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FOREWORD

Joint sealing and resealing on portland cement concrete pavements is a commonly performed
highway maintenance operation. The Strategic Highway Research Program’s (SHRP) H-106
joint reseal 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 joint sealing and resealing on portland cement concrete pavements.

This report provides information to pavement cngineers and maintenance personnel on the results
of the H-106 joint reseal experiment. It presents the performance and cost-effectivencss of
various joint scalant materials and procedures for sealing joints on portland cement concrcte
pavements.

This report will be of interest to anyone concerned with the maintenance and rehabilitation of
portland cement concrete pavements.
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T. P&l Teng, P.E.

Director

Office of Infrastructure
Research and Development

NOTICE

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

The United States Governiment 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

The resealing of joints in concrete pavements is a common maintenance activity performed by
many State and local highway agencies. The purpose of joint resealing is to reduce the amount of
water entering a pavement structure and to prevent the filling of joints with incompressible
materials. Water entering a pavement structure through joints can lead to pumping, faulting, base
and subbase erosion, and loss of support. Incompressible materials filling pavement joints can
result in joint spalling, blowups, buckling, or shattered slabs. Although joint resealing is a
common maintenance practice, premature seal failure is frequently experienced, leading to
additional repair and expenditure.

To address the merits and deficiencies of current joint resealing materials, designs, and
practices, the Strategic Highway Research Program (SHRP) and the Federal Highway
Administration (FHWA) consecutively sponsored one of the most extensive joint seal
investigations ever undertaken. In the spring and summer of 1991, five joint resealing test sites
were installed throughout the United States (U.S.) under the SHRP H-106 project (Innovative
Materials Development and Testing) using various materials and installation methods under a
range of climatic conditions. Periodic, intensive performance evaluations were conducted until
the completion of that project in March 1993. Believing that additional information could be
obtained from these test sites, the FHWA authorized a follow-up project (Long-Term Monitoring
[LTM] of Pavement Maintenance Materials Test Sites) in September 1993, which provided for
continued annual test site evaluation through 1997,

In this study, the goal of improving the performance of joint resealing materials and methods
was approached from three directions, each having a specific objective. A primary objective of
the study was to evaluate the relative performance of selected sealant materials in joint resealing
projects based on carefully designed and controlled field installations. A second objective was to
determine the effect of selected sealant configurations, or installation methods, on sealant
performance, based on the results of the field installations. A last major objective was to identify
sealant material properties and tests that correlate well with field performance. The effect of joint
seal performance on pavement life was not addressed in this study.

Direct results expected from the study included the length of time that each sealant material
effectively functions under conditions representative of each climatic region in the United States
and Canada. Also, the sealant installation methods that allow sealant materials to perform
adequately for the longest period of time were to be identified. Finally, a better understanding of
specific material properties and tests that correlate well with field performance was expected.
Production and cost information collected during installation of the test sites, along with field
service life data, was intended to allow comparison of each material and installation procedure
based on cost-effectiveness.

In the spring of 1991, joint resealing test sites were installed in five U.S. States in four climatic
regions under the SHRP H-106 project. The intent was to compare the performance of different
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sealant materials and various installation methods, The materials and methods used in this project
were those identified under the SHRP H-105 project (Smith et al., 1991). Regular evaluation of
the performance of the sealants used at these test sites continued under the SHRP H-106 and
FHWA LTM project through the fall of 1997.

Scope

This report describes the several phases of the joint resealing study, beginning with a
discussion in chapter 1 of the materials and methods used, as well as descriptions of the selected
test sites. Details of the installation of materials at each test site are described in chapter 2,
including pre-installation measurements, joint preparation and sealant placement procedures,
production rates, and other observations. Included in chapter 3 are descriptions of the laboratory
tests performed on the sealant materials and discussions of the results of these tests. Summaries
of the field performance data collected in the 82 months after test site installation are shown in
chapter 4, noting the types of sealant system distress observed and the amount of overall failure
for each material to date. Chapter 5 summarizes the analysis of field and laboratory performance,
including a discussion of the methodology used for statistical analysis. Lastly, the observations
and recommendations from the study to date are presented in chapter 6.

Project Overview

Between April and June 1991, a total of 1,600 joints were resealed at S test sites using 12
sealant materials and 4 methods of installation. As seen below and in figure 1, the sites were
located on moderate to high-volume, four-lane highway or interstate pavements in four climatic
regions. Two sites were constructed in the wet-freeze region to compare the effect of short- and
long-jointed pavements on sealant performance.

e Interstate 17—Phoenix, Arizona Dry-nonfreeze region

® Interstate 77—Columbia, South Carolina Wet-nonfreeze region

@ Interstate 25—Ft. Collins, Colorado Dry-freeze region

® Interstate 80—Grinnell, Iowa Wet-freeze region (short-jointed portland
cement concrete [PCC))

e U.S. 127—Frankfort, Kentucky Wet-freeze region (long-jointed PCC)

Sealant Materials

Six of the sealant materials recommended in the SHRP H-105 report for use in the full-scale
testing were rubberized asphalt containing various blends of polymers, rubbers, and asphalt
cements. The remaining three materials were silicone sealant: one non-self-leveling and two self-
leveling. The following seven sealant products were installed at four of the five test sites:

® (Crafco RoadSaver® (RS) 231 Low-modulus rubberized asphalt sealant
® Koch 9005 Rubberized asphalt sealant
® Koch 9030 Low-modulus rubberized asphalt sealant
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® Meadows Sof-Seal® Low-modulus rubberized sealant
® Dow Corning® 888 Non-self-leveling silicone sealant
® Dow Corning® 888-SL Self-leveling silicone sealant
® Mobay Baysilone 960-SL Self-leveling silicone sealant

Two rubberized asphalt sealants were installed at the Arizona site only, replacing Sof-Seal and
Koch 9030. These sealants were as follows:

® (rafco RS 221 Rubberized asphalt sealant
® Meadows Hi-Spec® Rubberized asphalt sealant

Several participating States requested that additional sealants be installed and evaluated at
their test sites. The following three additional sealants were installed at individual test site
locations:

® (rafco RS 903-SL Self-leveling silicone sealant
® Mobay Baysilone 960 Self-leveling silicone sealant
® Koch 9050 Self-leveling, one-part polysulfide sealant

Crafco RS 903-SL was placed at the Arizona site, Mobay Baysilone 960 was placed at the
Grinnell site, and Koch 9050 was placed at the Colorado and Kentucky sites.

At the lowa site, 10 joints of Dow Corning 888 silicone and 10 joints of Dow Corning 888-SL
silicone were installed using a primer provided by Dow Corning Corporation. This resulted from
reported trouble with silicone sealants adhering to the joint faces at other sites and some early
adhesion failures, A primer was also used with Koch 9005 in 10 joints at the Kentucky site to
evaluate the effect of primer on hot-applied sealant performance.

Pre ion Meth

Four joint preparation and sealant installation methods were used to place the sealants at the
sites. Each of these methods is designated as a configuration and is shown in figure 2,
Configuration 1 indicates that the joint faces were resawed to 12.7 mm wide, the walls were
sandblasted and airblasted, backer rod was installed, and sealant was installed in the recommended
thickness about 6,4 mm below the pavement surface.

Joints sealed using configuration 2 were also resawed, sandblasted, airblasted, and backer rod
was installed. In addition, the pavement surface was sandblasted and airblasted about 25.4 mm on
either side of the joint and the sealant was installed about 12.7 mm thick with a 2-mm by 34-mm
overband extending onto the pavement surface about 11 mm on either side of the joint edge.

Resawing was not used for joints prepared using configuration 3. Instead, a joint plow
attached to a tractor was scraped against both sides of the joint to remove most of the original
sealant. The plowed joints were then airblasted to remove loose debris, backer rod was installed,
and the sealant was installed using an overband, as with configuration 2.
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Figure 2. Joint seal configurations.

Configuration 4, used at two sites, required resawing, sandblasting, airblasting, and installing
backer rod. Then the sealant was installed about 12.7 mm thick, with the sealant surface flush
with the pavement surface. All four configurations were used for the hot-applied sealants; only
configuration 1 was used for the silicones and polysulfide.

Two sets of 10 joints were installed at random locations along the test site for each material-
configuration combination used at the 5 sites. A summary of the materials and procedures used at
the test sites is shown in table 1. The layout of the material-configuration combinations for each
test site is shown in tables A-1 and A-2 in appendix A.

