, stedl balls and water. DOT& PF cannot estimate rut development based on
Nordic Abrason data. Nordic abrasion criteria are as follows (obtained from Alaska
DOT& PF Statewide Materias Laboratory):

Table 2: Nordic Abrasion Values Versus Allowable Traffic

Class Nordic Abrasion Value Average Daily
Traffic/Lane
I =7 =10,000
[l =10 = 5,000
11 =14 = 2,500
Y% =17 =1,500

The Micro Devd test is not used in Alaska, but is very smilar to the Nordic Abrasion Test
and therefore worth mentioning. It aso measures the degradation resistance of aggregates
subjected to the abrasive action of stedl balsin water. The Micro Deva abrasion test was
developed in France in the 1960s. Canadian researchers conducted extensive research to
correlate Micro Deva test results with field- performance levels of asphdt concrete
pavements ®. The Micro Deval test is presently available for evaluationinthe U.S. asa
provisonal AASHTO method (TPS8-00).




1.4.2 Latest Mix Design Technology (includes selecting asphalt cement) for Rut
Repair Materials

Can new mix design methods help create an asphdt concrete materid that ressts rutting?
This section presents some aspects of sandard asphat concrete materials and mix design
technology that are considered state-of-the-art in producing rut-resistant asphalt concrete.
Thisinformation is applicable to repair categories 1 through 3 and may be generdly useful
when evduating the rut-resistive potential of paving materids proposed for new construction.
Fill materids usaed in category 5 (and potentially useful in category 4) repairs are specia
materia types that are gppropriately discussed as these materias are introduced in the report.

Superpave (SUperior PERformance asphalt PAVEmMent) binder sdection and mix design
methods were developed as a principa product of the Federa Highway Adminigtration’s
Strategic Highway Research Program. Superpave binder sdection and mix design
methodology is supposed to produce the best pavement serviceshility for agiven levd of
traffic in terms of dl common types of damage—with an emphasis on rut resistance.

Manuals published by The Asphdt Indtitute (TAI) have become the standard Superpave
references. SP-1 covers Superpave asphalt binder sdlection and testing ’, while SP-2 covers
mix design 8. Problems were noticed on some new roadway pavements and test sections
based on Superpave designs. The * Superpave Mixture Design Guide,” recently issued by
engineers of the Federd Highway Administration (FHWA), addresses the observed problems
and provides an extremely useful commentary on the Superpave method °. The design guide
supplements the TAI publications as well as other Superpave literature, and incorporates the
experience of engineers across the country to date.

Superpave methods are complicated compared to DOT& PF s present selection of an AC-
graded asphalt cement based on experience, and the use of the Marshal mix desgn
method—this is something of an undergatement. At the date of thiswriting, DOT& PF is
leaning toward itsfirst step into the world of Superpave mixes via proposed use of PG
(Performance Graded) asphdt cement specifications. DOT& PF occasionally uses the
Superpave gyratory compactor as away of gaining additional information about otherwise
Marshd|-designed asphdt concrete.

1.4.3 The Use of Polymer Additives in Rut Repair Materials

How about the use of polymer modifiersin rut repair materias? Many types of polymer
additives have been placed on the market with advertising that suggests dmost miracle
power to prevent rutting and cracking problems. With so many additives, so many clams,
and so much recent research on polymer modifiers for asphalt concrete mixes, only afew
words are gppropriate here. Getting past the “hype’ and after some experimentation in
Alaska, it gppears that a polymer additive may have worked very well at limiting plastic
deformationd-type ruts on some roadways. DOT& PF s Centrd Region Materids Engineer
(persona contact) is of the opinion that a 3 percent addition (by weight of asphat cement) of
Styrene-Butadiene- Styrene (SBS), to the AC-5 asphalt cement component of an otherwise
gtandard hot mix, has helped limit deformationd rutting on some of Anchorage s busest
streets. His observations suggest that conventiona asphalt concrete modified with SBS seems



to resst plagtic deformation about as well as stone matrix asphat (SMA) mixestried in
Alaskato date. SBS additives increase asphat cement viscosity at high temperatures.

1.4.4 Performance Testing of Asphalt Concrete Used as Rut Repair Materials

Can specid testing of asphalt concrete materias help determine the potentia of the mix to
ress rutting? Short of large- scale field-testing with redl vehicle loadings, laboratory
performance testing on samples of the agphdt concrete provides some idea of the rut-
resstant properties of the mix as awhole. The “ Superpave Mixture Design Guide”’
referenced above ° contains an appendix discussion of performance test methods.
Performance test methods discussed in the Design Guide are aimed at determining the
potentid for rutting caused by plastic deformation of the mix. Performance test methods
discussed are;

Marshall Mix Design Method—How vaue can indicate if mix is over-asphalted and
therefore susceptible to rutting. The Design Guide notes that stability and flow values
obtained from Alaska s Marshal mix design method are useful indicators of rut potentia
aslong as aggregate Sze is smdler than 1.5 inches (38 mm) and the mix iswel graded.
Hveem Mix Design Method—Stability vaues can indicate if the mix is over-asphalted
and therefore susceptible to rutting.

Gyratory Testing Machine (GTM)— A compaction equipment type developed by the
U.S. Army Corps of Engineers. During GTM compaction of an asphdt concrete sample,
the angle of gyration is measured as the number of gyratory cyclesincrease (see ASTM
D3387). The gyratory shear index is defined astheinitid angle of gyration divided by the
maximum angle. Shear indices above 1.1 indicate an unstable mix, while vaues
gpproaching 1.0 indicate increasing rut resistance.

Wheel-Track Testers—The French LCPC Tester, the Georgia Loaded-Whed Tester
(GLWT) and the Hamburg Whed- Tracking Device (HWTD) are each discussed. With
each machine, arolling load is gpplied to alaboratory specimen of asphalt concrete.
However, they differ in desgn aswel asthe load and test conditions used. Also, each has
adifferent criterion for whether the sample passes or fails. The Design Guide comments

that the French and Georgia testers may be non-conservetive for some mix types, perhaps

leading to placing poor mixes. On the other hand, the severe conditions applied by the
Hamburg tester result in a conservative sdection process that may reject reasonably
serviceable mixes.

Superpave Shear Tester (SST)—Thisis acomplicated device with severd modes of
testing available. The bugs have not been worked out; the Design Guide advises that test
data cannot be used to predict rut performance at thistime.

Creep Tests—Tests mentioned include the standard creep and creep-creep recovery
(CCR) tests done under triaxia stress conditions, as well asthe Static Creep/How-Time
test performed with or without confining stresses. Standard creep and CCR data have
been applied in one computer program for modeling rut development *°, otherwise the
application of these datais till being researched. The Static Creep/F ow-Time test shows
promise according to researchers on NCHRP Project 9-19. The Design Guide suggests
that data from thistest can be used to evauate both the asphalt cement content and the
interlocking structure of the aggregeate particles. Test datamay be used as arut



performance criterion or smply to compare the shear resistance properties of different
MiXeEsS.

RK Test—Tests resistance to wear by an abrasive mechanism applied around the curved
periphery of an asphalt concrete cylinder. This European testing procedure ** measures
wear resistance based on the depth of groove worn into the sSide of the cylinder. The
method is currently available in draft form as prEN 12697-16, Method B. SRK criteria
are asfollows (obtained from Alaska DOT& PF Statewide Materids Laboratory):

Table 3: SRK Value Verses Allowable Traffic.

Pavement Class SRK Value Average Daily
Traffic/Lane
1 =25 = 10,000
2 =35 5,000 — 10,000
3 =45 1,500 — 5,000
4 =60 =1,500

Prall Test—Tests resistance to wear by an abrasive mechanism applied to the top surface
of an agphdt concrete cylinder. This European testing procedure is Method A of prEN
12697- 16 cited above. It measures wear resistance based on the amount of materid

removed from the top of the cylinder. Pral test performance criteriaare not available a
the time of thiswriting.

2-CHAPTER 2- RUT REPAIR METHODS & REPAIR COSTS

This research identified the following as representing the “latest” of reasonably mature,
verifiably rdiable (Sate-of-the- practice) technologies for repairing rut-damaged asphalt
concrete pavements:

Micro-surfacing—an asphat durry surfacing

Ultra-Thin Bonded Wearing Courses—includes thin hot mix asphalt concrete and

Portland Cement concrete overlays (Sometimes caled “inlays’ if milling is done first)

Sone Matrix Asphalt (SMIA) pavements—a coarse textured hot asphalt concrete pavement
type

Rut-Resistant Conventional Hot Asphalt Pavements—involves *high tech” modifications
of conventiona hot agphat concrete mixes (using improved mix design methods, asphalt
cement additives, and special dorasion-resstant aggregates)

These technologies are new enough that they remain under evaluation, and are the subjects of
ongoing research efforts by many researchers. Research in progressis documented in

Appendix A.
Each rut repair technology is discussed below in enough detail that the reader will understand

basic concepts regarding materids and congtruction methods. This section aso provides unit
cost and performance-life estimates for each of the repair methods discussed.
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Depending on the thickness of the exigting rutted pavement, rut depth, presence or absence of
curb/gutter and other factors, it may be necessary to remove a portion (sometimes dl) of the
rutted surface usng milling equipment. A discussion of the cold milling operation and
associated codtsis therefore included for the sake of completeness.

2.1 Surface Preparation (Milling)

A National Highway Ingtitute (NHI) course on pavement rehabilitation described cold
milling as one of the most common ways to remove a portion of an asphalt concrete
pavement surface prior to overlay work 2. Cold milling uses carbide stel cutting bits,
mounted on arotating drum, to chip off a sdected thickness of the pavement surface. Milling
is normally used in combination with an overlay technique to maintain curb lineswhile
removing some or al of the rutted pavement thickness. With conventiona milling
equipment it is possible to remove as much as 3 to 4 inches (75 to 200 mm) of pavement
during asingle pass, o the inch or less of remova often required by the thin overlay
techniquesis eadly done. Hot milling is an dternative to cold milling, athough heater-
milling units are most commonly used as equipment eementsin a“paving tran” recycling
operation 2.

Besides reducing the pavement thickness, a milling operation can produce a rough surface
texture that helps ensure a good bond between the old pavement and the overlay materidl.
The best bond occurs when the overlay work is done within aday of milling. Longer waiting
periods usudly require careful cleaning of the milled surface prior to placing the overlay.
However, if thereis an appreciable time lgpse between milling and overlay work, the sde
benefit is that the rough-textured milled surface provides interim skid resstance. In addition

to on-grade benefits, the asphalt concrete chunks produced as mill cuttings are very desirable
for anumber of gpplications. Common gpplications are as arecycled component in asphalt
concrete mixtures, as aggregate for road surfacing, and as an excellent base course aggregate.

