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FOREWORD

Crack sealing and filling on asphalt concrete pavements is a commonly performed highway
maintenaiice operation. The Strategic Highway Research Program’s (SHRP) H-106 crack
treatment study was part of the most extensive pavement maintenance experiment ever
conducted. The information derived from this study will contribute greatly toward advancing the
state of the practice of crack treatments on asphalt-surfaced pavements.

This report provides information to pavement engineers and maintenance personnel on the results
of the II-106 crack treatment experiment. It presents the performance and cost-effectiveness of
various craclk sealing and filling materials and procedures for repairing cracks on asphalt-
surfaced pavements.

This repoit will be of interest to anyone concerited with the maintenance and rehabilitation of
asphalt-surfaced pavements.

T. Paul Teng, P.E.

Director

Office of Infrastructu
Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in the
interest of miformation exchange. The United States Government assumes no liability for its
contents or use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers’ names appear in this report only because they are considered essential to the
object of the document.
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CHAPTER 1. INTRODUCTION

Objectives

Under the Strategic Highway Research Program (SHRP) H-106 maintenance experiment and
the Federal Highway Administration (FHWA) Long-Term Monitoring (LTM) of Pavement
Maintenance Materials Test Sites project, two distinct asphalt concrete (AC) crack treatment
activities were studied: transverse crack sealing and longitudinal crack filling, Both activities are
frequently performed by highway agencies in order to extend pavement life via preventing or
substantially reducing the infiltration of water into the pavement structure.

Several different materials and methods are used in crack treatment operations, some of which
are inherently better than others. In many cases, however, the relative effectiveness of materials
and methods depends on the situations or conditions in which they are used. Several studies have
been conducted in the past to assess the effectiveness of these items. Although these individual
studies have gradually advanced the state of the technology, a more comprehensive investigation,
such as that conducted in SHRP project H-106, has been long overdue.

The primary objective of the H-106 crack treatment experiment was to determine the most
effective and economical materials and methods for conducting crack sealing and crack filling
operations, Secondary objectives included the identification of both performance-related material
tests and quicker, safer installation practices. Toward these ends, a total of four transverse crack-
seal test sites and one longitudinal crack-fill test site were constructed throughout the United
States and Canada between March and August 1991, The general locations of these test sites are
shown in figure 1.

Scope

This report covers all aspects of the crack treatment portion of the H-106 maintenance study.
The various aspects of planning, installing, and evaluating the experimental crack treatment sites
constructed in the project are discussed in chapters 2, 3, and 4. An in-depth performance analysis,
conducted for the purpose of establishing useful trends or relationships among installation,
laboratory testing, and field performance, is presented in chapter 5. Chapter 6 summarizes the
preliminary findings and recommendations.

Project Overview

As stated previously, this project focused on both transverse crack sealing and longitudinal
crack filling operations. By definition, crack sealing is the placement of specialized materials into
and/or above "working" cracks in order to prevent the intrusion of water and incompressibles into
the cracks ("working" cracks refer to cracks that undergo significant amounts of movement,
generally > 2.5 mm). Crack filling, on the other hand, is the placement of materials into "non-
working" cracks to substantially reduce water infiltration and reinforce adjacent cracks.

1



Prescoft,

Figure 1. AC crack treatment test site locations.



Because of the predominant interest in, and need for, longer lasting crack sealants, the emphasis in
this study was placed on crack sealing,

In the experiment, several different treatments were applied and evaluated for performance
over several years. The test sites containing the treatments were located on two- and four-lane
highways of moderate traffic volume, representing four fundamental climatic regions, as shown in
figure 1: dry-nonfreeze, dry-freeze, wet-nonfreeze, and wet-freeze. In order to examine the
effects of ambient weather conditions during sealing operations, the site at Wichita, Kansas
consisted of an ideal-conditions test lane and an adverse-conditions test lane. These two lanes
were located adjacent to one another.

The basic character of each test site was formulated in the SHRP H-105 project and finalized
just prior to the SHRP H-106 installations, In all, 10 material products were placed in the
transverse crack-seal sites and 6 material products were placed in the longitudinal crack-fill site.
Table 1 presents the entire list of materials, both primary and state-added, that were installed in
the experiment.

The installation methodology for a particular material involved: (1) the configoration in which
the material was placed and (2) the method of crack preparation. Figure 2 shows the eight

Table 1. List of material products installed in H-106 crack treatment experiment.