Test Site Characteristics

Several criteria were used in selecting test sites for use in the joint seal repair experiment.
Five sites were chosen from the 28 sites that were preliminarily inspected. Additional information
about the characteristics and locations of these selected test sites is listed in table 2 and in the

following sections.



Table 1. Summary of materials and procedures used for joint seal installation.

Crafco 903-SL (B)

Saw, sandblast, recessed sealant

Sealant Material Config. Procedures SC CO IA KY
1 Saw, sandblast, recessed sealant
Crafco RS 221 2 Saw, sandblast, overband sealant
(1) 3 Plow, airblast, overband sealant
4 Saw, sandblast, flush sealant
1 Saw, sandblast, recessed sealant
Crafco RS 231 2 Saw, sandblast, overband sealant
(2) 3 Plow, airblast, overband sealant
4 Saw, sandblast, flush sealant
1 Saw, sandblast, recessed sealant
Kach 9005 2 Saw, sandblast, overband sealant
(3) 3 Plow, airblast, overband sealant
4 Saw, sandblast, flush sealant
1 Saw, sandblast, recessed sealant
Kach 9030 2 Saw, sandblast, overband sealant
(4) 3 Plow, airblast, overband sealant
4 Saw, sandblast, flush sealant
1 Saw, sandblast, recessed sealant
Meadows Hi-Spec 2 Saw, sandblast, overband sealant
(5)* 3 Plow, airblast, overband sealant
4 Saw, sandblast, flush sealant
1 Saw, sandblast, recessed sealant
Meadows Sof-Seal 2 Saw, sandblast, overband sealant
(6 3 Plow, afrblast, overband sealant
4 Saw, sandblast, flush sealant
Dow 888 (7) 1 Saw, sandblast, recessed sealant
Dow 888-SL(B) 1 Saw, sandblast, recessed sealant
Mobay 960-SL (9 ) 1 Saw, sandblast, recessed sealant
Mobay 960 ( A) 1 Saw, sandblast, recessed sealant
1
1

Koch 9050 (C)

Saw, sandblast, recessed sealant

Dow 888 .
wj Primer (D ) 1 Saw, sandblast, primer, recessed sealant
Dow 888-SL .
w/ Primer (E ) 1 Saw, sandblast, primer, recessed sealant
Koch 9005 .
w/ Primer ( F)' 1 Saw, sandblast, primer, recessed sealant

*  SHRP material code.




Table 2. Test site characteristics for the joint seal repair project.
Number of 2-direction Annual Annual Days
Test Site Route Lanes, 2 dir ADT, vpd Precip., mm * <0 C*
Phoenix, AZ 1-17 6 100,000 178 17
Ft. Collins, CO I-25 4 27,000 381 158
Grinnell, TA 1-80 4 19,000 787 135
Frankfort, KY U.S. 127 4 14,000 1,118 94
Columbia, SC 1-77 4 18,400 1,245 31

*  Historical averages from the Climatic Atlas of the United States (U.S. Department of Commerce, 1983).

1-17, Phoenix, Arizona

In the dry-nonfreeze region, the SHRP joint resealing test site was located in the northbound
and southbound passing lanes of 1-17 in Phoenix between the Buckeye Road and VanBuren Road
exits (milepost [MP] 198.8 to MP 199.8). Its location is shown in figure 3.

In 1993, this pavement carried more than 100,000 vehicles per day (vpd) in both directions;
however, the amount of truck traffic in the passing lanes was believed to be very small. Tt was
constructed in 1963 using a 229-mm portland cement concrete (PCC) over a granular base and
subbase. Most contraction joints were perpendicular to the roadway and spaced about 4.6 m
apart.

The sealant previously used in the joints of the northbound pavement was asphalt based, and
the sealant in the joints of the southbound lane was coal-tar based. Immediately prior to seal
installation in the spring of 1991, the pavement was ground longitudinally to restore a level
profile. Many joints in the northbound lane contained steel crack inducers that were sawed out
before installation of the test materials. Air temperatures at this site since installation reportedly
dropped to a minimum of 1°C on January 8, 1997.

1-25. Ft. Collins, Colorado

A second test site, constructed in a dry-freeze climate, was located in the outside northbound
lane of I-25 just south of Ft. Collins, Colorado (MP 260.4 to MP 261.3). Its location is shown in
figure 4. Reconstructed in 1988, this pavement consisted of a 203-mm jointed plain concrete
(JPC) pavement with a 203-mm jointed plain concrete overlay. Skewed contraction joints were
sawed in the overlay with spacings between 3.7 and 4.6 m, and the joints were sealed with a coal-
tar-based sealant that had severely deteriorated by 1991. The pavement surface was tined about
3.18 mm deep on 13-mm centers, and the tining continued through all joints.
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Two-way traffic on the roadway was more than 27,000 vpd (1993). Both the traffic lane and
the tied PCC shoulder were in excellent condition. Since sealant installation, the pavement
experienced many freeze-thaw cycles and a minimum temperature of -28°C on February 3, 1996.

1-.80. Grinnell. Towa

The joint seal test site constructed in a wet-freeze region on short-jointed pavement was
located in the outside eastbound lane of 1-80 near Grinnell, Iowa (MP 188.0 to MP 189.3).
Figure 5 shows its location. The pavement containing this site was reconstructed in 1985 using a
254-mm, doweled PCC surface over a granular subbase of variable thickness. The surface was
tined with grooves 3.2 mm to 4.8 mm deep on 13-mm centers, and skewed joints were sawed
with 6.1-m spacings. The outside slab width was 4 m, with the shoulder line painted 0.3 m from
the outside slab edge.

Carrying more than 19,000 vpd in 1993, with a high percentage of trucks, the pavement
remains in excellent condition. The original seal was a non-self-leveling silicone that had failed in
adhesion at some locations. After joint seal installation, the minimum air temperature experienced
by this pavement was -32°C on February 3, 1996.

U.S. 127, Frankfort, Kentucky

The second test section located in the wet-freeze region was installed in a long-jointed
concrete pavement section on U.S. 127 in Frankfort, Kentucky (MP 9.9 to MP 10.6). Figure 6
shows the location of the Kentucky test site. The pavement was originally constructed in 1974
using a reinforced 228-mm PCC surface over a 127-mm granular base. Joints perpendicular to
the roadway were sawed on 15.2-m centers, typically. The pavement was in generally good
condition, with some large spalls evident and a few spall patches in place. Joint seal had been
missing from the joints for a long time, as evidenced by many joints being filled with dirt and sand.
In 1993, traffic on the roadway was about 14,000 vpd, with only a small amount of truck traffic.

This roadway was the best of the long-jointed pavements available, but it was the least ideal of
the test sites due to slight variations in traffic level, deteriorated pavement conditions, and
changes in pavement grade and superelevation. At installation, about 50 percent of the slabs
included in the test section contained mid-slab cracks that were nonworking. The remaining slabs
were uncracked. The site contained a slight grade, one curve that was less than 3 degrees, and
five side roads that contributed only small amounts of traffic to the roadway. The experimental
sections were constructed in the outside northbound lane and the outside and inside southbound
lanes, resulting in the majority of morning traffic using the southbound lanes and the evening
traffic using the northbound lanes. The net traffic on each lane was believed to be about the same.
A gravel pit was located at the south end of the test site, providing truck traffic in both directions.
Since joint seal installation, several joints deteriorated, requiring asphalt concrete (AC) and PCC
maintenance patching. The minimum air temperature since seal installation was -23°C on
February 4, 1996.
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In the wet-nonfreeze climatic region, the joint reseal site was located in the outside
northbound lane of I-77, north of Columbia, South Carolina (MP 38.0 to MP 39.9). Its location
is marked on figure 7. Originally built in 1981, the pavement was constructed using 254 mm of
JPC over a 152-mm lean concrete base and a 152-mm cement-treated stone subbase. Joints were
sawed perpendicular to the roadway on a staggered spacing of 5.8 to 7.6 m. The original sealant,
a non-sag silicone sealant, was still in the joint and performing very well. The pavement remains
in excellent condition and carries more than 19,400 vpd (1993) in both directions, with a high
percentage of trucks. Spalls 25 to 76 mm wide were present on more than one-third of the joints
about 0.6 m from the outside lane edge. These spalls appeared to have resulted from a wheel rim
or other sharp, heavy object dragging along the pavement, The minimum air temperature
experienced by the pavement since test site installation was -11°C on January 16, 1994.