On open dretches of pavement, the cold milling operation is usudly done as a series of
adjoining passesthat parale the roadway centerline. Sed or patch cracks larger than hairline
gze [~ 1/4 inch (6 mm) width or wider] and potholes prior to milling. During milling, hold
vaiaionsin the longitudind profile and cross section to the same tolerances required for

new congruction.

Although this report is concerned mainly with ruts generated through plastic deformation or
abrasion of the asphalt concrete, Nourdldin * providesinsight into the thickness of pavement
that must be replaced to contend with other sources of rutting.

2.2 State-of-the-Practice Repair Treatments

2.2.1 Micro-surfacing

Micro-surfacing is described by the Internationa Slurry Surfacing Association (1SSA) 1°4° as

apolymer modified durry paving system gppropriate for repairing a broad range of
problems. Like norma durry sed materid, micro-surfacing is mixture of dense-graded
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aggregate, agphdt, water, and minerd fillers, dthough it contains higher qudity aggregates
and additives. Micro-surfacing was developed in Germany during the 1960s and 1970s, and
was introduced into the U.S. in1980. Micro-surfacing materias evolved from conventiona
durry during German engineers efforts to come up with economicd rut fillers. Their

mixture of sdlected aggregate, emulsfied asphdt and polymersis highly sable relative to
normal surface trestment materids, i.e., micro-surfacing is stable when placed in multi- stone
thicknesses. Micro-surfacing has been adopted as afairly common way of repairing rutsin
the U.S., and the performance record accumulated over the past 20 years has been generdly
good in dl dimate areas. The ISSA is the chief technical organization providing micro-
surfacing design methods and specifications to the paving congtruction industry. Severd
references covering the performance of micro-surfacing are included in the bibliography.

Micro-surfacing aggregate can be either of two smilar gradations, both with a maximum sze
near 3/8 inch (9.5 mm). Using the largest aggregate and the rule- of-thumb that a paving
materia can be placed a a minimum thickness of about 1.5 times the maximum aggregate
Sze, micro-surfacing can be placed as thin as just over 1/2 inch (12.7 mm). With the dightly
amaller aggregate the materia can actudly be placed asthin as 3/8 inch (9.5 mm). Micro-
surfacing components are mixed, as needed during the paving process, in the machine that
applies the micro-surfacing. For lane-width surfacing, the machine moves forward as the
components are mixed then fed into a full-width * surfacing box” that spreads the micro-
surfacing across the width of the lane. Shdlow ruts can befilled as part of lane-width
placement. Supplier’s literature daims that continuous-load durry pavers can lay up to 500
tons (450 Mg) of micro-surfacing per day. A tack coat is usudly not required.

Deep ruts are another matter. In terms of maximum thickness, micro-surfacing has been
placed using special, narrow spreader boxes “rut boxes’ that can deliver arut-width band of
materia thick enough to fill 1.5 inch (38 mm) ruts [up to 2 inches (50 mm) is sometimes
cdamed]. Eachrutisfilled separately. The specidly engineered rut box ddiversthe largest
aggregate particles into the degpest part of the rut to promote maximum stability. The rut box
is adjusted to leave a dight crown to compensate for initid compaction by traffic. The micro-
surfacing edges are automatically feethered. Deep ruts can be filled with no further paving
required. However, the usua processis that the rut fill micro-surfacing serves asa“ scratch”
(leveing) course, followed by awide and very thin micro-surfacing layer. This 2-step
process provides better aesthetics than smply filling the ruts, and has some other advantages
asfar asreestablishing a generaly smooth pavement surface.

The ISSA provides information for estimating the amount of micro-surfacing required to fill
arut of specific depth (average rut shape assumed) 2.

Table 4: Micro-Surfacing Quantity Needed for a Given Rut Depth.

Rut Depth Micro-surfacing Quantity Needed
0.50 —0.75inch (12.7 — 19 mm) 20 — 30 Iblyd” (11— 16 kg/nr)
0.75—1.00 inch (19 — 25 mm) 25 — 35 Iblyd” (14 — 19 kg/n)
1.00 — 1.25 inch (25 — 32 mm) 28 — 38 Iblyd” (15 — 21 kg/n')
1.25—150inch (32 — 38 mm) 32 — 40 Iblyd” (17 — 22 kg/nr)
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Even thickly placed micro-surfacing is stable after curing. Aswith other emulsified asphalt-
based surface treatments, micro-surfacing isinitidly a dark brown color then soon changesto
black as the emulsion breaks and the water is gected to the surface. Curing sufficient to
withstand traffic can occur within about 1 hour with moderate humidity and awarm
temperature [= 75° F (24° C) and = 50% rdative humidity]. Micro-surfacing cannot be
goplied if the air temperature or the pavement surface is below 50° F (10° C) and falling, but
can be applied if these temperatures are above 45° F (7° C) and rising. Micro-surfacing
cannot be gpplied isthereisapossibility of freezing within 24 hours. Rain or threet of
imminent rain will prevent micro-surfacing. The old pavement surface must be clean (normal
sweeping) and dry prior to the micro-surfacing application

A number of literature sources provide micro-surfacing specifications as represented by those
obtained from Sedlcoating Inc. ¢, the VirginiaDOT %7, and the 1SSA 8. The specifications
differ mainly on the subject of mix design. Information extracted mainly from the ISSA
specification summarizes materids and mix design requirements from the perspective of the
leading durry paving trade organization.

CSS-1h ismodified with polymer and used as the micro-surfacing binder. The polymer
modifier must be blended into the asphdt or emulsfier solution prior to the emulsfication
process. The minimum amount and type of modifier is determined by laboratory testing
during amix design process. Various modifiers can be used in micro-surfacing. A particular
polymer additive is selected based only on the requirement that the micro-surfacing mix must
pass the battery of mix design tests. Usudly, about 3% modifier, by weight of the asphalt
cement, is congdered minimum. CSS-1h qudity is determined usng AASHTO M 208, T59,
T53 and T49.

The required aggregate is 100% freshly fractured, hard sone materid. Tota fractureis
assured; dl aggregate must be crushed from source materid larger than the largest stonein
the specified gradation. Aggregate quality testsinclude Sand Equivdent, AASHTO T176
(=65), Magnesium- Sulfate Soundness, AASHTO T104 (= 25), Los Angeles Abrasion tet,
AASHTO T96 (= 30), and the aggregate must also meet state-approved hardness tests.
Gradation tests are according to AASHTO T27 and T11. Commonly used gradations
(standard 1SSA gradations | and 11) are shown in Table 5.
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Table 5: Micro-Surfacing Gradations

Sieve Size Typell * Type Il ** Stockpile
(Percent Passing) | (Percent Passing) Tolerance
3/8inch (9.51 mm) 100 100

#4 (4.76 mm) 90— 100 70 —90 + 5%
#8 (2.38 mm) 65-90 45-70 + 5%
#16 (1.19 mm) 45-70 28 —50 + 5%
# 30 (0.595 mm) 30—-50 19-34 + 5%
#50 (0.297 mm) 18-30 12-25 + 4%
#100 (0.149 mm) 10-21 7-18 + 3%
# 200 (0.074 mm) 5-15 5-15 + 2%

*  Typell normdly used for urban and resdentia area gpplications.
** Type Il normally used for primary and interstate routes (most common micro-surfacing
gradation).

The percent passing each Seve cannot vary more than the indicated tolerance after the target
gradation has been selected and the mix design has been done.

The mix design process may require the addition of minerd filler. Minerd filler (if required)
isnon-ar entrained Portland cement or lump-free hydrated lime. The minerd filler quantity
is consdered part of the aggregate gradation.

Water requirements are as normd for emulsified asphdt work, i.e., use potable water.

Specid additives may be used to contral the curing rate of the micro-surfacing. Specid
additives must be evaluated as part of the mix design process to ensure compatibility with al
other components of the mix.

The mix design processisfarly involved, and the ISSA can supply alist of companies
qudified to do micro-surfacing mix desgns. The mix design is performed using a series of
seven ISSA tedting procedures, including: 1SSA TB-139 (wet cohesion), TB-109 (excess
asphalt by LWT sand adhesion), TB-114 (wet stripping), TB-100 (wet-track abrasion 10ss),
TB-147 (latera displacement), TB-144 (classification competibility), and TB-113 [mix time
@ 77°F (25° C)]. Detailed discussion of these tests is beyond the scope of this report. The
mix design report will list percentages of each materia used in the mix, dthough some
adjustments might be needed in the field.

2.2.2 Ultra-Thin Bonded Wearing Course—NovaChip®

NovaChip® is usudly a 1/2 to 3/4 inch (12.7 to 19 mm) thick, open-graded hot mix asphalt
concrete overlay surfacing é)laced on a heavily gpplied polymer-modified asphalt cement
“membrane’ tack coat 1>?° NovaChip® is aregistered trademark of Societe Internationae
Routiere, asubsidiary of Screg Routes STP, France. Koch Materials Company Inc. licenses
the proprietary paving “system” inthe U.S. This overlay process was developed in Francein
1986 to increase skid resistance and to sedl old pavement surfaces. It has since been found
useful for restoring surface smoothness and as arut repair method. Koch representatives

14




gate that NovaChip® can be used to fill ruts up to about 1/2 inch (12.7 mm) deep without
firgt having to mill the surface or fill the ruts with another form of scratch course.

A Minnesota Technology Transfer newsletter describes the NovaChip® process 2. When
completed, a NovaChip® pavement appears Smilar to a conventiona asphdt concrete
pavement with an openttextured surface. The NovaChip® paver is alarge and specidized
affar. Inaddition to smply applying the paving mixture, the machine includes a tank
containing NovaBond®, the polymer-modified emulson tack coat/membrane. Because the
heavily modified emulson is gpplied dmogt smultaneoudy with NovaChip® mix, the
emulsion can be applied much thicker than atypica tack coat. The heavy gpplication seds
the entire surface including most small cracks, and it ensures that NovaChip® bonds well to
the old pavement surface. Surface preparation involves smply removing loose debris. The
paving equipment makes only a single pass, during which the hest from the hot mix wicks
the thick tack coat upward where it permeates a portion of the hot mix. Because NovaChip®
isahot mix materid, there are no loose aggregate “chips’ when paving is completed. The
new pavement can withgtand full traffic flow usualy in less than an hour.

DeMartino 22 described NovaChip® construction in more detail (Note: numerica vauesin
the following paragraphs have been updated, from the DeMartino reference, based on
personnel communications with the Koch, Inc. representatives). The mixes are produced at
relatively high temperature [330° to 350° F (166 to 177° C)] in either batch or continuous
(drum) plants, and conventiond trucks usudly ddiver the materid to the paver within a
temperature range of 300° to 330° F (149 to 166° C). After mixing, the materia should not
be stored overnight—yprimarily due to the possibility of asphat cement drain-down.