———

Product

Material Type Test Site Locations

Rubberized Asphalt

Meadows Hi-Spec® Abilene, TX; Elma, WA; Wichita, KS
Des Moines, JA
Crafca RoadSaver® (RS) 515 Rubberized Asphalt .
Koch 9030 Low-Modulus Rubberized Asphalt "
Meadows XLM Low-Modulus Rubberized Asphalt !
Kapejo BoniFibers® + AC Fiberized Asphalt !
(AC-20)
Dow Comning® 890-SL. Self-Leveling Silicone ;

85-100 Penetration-Graded AC Asphalt Cement Prescott, ON
Witco CRF® Emulsion "
Crafco AR2 Asphalt Rubber "
Hercules Fiber Pave® + AC Fiberized Asphalt "
&_ (85-100 Pen. Graded)
Crafco RS 211 Rubberized Asphalt Elma, WA; Prescott, ON
Crafco AR+ Rubberized Asphalt Wichita, KS
Koch 9000- Asphalt Rubber "
Elf CRS-2P Emulsion Des Moines, A
Hy-Grade Kold Flo Rubberized Emulsion Prescott, ON




mm 76 ram 25I mnil 2.':; mnl\ 76 mm 25mm

Configuration C Configwration D
Shallow Recessed Band-Aid Sirnple Bund-Aid
16 mm
’ —

Conflguration E Configuration F
Deep Reservolr-and-Recess Stundard Reservoir-and-Recess

Conflguration G Configuration H
Sisple Finsh-Fill Capped

Figure 2, Material placement configurations for AC crack treatments,
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placement configurations employed (designated A through H), while table 2 lists the seven crack
preparation procedures used (designated 1 through 7). Altogether, 13 unique installation methods
were implemented. These methods are, herein, presented as A-3, D-4, E-6, etc.

Table 3 provides a complete matrix of the treatments applied at each site. As can be seen,
some materials were placed using only one method, while others were placed using several
methods. A total of 31 distinct treatments were applied in the experiment, several at multiple
locations.

Test Site Characteristics

1-20. Abilene, Texas

This crack-seal test site, representing the dry-nonfreeze climate, was located between
mileposts 278 and 282 in the westbound driving lane of Interstate 20 near Abilene, Texas (see
figure 3). The pavement section was originally constructed in the mid-1960s using 76 mm of AC,
203 mm of crushed limestone base, and 406 mm of crushed caliche subbase placed on a 152-mm
lime-stabilized subgrade. A 64-mm AC overlay with a geofabric interlayer was placed in 1989.

Pavement condition at the time of installation was fairly good. Transverse cracks were the
only significant form of distress present. These cracks were typically about 3 mm wide and were
spaced faitly regularly—between 15 and 18 m, Very little spalling and secondary cracking was
observed along the transverse cracks, '

Table 2. Crack preparation procedures included in H-106 crack treatment experiment.

I Desiéaﬁon Crack Pr;aration Procedure l
1

None—no cleaning and no accessory materials (e.g., backer materials)

2 Wirebrushing—crack channels cleaned with mechanical wire brush followed by
high-pressure air compressor

3 Hot airblasting—crack channels cleaned, dried, and heated with hot compressed-
air (HCA) lance connected to high-pressure air compressor

4 High-pressure airblasting—crack channels cleaned with high-pressure compressed
air

5 High-pressure airblasting and backer rod—crack channels cleaned with high-
pressure compressed air; backer rod placed at bottom of crack reservoir

6 Sandblasting and backer rod—crack channels cleaned with light application of
sandblasting followed by high-pressure airblasting; backer rod placed at bottom of
crack reservoir

7 Sandblasting and backer tape—crack channels cleaned with light application of
sandblasting followed by high-pressure airblasting; backer tape placed at bottom of
crack reservoir

. aumd ]




Table 3. Summary of crack-seal and crack-fill installations.