Can}den
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Figure 7. Columbia, South Carolina joint reseal test site.
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CHAPTER 2. TEST SITE INSTALLATIONS

The installation of the five joint resealing test sites began in April 1991 and continued through
June 1991. Installation of the test sites was regulated and monitored by the project team, together
with representatives from the sealant manufacturers and a consultant with expertise in joint
sealing. This chapter presents an overview of the installation planning process, along with
material costs, productivity rates, equipment requirements, problems that were encountered
during installation, and comments on the materials and procedures used.

Test Site Arrangements

To install the test sites, four preparatory steps were taken. First, the test site locations were
selected based on the appropriateness of each potential site and the interest of corresponding
State agencies to participate in the study. Secondly, the material requirements for each site were
determined. Thirdly, the materials were purchased and shipped to the appropriate State
maintenance yards. And, lastly, the labor and equipment resources of each participating State
agency were ascertained. These steps are discussed in further detail below.

Test Site Selection

Using the criteria described in the SHRP H-106 Experimental Design and Research Plan
(EDRP), 5 pavement sections were chosen to serve as test sites from the 28 potential pavements
identified through preliminary site visits (Evans et al.,, 1991). The selected sites were previously
described in chapter 1.

Computation of Material Quantities

Estimates of the rubberized asphalt sealant quantities required for each test site were made
assuming 60 joints per site, with each joint having dimensions of 13 by 13 mm. The appropriate
quantity of each silicone sealant was based on 20 joints per site, with each joint having dimensions
of 13 by 6 mm. Initially, a wastage factor of 25 percent was used in planning for material
purchase; however, at the suggestion of the manufacturers of rubberized asphalt sealants, the
wastage factor was increased to provide enough sealant for flushing the melter—applicator so that
the melter—applicator could function properly. This additional sealant was also expected to
reduce the possibility of overheating the sealant.

Manufacturers’ literature provides an estimate of the coverage rate for each material in the
recessed configuration. These rates are included in table 3. For a typical rubberized asphalt
sealant, these figures indicated that about 45.4 kg of each rubberized asphalt sealant would be
required to seal 60 recessed joints at each test site. However, the overband configuration, which
was used on two-thirds of the joints, required additional sealant. Although the coverage rates in
table 3 are much less than those experienced in the installation of these test sites, they are likely to
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Table 3. Sealant material and coverage costs.

Sealant Material Cost Coverage Coverage Cost

Material {$/kg) (kp/100 m) ($/100 lin m)
Crafco RS 221 0.90 42,7 38.43
Crafco RS 231 1.23 394 48.46
Crafco RS-SL 6.15 233 143.30
Koch 9005 0.51 404 20.60
Koch 9030 0.77 37.1 28.57
Koch 9050 2.64 377 99.53
Meadows Hi-Spec 0.64 413 26.43
Meadows Sof-Seal 1.06 374 39.64
Dow 888 5.46" 38.7 211.30
Dow 888-SL 6.15 253 155.60
Mobay 960 6.72* 31.5 211.68
Mobay 960-SL 7400 25.6 189.44
16-mm backer rod $0.11/linm 11.00

*  Cost based on 208-L drums.

be closer to those encountered in large-scale joint resealing. The backer rod used at the test sites
was approved by each sealant manufacturer, and the quantities ordered were slightly greater than
those required.

Material Purchase and Shipping

Sealant materials were purchased from the manufacturers in amounts corresponding to the
estimated requirements. Each material used at all five sites was from the same production batch.
Costs of materials were set by the manufacturers at the January 1991 typical cost and are listed in
table 3. Shipping costs for rubberized asphalt sealants ranged from $0.11 to $0.57/kg. All sealant
materials were ordered in the first week of March 1991, and by the third week of March, all
sealants had been shipped to the test site locations.

ssessment an rdination of Resource

In late January and early February 1991, an individualized copy of the EDRP was sent to each
State coordinator and to the foreman of the crew scheduled to install the test site. The purpose of
the summary was to determine the availability of resources at each test site and to inform the
participating State agency of the scope and requirements of the installation procedures. These
summaries included lists of materials, detailed descriptions of the preparation and installation
procedures to be followed, and maps showing the location of each section of the test site. They
also contained a specific list of the equipment and manpower to be provided by the State and of
the equipment and supervision provided by the SHRP H-106 contractor. A tentative construction
schedule and construction guidelines were also included.
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Labor

Based on discussions with consultants and State workers, the manpower requirements were
estimated at nine persons. Four of the participating State agencies indicated the ability to acquire
manpower from neighboring maintenance crews on days when additional workers were needed.
During construction, the average number of laborers actually used for sawing and airblasting was
five; for joint preparation and sealant installation the average was eight.

Equipment

As was specified in the EDRP, the minimum equipment requirements for construction of each
test site included the following:

e Traffic control equipment (attenuator, signs, cones, placement truck).

e A 165-kBtu/h water-cooled concrete saw with tandem diamond-tipped blades 254 to 356
mm in diameter or greater.

® A water truck with a positive pump carrying at least 2,271 L of water.

® A joint plow equipped with a rectangular, not tapered, blade attached to a tractor or other
powered vehicle that provides positive control of up-and-down and side-to-side motion.

e Sandblasting equipment, including an air compressor that provides clean, dry air at more
than 621 kPa.

® An air compressor, hose, and wand with a shutoff valve that can supply clean, dry air at
more than 621 kPa.

e Conventional double-boiler, oil-jacketed melter—applicator, with a capacity of at least
379 L, equipped with a mechanical agitator and separate temperature controls and
thermometers for both the oil and melting vat.

® Air-powered, cartridge dispensing caulking guns with a continuous compressed air supply
of at least 310 kPa.

The quality and availability of equipment at each test site varied significantly, yet the required
equipment (apart from the joint plow) was procured in time for its required use.

Productivity Estimation

Prior to test site construction, it was estimated that about 20 h would be required to saw 240
joints, and during that time, the joint plowing (80 joints) could be completed. One week was
allowed at most sites for layout, sawing, plowing, gauge plug installation, and joint dimension and
fault measurement. This schedule allowed the wet-sawed joints to dry over the weekend.

Based on a projected average of less than 3 min per joint, it was estimated that hot-applied
sealant could be placed in at least 160 joints per 8-h day. Plans were made to seal 120 joints daily
using two hot-applied sealants. If this schedule were adhered to, installation of the rubberized
asphalt sealant at each test site could be completed in 2 working days.

The sandblasting operation was assumed to be the slowest cleaning procedure, and the request
was made that States provide two sandblasting units and crews. Only one State was able to
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comply. It was estimated that 140 joints could be cleaned per 8-h day using a sandblasting crew
of two persons. This would allow for the installation of two rubberized asphalt sealants. As will
be shown later, these estimates were close to the installation productivity rates actually
experienced.

Outside Consultants and Manufacturers’ Representatives

Because it was considered critical that sealants be placed correctly and in accordance with
manufacturers' recommendations, representatives of each participating sealant manufacturer were
requested to observe and participate in the installation of their materials. On the whole, interest
among the manufacturers was high and all sent representatives to at least one site, Manufacturers
who had representatives attend installation at each test site are listed in table 4. An expert in joint
seal installation also attended the first installation in South Carolina. He offered advice on quality
control, coordination of manpower and equipment, and evaluation of sealant performance.

Installation Process

The installation process required first that the joints be chosen and marked. Preparations were
then made for pavement evaluation, and sealants were installed according to manufacturers'
recommendations.

Lavout

The design of the experiment called for construction of 20 joints of each appropriate
material-configuration. Locations for each test section at every test site were randomly selected
prior to installation. Maps of the test site were prepared to assist the installation crews in
determining the appropriate preparation methods and materials to be installed. At the onset of
installation, joints at the test site were inspected for possible use, selected, and marked for
inclusion. The dates and number of working days required for layout and construction at each
site are shown in table 5.

Table 4. Manufacturers' representatives present at test site installation.