The NovaChip® paving machine s four augers move delivered materia from the front to the
rear of the machine with minimum segregation. At the rear of the paver, the mix is
digtributed to the full width of the screed by conventiond augers (the paver uses avibrating,
hested screed). The polymer-modified emulsion tack coat, stored in the paver’s on-board
tank, is sprayed onto the road surface immediately in front of the hot mix gpplication. Spray
bar and screed extensions are designed to work as a unit, extending and retracting together.
NovaChip® can be gpplied at arate of 30 to 90 ft/minute (9.1 to 27.4 m/minute).

NovaChip® congtruction involves placement of the polymer-modified tack followed by the
hot mix. The application rate of tack is about 0.2 gdlonslyd? (0.9 I/nf). Tack is sprayed
from the paver from alocation behind the rear whedls so that it is not whed-tracked. The
temperature of the emulsion tack ranges between 120° and 180° F (49° and 82° C).
Requirements are for placement of the hot mix on the tack within 5 seconds, dthough
placement is dmost immediate since the paver digpenses both materids. The paver spreads
NovaChip® hot mix on the tack coat with a hot mix temperature between 290° and 330° F
(143° and 166° C) (screed exit temperature), and then the heavily—applied tack draws upward
into the gap-graded mix. Water evgporates as a portion of the hot mix combineswith a
portion of the tack coat. Some of the tack is therefore incorporated into about the bottom
third of the NovaChip® layer. Approximately the top two thirds of the hot mix layer remains
porous, thus providing the textured driving surface.
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Roalling must be done very quickly, before the temperature fals below 195° F (91° C),
because the thin layer cools rapidly. The vibratory screed provides breakdown rolling. Findl
rolling conssts of one or two passes with a 10-ton (9.1 Mg) roller (no vibration), operating
very closdy behind the paver. There are no minimum dengty specifications—asfind rolling
issadto amply “seat” the aggregate particles. The new pavement can be opened to traffic
after rolling and when the mat has cooled below 185° F (85° C).

Reports of NovaChip® long-term performance in colder areas of the U.S. are limited but
favorable. A 1999 report by the Pennsylvania DOT 2 discusses monitoring of four projects
over afive-year period. These sections performed well, and NovaChip® is now considered a
viable maintenance option on highly trafficked roads. Persond communications with

Missouri and Michigan DOT engineers indicated successful experimentation with

NovaChip® surfaces, dthough both suggested possible problems related to the open texture
of the materid. Problems gppear to involve some freezelthaw damage due to trapping of

water and/or remova of aggregate through snowplow operations.

DeMartino 2 and Oregon researchers *° outlined NovaChip® materials requirements and
congtruction basics. Gap-graded aggregate is produced from a mixture of severd stockpiles
using 100% crushed materials. The mix requires hard aggregates. A licensed |aboratory
performs the proprietary mix design. Performance graded asphat cement (a Superpave
grading) isused in the mix. Traffic (ESALS), pavement condition, climate, and aggregate
type are factors considered to determine whether the NovaChip® mix requires polymer
modifiers, and if S0, the amount and type.

Requirements for coarse aggregate [retained on #4 (4.76 mm) Seve] include Los Angeles
Abrasion, AASHTO T96 (= 35), the Micro Deval % loss, provisond AASHTO TP58-00 (=
18), a Magnesum- Sulfate Soundness % loss, AASHTO T104 (= 18), [or Sodium Sulfate
Soundness % loss =12], Hat & Elongated Ratio, ASTM D 4791 (=25% @ 3:1), Single Face
% Crushed, ASTM 5821 (=95) and Multiple-Face % Crushed, ASTM 5821 (=85).

Requirements for fine aggregete [passing #4 (4.76 mm) seve] include a Sand Equivaent,
AASHTO T176 (= 45), Methylene Blue, AASHTO TP57-99 [=10 on materials passing #200
(0.074 mm) sieve], and an Uncompacted Void Content, AASHTO T304 (=40).

Gradation tests are according to AASHTO T27 and T11. Commonly used gradation and
agphdt content requirements are shown in Table 6.
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Table 6: Novachip® Aggregate Gradations

Sieve Size #4 (4.76 mm) 3/8” (9.51 mm) 1/2” (12.7 mm)
Type A Type B Type C
(Percent Passing) | (Percent Passing) | (Percent Passing)
¥ainch (19 mm) 100
Y2inch (12.7 mm) 100 85—100
3/8inch (9.51 mm) 100 85-100 60 — 80
# 4 (4.76 mm) 40 - 55 25-38 25-38
# 8(2.38mm) 22-32 22-32 22-32
#16 (1.19 mm) 15-25 15-23 15-23
# 30 (0.595 mm) 10-18 10-18 10-18
# 50 (0.297 mm) 8-13 8-13 8-13
#100 (0.149 mm) 6—-10 6 —10 6—10
# 200 (0.074 mm) 4-7 4-7 4-7
Asphdt Content, % 50-5.8 4.8-5.6 4.6 -5.6

The mix design has adrain down requirement for the loose mixture, AASHTO T305
(=0.10%) and must pass atensle strength requirement, AASHTO T283 (=80%).

A 1997 Nationa Center for Asphalt Technology (NCAT) study 2* provides the following
aggregate gradations and asphdt content information for NovaChip® pavement sections
congiructed in Alabama.

Table 7: Job Mix Information for Alabama Projects.

Percent Passing

Sieve Size Tallapossa Project | Tallapoosa Project | Talladega Project

Crushed Gravel Crushed Granite Crushed Granite
1/2 inch (12.7 mm) 100 100 100
3/8inch (9.51 mm) 88 95 99
#4 (4.76 mm) 36 35 40
#8 (2.38 mm) 28 24 25
#16 (1.19mm) 21 18 15
# 30 (0.595 mm) 15 12 13
# 50 (0.297 mm) 11 9 10

#100 (0.149 mm) 8 7 8

# 200 (0.074 mm) 5.0 5.2 5.3
% Asphdt Content 4.8 5.2 5.2

2.2.3 Ultra-Thin Bonded Wearing Course—Ultra-Thin Whitetopping (UTW)

Ultra-thin whitetopping (UTW) isardétively thin, high strength Portland cement concrete
(PCC) overlay placed on amilled surface of asphat concrete pavement. Whitetopping is
usualy 2 to 4 inches (50 to 100 mm) thick and is constructed with closdly spaced joints. The
American Concrete Pavement Associaion (ACPA) isthe chief technica organization
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providing whitetopping design methods and specifications to the paving congtruction
industry. Recent ACPA publications cover essentialy all aspects of UTW technology 2°+%°.

Recent literature 2" gives a state- of- the- practice overview of the technology. Overlays of
PCC on asphalt concrete have been congtructed for nearly 60 years. Conventiond
whitetopping pavements were first consiructed in 1944, and usudly have aminimum
thickness about 5 inches (125 mm)—enough thickness that no bond between the overlay and
the underlying asphdt concrete is necessary. Conventiona whitetopping has been gpplied for
many years to combat rutting of agphalt concrete pavements on roads carrying heavy truck
treffic.

UTW isdifferent from conventiond whitetopping because techniques are used to ensure that
the UTW bonds to the underlying asphdt concrete. The bonded layers form a composite
pavement section that reduces stresses within the UTW layer to a structuraly acceptable
level. The UTW joint spacing is critica and must be kept short. Joint spacings that performed
well on UTW projects are between 2 and 5 feet (0.61 and 1.52 m). The maximum joint
gpacing is 12 to 15 times the UTW thickness in each direction. UTW contains no sted
reinforcing eements, but the PCC mix usudly contains reinforcing fibers. Although UTW
can be congtructed with or without fibers, the ACPA recommendsthar incluson. Thefibers
prevent spalling and loss of concrete pieces when inevitable cracks occur. The asphalt
concrete under the UTW must be appropriately stiff and thick. ACPA representatives
recommend an asphalt concrete thickness of no less than 3 inches (75 mm)—and the stiffer
the asphalt concrete the better.

The UTW concept was devel oped for low-volume pavements, such as city streets, where
rutting, washboarding and shoving were the main problems. Earliest trids of whitetopping
were in Kentucky (1988) and Colorado (1990). Apparently, the first heavily monitored UTW
overlay project was constructed in 1991 in Kentucky, where 2 inch and 3.5 inch (50 and 90
mm) thicknesses were tested. The test section was intentiondly placed at alocation highly
trafficked by trucks to provide an accelerated-wear test section. The experimental UTW
sections were exposed to 400 to 600 heavy trucks per day, and reportedly carried traffic
successfully for nearly ayear. Asof 1998, about 300 sections of UTW overlay have been
congiructed in 25 gates including California, Minnesota, South Dakota, Tennessee, and
Pennsylvania Mogt of the sections have not existed long enough to establish along-term
performance record for UTW.

The author contacted a representative of the ACPA regarding the question of expected
sarvice life. Having observed the UTW performance of many UTW sections since the first
experiments, the representative speculated that a 10-year+ service-life for city streets might
be reasonably expected. FHWA' s Turner-Fairbank Highway Research Center reported on
accderated testing of UTW that began in 1998 at its McLean, Virginia pavement testing
fadility 28. The test sectionsincluded eight, 48-foot-long (14.5-m-long) lanes. The objective
was to help State and local highway agencies make decisions about UTW gpplications by
vaidating ACPA design methods. UTW thicknesses of 2.5 inches and 3.5 inches (65 and 90
mm) were, depending on the test section, subjected to either 53,200 ESALS or 126,700
ESALS per week using aloaded tire speed of about 11.5 mph (19 km/hr). Testing was done
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between May 1998 and November 1999. Actud loading of individual sections varied
between 7 and 30 weeks. These accelerated rut tests are discussed in a paper presented by J.
A. Sherwood at the spring 2001 American Concrete Institute (ACI) convention 2°. The paper
indicates that mechanistic models will be developed for designing the UTW layer thickness.
The mechanistic design will determine a UTW modulus and thickness combination that
minimizes UTW tendle stresses to control cracking. Design inputs will include traffic

loadings and the dastic modulus values of asphdt concrete and aggregate layers that will
underliethe UTW. Additiond reports should become available by mid 2002.

There are three steps in constructing a UTW overlay %'

1. Prepare the surface by milling and cleaning.
2. Pacefinishitexture.
3. Sawjoints.

A mechanica bond must be established between the overlay and overlaid materid through
intimate contact of the two materids, since no additiona agent, additive, etc. is used to
promote bonding. Therefore, afreshly milled surface probably promotes the best bonding
between the UTW and asphat concrete. Allow no gppreciable time lag (no more than a day)
and no traffic on the milled surface between find cleaning and UTW paving. Dust or debris
that accumulates on the prepared agphdt concrete surface will diminish the bond.