State/Province Installed o _:l.i
T;Ae:ttrncﬁ::;t (con ﬁguﬁﬁgﬁiﬁoc edure) Texas | Kansas | Washington; ITowa I Ontario
Meadows Hi-Spec A-2 v
A-3 v i v v
B-3 v v v v
C3 v v
D-3 v v v v
D4 v v v v
Crafco RS 515 B-3 v ' 4
C-3 v v
D-3 'l ' v v
Koch 9030 B-3 v v 'l
C3 v v
D-3 v v s v
Meadows XLM B-3 'l d 'd
C-3 v v
D-3 v v v v
Kapejo BoniFiber + AC D-3 od d v v/
Dow 890-SL E-5 v v v v
B-6 S
F-7 v
Crafco AR+ B-3 v
Koch 9000-8 B-3 '
Elf CRS-2P G-4
Crafco RS 211 B-3
H4
AC G-1
G4
Crafco AR2 D4
G4
Hercules Fiber Pave + D4
AC
Witco CRE G4
Hy-Grade Kold Flo G4
Configuration Preparation Procedure
A. Standard Reservoir-and-Flush 1. None
B. Standard Recessed Band-Aid 2. Wire Brush and Compressed Air
C. Shallow Recessed Band-Aid 3. Hot Compressed-Air Lance
D. Simple Band-Aid 4. Compressed Air
E. Deep Reservoir-and-Recess 5. Light Sandblast, Compressed Air, and Backer Rod
F. Standard Reservoir-and-Recess 6. Compressed Air and Backer Rod
G. Simple Flush-Fill 7. Light Sandblast, Compressed Air, and Backer Tape
H. Capped



Figure 3. Abilene, Texas transverse crack-seal test site.

Two-way traffic on this four-lane interstate facility, as recorded in 1988, was approximately
19,900 vehicles per day (vpd). Data on the percentage of trucks were not available, but it was
estimated to be fairly high—in the vicinity of 15 to 20 percent. Assuming a directional
distribution of 50 percent and a lane distribution of 60 percent, the amount of traffic traversing the
test site (i.e., the westbound driving lane) was estimated to be nearly 6,000 vpd.

The mean annual precipitation at the Abilene site is about 600 mm (U.S. Dept. of Commerce,
1983). Mean annual monthly temperatures range from 7°C to 29°C, and the mean number of
days with minimom temperatures below 0°C is about 45 (U.S. Dept. of Commerce, 1983).

WA 8. Flma. Washington

This wet-nonfreeze crack-seal test site was located between mileposts O and 7.25 in the
eastbound passing lane of Washington State Route 8 near Elma, Washingon (see figure 4). The
pavement section was originally constructed in 1964 as a full-depth AC pavement. An AC
overlay in the mid-1980s brought the total depth of AC to 229 mm.

When this road was selected as a crack-seal site, overall pavement condition was fairly good.
Transverse cracks were present, typically at 23 to 31 m. The cracks, ranging between 3 and 6
mm wide, were accompanied by very few spalls and secondary cracks. Some rutting was evident
in the wheelpaths, but usually to depths no greater than 6 mm.,
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Figure 4. Elma, Washington transverse crack-seal test site.

During the winter and early spring of 1991, the surface course in the driving lane of this four-
lane divided highway experienced some severe delamination due to heavy freeze-thaw cycles.
The deterioration was sufficient to warrant full-depth repairs and the placement of a chip seal in
this lane over much of the section. Hence, the original idea of sealing both lanes to investigate the
effects of traffic on sealant performance had to be abandoned and only the cracks in the passing
lane were sealed.

Two-way traffic on this facility in 1990 was approximately 14,000 vpd, 9 percent of which
was truck traffic. No lane-traffic distributions were obtained; however, estimates from the field
indicated that no more than 40 percent of the traffic occupied the passing lane, which is where the
experimental seals were located. Assuming a directional distribution of 50 percent, the maximum
amount of traffic passing over the test site was estimated to be 2,800 vpd, easily making it the
lowest trafficked site.

The mean annual precipitation at the Elma site is about 2,450 mm (U.S. Dept. of Commerce,
1983). Mean annual monthly temperatures typically range between 5°C and 21°C, and the mean
number of days with minimum temperatures below 0°C is about 90 (U.S. Dept. of Commerce,
1983).

KS 254, Wichita, Kansas
This crack-seal site, representing the dry-freeze climatic zone, was located between mileposts
4.5 and 10.2 of Kansas State Route 254 near Wichita, Kansas (see figure 5). The eastbound lane

of this two-lane highway represented the ideal-conditions lane, while the westbound lane
represented the adverse-conditions lane. The date of original construction for this pavement
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Figure 5. Wichita, Kansas transverse crack-seal test site.

section was not available; however, it was constructed as a full-depth AC pavement. In the
summer of 1989, rehabilitation was performed by milling off 38 mm of the AC surface and placing
a blend of recycled and new AC to a depth of 76 mm. Hence, the final cross section was
composed of 305 mm of AC.

As with the Abilene site, pavement condition at the time of installation was fairly good.
Transverse cracks, between 3 and 5 mm wide, were typically spaced between 18 and 25 m apart.
Some of the transverse cracks exhibited a considerable degree of secondary cracking. To the
extent possible, these cracks were excluded from the experiment.