Test Site Crafco, Inc. C]sr(;:ng Koch Materials Mobay W. R. Meadows
Arizona YES YES YES
South Carolina YES YES YES
Colorado YES YES YES YES
Towa YES YES YES
Kentucky YES YES
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Table 5. Schedule of test site construction.

Test Site Location Layout/Construction Dates Eg;fuyggi?fug?ﬁ
1-17 Phoenix, AZ April 1 through 12, 1991 8
1-77 Columbia, SC April 22 through 28, 1991 6
I-25 Ft. Collins, CO April 29 through May 10, 1991 10
I-80 Grinnell, IA May 20 through June 6, 1991 8
U.S. 127 Frankfort, KY June 10 through July 1, 1991 10
Jaint Selection

Several joints at each test site contained spalls greater than 25.4 mm long that might affect
localized sealant performance. These joints were not used in the experiment and, as time allowed,
they were prepared and sealed together with adjacent joints. Many joints at the Arizona test site
were spalled and were wider than the design width of 13 mm. These joints were not included in
the experiment. Within the test site in Towa, 97 percent of the available joints were used; in
Colorado, 94 percent; in Kentucky, 77 percent; in South Carolina, 67 percent; and in Arizona, 45
percent.

Marking of Test Sections

On the shoulder adjacent to the test site, a 152-mm-wide strip of highway marking tape was
placed before the first joint of each test section. The numbers of the adjacent test sections were
painted on the shoulder on both sides of the marking tape, as were the material and configuration
to be used. This reduced the confusion during installation when crews were required to prepare
only certain test sections.

Pr ion

After layout of the test site was completed, preparation began for installation of the joint
scalants. Gauge plugs were installed on both sides of the joints, and measurements were taken of
the joint width and gauge plug separation. Measurements of the level of faulting at each joint
were also recorded. Joints were refaced with a concrete saw, or sealant was removed with a joint
plow. Sandblasting, airblasting, and backer rod installation began immediately prior to sealant
installation.

Gauge Plug Installation

Studying the relative opening movement of each joint required the installation of stationary
markers on opposite sides of the joints. Gauge plugs were installed on the last eight joints of each
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test section prior to sealant installation while the sawing operation was in progress. The initial
gage plugs were 9.5-mm rod couplers with screws in each end. Holes were drilled in the concrete
51 mm from each joint edge and 457 mm from the shoulder-pavement interface. The gauge plugs
were then set in the holes with epoxy cement.

This process proved to be time-consuming, and the original gauge plugs were replaced with
35-mm Parker-Kalon® (P-K) nails that were epoxied into predrilled, countersunk holes at the
specified locations. To provide positive positioning for the center points of the caliper, small
indentations were formed in the center of each nail head using a center punch. Installed P-K nails
are shown in figure 8.

Measurement of Faulting and Joint Dimensions

The initial faulting condition at each pavement joint of each test site was determined using a
digital readout fault-measuring device developed at the Georgia Department of Transportation
(DOT). Two readings were recorded at each joint at 305 to 508 mm from the inside shoulder
edge. Figure 9 shows the fault measurement device in use. Deeply tined or milled pavement
caused minor problems with the precision of the fault measurements; however, the readings
indicated that no significant faulting was present.

After the epoxy holding the gauge plugs had a chance to dry, measurements were taken using
a digital caliper between the plug centers at each joint, as well as measurements of the width of
the joint between the gauge plugs. While these gauge plug readings were taken, climatic
conditions and pavement temperatures were obtained on an hourly basis to allow study of
correlations between joint movement and air and pavement temperatures. Judging from repetitive
testing of joint measurement, the accuracy of the measurements was to 0.254 mm.

Joint Preparation

The original experimental design called for three configurations to be used for the installation
of each rubberized asphalt sealant. These three techniques are described as the standard recessed,
the saw-and-overband, and the plow-and-overband configurations, and the basic steps for their
completion are listed below. The properties of the silicone sealants required that they be installed
in the standard recessed configuration 1 only.

e Standard recessed (configuration 1).
— Saw the joint reservoir to achieve clean sawed faces on both walls.
— Sandblast the dry vertical joint walls.
— Airblast the sealant reservoir.
— Place backer rod in the joint reservoir.
— Install sealant in the standard recessed configuration.
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Figure 9. Fault measurement.
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¢ Saw and overband (configuration 2).
— Saw the joint reservoir to achieve clean, sawed faces on both walls.
— Sandblast the dry vertical joint walls and adjacent pavement surface.
— Airblast the sealant reservoir and adjacent pavement surface.
— Place backer rod in the joint reservoir.
— Install sealant in overband configuration.

® Plow and overband (configuration 3).
— Plow the sealant from the existing joint.
— Airblast the reservoir and adjacent pavement surface.
— Place backer rod in the joint reservoir.
— Install sealant in the overband configuration.

Due to unforeseen circumstances, a fourth configuration replaced the third configuration at
the Arizona and Colorado sites. These circumstances are discussed later in the joint plowing
section. The fourth configuration, designated as the saw-and-flush fill, employs all of the steps of
the standard recessed configuration, but the sealant reservoir is filled to the surface instead of
recessed 6.4 mm.

Joints for configurations 1, 2, and 4 at each test site were sawed using 165-kBtu/h water-
cooled, diamond-bladed concrete saws, The design width of joint sawing was 12.7 mm and the
design depth was 44,5 mm. Shown in figure 10 is the saw used at the Towa test site, Several
joints at the north end of replicate 2 at the Arizona site were dry-sawed using 46-kBtu/h crack
saws.

The joint plowing operation was considered to be the quickest and easiest method of joint
preparation. It was noted, however, that joint plowing on a 3.7-m lane of a road that carries
traffic in the adjacent lane is difficult. Difficulty is increased further when sharp side slopes, guard
rails, or curbs are present on the adjacent shoulder. A small percentage of joints were too shallow
to allow sealant and backer rod placement, making the plowing operation insufficient to meet the
design requirements.

Joints for configuration 3 were plowed in South Carolina, Iowa, and Kentucky. An 8-year-
old silicone joint seal in excellent condition was removed in South Carolina, a 6-year-old failed
silicone sealant was removed in Towa, and a failed asphalt-based sealant of unknown age was
removed in Kentucky. The plowing operation in Towa is shown in figure 11.

At the Arizona site, at least half of the joints required for plowing were sawed between the
time of layout (February) and the installation (April). This was required because steel inserts had
to be removed from the joints. It was discovered during the plowing operation that about half of
the remaining joints to be plowed were less than 13 mm deep, making it impossible to install
backer rod beneath the sealant. The third configuration was, therefore, replaced by a fourth
configuration that involved sawing and flush-filling the joints.
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Figure 11. Joint-sawing operation.
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Plowing at the Colorado site was attempted and also discontinued in favor of the fourth
configuration. There were two reasons for this decision. First, the joint plow available at the site
could not be stabilized so that the plow blade would effectively scrape the sides of the joint.
Second, the sealant present in the joints was a polyvinyl chloride (PVC) coal-tar material that was
less than 5 years old and was expected to react with the sealants used in the experiment, forming a
softened region at their interface.

When the sawed joints had been blown out with compressed air and had dried, the inside
edges of the joints for configurations 1, 2, and 4 were thoroughly sandblasted, At the South
Carolina, Colorado, and Kentucky sites, the sandblast nozzle was held by the operator at a
distance of 51 to 152 mm from the joint face and at an angle of 60 to 80 degrees from the plane of
the pavement surface. Attached to the sandblast hose and nozzle at the Arizona site was a 1.5-m
length of angle iron, as shown in figure 12. The tip of the angle iron had been ground to a point
so it could fit into the joint, allowing the nozzle to be dragged at the desired angle and distance
from the joint face.

A more elaborate method of sandblasting was used at the Iowa site. A stainless steel plate
was attached to a handle. The hose and nozzle were fixed to the plate and handle at the desired
angle and position, and the guide was pulled through each joint held in position by a centering pin
in the steel plate. Two sandblast units were used for this operation, one for each joint face. This
sandblast apparatus is shown in figure 13,

Not only were the sawed joints that were to be overbanded sandblasted along each joint wall,
but the adjacent surface to 25 mm from the joint edge was also sandblasted. In most cases, this
work was conducted freehand by the operator, but a guide was used at the Iowa test site for
about half of the overbanded joints.