Use conventiond paving methods for the UTW, including dip-form, fixed-form pavers and
norma hand egquipment. Handle finishing and texturing in the norma way.

Proper curing is the key to a successful UTW; this avoids shrinkage cracking, and loss of the
asphat/PCC bond. The UTW has a high surface-arealvolume ratio so water will belost very
rapidly during curing. Curing compound should be heavily applied at about 11 yd?/gdl (2.4

/1). The compound must be gpplied to the surface and dl exposed edges without running.
Curing compound dopped onto the asphalt concrete surface will decrease the bond.

To limit cracking, joints are sawn as quickly as possible to a depth of about 1/4 to 1/3 the
thickness of the UTW, and the sawn joints are usudly left unsedled. A 3 mm (about 1/8
inch) joint width is standard, i.e., narrow enough to keep most incompressible particles out of
the joint.

A mix design is done for a particular project according to traffic load requirements and the
length of time before the road must be reopened to traffic. For example, early trafficking
requires PCC that will cureto at least 23,000 Ib/in® (20.7 MPa) compressive strength within
24 hours. The usud mix design addresses cement, coarse aggregate, fine aggregate, an air
entraining agent, synthetic fibers (usudly polypropylene), and water reducers or plagticizers

to promote a low water/cement ratio. ACPA publications 2°%° are the recommended sources
of mix design information. For aredigtic idea of materids proportioning actualy used, Table
8 contains a sampling of recent mix designs ’.
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Table 8: UTW Mix Components From Three Construction Projects

Material Proportions | State Route 21, Leawood, | Tennessee & Dekalb
(per cubic yard) lowa, 1994 Kansas, 1995 County, Georgia
Cement, Ib (k) 573 (260) 610 (277) 799 (363)
Coarse Aggregate, Ib (kg) 1,662 (755) 1,694 (769) 1,699 (771)
Fine Aggregate, Ib (kg) 1,364 (619) 1,320 (599) 1,230 (558)
Water, gal—@8.34 Ib/ga 29.2 26.9 335
(liters— @ 1.00 kg/l) (110.5) (101.8) (126.8)
Air Content (%) 6 6.5 Unknown
Water/Cement Retio 0.43 0.37 0.35
Synthetic Fibers, Ib (kg) 2.3(1.0) 2.3(1.0) 2.3(1.0)
Compressive Strength, @ unknown 3,000 [design] 3,000 (20.7) [design]
24 hours, Ib/in? (M Pa) (20.7) 5,000 (34.5) [actual]

An ACPA representative suggested estimating mix costs assuming 7-sackslyd® (9.2-
sacks/n™) of high strength-early set cement, 3 Iblyd® (1.8 kg/nT®) of polypropylene fibers,
plus accelerators. The author contacted Alaskan PCC suppliers who estimated that such
concrete in Alaska would fetch about $125.00 to $150.00/yd? ($163.00 to $196.00/n).

2.2.4 Stone Matrix Asphalt (SMA)

SMA is ahot-mixed agphdt concrete containing relatively high proportions of large

aggregate and asphat cement. SMA mixes have garnered a reputation for providing tough,
dable, rut-resistant pavements. The SMA concept relies on sone-on-stone contact to provide
loading bearing strength and arich binder for durability (resistance to oxidation). SMA

contains a gap-graded aggregate that is held together by arich matrix of minerd filler, fiber,

and polymer-modified agphalt cement *°. Based on Alaskan experience, the asphalt cement
content of an SMA usually runs about 1% higher than a conventiona asphdt concrete. The
National Asphat Pavement Association (NAPA) isthe chief technica organization providing
SMA design methods and specifications to the paving congtruction industry. Recent NAPA

and the FHWA publications cover design and construction with SMA mixtures 3132,

According to Brown 3, SMA was developed in West Germany, has been used in Europe

since about 1972, and wasfirst developed to resst studded-tire wear. SMIAs fdl out of favor
in some European countries as studded tires were banned, then again came into more popular
use as tire pressures, whed |oads, and traffic volumesincressed. Besides Germany, SMA
came to be used extensively in Sweden, Denmark, Norway, Finland, Austria, France
Switzerland, and the Netherlands. A team of U.S. technica representatives visited Europein
thefdl of 1990, found the SMA concept to be attractive, and made plans for constructing the
fird SMA pavement in Michigan in 1991.

Performance of SMA pavementsin the U.S. is summarized in 1997 NCAT report 34, The
principa conclusion was that the increased cost of an SMA pavement is more than offset by
increased performance. Other performance-related conclusions drawn from more than 100
projects were:
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Rut depths less than 0.2 inch (5 mm) on 90% of the selected SMA projects constructed
before 1996.

No measurable rutting on 25% of the SMA projects.

Redatively little thermd and reflective cracking compared with conventiond pavements.
No raveling, i.e, loss of surface aggregate on SVIA pavements.

Mog frequent problems are “fat spots’ (flushing) blamed on aggregate segregation,
draindown of asphalt cement, high asphat cement content, and improper amount and/or
type of gabilizer. Draindown refersto the downward flow asphalt cement through the
SMA aggregate sructure while the mix ishot—AASHTO test method T305.

The Alaska DOT& PF has constructed several SMA pavement sections using Alaskan
specification specid provisons . Asmentioned previoudy, Alaska DOT& PF experience
indicates |ess than spectacular performance. Some DOT& PF materias personne hold the
opinion that normal agphalt concrete mix modified with 3% SBS resigs rutting caused by
plastic deformation about as well as the sone matrix asphalt (SMIA) mixes evauated so far in
Alaska

A Washington DOT article discusses general aspects of SMA specifications 3. Gap-graded
aggregate used for SVIA is on the coarse Sde of the maximum dengity line when the
gradation curve is plotted on a 0.45 power gradation chart, i.e., plotted gradation lineis
concave upward. The SMA aggregate structure is different from most open-textured
mixtures because most of the voids between the coarse aggregate are filled with minerd filler
and binder. SMA air void contents are usualy 2 to 4%. The addition of too much asphalt
cement can cause adragtic loss of shear strength and resistance to rutting. Too little asphalt
cement increases the air voids to a point where the mix is vulnerable to oxidation
(accelerated aging), moisture damage, and perhaps freeze/thaw induced damage. SMA
mixtures normally contain about 10% fines, i.e, “dugt” [-#200 (0.074 mm) Sieve fraction],
and have a dust/asphalt cement ratio of about 1.5. Desirable aggregates are:

Highly cubica with rough surface texture to resst rutting
Hard as possible to resst polishing as well as fracturing and abrasion under whed loads

Stabilizing additives such asfibers (e.g., cdllulose and rock wool), polymers, carbon black,
atificid glica, etc. are often added to giffen the mix. Although not needed in al mixes,
these help form athick “meastic” binder that alows high asphat cement contents without
draindown immediately after mix production and/or post congtruction bleeding problems
when the pavement becomes hot.

Information extracted from aMichigan DOT’s SMA specification *” summarizes
requirements from the perspective of atypica northern tier sate. Indicative of the recent
improvements in agphalt concrete mix design and materias technology, Michigan refersto
itsSMA asa*” bituminous mixture gap-graded Superpave with cellulose, composed of coarse
aggregate, fine aggregate, minerd filler, cdlulose fibers and asphat cement.”

Michigan’s mix design procedure is AASHTO PP41-00, and the mix must meet the
requirements of Table 9.
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Table 9: Michigan SMA Mix Design Criteria*

Design Parameter Specification Limits

Percent of Maximum Specific Gravity

(%Gmm) at 100 gyrations using the 96%

Superpave Gyratory Compactor (SGC)

VMA, minimum % @ N1 17.0

V CAnix, minimum % Lessthan VCA4rc

Tendle Srength Retio (TSR), minimum % 70

Draindown at Production Temperature,

maximum % (AASHTO T305) 0.30

Agphat Content, minimum % Ranges between 5.5 t0 6.8 % for aggregate
specific gravities between 3.00 and 2.40
respectively (note asphalt cement
requirement isinversay proportionate to
Sp.G.)

* Criteriaas liged in the specification. Contact Michigan DOT Materias Engineer to
identify test method standard and number.

There is a Superpave performance graded asphat cement requirement, i.e., PG 70-22 for
“Metro” regions, otherwise PG 70-28.

Minerd filler must be fine minerd matter such asrock dugt, or crushed limestone. The
materid can contain no measurable organics and have an AASHTO T90 Pladticity Index = 4.

The cellulose fiber (added to prevent draindown) must conform to severd teststhat are listed
here without detail. There are fiber-length requirements involving sieve andyses. In addition,
the cdllulose fibers must meet: Ash Content, pH, Oil Absorption, and Moisture Content
requirements.

Coarse and fine aggregates are defined as being retained or passing the # 4 (4.76 mm) seve.
Fine aggregate must meet requirements for Angularity (ASTM C 1252, Method A = 45) and
must be non-plastic according to AASHTO T90.

Coarse aggregate must condist of 100% crushed materid. Coarse aggregate must meet
Michigan DOT Test Method (MTM) or ASTM requirements for: Percent Abrasion Loss
(MTM 102, = 30), Percent Crushed Particles(MTM 117, 100% for 1-face fracture, = 90%
for 2-face fracture), Percent Soft Particles(MTM 110, = 3.0), Percent Absorption (MTM 320
& 321, = 2.0), and Percent Flat & Elongated Particles (ASTM. D 4791, = 20 for 3-to-1,=5
for 5-to-1.
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Table 10 shows the required combined aggregate gradation.

Table 10: Aggregate Gradation for Michigan SMA

Sieve Size Percent Passing
3/4 inch (19 mm) 100
1/2 inch (12.7 mm) 90-99
3/8inch (9.51 mm) 50 -85
#4 (4.76 mm) 20-40
# 8 (2.38 mm) 16 —28
# 200 (0.074 mm) 8-12

Compaction requires that rolling start immediately behind the paver. A breskdown roller
(may be vibratory type) isfollowed by at least three passes of 12-ton (11 Mg), non+vibratory
rollers. Finish rolling before the SMA temperature drops below 230° F (110° C).

2.2.5 Conventional Overlays Using High Quality Mix Design Methods and Materials

This brief discussion provides recommendations derived, conceptualy, from the Chapter 1
section titled “Aiming a Rut-Resstant Materids’ and the performance history of standard
agphalt concrete materials in Anchorage and Juneau, Alaska. Unlike the previoudly described
methods, the one described here smply involves modifying DOT& PF s present mix design
practice and materids selection rather than trying to achieve a new form of asphat concrete.