Two-way traffic on this undivided highway was estimated in 1988 to be 7,000 vpd, with 13
percent trucks. However, judging from observations made during the installation and 10
subsequent field inspections, this figure was believed to be considerably higher. Based on the
7,000-vpd estimate and assuming a directional distribution of 50 percent, the amount of traffic
traversing each test site was at least 3,500 vpd.

The approximate mean annual precipitation at the Wichita site is 810 mm (U.S. Dept. of
Commerce, 1983). Mean annual monthly temperatures range from 1°C to 27°C, and the mean
number of days below (°C is about 112 (U.S. Dept. of Commerce, 1983).



1-35. Des Moines. lowa

The location of this wet-freeze crack-seal site was between mileposts 93 and 102 in the
northbound driving lane of Interstate 35 near Des Moines, Iowa (see figure 6). The pavement
section was originally constructed in 1965 with 254 mm of jointed reinforced concrete (JRC)
pavement placed on a 102-mm granular subbase. The joints were doweled and spaced 23 m
apart. In 1988, some partial- and full-depth patching was done, followed by the placement of a
102-mm AC overlay.

By the time this experimental site was installed, most of the transverse joints had reflected up
through the overlay. Several of the reflective cracks had been treated in 1989 with an emulsion
material, of which only traces remained. On average, transverse cracks were 2 to 4 mm wide and
were accompanied by some spalls and secondary cracks. Some longitudinal cracks were present
along the lane—shoulder joint.

Two-way traffic on this four-lane facility was estimated in 1990 to be 20,700 vpd, with
approximately 20.5 percent trucks. Based on a 50 percent directional distribution and a 60
percent lane distribution, more than 6,200 vpd crossed over the test site (i.e., the northbound
driving lane).

Mean annual precipitation at the Des Moines site is about 840 mm (U.S. Dept. of Commerce,
1983). Mean annual monthly temperatures range from -6°C to 24°C, and the mean number of
days below 0°C is about 140 (U.S. Dept. of Commerce, 1983).
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Figure 6. Des Moines, Iowa transverse crack-seal test site.
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The longitudinal crack-fill test site, constructed in the wet-freeze climate, was located between
kilometerposts 716 and 718 in the eastbound lane of Highway 401 near Prescott, Ontario (see
figure 7). The date of original construction for this pavement section was not available; however,
the section was constructed as a 230-mm jointed plain concrete (JPC) pavement placed on 305
mm of granular subbase, In 1979, a 127-mm AC overlay was placed on the existing concrete
surface.

Transverse reflective cracks had developed in both lanes in the mid-1980s, at which time they
were sealed with a hot-applied rubberized asphalt. A fair percentage of these seals were observed
to have failed at the time the crack-fill experiment was installed. The longitudinal centerline crack
sealed in this experiment typically ranged from 3 to 5 mm wide. Some segments of the crack
were spalled or potholed, and tight alligator cracks ran along much of the crack length.

The two-way traffic for this four-lane divided highway was estimated in 1991 to be 12,000
vpd. The percentage of trucks was not available; however, it was believed to be at least 12
percent. Because of the location of the longitudinal crack, very little traffic crossed the crack-fill
treatments.

Mean annual precipitation at the Prescott site is about 850 mm (U.S. Dept. of Commerce,
1983). Mean annual monthly temperatures range from -7°C to 21°C, and the mean number of
days below 0°C is about 140 (U.S. Dept. of Commerce, 1983).
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Figure 7. Prescott, Ontario longitudinal crack-fill test site.
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CHAPTER 2. TEST SITE INSTALLATIONS

After an extensive 4-month search in which 38 potential test sites were field-reviewed,
primary and backup test sites were selected in February 1991 (except for the crack-fill site, which
was selected in June 1991). These sites were selected based upon an overall rating of numerous
characteristics, including the quantity and appropriateness of distress, the uniformity and future
availability of the pavement section, and the ability and willingness of the local maintenance force
to participate in the study.

The field installation process began in March 1991 with the Abilene test site and concluded in
August 1991 with the Prescott test site. Upon completion, roughly 6,710 m of cracks were
treated with the experimental materials.