Airblasting, shown in figure 14, was accomplished using an air compressor with the cleanest,
driest airstream available. After the sandblasting operation had progressed at least 10 joints
ahead, the sand and dust in the joints were removed by airblasting the reservoir, Sand and dust
from the sawing and the sandblasting operations were also blown from the pavement surface to
the adjacent shoulder or gutter. When the airblasting operation had progressed at least five joints
ahead, a crew of two or three persons installed backer rod in the joints to be sealed. An
adjustable backer rod placement roller was used to recess the rod to the required depths.
Typically, backer rod was cut slightly longer than the length of the joint, and one end of the rod
was placed in the joint at the lane edge nearest the shoulder. Then, the person unrolling the
backer rod would move 'to the opposite end of the joint and slightly stretch the backer rod as it
was recessed, thus easing the rolling procedure. This is shown in figure 15. When the rolling was
nearly complete, the backer rod was cut to the exact length required for providing a tight seal, and
the entire length was rolled a second time.

Several widths of backer rod were required because of widened areas and narrow unsawed
joint widths. To improve this installation process, the necessary rolls of backer rod were mounted
in the back of an available truck and unrolled as needed for each joint. If sealant installation was
delayed more than about 50 min, the joint was cleaned with an additional low-pressure airstream.
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Figure 13. Sandblasting operation.
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The Arizona site, in particular, presented logistical problems for preparation and installation.
Due to the high traffic volume, the subcontractor's workmen were only allowed on the pavement
between 9:00 p.m. and 3:30 a.m. As a result, preparation and installation were hurried in an
effort to install two rubberized asphalt sealants per night. The road was equipped with
streetlights, but it was learned on the first night that the main contractor was putting in additional
lights and he required that the lights remain off during most of the preparation and installation
process. Additional portable lights were brought in the next night, but it was difficult to find the
test section locations and to monitor the sawing and cleaning operations.

Installation

The order of placement for the various sealants and configurations described in the EDRP was
generally followed in the field installation (Evans et al., 1991). A summary of the number of
joints sealed at each site using the selected materials and procedures is shown in table 6.

One significant change from the initial experimental design was the replacement of the
configuration 3 overbanded joints in Arizona and Colorado with a fourth configuration, the flush-
fill method. Also, since the primer for Koch 9005 could not be supplied in time for installation at
the site in Towa, those test sections were replaced with Dow Corning 888 and Dow Corning 888-
SL silicone with primer. A test section for Koch 9005 with primer was installed at the Kentucky
site.

Materials

The joint sealing materials installed at the test sites were those recommended in the SHRP
H-105 final report (Smith et al., 1990). These included several rubberized asphalt sealants and
silicone sealants. At the request of the participating State agencies, additional silicone and
polysulfide sealants were installed for further evaluation.

Rubberized Asphalt

Rubberized asphalt sealants having ASTM D 3407 penetrations between 75 and 85 dmm were
installed using the preparation methods and configurations described in the preceding section.
Koch 9005 was placed in 60 joints at each site to serve as the control material. In addition,
Meadows Hi-Spec and Crafco RS 221 were installed at the Arizona site, replacing Koch 9030 and
Meadows Sof-Seal. The configurations and number of joints sealed with each material are shown
in table 6.

Each rubberized asphalt sealant material is packaged in 22.7-kg blocks for easy placement in a
melter—applicator. The recommended pouring temperature for the rubberized asphalt sealants
varies from 188 to 199°C, and the maximum safe heating temperature ranges from 199 to 210°C.
Sealant and heating oil temperatures were monitored carefully during installation to ensure that
overheating of the sealants did not occur. In many cases, representatives from the sealant
manufacturers were present to monitor and assist in the installation.
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Table 6. Summary of materials and procedures used for joint seal installation.

Sealant Config. - Phoenix, Columbia, Ft. Collins, Grinnell, I Frankfort,
Material Prep. * A7 | SC cO I 1A KY
20°%
ICrafco
RS 221 20
20
20
ICrafco 20 20 20 20 20
RS 231
IKoch
0005

oo

L Meadows
[Hi-Spec

iMeadows
[Sof-Seal

[Dow 888

IDow 888-SL

—lmlelwlpl=jeio|=les|loin|=]a]lv]lv]=]sle]lo]l=]s|w]-=

20

20
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[Mobay

P60-SL

Mobay
960

[Crafco
903-SL

[Koch
|9050

[Dow 888
'w/ Primer

IDow 888-SL
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och 9005
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&

4: Saw and flush-fill.
®  Number of joints installed at the site,
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As might be expected when inexperienced workmen attempt to install sealant for the first
time, some difficulties were encountered during installation. On occasion, depending on the
coordination of the person installing the recessed sealant and the type of sealant wand, the sealant
was installed too thinly or too thickly in the reservoir. If the sealant was less than about 6.4 mm
thick, a second layer of sealant was added immediately after initial installation to obtain the
desired sealant thickness. Occasionally, due to inadequate backer rod installation, sealant would
flow through gaps in the backer rod and leave a sunken area of sealant. This problem was
addressed by tighter monitoring of backer rod installation.

Bubbles were noted in the sealant material at several of the sites. It was initially assumed that
these were the result of moisture in or below the pavement, even though the pavement appeared
dry and it had not rained for the previous 24 h. Some bubbles were also determined to be the
result of air entrained in the sealant by the agitator in the melter—applicator. When this was noted,
additional sealant was added to the heating chamber and the motion of the agitator was reduced
or reversed.

At the Colorado site, it was noted that severe bubbling was occurring in the first joint using
Koch 9005. On the assumption that moisture was the problem, installation was halted. Returning
to the site the next day, the same problem was encountered. Further investigation revealed that
the backer rod used in that joint was defective and was melting and producing bubbles when
heated sealant was placed over it. The backer rod was 22-mm HBR-XL, closed-cell, expanded
polyethylene. Since 16-mm backer rod was required for 75 percent of the joints at the site and
the 16-mm rod from the same manufacturer was not melting, the remainder of the joints were
sealed. Where large-diameter backer rod was required, a thin first layer was applied over the 22-
mm rod, followed by another layer to reach the required depth. This significantly reduced the
bubbling problem. Suitable large-diameter backer rod was provided by the manufacturer for use
at the remaining sites.

Traffic was not allowed on the joints sealed using rubberized asphalt for at least 60 min. That
time could have been reduced to about 15 min, if the conditions had so required.

Low-Modulus Rubberized Asphalt

Low-modulus rubberized asphalt sealant materials have a greater working range with respect
to low-temperature extensibility and resistance to high-temperature softening. Penetrations of the
materials installed at the sites vary from 110 to 140 dmm, Recommended pouring temperatures
range from 188 to 199°C, and the maximum safe heating temperatures vary from 199 to 210°C,

The same preparations and installation procedures used for the rubberized asphalt sealants
were used with the low-modulus sealants: Crafco RS 231, Meadows Sof-Seal, and Koch 9030.
The locations, configurations, and number of joints sealed with each material are listed in table 6.
Some bubbling was noted at each test site, and the above-mentioned procedures were used to
reduce this bubbling. Some sealant was also lost through gaps at the backer rod ends. At most
sites, the thick consistency of the Crafco RS 231 eliminated this problem for that material.
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Again, no traffic was allowed on the low-modulus sealant joints until they had cured at least
an hour. This time could have been reduced to less than 15 min, if necessary.

Silicone

Two self-leveling silicone sealants and one non-self-leveling silicone sealant were installed at
the five test sites. In addition, two more silicone sealants were added to the Arizona and Towa
sites. The configuration, location, and number of sealed joints are shown for each silicone sealant
in table 7. The preparation for each sealant included resawing the joint, sandblasting, airblasting,
and installing backer rod. A reticulated, closed-cell backer rod of extruded polyolefin foam was
used to support the sealant and to create the lower bound of the sealant reservoir. Air-powered
cartridge applicators were used to place the sealant in the joints. Each silicone was recessed 3.2
to 6.4 mm and installed with thicknesses varying from 6.4 to 9.5 mm.

During installation, it was noted that several bubbles were forming in the Mobay 960-SL
silicone sealant. Some air was typically forced into the sealant by the cartridge applicator as it ran
out of sealant. Since about three 325-mL cartridges were used for each joint, this may have
caused some of the bubbling. The other silicone sealants did not show problems with bubbling in
any significant amount.