Apply standard Marshd| asphalt concrete mix design methods and the Alaska DOT& PF
Construction Standard Specification 401 with the following exceptions.

1. Sdect ahigh qudity aggregate based on aNordic Abrasion Vdue of = 7.

2. Usethe appropriate Superpave performance-graded asphalt cement, and add additional
requirements for Softening Point, Toughness, and Tenacity. A Superpave-type PG 58-28
isvery smilar in nature to sandard AC-5 agphalt cement modified with the addition of
3% SBS additive. Refer to Table 11 for the necessary PG grading specification additions
(courtesy DOT& PF Centra Region Materias Enginesr).

Table 11: Recommended Modifications for PG-Grade Asphalt Cement

Performance Graded Asphalt Cement Type

PG 52-28 PG 58-28 PG 64-28
Softening Point (min.) (none) 120° F (49°C) 125° F (52° C)
AASHTO T-53
Toughness (min.) (none) 9.1 ft-1b (12.4 N-m) 9.1 ft-1b (12.4 N-m)
AASHTO D5801
Tenacity (min.) (none) 6.3 ft-1b (8.5N-m) 6.3 ft-1b (8.5 N-m)
AASHTO D5801
(9-18-00) R244M 98
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2.3 Estimating Alaskan Costs

Unit cogts (installed materid) for the various rut repair options were obtained from numerous
information sources that included the literature as well as persond contacts with government
agencies, producers, suppliers, and trade organizations. Alaska DOT& PF sources supplied
cost information for standard asphalt concrete, asphdt cement (standard and polymer
modified), and informed speculation regarding premium aggregate costs. The R.S. Means
“Heavy Construction Cost Data’ *® manual provided estimates of cost differentials between
Alaska and locationsin the continenta U.S.

Table 12 summarizes these costs and contains other useful information regarding application
and the estimated performance life of each option. Since severd of the trestments addressed
in Table 12 have never been tried in Alaska (Whitetopping, Micro-surfacing, and Ultra- Thin
Bonded Wearing Courses) cost estimates are, of course, subject to argument. Of necessity,
such cost estimates are dso subject to subgtantia revison with time. Be aware that such
factors asrevised cogts, improvements in equipment and changesin materias requirements
may completely change the relative economic ordering of the various rut repair options.
Methods for comparing the relative economics of various options involve life-cycle cost
andyss and optimization. These techniques are discussed in Chapters 3 and 4.

For Table 12, “super aggregate’ is defined as aggregate suitable for use in pavements
subjected to ADTs = 10,000. Such materidswould meet ether one of the following vaues

Nordic Abrasion test requirement for a Class | materid, i.e., an Abrasion Vaueof =7
SRK test requirement for a Pavement Class 1 materid, i.e., an SRK Vdue of =25

The few samples of normal Alaskan aggregates subjected to these tests met Scandinavian

criteriafor ADT levels of about 2,500 to 5,000, i.e., about 25 to 50% the leve of the
proposed super aggregate material.
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Table 12: Rut Repair Methods & Costs

Method Action | Unit Cost, | Time Expected General
$/yd?-inch | Before Life Comments
($/m3-25 | Traffic (years)
mm)
Micro-surfacing Repair $6.80 A* 1 hour 7 Smooth surface. Can be
($8.16A) used to fill ruts as deep as
about 1.5” (38 mm).
$13.50 J**
($16.20 J)
Micro-surfacing Repair $9.20 A 1 hour 15 Same as above.
w/Super ($11.04 A)
Aggoregate
$15.25J
($18.30J)
NovaChip® Repair $6.80 A when 7 Open surface texture.
($8,16 A) cool Maximum rut fill about
05" (12.7 mm) w/
nomina 0.75” (19 mm
$13.50 J oy 7o o
($16.20 J)
NovaChip® Repar $9.20 A When 15 Same as above.
w/Super ($11.04 A) cool
Aqggoregate
$15.25J
($18.30J)
Ultra- Thin Repair $7.00 A 8-12 10+ Smooth/rough Surfackf)e
i i texture options. Can be
Whitetopping ($8.40A) hours e ﬁFl’l doon s
Must be placed over
$14.00J mini mump3” (75 mm) of
($16.80 J) asphalt concrete
pavement.
Ultra-Thin Reparr $8.40 A 8-12 15+ Same as above.
Whitetopping ($10.08 A) hours
w/Super
Aggregate $15.00J
($18.00J)
Stone Matrix Repair $3.90 A When 7 Open surface texture.
Asphdt (SMA) ($4.68A) cool Maximum rut fill about
05" (12.7 mm) w/
nominal 1.5" (38 mm
e ovatlay. o
SMA w/Super Repar $6.20 A When 15 Same as above.
Aggregate ($7.44 A) cool
$7.30J
($8.76 J)
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Table 12: Rut Repair Methods & Costs

Method Action | Unit Cost, | Time Expected General
$/yd?-inch | Before Life Comments
($/m3-25 | Traffic (years)
mm)
Conventiond Repair $2.20 A When 4 Smooth surface.
Asphdlt Concrete ($2.64 A) cool Maximum rut fill about
05" (12.7 mm) w/
$4.30 J g\c;renrllr;dll.S (38mm)
($5.16 J) Y
Conventiona Repair $2.80 A When 7 Same as above.
Asphalt Concrete ($3.36 A) cool
W/3% SBS
$4.50J
($5.40J)
Conventiona Repar $5.00 A When 15 Same as above.
Asphdt Concrete ($6.00 A) cool
w/3% SBS +
Super Aggregate $6.20 J
($7.44J)
Cold-Mill Planer Prepare $1.00 A N/A N/A N/A
(surface milling) Surface | ($1.20A)
$1.60J
($1.92 J)

*A = Anchorage, **J = Juneau

During the course of this study it became apparent that large variations in component costs of
paving materials may exert ardatively minor influence on the totd, as-placed cost of those
materias. It isworth consdering the affect of differing aggregate costs on the totd cost per
yd? —inch (or per m? —25 mm) of, for example, normal polymer-modified hot mix asphalt
concrete in Alaska. Table 13 shows how alarge increase in the cost of asphalt concrete
aggregate causes a disproportionately small risein the totd cost of the hot mix.
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Table 13: Aggregate Cost Versus Total In-Place Cost of Polymer-Modified

HMA
Cost of Cost of Asphalt Cost Multiple for Cost Multiple for
Aggregate, Concrete, Aggregate Per Hot Mix Per Ton

Per Ton (Per Mg) | Per Ton (Per Mg) | Ton (or Per Mg) of | (or Per Mg) of Hot
Aggregate Mix
$8.00 ($8.81) $2.80 ($3.08) 1.0 1.0
$16.00 ($17.62) $3.23 ($3.56) 2.0 1.2
$50.00 ($55.07) $5.04 ($5.55) 6.0 1.8
$80.00 ($88.11) $6.64 ($7.31) 10.0 24

Basic costs shown in the above table (top row of values) are those expected in Anchorage,
Alaskausing ordinary aggregate and polymer-modified agphdt cement. The cost of polymer-
modified asphalt concrete is about $50.00/ton ($55.07/Mg), i.e., about $2.80/yd>-inch
($3.35/n7-25 mm) (asindicated in Table 12). At ~$40 - $50/ton (~$44 - $55/Mg), very high
quality aggregate can be imported to Juneau or Anchorage (respectively) from Washington
State. Such materids should meet “super aggregate’ requirements described previoudy as
characterized by Scandinavian test methods and therefore withstand perhaps 2 to 4 timesthe
studded tire applications of norma Alaskan aggregates (according to Scandinavian ADT
criteriaand testing done on Alaskan aggregates). Assuming only a doubling of dlowable
studded tire passes—a very conservative assumption—is the extra cost of the aggregate
judtified? Table 13 shows the cost of polymer-modified asphat concrete containing
$50.00/ton ($55/Mg) aggregate (termed “ super aggregate” in Table 12) to be less than twice
the cost of modified asphalt concrete containing standard aggregate. With respect to studded
tire wear, the additiona aggregate cogt is certainly judtified.

A breakdown of the $2.10/yd?-inch ($2.51/mf-25 mm) base cost for polymer-modified
agphdt concrete may be of interest. The polymer modification normaly used in Alaska a the
present time conssts of Styrene-Butadiene- Styrene (SBS) additive at 3% by total weight of
modified asphalt cement. The unit weight of the hot mix is assumed at about 150 Ib/ft® (2.4
Mg/nt), i.e., about 113 Ibs'yd?-inch (61.4 kg/m?-25 mm). The hot mix contains about 5.5%
asphat cement (by total weight of the hot mix). The cogt of the polymer-modified asphalt
cement is about $225.00/ton ($248.00/Mg), i.e., about $0.70/yd?-inch ($0.84/m?-25 mm).
The cogt of the standard aggregate component in this materid is about $8.00/ton ($8.81/Mg),
i.e., about $0.43/yd>-inch ($0.51/n?-25 mm). Besides aggregate and the modified asphalt
cement, the remainder of the $2.10/yd?-inch ($2.51/m?-25 mm) asphalt concrete cost goes to
labor, overhead and profit.

3-CHAPTER 3-LIFE-CYCLE COSTS BASED ON PRESENT VALUE
ESTIMATES

The following discussion of life-cycle cost andysis (LCCA) isfrom an FHWA bulletin titled
“Life-Cycle Cost Andysisin Pavement Design.” 39 Life-cycle cost andysis (LCCA) is
founded on the principas of economic analysis that are used to eva uate competing
dternative investment options. The objective isto identify the best vaue, i.e, the lowest
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long-term cost option that satisfies required performance requirements. In the most genera
form it incorporates dl initid and discounted future agency codts, user costs, and any other
relevant costs over the life of the dternative investments. Within the framework of LCCA,
present value andys's (sometimes called present worth andysis) is one of the most common
ways of summing al costs for a given option, regardless of when the cost occurs during the
LCCA andysis period. In present value andlys's, all costs associated with a specific option
are reduced to a single vaue (the present value) at the beginning of the LCCA andysis
period. LCCA then compares the present vaues of each option to determine which oneis
maost economical.

The following two sections discuss applications of LCCA principds to the cost data
contained in Table 12. Thefirg section provides asmplified example of LCCA andyss.
The next section briefly discusses the more generd form of LCCA and points out problems
associated with the smplified approach. The generd LCCA method considers user codtsin
addition to materials and congtruction-related costs. A generdlized LCCA often grestly
accentuates cost differences between options, or may cause a reshuffling of the optionsin
terms of relative economic benefit.

3.1 Simple Present Value Estimates Based on Agency Costs of Repairs &
Timing

This section provides examples of present vaue life-cycle codts of dternatives usng only
agency cost components from Table 12. This method corresponds to that often used by the
Alaska DOT& PF since it does not directly consider user costs. User codts, if considered, are
usualy treated subjectively, and not computed as specific dements of the totd life-cycle
present value.