Table 4 summarizes basic information regarding the layout and construction of each test site.
As can be seen, each test site typically took between 1 and 2 weeks to lay out and construct. The
actual time required at each site depended on the weather conditions encountered, the length of
the test site, the number of materials that were to be placed, and the available resources of the
participating agencies. For instance, at the 1.6-km Prescott test site, five materials—two of which
were cold-applied emulsions—were placed in 2 working days. In contrast, the two subsites at
Wichita, each greater than 8 km long, took nearly 14 working days to construct. Eight materials
were placed at each of these subsites, and a few days of inclement weather were experienced.

For the most part, the installations followed the procedures and criteria described in the SHRP
H-106 Experimental Design and Research Plan (EDRP) (Evans et al., 1991). However, a few
changes were made prior to and during the H-106 field installations, These included:

® Reduction in reservoir width for configurations A, B, and E (from 19 mm to 16 mm).

® Incorporation of two "no seal” test sections at Des Moines.

Table 4. Test site construction information.

Test Site Duration Total Number of
Participating (Layout and Layout and
Test Site Location Type Agency Activity Construction} Construction Days
|
1.20, Abllene, TX 4-lane interstate | Texas State Dept. Transverse 3/20/91 - 312791 5
of Highways and | crack sealing
Public Trans.
KS$ 254, Wichita, KS 2-lane highway Kansas DOT Transverse 4/10/91 -5/2/91 10
crack sealing
‘WA 8, Elma, WA 4-ane highway | Washington State Transverse 4/22/91 - 4/27/91 3
DOT crack sealing
135, Des Moines, IA 4-lane interstate Iowa DOT Transverse 530/91 -6/781 5
crack sealing
Hwy 401, Prescott, ON 4-lane highway | Ontario Ministry of | Longitudinal { 8/28/91 - 8/29/91 2
Jmnsportation  {  crack filling
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® Modification of installation methods for two Dow Corning 890-SL sections at Wichita
adverse-conditions subsite (methods E-6 and F-7 were used instead of inethod E-5).

® Incorporation of six supplemental (State-added) material products for performance
evaluation (see table 1).

® Incorporation of six additional test sections at Des Moines for investigating the
performance of RS 515, 9030, and XI.M sealants placed in configuration B.

Nearly every experimental treatment was replicated twice in the field to increase the statistical
validity of performance analyses. The exceptions to this were the two Dow Corning 890-SL
sections located in the Wichita adverse-conditions subsite. Here, methods E-6 and F-7 were used
in one section each, replacing the two sections allotted for method E-35.

Test Site Arrangements

Once each site was selected and approved for use, efforts were made to determine the
resources needed for complete installation of the various test sites. This entailed the estimation of
material requirements and a knowledge of the manpower and equipment available at each
participating agency. For instance, one agency did not have access to a hot compressed-air lance;
therefore, arrangements had to be made with an equipment manufacturer to lease one.

Initial material estimates were made based on the number of sections testing each material and
the application rates associated with the various material configurations. A 25 percent wastage
factor was then applied to each material estimate. After conversations with manufacturers and
expert consultants, the hot-applied material estimates were again increased to ensure proper
functioning of the asphalt kettle units and to reduce the likelthood of material overheating. A
sufficient amount of material in the kettle vat helps safeguard against heating and application
problems.

To further inform participating agencies about what to expect during the installations, layout
and construction plans were prepared and sent to the project supervisors at each agency. These
plans presented the scope and objectives of the project and outlined the responsibilities of the
participating agency and the SHRP contractor. Conceptual maps illustrating the proposed layout
of test sections for treatments also were included in this document. Several copies of these maps
were later made and distributed to field maintenance supervisors to assist them in coordinating the
installations.

Installation Process

The sequence of activities during each test site installation was rather straightforward. Each
experimental installation consisted of three primary phases:

1. Test site layout.

2. Imitial crack preparation (i.e., crack cutting).
3. Final crack preparation (i.e., crack cleaning) and material placement.
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Before any cracks could be prepared or material installed, the experimental test sections had to be
laid out. Furthermore, since detailed inspection and documentation of cut cracks was required,
the crack-cutting phase was conducted separately from the crack-cleaning and material-placement
phase.

T iteL

The location of the experimental test sections at each site depended on the highway facility
type and the constraints associated with the pavement section. As seen in table 4, all of the sites
except Wichita were four-lane facilities. Additionally, with the exception of Elma, the
experimental test sections at each site were established in the outside lane (i.e., the driving lane).
At Elma, the inside lane (i.., the passing lane) had to be used because of surface delaminations
that occurred in the driving lane shortly before the scheduled installation.