The self-leveling silicone sealant flows in the joint reservoir in a manner similar to the hot-
applied sealants. As a result, in a few places where gaps existed between the backer rod and the
sidewall or at the ends of joints, the sealant tended to flow around the rod, leaving areas of thin
sealant. This was addressed by more tightly controlling the backer rod installation.

Due to time limitations, traffic was allowed on one silicone sealant within 30 min of
installation at the Arizona site. This resulted in fine sand particles adhering to the sealant surface.
However, no performance problems are expected. In most cases, about 1 h was needed before
allowing traffic on the non-self-leveling sealants and about 90 min was required for the self-
leveling sealants to form a protective skin.

Polysulfide

A one-part, moisture-cured, self-leveling polysulfide was installed at the Colorado and
Kentucky sites. Preparation included sawing, sandblasting, airblasting, and inserting backer rod.
Sealant was installed about 13 mm thick and recessed about 3.2 mm.

No problems were noted during installation, and the skin-over time in Colorado was about 15
to 25 min. In Kentucky, the sealant had not skinned over after more than an hour. Traffic
allowed on the pavement after about 60 min did track some of the high sealant onto the pavement
surface, but a new skin was formed, and adhesion loss did not occur,

Equipment

Equipment for construction of the test sites was, in most cases, readily available to the State
crews or contractors, although some modifications were made for the equipment to perform
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satisfactorily. Some State agencies, however, could not obtain the required equipment, and the
project was required to provide the necessary items:

e Crafco 378.5-L melter—applicator for use in Colorado.
® (leasby 378.5-L melter—applicator for use in Colorado.
® Joint plow for use in Colorado, Iowa, and Kentucky.

In most States, 165-kBtu/h, water-cooled concrete saws made by Cimline or Target were
used to reface the joints. It was noted at the Iowa site that the type and thickness of blade can
affect production significantly. Several blades were warped at that site because blades of
insufficient thickness were used. Using these blades significantly slowed the operation.

A joint plow fabricated in Granite City, Illinois, was used to remove sealant from the joints in
Colorado, Iowa, and Kentucky. This plow was attached to the three-point hitch of highway
department tractors. A rectangular bit with a carbide tip was attached to the plow and pulled
through the joint, making two passes and removing the bulk of the old sealant material.

Problems were encountered in Colorado with keeping the plow frame rigidly mounted to the
tractor. Rigid mounting was required so that the blade could be pushed firmly against the joint
edge while cleaning. Keeping the tractor in line with the skewed joints was also difficult. Spalling
resulted when the tractor was misaligned. Also, since the plow was mounted on the rear of the
tractor, the operator found it difficult to drive the tractor and watch the plow. Guardrails near the
shoulder, elevated curbs, and shoulder dropoffs also caused difficulty for the plowing operators.

Clemco 272-kg sandblast machines were used at all sites except Colorado, where a shop-made
blasting apparatus was employed. Typically, one pass was made to clean each joint face. It was
discovered that the sandblasting operation does a poor job of removing old sealant from the joint
face. This was especially true of silicone sealants and other sealants that still retained some
resiliency. The sand rebounded off the sealant, and continued blasting typically left gouges in the
concrete around the periphery of the old sealant. As a result, workers with hand-held knives
removed the majority of any sealant material that remained from the sawing operation before final
sandblasting. Visual inspection of the joints after sandblasting was completed on an intermittent
basis to ensure the effectiveness of the operation.

Air compressors of varying vintages were used for test site installation. Prior to use at the
site, air from each compressor was blown onto the pavement and onto a nearby tire. If any signs
of oil or moisture were left on the pavement or the tire after this test, the compressor was
rejected. Several compressors were rejected during this testing and were upgraded by adding oil
and water traps. In some cases, older compressors were used since they did not have systems that
add lubricating oil to the airstream.

Melter—applicators manufactured by BearCat, Crafco, Steppes, Cleasby, and Cimline were
used for hot-poured sealant application. These varied in capacity from 379 to 1,136 L. The time
required for initial heating of sealant for use in the project was 1 to 1.5 h for the smaller melters
and about 2.5 h for the 1,136-L applicators. Melters with auger-type agitators seemed to require
slightly more time in heating than did those equipped with full-sweep agitators.
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The squeegees used for overbanding the hot-applied sealants were made from 356-mm
industrial floor squeegees formed into a U shape. The back dimension of the squeegees was
89 mm, and a 2- by 34-mm notch was cut from the rubber insert in the back of the squeegees to
promote the formation of the overband on the pavement surface. The squeegee was pushed or
pulled, as required by the adjacent traffic patterns and worker preferences.

Procedures

Hot-applied, rubberized asphalt sealants were installed using configuration 1 according to
- manufacturers' recommendations, filling from the bottom up and keeping the sealant surface 3.2
to 6.4 mm below the pavement surface. Application in South Carolina is shown in figure 16.
Using the configuration 4 method, the sealant was placed from the bottom up to just even with
the pavermnent surface. Flush-filled, hot-applied sealant is shown in figure 17, The average sealant
thickness was 13 mm.

Approved oil-jacketed melter—applicators of various types were used to install sealant at the
test sites. Sealants were applied at temperatures within the manufacturers' recommended ranges,
and careful attention was paid to keeping the sealant temperature below the safe heating

Figure 16. Recessed sealant installation.
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Figure 17. Installed flush-filled sealant.

temperature at all times. To reduce the possibility of contamination, before using any
melter—applicator, all sealant was drained from the kettle and 45 to 68 kg of fresh sealant was
heated, circulated through the pump and hose, and completely drained. After flushing, 136 to 182
kg of sealant was placed in the heating chamber and heated.

During heating and application, correlations were made between the sealant temperature
measured using calibrated, hand-held thermometers and temperatures indicated by the
thermometers on the melter—applicators. Samples of each hot-applied sealant were retained after
installation for possible laboratory testing.

Hot-applied sealants were installed using the overbanded configurations according to
manufacturers' recommendations, filling from the bottom up and slightly overfilling the joints.
The average sealant thickness was 13 mm for configuration 2 and 9.5 mm for configuration 3. A
squeegee followed the applicator wand at a distance of 152 to 610 mm, striking off the surface
and leaving an overband about 2 mm thick and 34 mm wide, with a total wipe zone width of
about 89 mm. The overband installation process is shown in figure 18, and a recently installed
overband is shown in figure 19. Traffic was kept off the sealant until it had sufficiently cooled.
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Figure 19. Installed overbanded sealant.
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Silicone and polysulfide sealants were installed using air-powered cartridge applicators,
according to manufacturers' recommendations, as shown in figure 20, The non-self-leveling
silicone sealants were tooled to a maximum recess of about 6,4 mm using folded pieces of
oversized backer rod. This left a thickness of about 9.5 mm. Tooling was completed within 1
min of sealant installation. The self-leveling silicone sealants were installed 9.5 mm thick to about
6.4 mm below the pavement surface.

Some bubbles were noticed in the Mobay Baysilone 960-SL sealant as it was placed. Spot-
checks of sealant thickness were made during installation by inserting a metal ruler through the
fresh sealant to the top of the backer rod. Traffic was not generally allowed onto the sealant until
it had cured at least an hour. Production rates for silicone and hot-applied sealants are shown in

table 7.

Productivity and Cost Data

Project staff were present at each site during preparation and installation to direct and monitor
the operations. Journals of installation were kept for each site, and production rate information
for preparation operations was recorded on sheets similar to figures B-1 through B-5 in appendix
B. Average production rates for each procedure are listed in table 7.

Figure 20. Silicone sealant installation.
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Table 7. Productivity rates, labor, and equipment requirements.

Persons Bauipment Required Time per 10 Joints,

Procedure Required quip “q minutes
[Wet saw 2 65-hp saw, water truck 20to 60
Airblast or waterwash 2 Air compressor or water sprayer, truck ,15t020
[Plow 2 Powered joint plow 20t0 40
Sandblast (recessed) 2 Sandblaster, air compressor, truck 15t0 30
Sandblast (overband) 2 Sandblaster, air compressor, truck 20t0 45
Airblast 2 Air compressor, truck 10to0 15
Backer rod installation 2 Installation tool, optional truck 10to 15
Recessed hot-pour :
nstallation 2 Approved melter—applicator 10to 15
Overbanded hot-pour .
stallation 3 Approved melter—applicator, squeegec 10to 15
Tooled silicone Silicone pump or air compressor and
) . 2 . . . 40 to 50
installation cartridge applicator, tooling apparatus
Self-leveling silicone Silicone pump or air compressor and
: . 3 ) . 30 to 40
installation cartridge applicator

Production rates for each operation, material, and configuration are listed for each site in table
B-1 of appendix B. For this project, the average amount of labor required for one joint to be
sawed, initially airblasted, sandblasted, airblasted, and have backer rod and sealant installed in a
recessed configuration was about 25 person-minutes, not including startup time and sealant
heating time.