The following example compares the present vaue of four repair scenarios. These scenarios
are only asmadl sampling of the many combinations of repair strategies that could be
generated based on Table 12. This example uses an interest rate (discount rate) of 4% and an
analysis period of 35 years. A 35-year andysis period is based on the minimum 30 to 40
year andysds period recommended in the FHWA bulletin cited above. In the bulletin, FHWA
also recommends a 3 to 5% real discount rate (interest rate) because it reflects the historic
average for anontinflated return on investment. A real interest rate of 4% isused in the
Table 14 examples below. Findly, the FHWA bulletin recommends thet future actions
(future cogts) should be estimated in constant dollars and discounted to a present value using
the real interest rate. This means that the estimated cost of some future maintenance or
reconstruction action remains the same as today’ s estimated cost throughout the entire
andysis period. The present value (Net Present Vaue) computation as follows:
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Equation 1: Net Present Value Computation.
& 1
NPV = Initial Cost + Z Rehab Cost, | ——
k=] (1+H™

where: 1 = discount rate and
n = year of expenditure

Thetota required summation of al cost events (through “N” cost events) includes present
vauesfor each cost event (k) incurred during the 35-year (minimum) analys's period.

Treatment of Sdvage Vadue—If salvage value exigts a the end of the analysis period, (35
years in the following examples), the summeation includes the * cost” of the present vaue of
sdvage, cdculated from year 35, as a negative vaue. This trestment of savage vaue follows
the FHWA recommendation that “sdvage vaue should be based on the remaining life of an
dternetive at the end of the analysis period as a prorated share of the last rehabilitation cost”.

The repair unit costs are Anchorage estimates from Table 12 (marked “A”). That table dso
lists the expected performance life for each treatment. Tables 14a through 14d present
descriptions and cogts in terms of $/lane-mile (lane-mile assumed @12 ft by 5,280t i.e,
7,040 yd?). Thelane-mile units are for illustrative purposes and therefore do not include
shoulder widths.

The following is an example of presert value computations used for Table 14b. Table 14b is
used because it contains a sdvage vaue:

Calculation for present value for 3 row of Table 14b (end of year 15) —

1. Using acost at time of action = $40,500, i = 4%, and n = 15, Equation 1 yields a present
value for the rehabilitation action of $40,500 x 0.556 = $22,500

Calculation for present value of savage for 5" row of Table 14b (end of year 35) —

1. A savage of 10/15™ of the 15-yeer life of the last maintenance action (an action

performed at year 30) remains a year 35. Therefore, caculate a prorated value for the
last rehabilitation cost of (10/15) x $40,500 = $27,000.

2. Then, using the prorated cost at time of action = $27,000, i = 4%, and n = 35, Equation
1 yields a present value for the salvage of $7,000 (rounded from $6,842). Note that
sdvage becomes a negative vaue in the following tables, i.e., anegative codt in the fina
summing of al present values in Equetion 1.
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Note: $/lane-km units are also provided in the following tables (where the lane width is

assumed to be 3.66 m, i.e., 12 ft). A lane-km of pavement is assumed to cover about 3,658 m?,
i.e., about 4,375 yd?.

Table 14a: Scenario No. 1 Present Value Life-Cycle Cost Analysis

Time Action Cost at Present Cumulative
of Time of Value of Present Value of
Action Action Action Action
$/lane-mile | $/lane-mile $/lane-mile
($/lane-km) | ($/lane-km) ($/lane-km)
Start of | Micro-surfacing rut fill $30,000 $30,000 $30,000
Year 1 | witha3/8" (10 mm) thick, ($18,600) ($18,600) ($18,600)
lane-width overlay

(estimate 5/8” (16 mm)
totdl thicknessincluding
rut fill)

End of | Same asabove $30,000 $23,000 $30,000 + $23,000
Year 7 ($18,600) ($14,300) = $53,000
($32,900)
End of | Same asabove $30,000 $17,500 $53,000 + $17,500
Year 14 ($18,600) ($10,900) = $70,500
($43,800)
End of | Same asabove $30,000 $13,000 $70,500 + $13,000
Year 21 ($18,600) ($8,100) = $83,500
($51900)
End of | Same asabove $30,000 $10,000 $83,500 + $10,000
Year 28 ($18,600) ($6,200) = $93,500
($58,100)
End of | Edimate sdvage No savage $0.00 $93,000 + $0.00
Year 35 vaue =$93,500 ($58,100)

Total to year 35
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Table 14b: Scenario No. 2 Present Value Life-Cycle Cost Analysis

Time Action Cost at Present Cumulative
of Time of Value of Present Value of
Action Action Action Action
$/lane-mile | $/lane-mile $/lane-mile
($/lane-km) | ($/lane-km) ($/lane-km)
Start of | Mill 1.5" (38 mm) of $10,500 $10,500 $10,500
Year 1 | exiging pavement (%6,500) (%6,500) (%6,500)
Start of | Place 1.5” (38 mm) thick $53,000 $53,000 $63,500
Year 1 | hot mix asphat concrete w/ ($32,900) ($32,900) ($39,400)
3% SBS + super aggregate
End of | Micro-surfacing w/super $40,500 $22,500 $86,000
Year 15 | aggregate rut fill with a ($25,200) (%$24,000) ($53,400)
3/8” (20 mm) thick, lane-
width overlay (esimate
58’ (16 mm) tota
thickness indluding rut fill)
End of | Same as above $40,500 $12,500 $98,500
Year 30 ($25,200) ($7,800) ($61,200)
End of | Estimate salvage @ 10/15 -$27,000 -$7,000 $91,500 ($56,800)
Year 35 | x $40,500 = $27,000 (-$16,800) (-$4,400) Total toyear 35
(10/15 x $25,200 =
$16,800)

Note: Thisis a negative
cost.
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Table 14c: Scenario No. 3 Present Value Life-Cy

ycle Cost Analysis

Time Action Cost at Present Cumulative
of Time of Value of Present Value of
Action Action Action Action
$/lane-mile | $/lane-mile $/lane-mile
($/lane-km) | ($/lane-km) ($/lane-km)
Start of | Micro-surfacing w/super $40,500 $40,500 $40,500
Year 1 | aggregaterut fill with a ($25,200) ($25,200) ($25,200)
3/8" (20 mm) thick, lane-
width overlay (estimate
5/8" (16 mm) total
thickness induding rui fill)
End of | Same as above $40,500 $22,500 $63,000
Year 15 ($25,200) ($14,000) ($39,200)
End of | Same as above $40,500 $12,500 $75,500
Year 30 ($25,200) ($7,800) ($47,000)
End of | Edimate sdvage @ 10/15 -$27,000 -$7,000 $68,500 ($42,600)
Year 35 | x $40,500 = $27,000 (-$16,800) (-$4,400) Total toyear 35
(10/15 x $25,200 =
$16,800)

Note: Thisis a negative
cost.
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Table 14d: Scenario No. 4 Present Value Life-Cycle Cost Analysis

Time Action Cost at Present Cumulative
of Time of Value of Present Value
Action Action Action of Action
$/lane-mile $/lane-mile $/lane-mile
($/lane-km) | ($/lane-km) ($/lane-km)
Start of | Mill 15" (38 mm) of $10,500 $10,500 $10,500
Year 1 | exiging pavement (%6,500) (%6,500) (%6,500)
Start of | Place 1.5” (38 mm) thick $30,000 $30,000 $40,500
Year 1 | hot mix asphat concrete w/ ($18,600) ($18,600) (%$25,100)
3% SBS
Endof | Mill 1.5 (38 mm) of $10,500 $8,000 $48,500
Year 7 | exiging pavement (%6,500) (%$5,000) ($30,100)
Endof | Place 1.5" (38 mm) thick $30,000 $22,500 $71,000
Year 7 | hot mix asphalt concrete w/ (%$18,600) ($14,000) ($44,100)
3% SBS
Endof | Mill 1.5 (38 mm) of $10,500 $6,000 $77,000
Year 14 | exiding pavement ($6,500) ($3,700) ($47,800)
End of | Place 1.5" (38 mm) thick $30,000 $17,500 $94,500
Year 14 | hot mix asphdt concrete w/ (%$18,600) ($10,900) ($58,700)
3% SBS
Endof | Mill 1.5 (38 mm) of $10,500 $4,500 $99,000
Year 21 | exiging pavement (%6,500) (%$2,800) ($61,500)
Endof | Place1.5” (38 mm) thick $30,000 $13,000 $112,000
Year 21 | hot mix asphat concrete w/ ($18,600) (%$8,100) ($69,600)
3% SBS
Endof | Mill 1.5 (38 mm) of $10,500 $3,500 $115,500
Year 28 | exising pavement (%6,500) (%$2,200) ($71,800)
Endof | Place 1.5" (38 mm) thick $30,000 $10,000 $125,500
Year 28 | hot mix asphdt concrete w/ (%$18,600) ($6,200) ($78,000)
3% SBS
End of | Estimate sdvage No sdvage $0.00 $125,500
Year 35 vaue ($78,000) Total
to year 35

Reaults of the example show the following ranking:

1.Best Scenario No. 3 at $68,500/1ane mile ($42,600/1ane-km), Relative Cost Factor = 1.0

2.
3.

Scenario No. 2 at $91,500/Iane-mile ($56,800/lane-km), Relative Cost Factor = 1.3
Scenario No. 1 at $93,500/Iane-mile ($58,100/1ane-km), Relative Cost Factor = 1.4

4. Worst Scenario No. 4 at $125,500/1ane-mile($78,000/1ane-km), Relative Cost Factor = 1.8

Scenario 3 requires three gpplications of micro-surfacing at 15-year intervas, at atotal cost
of less than 2/3 that of scenario 4—asubstantial savings. This gpparent savingsis only thetip
of the iceberg though. Note that scenario 3 requires three congtruction events versus five for
scenario no. 4. 1t should be obvious without calculation that two less congtruction projects
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means subgtantia savingsin terms of design work, congtruction mobilizatiory
demohilization, congtruction management, congtruction-Ste accidents, congtruction site
environmental problems, and the many costs associated with the highway users and their
vehicles.

3.2 Advanced Present Value Estimates Based on Agency Costs of Repairs,
User Costs, Sensitivity Analysis & Probability 394

User Costs—A more vaid form of present vaue andys's consders agency cogs plus as
many of the user codts as can be redigticaly determined. Agency costs are those associated
with materias, congtruction and significant maintenance actions throughout a defined life-
cycle period. The present value andysisin the above section used only agency codts. User
cogs are defined for a particular section of roadway under congtruction, during each
congtruction event. They are the costs incurred by the owners/operators as aresult of using
that particular section of roadway.