The first phase in each experimental installation involved conducting a pavement survey and
laying out the site. A cursory inspection of the cracks was made first to determine which were
suitable for inclusion in the experiment. The criteria differed for transverse and longitudinal
cracks. Suitable transverse cracks had to be full-lane-width cracks, accompanied by minimal edge
deterioration (i.e., spalls, secondary cracks). Suitable longitudinal cracks, on the other hand,
could be accompanied by a greater amount of edge deterioration, When suitable cracks were
identified in the field, they were marked and numbered with spray paint.

Crack-seal treatments assigned to each test site were implemented in test sections consisting
of 10 suitable transverse cracks. The test sections were arranged in random order to form a test
replicate (see appendix A for the sequence of sections at each test site). This replicate of test
sections was repeated so that two sets of each treatment were applied, as shown in figure 8. This
design was also used at the crack-fill site, except that the test sections consisted of twelve 7.6-m
divisions of continuous longitudinal centerline cracks. Crack-seal test sites ranged from 5.6 to
14.5 km long, depending primarily on the crack spacing and the number of sections proposed for
each test site. The longitudinal crack-fill test site was approximately 1.6 km long.

Often, partial lane-width cracks and considerably deteriorated cracks were encountered in the
crack-seal test sites. These cracks were either sealed with the experimental materials during
installation or were sealed after installation using whatever material was available. However,
treatments for these cracks were not evaluated.

Permanent marking tape was used on the shoulders to mark the test section boundaries. A
three-digit code designating the treatment type used in the adjacent section was then spray-
painted next to the strips of marking tape.

After each test site was laid out, the test sections, experimental cracks, and important
permanent fixtures (i.e., milepost markers, bridges) were stationed. The stationing served as a
mapping reference in the event that remarking became necessary as a result of the paint fading
over time,
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At the crack-seal sites, a detailed inspection of experimental cracks 3 through 10 in each test
section was performed. This inspection involved sketching the general pattern of each crack and
recording the location(s) of deteriorated segments as a function of lane position (see figure 9). A
similar, less-intensive inspection was done on experimental cracks 5 through 12 in each section at
the crack-fill site. Since the longitudinal cracks were much straighter and more deteriorated, only
the excessively wide or potholed crack segments were identified and recorded.

The next step in the layout phase involved the placement of Parker-Kalon® (P-K) nails to
monitor horizontal crack movement throughout the year. The nails were driven flush into the
pavement on each side of, and perpendicular to, experimental cracks. The nail heads were
dimpled so that accurate measurements with a caliper could be taken during the installation and
during each subsequent evaluation.

At the crack-seal sites, the nails were installed near the center of the experimental lane,
roughly 138 mm on each side of the last eight experimental cracks in each test section. At the
crack-fill site, only two sets of nails were installed in each section. This was because little
movement was anticipated and the variation in movement along the entire crack was expected to
be small. With the exception of the Prescott site, this proved to be the most time-consuming step
in the layout phase, occasionally taking more than a full day to complete.
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Figure 9. Initial inspection sketch of transverse crack.
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Although efforts were made during each layout to achieve uniformity among test sections, a
final cursory survey was performed at each site to identify and record any global distresses (e.g.,
rutting, raveling) or localized features (e.g., drainage structures, superelevation) that could bias
performance results,

Initi k Pr ion

The next step was initial crack preparation or crack cutting. This phase, although labor-
intensive, was rather simple and straightforward. Two two-person crews were usually
deployed—one to cut the cracks and one to blow debris off of the roadway. In some cases, the
machine operators were switched periodically for physical relief or training purposes. In the latter
case, only productivity was sacrificed.

Project staff regularly checked work quality to the extent possible by measuring reservoir
dimensions and inspecting the operator's ability to follow cracks with the router or saw.

Between 1 and 2 days of crack cutting was typical at each site. Lane closures were
established for the cutting operations at Abilene, Elma, and Des Moines. At Wichita, temporary
construction zones were set up using signs and flagmen.

Fin k Pr ion and Material Placemen

In the final phase, maintenance crews cleaned cracks and installed the experimental materials.
The crack-cleaning operation generally preceded the material installation operation by 3 to 5
minutes or 15 to 30 m. This gave the project staff time to monitor the crack-cleaning activity. In
most cases, the crack-cleaning crew had to be restrained from getting too far ahead of the
installation operation.