Costs of sealant materials and shipping used in this project were previously listed in table 3.
Shipping costs for the silicone sealants were paid by the manufacturer. The cost of shipping the
rubberized asphalt sealant materials ranged from 19 to 83 percent of the per-kilogram sealant
cost. This productivity and cost information can be used, together with field performance results,
to determine the cost-effectiveness of each material. A method for determining cost-effectiveness
is shown in appendix E, along with sample calculations.

Documentation

To effectively document and evaluate joint movement, pavement condition, installation
techniques, and rates, seven information sheets were completed during installation. These
installation forms were contained in the SHRP H-106 Evaluation and Analysis Plan (EAP) and

are illustrated in appendix B (Evans et al., 1992). Among the data collected were the following:

® (Climatic conditions.
® Pavement condition.
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Pavement temperatures.

Initial joint dimensions.

Gauge plug separations.

Joint faulting.

Temperatures of hot-applied sealants.
Production rates.

Labor requirements.

Photo documentation was made of each installation procedure, and representative photos of
each material and configuration were taken at the test sites.

Comments

Several items should be mentioned in a reflective analysis of the installation of the joint
resealing test sites. Among these are items pertaining to the sealant removal and cleaning
operations and to the control of material placement.

Various problems were encountered in the joint plowing operation. Some were related to the
original reservoir depth, some to the old sealant material, and some to the difficulties inherent in a
rear-mounted plowing system. The speed of the plowing operation was comparable to that of the
sawing operation; however, the quality of cleaning was far less. If a maneuverable plow with
positive horizontal and vertical control were available, this might increase the advantages of the
joint plow. Also, if the plowed joint were in such condition that the remaining sealant could be
removed by sandblasting, the plowing operation could compete with sawing and sealing since it
leaves a dry joint and does not significantly widen the joint. Good engineering judgment should
be applied when choosing to use a joint plow, taking into account such variables as existing joint
dimensions, condition of the existing scalant, and effectiveness of sandblasting.

Due to the inability to effectively plow joints at the Arizona and Colorado sites, the third
configuration could not be used with the hot-applied sealants at those sites. This reduced the
comprehensiveness of the factorial design, not allowing comparison of sealant performance in the
third configuration in those regions. It also reduced the effectiveness of performance analysis
across climatic regions.

In most cases, the resealing of joints in concrete pavements requires working with traffic in
the adjacent lane. This sets up a situation in which sand and dirt in the adjacent lane can be blown
into the joint reservoir in the period between cleaning and sealant placement. In the installation of
the test sites, this problem was reduced by blowing sand and dirt from the joint reservoir and the
pavement surface onto the nearest shoulder, using compressed air. If curbs are present or the
prevailing winds are contrary, joints can be contaminated quickly by blowing debris. Perhaps it
should be specified that a waterless street sweeper/vacuum be used to remove dirt from the
pavement in conjunction with the sandblasting and the airblasting operations.

Night construction makes good quality joint resealing even more difficult to obtain. Adequate
lighting needs to be available for all operations, including the inspection process. Time constraints
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make it tempting to cut corners in preparation thoroughness and installation quality. If the sealant
is not preheated, there is motivation to heat the sealant quickly, possibly resulting in overheating.
Additional inspection personnel may be necessary to maintain installation quality.

Finally, the rubberized asphalt, hot-applied sealants are very sensitive to overheating and to
extended heating, Although overheating of materials was not noted during installation, it is very
tempting to speed the heating operation by raising the oil temperature to more than 260°C,
thereby inducing localized overheating of the sealant material. Sufficient monitoring of the sealant
temperatures should be conducted to ensure that the sealant does not exceed the safe heating
temperature at any time.
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CHAPTER 3. MATERIAL TESTING

In addition to the data collected during installation of the joint resealing materials, laboratory
testing was performed on the primary sealant materials. Initial tests were run to confirm the
compliance of each sealant to the manufacturer’s specifications as well as to the ASTM
D 3405 specifications for the hot-applied materials.

The materials also underwent supplemental testing following test site installation. The
purpose of this additional testing was to compare the laboratory-defined material properties of
each material with the sealant's performance at the controlled test sites. Supplemental test
procedures were conducted using tests that were expected to correlate well with such
performance properties as adhesion loss, overband wear, stone intrusion, cohesive failure, and
spalling of the joint walls.

To ensure that the materials tested were representative of the material at each site, the silicone
and hot-applied sealant materials installed at all five sites were each selected from a single
production batch. Suitably sized samples of each silicone sealant and rubberized asphalt material
were obtained from the South Carolina and Colorado sites, respectively, and shipped
to two approved laboratories for testing,

Laboratory Tests Performed

Several of the initial tests were performance-based tests. These included ASTM D 3407
penetration, flow, bond, and resilience tests for rubberized asphalt materials, as well as ASTM
D 412 tensile stress and elongation tests for silicone sealants. Additional initial tests were used to
measure general sealant material properties, such as the specific gravity, extrusion rate, and tack-
free time.

Supplemental performance tests were selected to investigate specific sealant performance
properties, such as adhesive strength, cohesion strength, flexibility, durability, resilience, and
resistance to weathering. The effects of extreme temperature on some of these properties were
also investigated. These tests and any modifications made to them were described in the EAP
(Evans et al., 1992). Two tests that were performed on all nine sealants were the ASTM D 412
tensile test (figure 21) and the ASTM D 3583 immersed bond strength test (figure 22). The
tensile test was performed on all sealant materials under temperature conditions ranging from -18
to 60°C. Tensile test results were also obtained for the silicone sealants after the specimens had
undergone 504 h of ASTM G 23 weathering.

Most of the tests originally described in the EAP were completed successfully; however, due
to procedural or equipment problems, two tests required additional modification or could not be
run. Table 8 lists the supplemental laboratory tests used in the experimental design, the properties
sought in the testing, and comments about the testing procedures. Results of these tests have
been collected and are listed in the following section and in appendix C.

37



Figure 22. ASTM D 3583 tensile adhesion
testing,
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Table 8. Target properties and modifications of supplemental performance tests.

Test Procedure Pertinent Properties Material General Comments
Softening Point High-temperature Rubberized . .
ASTMD 36 tracking potential Asphalt No modifications.
IConc Penetration, Low-temperature Rubberized
| 17.8°C ASTM D 3407 flexibility Asphalt Conducted at -18°C.
. Rubberized o
{Cold Bend Utgh Spec. Cohesion Conducted at 18°C,
Asphalt
- Rubberized
Force Ductility ASIMD L13 g citity Asphalt,  |Ductility test un at 4°C.
& Utah Spec. o
Silicone
Tensile Adhesion Rubberized
. . Standard test run at 24°C, soaked
ASTM D 3583 | Adhesion/cohesion Asphalt, and unsoaked PCC blocks.
Silicone
. Conducted at a separation rate of
Mot 51 mmymin instead of 508
) - o . mm/min. Originally designed for
-3.9°C ASTM D412  |Flexibility Silicone -18, 24, and 60°C. High temp.
23.9°C o .
o replaced with 4°C due to material
60.0°C .
softening.
Completed on silicone only at
Modulus after Artificial {ASTM G 23 Durability/flexibilit Rubberized {24°C. Asphalt-based sealants
Weathering, 504 h ASTM D 412 Hrabtityte y Asphalt deformed during weathering
phase.
. - . Test discontinued due to
Track Abrasion ASTM D 3910 |Durability Silicone migration and pull-up problems.
yelic . . Performed at 24°C. Cycling 50%
l dhesion/Cohesion ASTM C 719 Adhesion/cohesion compression to 100% extension. |
Laboratory Test Results

The rubberized sealant materials used in this study contain different amounts of asphalt and
other additives, such as polymers, rubbers, and filler materials, blended and linked in a manner
that results in some variation in the outcome of laboratory testing. Results of the initial laboratory
tests on the hot-applied and the low-modulus hot-applied sealants are shown in tables 9 and 10.
Typically, two or three replicates of each test were performed, and the results of each replicate, as
well as the average for each test, are shown in these tables. Table 9 also contains the limits set by
the ASTM D 3405 specification for comparison. For the low-modulus hot-applied sealants,
several States have developed specifications for assistance in screening and quality control. The
specifications used in Minnesota, Michigan, and Iowa are shown in table 10 for comparison.
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Table 9. Results of initial laboratory tests on hot-applied sealants.