User codsinclude: vehicle operating costs, crash cogts, and user delay costs associated with
each repair project. In projects where traffic flow is serioudy impeded, delay costs are
arguably the largest and most easily definable of the user costs *°. At the low end of the scdle,
thetime delay cost for passenger vehicles is estimated between $10 and $13/hour. At the top
of the scale are the time delay costs for large trucks estimated between $21 and $24/hour. In
1998, the author attended an FHWA life-cycle cost estimating class where the ingtructors
stated that, for some highway projects, user costs are estimated to have exceeded the cost of
the project plus the estimated value of project benefits for the design-life of the project. Also,
potential user cogts can grow exponentidly with time due to highway crowding caused by
population increases. User cogts shouldn't be ignored. They can be asignificant and perhaps
critical cost contributor whenever a particular repair scenario requires ardatively large
number of construction events over an LCCA andysis period.

Sengitivity Analysis—Andyzing the influence of key varidblesin the present vaue
cdculatiionsis atime consuming but judtifiable part of agood LCCA. The principle of
sengtivity andyssisto assgn arange of vauesto one of the variables. Present value
computations are done using, in turn, each new vaue of the variable while holding al other
variables congtant. Variables often tested include timing of congtruction events, and the
discount rate. Sengitivity analyses might also be a useful way of investigating varidionsin
congtruction scheduling that would affect user costs.

Use of Probability (Risk Analysis)—Risk andyd's can be consdered as sendtivity andyss
taken to the highest possible degree. Risk anadlysis assumes that some or dl of the varigbles
used in a present vaue andys's can assume any one of many vaues within a definable range.
Many if not most variables used in present value analyses can be characterized as possessing
adatigticd digribution of expected vaues that can be defined by a mean and standard
deviation. Using atechnique known as Monte Carlo Smulation 94!, it is possible to
randomly draw a sample vaue for each variable (from within each varigble s Satidtica
digtribution). A present value computation is then performed using the new set of values. On
acomputer, Monty Carlo Smulation is repested a very large number of times, thus supplying
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new sets of variables for avery large number of present value computations. After the
present value computation is repeated enough times, the present vaue itsdf will exhibit a
digtribution of vauesthat gives the engineer aredigtic look at the “red” range of cods
possible for each repair scenario. Handle thiskind of analysis using spreadsheet add-in
programs such as @RISK and Crystal Ball 3° (can be used with Microsoft Excel
spreadsheets).

4 - CHAPTER 4 - OPTIMIZING THE SELECTION OF RUT REPAIR
TREATMENTS & PAVEMENT MANAGEMENT METHODS

In amuch higher level of economic analyss the cost of rut repairsis placed within the
context of repairing dl pavement damage types while staying within required economic
congraints. Pavement management systems (PMS) perform this function. Conceptudly they
samultaneoudy examine the competing economics of repairing each damage type a different
pointsin time. Haas, Hudson and Zaniewski offer comprehensive coverage of PMS
principals in atextbook format 2.

A PMS usudly firgt requires assessng the condition of a particular roadway section (or an
entire roadway system, i.e., road network) in terms of severd damage types such as rutting,
cracking, roughness, flushing, raveling, etc. Then, based on the present condition, and
perhaps information regarding the structura composition of various pavement sections,
pavement management computer programs predict the worsening of the various damage
typeswith time. A good PM S works from alarge catalog of options that cover repairs of
numerous damage types. Such a cataog can include the rut repair options covered earlier in
thisreport. The PMSis able to estimate the performance life of each option, through the
programming period, with respect to al damage types, for expected levels of traffic. The
PM S then sdlects repair methods and timing that usudly conform to one or the other
(selected by the agency) of two economic congraints:

1. Requiresthat the roadway section or systemn be kept at the highest possible level of
condition within a maximum budget limit.

2. Requiresthat the roadway section or system be kept above a specific condition level at
the lowest cost.

To reiterate, the main point is that a PM S juggles the economics of repairing dl damage
types smultaneoudy, and then optimizes the choice of repair options.

It isworth discussing a specific pavement management computer program since it has been
licensed for use by the Alaska DOT& PF, and can be used to make project-leve decisons.
Dynatest Inc. created the “ Performance and Economic Rating System” (PERS) program. It is
capable of selecting repair methods from alarge catalog of options, and can be applied at
dither the project level or for an entire road network *44. Although the Alaska DOT& PF
presently uses another Dynatest product, The “Dynatest Management System (DMS),” asthe
bassfor its statewide pavement management system, PERS is a completely separate

35



program that can be run independently as atool for project level work. The following
information is extracted, with permission, from Dynatest literature.

“The three elements of PERS are:

Models for predicting (or forecasting) the pavement performance based on mechanistic
(analytical) principals

Models for quantifying the economic effects of pavement conditions

Methods for selecting the optimal combination of maintenance and rehabilitation
alternatives over a number of budget years (optimization)”

As explained in the Dynatest literature: “PERS makes use of an incremental-recursive
approach for calculating pavement performance. For each increment of time (normally one
season) the damage caused by traffic loading and by time related effects is calculated, and
the new pavement condition is then used recursively asinput for the next time increment.”

PERS can be run on a desktop computer, and uses the same kind of datafiles as the statewide
DMS system. PERS looks at structura deterioration, rutting, roughness, skid resistance and
surface wear (caused by studded tires) as criteriafor selecting repair methods. PERS adjusts
the models used for estimating future damage based on actud observationsin thefidd, i.e,

the modd s are sdlf-training to some extent. The program estimates user cogts during the
sarvice life of the applied repair options. 1t dso calculates agency costs in addition to
fluctuations in the capital value due to pavement improvement or deterioration.

5 - CONCLUSIONS

Literature sources indicate five (5) methods that may have greatest gpplicability for repairing
rut-damaged pavementsin Centra and Southeast Regions of Alaska. Methods discussed in
this report are directed at repairing ruts due to plastic deformation of the asphalt concrete
layer and/or tire-stud abrasion of the pavement surface. These methods are;

Micro- Surfacing

Ultra- Thin Bonded Wearing Course—NovaChip®

Ultra- Thin Bonded Wearing Course—Ultra- Thin Whitetopping (UTW)

Stone Matrix Asphat (SVIA)

Conventiond Overlays Using High Quaity Mix Desgn Methods and Materids

Only SMAs and polymer-modified conventiona asphat concrete mixes have been tried in
Alaskain an attempt to reduce rutting. Performance observations so far indicate moderate
success. DOT& PF engineers specidizing in pavement design and materids speculate that
much greater success might be obtained if higher quality (harder) aggregates are used. The
other three methods have not been tried in Alaska, dthough there may be significant
economies of materids inherent in using thin, rut-resistant layersto repair rutted pavements.
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Of the methods listed above, UTW seems leadt attractive in Alaska at the present time. To
achieve ahigh leve of performance the UTW system should be placed on a 3-inch (75-mm)
thick high-modulus asphalt concrete. The required substantial asphalt concrete supporting
layer plus the norma UTW thickness of 2 to 4 inches (50 to 200 mm) would diminate the
UTW option for dmost dl Alaskan pavements.

Cost estimates for each of the methods are presented in the report. Understand that these cost
figures are intended to provide the reader with some degree of economic insght. They were
derived as areasonably estimated “ sngpshot” in time. Do not expect to see these particular
values show up as actual bid prices on a particular project. And of course the relative cost
picture may aso chenge substantialy at a future time. Such changes will follow changesin

the availability of specid materids as well as the maturity and more common use of one or
more of the technologies.

Vaious methods of life-cyde cost estimation, ranging from very smple to complex, are
available for deciding which repair option to sdect for aparticular location. First, however,
it will be necessary to determine, by field experiment, which of the repair options are viable
given Alaskan conditions.

A few words of caution arein order about projecting cost elements of smal-scale
experimenta sectionsto life-cycde cogs for full-scale projects. Small-scaefied trids often
imply asubgtantial cost pendty inherent in the use of small quantities. The reverse can be
true (morerare) if amaterias supplier or contractor is anxious to generate interest in a
particular technology, and iswilling to subsidize costs of the experimentd section. Neither
pricing Stuation provides useful information for future “red” projects.

6 - RECOMMENDATIONS

Conduct Small-Scale Tests (Experimental Phase of Evaluation)—Establish the
performance viahility of each repair option by congructing experimental sectionsin the
Anchorage and Juneau aress. These experimenta sections can be indaled as part of anorma
construction project under the Experimental Features in Construction program. Contact the
DOT& PF Research Section for more information about initiating, monitoring, and reporting
requirements for experimentd features done under this program. The possible exception to

this recommendation is perhaps the UTW option since most Alaskan pavements do not
provide adequate support for this type of overlay. Micro-surfacing, NovaChip, and SMA type
repairs appear to show promise. SMIAs have been tried in Alaska and have not exhibited
impressve performance. Therefore, SMA pavements recommended here should be designed
to incorporate very hard aggregates. Also include test sections of conventional asphalt

concrete with the aggregate and agphat cement modifications suggested in this report. If the
performance of the test sectionsis not carefully documented, life-cycle cost caculations for
future projects will not bevaid! The DOT& PF Research Section will supervise and archive
al performance reporting done for Experimental Featuresin Construction projects. Evauate
the performance of each experimentd section for aminimum of two to five years—the

longer the better.
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Meaningful congtruction and performance evauations for each rut repair technique require
that each be congtructed to some usefully representative minimum length. In other words,
sectionsthat are too short may not lead to generdly ussful conclusions regarding

congtruction problems or performance. The recommended minimum length for each repair
treatment is 200 feet (60 m), although section lengths of 500 feet (150 m) or longer would be
idedl.

Conduct Full-Scale Repair Trials (I mplementation Phase of Evaluation)—Implementation
will involve gpplying one or more rut repair methods (selected after phase-1 eva uations) to

the entirety of a3-R project. Theintention here isto gpply repair methods to sections large
enough that bid prices will reflect the use of large materids quantities.

After establishing the performance viability of the repair options as Experimental Featuresin
Construction, sdlect severd viable rut repair options for potentia implementation. Produce
competing candidate designs and specifications, i.e., bid options for amoderate to large size
3-R design project. The contractor bid package will include solicitations for construction bid
prices for dl options. The designer will use submitted bid prices to evauate the rd ative cost

of each rut repair option using life-cycle cost methods for each rut repair option. A redistic
life-cycle andysiswill be possble only if the performance of each option can be redidticaly
modeled (how long will each repair treatment last?), and actua bid prices are used. Repair
section lengths of 1 mile (1.6 km) or more are gppropriate for this stage of implementation.