At crack-seal sites, one of four methods were used for final crack preparation, depending on
the sealant material that was installed. Sections where hot materials were applied were generally
airblasted either with hot compressed air or conventional compressed air (preparation procedures
3 and 4, respectively). Two Hi-Spec sections at Des Moines used a combination of wirebrushing
and compressed air (preparation procedure 2). Silicone sections involved more detailed
preparation; crack reservoirs were lightly sandblasted and cleaned with compressed air, and then
backer rod was installed. Crack preparation at the crack-fill test site consisted primarily of
conventional airblasting.

At the Wichita adverse-conditions subsite, the weather conditions often had to be artificially
produced. This meant that water had to be poured into and over experimental cracks and then
allowed to permeate the crack for a short time (approximately 5 to 10 minutes) prior to the
cleaning/drying operation.

The manner in which experimental products were installed depended upon the type of

material. Hot-applied materials were applied to cracks using the applicator system affixed to
kettle units. This system consists primarily of a pump, hose, and wand. Cold-applied asphalt
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materials were placed using hand-held pour pots, and self-leveling silicone was dispensed from
0.9-L cartridges using either manual or air-powered caulking guns.

Once applied into or over the crack channels, asphalt materials were molded into desired
configurations using the appropriate squeegees. The squeegees were generally run between 0.6
and 3.0 m behind the material applicator, depending on the material viscosity at placement. No
finishing was required for the self-leveling silicone product.

In order to minimize tracking, traffic control had to be maintained long enough for the
treatments to solidify or form a protective skin. On a couple of occasions, maintenance vehicles
(e.g., trucks pulling arrow boards, crash attenuator trucks) followed too closely behind the
installation operation, causing some of the materials to be tracked.

Cleanup

After completing the installation of one hot-applied material, the asphalt kettle used in the
installation had to be cleaned for preparation and application of the next hot-applied material,
This meant first pumping as much of the old material out of the unit as possible. A few blocks (34
to 45 kg) of the next material to be installed were then loaded into the kettle vat and heated to
application temperature. This material, mixed with remnants from the previous material, was then
pumped from the vat and properly disposed. As a result, contamination by the previous material
was all but eliminated and the kettle was prepared for formal loading and heating of the next
material.

The cleanup associated with the fiberized asphalt materials was arduous and time-consuming,
Therefore, these materials either were placed last (in cases where only one kettle was available),
or were placed using a separate kettle.

Materials
Rubberized Asphalt

The hot-applied, rubberized asphalt product Meadows Hi-Spec served as the control sealant
material for the transverse crack-seal experiment. Nearly one-third of the treatments at each site
involved the use of Hi-Spec, as seen in table 3 of chapter 1.

Hi-Spec came packaged in 22.6-kg boxes, each containing two 11.3-kg blocks of sealant.
These blocks were loaded into the kettles and heated to temperatures between 200°C and 210°C.
Although the manufacturer advised avoidance of prolonged heating or cverheating to prevent '
decomposition, Hi-Spec was reported to be a little less sensitive to temperature than other hot-
pour materials. Nevertheless, no heating problems were observed during the installations.

Even though Hi-Spec was placed in four different formats (configurations A, B, C, and D),
the procedures used were similar, For cut cracks, the sealant was placed from the bottom up,
overfilling the reservoir to the extent necessary for either flush or band-aid squeegeeing. For
uncut cracks, enough sealant was applied to the crack to form the desired band dimensions with
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the band-aid squeegee. Figures 10 and 11, respectively, illustrate the Hi-Spec reservoir-and-flush
and band-aid configurations employed.

Hi-Spec treatments were not without construction problems. Unanticipated down time at the
Abilene site created a situation in which Hi-Spec had to be reheated for application the next day.
Most of its original quality, however, was believed to have been retained by loading additional
blocks of material during the reheating process.

Several Hi-Spec treatments at Wichita and Elma were subjected to considerable amounts of
bubbling. This bubbling occurred in both airblasted and hot-airblasted test sections and was
believed to have been the result of capillary moisture emanating from saturated base layers, It
was observed more in the uncut crack sections where the cleaning/drying operation was less
effective because of the small crack channels. In order to minimize the bubbling, airblasting
operators were instructed to be more meticulous in drying the cracks. Roughly 15 to 20 minutes
of curing time typically was needed for the Hi-Spec.

Modified Rubberized Asphalt

The three modified rubberized asphalt products (Crafco RS 515, Koch 9030, and Meadows
X1.M) were placed at each site using identical configurations and crack preparation procedures.
Final crack preparation was accomplished using the heat lance, and configurations B, C, and D
were employed, although not at every site.

Sealants RS 515 and 9030 came packaged in boxes, each containing two 11.3-kg blocks.
Meadows XLM, on the other hand, came packaged in pails containing one 19.1-kg block, which
made loading more difficult. Recommended heating temperatures for these products ranged from
177°C to 188°C for XLM and 193°C to 204°C for RS 515. While these heating temperatures
were similar to these required for Hi-Spec, the softer asphalt bases necessitated closer
temperature monitoring.

Heating problems for these products generally were avoided. The only severe overheating
that occurred in the experiment took place at Abilene, where XLLM was inadvertently heated to
temperatures exceeding 204°C. Unfortunately, additional material was not available to replace the
overheated batch. Although some gelling was noted, it was not significant. Most noticeable was
the appearance of microbubbles in this sealant during placement.

As with Hi-Spec, some of these sealants experienced substantial bubbling during installation.
At Elma, XLM and 9030 sustained considerable bubbling, and at Wichita, RS 515 bubbled. In
each case, the exposed crack channels were dry; however, base layers were at least partially
saturated, which is a condition conducive to capillary action,

Overall, application and finishing of these materials were quite similar. Occasionally, the
viscosity of the products and the size of the crack reservoirs necessitated immediate
reapplications. In these instances, sealant from the original application sank deep into the crack
and left insufficient material at the surface to form the desired configuration.
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Figure 11. Hi-Spec simple band-aid configuration (configuration D).
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Although traffic control was normally maintained for at least 30 to 60 minutes after each test
section installation, these sealants usually cured 15 to 20 minutes after placement.

Fiberized Asphalt

Two types of fiber materials were installed in this experiment: Kapejo polyester fibers
(BoniFibers) and Hercules polypropylene fibers (Fiber Pave 3010). Both were mixéd with asphalt
cement obtained from a local distributor. The blend of polyester fibers and AC-20 was placed at
the five transverse crack-seal sites, while the blend of polypropylene fibers and 85-100
penetration-graded AC was placed at the longitudinal crack-fill site.

Polyester fiber came packaged in 9.1-kg bags, three per box. The fiber was pre-weighed (5
percent by weight of asphalt) at the maintenance yards and added on site to the asphalt cement,
which was kept heated in the kettles (see figure 12). The entire process of adding the fibers,
thoroughly mixing the components, and heating to the application temperature usually took
between 1 and 2 hours, depending on the melter unit agitation system. Units with full-sweep
agitation capabilities greatly expedited preparation.

The placement of BoniFiberized asphalt was standard at each test site. Final crack preparation
was accomplished using the heat lance and the product was placed in the simple band-aid
configuration. Application from some kettle units was occasionally difficult. For example, the
unit used at Elma had poor pumping capabilities, and when the material temperature was not
properly maintained, the hose clogged. This occurred twice; both times a torch was required to
unclog the hose.

Figure 12. Addition of BoniFiber polyester fibers to asphalt cement.
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Curing time, with respect to all the other experimental materials, was perhaps lowest with this
product because of the lower application temperature. Although traffic control was generally
maintained for at least 30 to 60 minutes after placement, only 10 to 15 minutes were actually
necessary.

As for construction deficiencies associated with this product, considerable bubbling did occur
at the Elma and Wichita test sites. Again, water in the pavement system was believed to have
caused most, if not all, of the bubbling,

Fiber Pave came packaged in 16.3-kg bags. As before, the fiber was pre-weighed (7 percent
by weight of asphalt) at the maintenance yard and then added to the asphalt cement on site.
Although AC-20 was originally planned, a softer asphalt (85-100 penetration-graded asphalt
cement) was used because of the climate.

Two replicate sections of Fiber Pave asphalt were constructed at the Prescott site. In both
sections, cracks were blown clean using compressed air, and the fiberized asphalt was placed in
the simple band-aid configuration.

The sensitivity of the Fiber Pave polypropylene fibers created some interesting problems
during preparation. Since this particular type of fiber melts at temperatures above 150°C, the
asphalt cement had to be kept below this temperature throughout preparation and application.
This was a difficult task, given that the kettle used did not have a full-sweep agitation system or
adequate pumping capabilities. In fact, in the first attempt to mix the fibers with the asphalt, the
asphalt was heated above 150°C to foster the mixing process. This, of course, melted the fibers
and the batch had to be discarded.

Preparation of the second batch was controlled more carefully. While it took significantly
longer to mix (2 to 3 hours), a satisfactory product was obtained. The subsequent application
also was successful, despite the strain placed on the kettle unit's pump.

Self-Leveling S