Although these are likely not experimenta sections per se, forma performance evauations
should be done. The project designer and/or DOT& PF Research Section staff member should
be designated to evaluate the performance of each experimenta section for a minimum of

two to five years. Assign the job of doing performance evauations to a specific individud(s),
and set minimum requirements for documentation, or the monitoring will not be done.

Formal reporting should not be necessary—annua performance descriptions (with photos)
should suffice. The DOT& PF Research Section should archive copies of dl performance
documentation. Again, the longest possible evauation period is desirable.

In General—Avoid rgecting the use of high quality agphat concrete components out of
hand. This may be afase economy. The report describes an example where expensive, very
high quality aggregates could sgnificantly improve pavement performance while increasing
the total cost of the paving mixture ardatively smal amount. The example revedsthat a
five-fold increase in the cost of aggregate produces only a 60% increase in the hot mix price.
At afractiond cost increase for the mix, such aggregate may increase the ESAL capacity of
the pavement by afactor of three to four with respect to rutting—a good value. False
economies can be exposed in the light of agood life-cycle analysis where user costs and the
time-vaue agpects of improved long-term performance are redigtically modeed.
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APPENDIX A

Research in Progress

Table A-1 summarizes research efforts reported as active by the Transportation Research
Board as of August 2001. The projects listed below are those that appeared most closely
associated with various rut repair technologies.

Table A-1: Current Research.

Agency * Project Title/Description Contact

Alabama “Evaluation of the NovaChip processin Alabama’ / Holman, F., 205-242-6539
Investigates NovaChip construction process and
evaluates performance at regular intervals.

Cdifornia “Micro-Surfacing Mix Design Procedure” / Establish Mann, Gary, 916-227-7049
optimal mix components and predict performance.

Colorado “Development of Design Guidelines for Thin Ardani, Ahmad, 303-757-
Whitetopping overlays’ / Develop new guidelinesbased | 9978
on observations from existing whitetopping projects.

Colorado “Validation of the Thin Whitetopping Design Procedures | Ardani, Ahmad, 303-757-
in Colorado” / Part of FHWA national effort to validate 9978
new procedures for designing and constructing
whitetopping pavements. Existing whitetopping will be
examined in the field and laboratory studies will be
conducted.

Colorado “Wearing Surfaces’ / Investigating longer lasting wearing | Harmelink, D., 303-757-9518
surfaces to be used for pavement rehabilitation.

Colorado “Stone Mastic (Matrix) Asphalt Flexible Pavements” / Harmdink, D., 303-757-9506
Compare performance of SMA with conventional
pavements. Will look at life-cycle costs, polymer
additives, and a particular cellulose fiber additive.

Florida “Field Assessment and Analytical Modeling Ultra-Thin Tawfig, K., Talahassee, Fl.,
whitetopping” / Assess rehabilitation strategy of laying | No telephone number
whitetopping over old pavement. provided

[llinois “Ultra-Thin Whitetopping of Pavements” / Will Volle, Tessa, 217-782-7200
document performance of whitetopping pavementsin
Ilinois.

[llinois “Evaluation of Stone Matrix Asphalt In-Situ” / Rademaker, M., 217-782-
Determine constructability and applicability of SMAs 1056
using typical lllinois materials and construction practices.

Indiana “Concrete Overlays as a Maintenance Option for Partridge, Barry, 765-463-
Distressed Asphalt Intersections” / Investigate factors 1521
affecting performance of concrete overlays. Ultra-thin
whitetopping (UTW) will be tested using slow-moving
loads under laboratory conditions to determine
performance.

lowa “Bond Enhancement Techniques for PCC Whitetopping” | Harris, G., 515-239-1382

/ Determine techniques that will ensure the bond between
the old asphalt pavement and the whitetopping overlay.
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Table A-1: Current Research.

Agency *

Project Title/Description

Contact

Kansas

“Evaluation of Rutting Potential of Superpave Mixtures
Using the Asphalt Pavement Analyzer” / Correlate
laboratory wheel-load testing of asphalt concrete
specimens with field measurements of rut depth for the
same mixes. Develop test method for evaluating rut
potential of Kansas asphalt concrete pavements.

Fager, Glenn, 785-291-3843

Louisiana

“Laboratory Evaluation of Stone Mastic (Matrix) Asphalt
Pavement Mixtures’ / Evaluate SMA pavements using
local materials and investigate influence of fiber additives
and asphalt cement modifiers on SMA performance.

Paul, H., 504-767-9124

Michigan

“Evaluation of Whitetopping as a Pavement
Rehabilitation Technique” / Determine cost effectiveness
of aPCC overlay for rehabilitating asphalt concrete
pavements. Study will be based on observations of actual
constructed projects.

No contact information

Missi ssippi

“Evaluation of E-Kretefor Filing Ruts’ / E-Kreteisa
locally produced PCC material that may find application
as atype of whitetopping. The material will be tested asa
rut filler on a section of asphalt concrete pavement.

Battey, R., 601-359-7650

Missouri

“Ultra-Thin Whitetopping” / Construct whitetopping test
sectionsin Missouri. Evaluate the performance of the
newly overlaid sections.

Cook, N., 573-526-4320

North Carolina

“Thin Bonded Overlay and Surface Laminates for
Pavements and Bridges’ / Place and evaluate
whitetopping overlays on several roads and bridges, then
evaluate performance.

Biswas, M., 919-715-2465

North Dakota

“Micro-surfacing—A Rut Resisting Material Used as an
Asphalt Rut Filler” / Evaluate micro-surfacing as an
effective rut filler and monitor its ability to resist further
rutting.

Kuntz, C., 701-221-6910

Oregon

“Repair of Rutting Caused by Studded Tires” / Conduct
literature review and perform laboratory testing (using
Scandinavian test methods) to determine best aggregate
for producing SMA pavements.

Edgar, R., 503-986-2846

South Carolina

“Ultra-Thin White Top for Distressed I ntersections” /
Evaluate performance of whitetopping at intersections
that exhibit shoving and rutting problems.

No specific contact person,
803-737-6687

Wisconsin

“Evaluation of Stone Mastic (Matrix) Asphalt (SMA)” /
Evaluate arange of different SMA types. Will evaluate
both organic and inorganic fibers as well as plastic and
elastomer additives. Evaluate constructability and
performance.

Schmeidlin, R., 608-246-
7950

Wisconsin

“Performance Evaluation of Rut Resistant Asphaltic
Concrete Pavement Overlaysin Wisconsin” / Monitor
long term performance of rut-resistant asphalt concrete
mixtures and compare performance with standard asphalt
concrete pavements.

Okpala, D.C., 608-246-7953

National Center
for Asphalt
Technology
(NCAT)

“Evaluation of Fine (4.75mm) SMA Mixes' / Evaluate
and develop mix design procedures for fine SMA mixes.

No specific contact
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Table A-1: Current Research.

Agency * Project Title/Description Contact
NCAT “Evaluation of Field Performance of SMA and Superpave | No specific contact
Pavements’ / Evaluate SMA and Superpave pavements
for performance throughout the U.S.
National “Relationship Between Superpave Gyratory Properties Anderson, The Asphalt
Cooperative and Permanent Deformation of Pavementsin Service” Institute, No additional
Highway (NCHRP 9-16) / Evaluate use of Superpave gyratory contact information
Research Program | compactor to predict rutting.
(NCHRP)
NCHRP “Accelerated Laboratory Rutting tests: Asphalt Pavement | Kandhal, NCAT, No

Analyzer” (NCHRP 9-17) / Evaluate Asphalt Pavement
Analyzer tests for predicting rutting potential of asphalt
concrete pavements.

additional contact
information

* State Department of Trangportation agencies unless otherwise noted.
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APPENDIX B
Some Basic Information Used for Estimating Costs

In 1995 the Oregon Department of Transportation published aliterature review covering the
repair of ruts caused by studded tires *°. The Oregon report proved especialy useful to this
literature review. It was the only research document that contained afairly complete
comparison of costs for various rut repair scenarios that represent state- of-the-art methods
and materids. The information has been updated wherever possible based on genera
literature sources available as of thiswriting.

Rule of Thumb: The minimum placement thickness of al agphdt/aggregate mixtures is about
1.5to 2 times the largest aggregate size (1.5 factor is used mogt often).

Key data used in congtructing portions of the Chapter 2 table titled “Rut Repair Methods and
Cogs’ are;

Unit weight of asphdlt concrete-type materiasis about 150 Ib/ft® (2.40 Mg/n®) (indludes
standard asphat concrete, micro-surfacing, SMA and NovaChip)—according to various
information sources.

Unit weight of the Portland cement concrete used as Ultra-thin whitetopping is about 165
Ibvft® (2.64 Mg/m®)—according to various information sources.

Egtimates of cold-mill planer (surface milling) costs for Juneau and Anchorage—
according to Alaska DOT& PF sources.

Regular asphat concrete contains 5.5% asphat cement (by total weight of mix)—
according to various information sources.

SMA contains 6.5% asphdt cement (by tota weight of mix)—according to Alaska
DOT& PF sources.

Juneau standard asphalt cement @ $380.00/ton ($419.00/Mg), and asphalt cement w/3%
SBS polymer additive @ $450.00/ton ($496.00/Mg) (estimated)—according to Alaska
DOT& PF sources.

Juneau standard asphdt concrete @ $55.00/ton ($61.00/Mg) + cost of asphalt cement—
according to Alaska DOT& PF sources.

Juneau asphalt concrete aggregate @ $10.00/ton ($11.00/Mg)—according to Alaska
DOT& PF sources.

Super aggregate in Juneau @ $40.00/ton ($44.00/Mg) (from Washington State) —
according to Alaska DOT& PF sources.

Anchorage standard asphdt cement (PG 52-28) @ $150.00/ton ($165.00/Mg), and
asphalt cement w/3% SBS polymer additive (PG 58-28) @ $360.00/ton ($396.00/Mg)—
according to Alaska DOT& PF sources.

Anchorage standard asphalt concrete @ $30.00/ton ($33.00/Mg) + cost of asphalt
cement—according to Alaska DOT& PF sources.

Anchorage asphdt concrete aggregate @ $8.00/ton ($9.00/Mg)—according to Alaska
DOT& PF sources.
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Super aggregate in Anchorage @ $50.00/ton ($55.00/Mg) (from Washington State) —
according to Alaska DOT& PF sources.

Cogts for SMA [Anchorage: $45.00/ton ($50.00/Mg) and Juneau: $70.00/ton
($77.00/Mg)] were according to Alaskan DOT& PF sources.

Costs for micro-surfacing and NovaChip were estimated according to literature sources
and recommendations given by suppliers. Costs include estimated Alaskan adjustments.
Costs of whitetopping were estimated according to literature sources, recommendations
given by the American Concrete Pavement Association (ACPA) representatives, and
guotes from Alaskan PCC suppliers.
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