ASTM Test ASTM D 3405-78 Crafco Meadows Koch
Test Description Method Specification Limits RS 221 Hi-Spec 9005
[Penctration at 25°C,
150 gm, 5 5, d D 3407-78 <90 75.5 63.5 82.0
ow at 60°C, mm D 3407-78 < 3.0 mm 0 0 1
iBond at -29°C,
3 cycles, 50% extension D 3407-78 Jcycles Pass Pass Pass
esilience at 25°C, % D 3407-78 2 60% 65.3 63.7 70.3
Specific gravity at 15.6°C D 3407-78 1.180 1.112 1.068
Table 10. Results of initial laboratory tests on low-modulus hot-applied sealants.
ASTM Test Typical Specifications Crafco Meadows Koch
Test Description Method MN MI 1A RS 231 Sof-Seal 5030
Penetration at 25°C, 110 to 110
150 gm, S 5, d D 3407-78 150 t0 150 90 to 150 75.3 137 114.5
[Flow at 60°C, mm D 3407-78 <3 <3 <3 0 0 0
[Bond at -29°C, 3 cycles
3 cycles, 100% extension D 3407-78 || 3cycles | 3 cycles @ 200% Pass Pass Pass
[Resilience at 25°C, % D 3407-78 > 60 > 60 > 60 70.7 69.7 837
"Sgeciﬁc gravity at 16°C__| D 3407-78 1.128 1.078 1,101

One non-self-leveling silicone sealant, Dow Corning 888, was tested, and the results of the
initial tests, along with the current Georgia DOT specification, are shown in table 11. The
Georgia specifications for shore A hardness and skin-over time are included, although these are

not the same tests that were used in the H-106 laboratory testing program.

Two self-leveling silicone sealants, Dow Corning 888-SL and Mobay Baysilone 960-SL, were
also tested, and the results of the initial tests are compared with Georgia specification 83306-B in

table 12. Summaries of the results of supplemental tests performed on silicone and hot-applied
sealants are shown in tables C-1 through C-7 in appendix C.
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Table 11. Results of initial laboratory tests on non-self-leveling silicone sealants.

ASTM Test Typical Specification
Test Description * Method GA 83306-A ° Dow 888

Tack-free time at 25°C, .

50% relative humidity, min C679-87 Skin-over < 90 65
Durometer hardness, shore 00, Shore A

25°C D 2240-86 10 16 25 70
Flow at 50°C, mm D 2202-88 6.4
Extrusion rate, gm/min C 603-83 =75 81.8
Ultimate elongation, D 412-87 1950
25°C, % die C

Tensile stress at 150% elongation, D 412-87
259C. kPa die C < 310 234

*  Cured 21 days at 25°C, 50% relative humidity.
®  Cured 28 days at 25°C, 50% relative humidity.

Table 12. Results of initial laboratory tests on self-leveling silicone sealants.

Typical Specifications
A ASTM Test Dow | Mobay 960-
Test Description Method GA 83306-B * 888-SL SL
Tack-free time at 25°C, ;
50% relative humidity, min C 679-87 Skin-over < 90 150 240
];;rcc:)meter hardness, shore 00, D 2240-86 40-80 59 50
Extrusion rate, 25°C, gm/min C 603-83 >90 130 300
Ultimate elongation, D 412-37
25°C, % die C 2150 647
Tensile stress at 150% elongation, D 412-87
| 25°C, kPa die C <276 114 172

*  Cured 21 days at 25°C, 50% relative humidity.
b Cured 28 days at 25°C, 50% relative humidity.
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CHAPTER 4. FIELD PERFORMANCE

Ten evaluations of the performance of the experimental joint seals were completed at
approximately 1, 5, 9, 12, 18, 30, 42, 56, 68, and 82 months after installation. The lanes in which
each test site was instalied were closed down, and a detailed 1- to 2-day evaluation of the
conditions of the sealants and surrounding concrete was performed. This chapter describes the
types of performance data collected over the 82-month monitoring period and presents a summary
of the field performance observations following the tenth and final evaluation.

Performance Data Collection

Toward the goal of collecting the required performance data efficiently, consistently, and
completely, a standard joint seal evaluation form (see appendix D) was prepared and duplicated
for each joint at each test site. The tabular form included data cells for recording the following
types of sealant system distress data on a foot-by-foot basis:

Partial-depth adhesion loss (approach and leave side).
Full-depth adhesion loss (approach and leave side).
Partial-depth spalling (approach and leave side).
Full-depth spalling (approach and leave side).
Overband wear (approach and leave side).

Stone intrusion.

Partial-depth cohesion loss.

Full-depth cohesion loss.

Most of the distresses represented a reduction in a seal’s ability to perform its main
function—to keep water from infiltrating the joint. These distresses include partial-depth
adhesion and cohesion loss, partial-depth spalling, overband wear, and stone intrusion, The other
distresses, full-depth adhesion and cohesion loss and full-depth spalling, signified a seal’s inability
to perform its function. These distresses were termed “failure distresses.” The total amount of
failure distress observed in a seal formed the primary basis for performance comparisons.

Other types of data collected in the field evaluations included climatic conditions (e.g., air
temperatures, precipitation), joint gauge plug measurements, and faulting measurements. Data
from two in-place sealant tests were also recorded. The nondestructive coin test was performed
regularly on each sealant product to give a general indication of the material’s resilience. The test
procedure consists of inserting a quarter half-way into the sealant and measuring the amount it is
ejected after a 1-min period. Full ejection of the quarter indicates a very resilient material, one
capable of keeping incompressible materials from penetrating into the joint. The destructive pull-
out test was periodically conducted to indicate material flexibility and adhesiveness. In this test, a
50-mm segment of sealant is cut along the joint sidewalls and at one end. It is then grabbed at 25
mm and pulled straight up at a constant, gradual rate. If the sealant continues to pull from the
joint with limited stretching, then the bond is inadequate. If it doesn’t pull from the joint, the
amount that it stretches before rupture is measured to determine how extensible or flexible it is.
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Field Performance Results

After 82 months of service, the predominant failure type at all joint reseal sites was adhesion
failure, with sliver spall and cohesive failure having also occurred in slight, but varying, amounts.
Figure 23, from I-25 in Colorado, shows typical full-depth adhesion loss. Partial-depth adhesion
distress, shown in figure 24, typically ranged in depth from 3.2 mm to 60 percent of the sealant
thickness, with an average depth of about half the sealant thickness. Spall-related failure, shown
in figure 25, occurred predominantly in the colder States of Iowa and Colorado. Typically, in
these States, partial-depth spalls occurred as frequently as full-depth spalls. Reduction in the
thickness of the overbanded sealant material, as shown in figure 26, occurred in all seals.

The overall effectiveness levels (1.e., percentage of joint seal length not failed) recorded in the
1997-1998 round of test site inspections are shown in table 13, Types of failure contributing to
the overall effectiveness were full-depth adhesion, cohesion, and spall distress, It should be noted
that no statistical difference may exist between seals having different effectiveness levels.
Statistical analysis of these results is described in chapter 5.

As seen in table 13, several materials were still performing well at the time of the final
inspection, with a few having developed less than 5 percent overall failure. However, a significant
amount of failure had developed in some materials, with 43 of 82 treatments (i.¢., material—
configuration combinations in individual States) exhibiting more than 25 percent overall failure.
This was an increase from 30 treatments in the 1996-1997 field inspection round, and it indicates
that the functional lives of several treatments were nearing an end. According to the seal
performance rating categories developed by Belangie and Anderson (1985) and shown in table 14,
20 of the material~configuration combinations in the test sites reached a failed rating (more than
50 percent failure) in the 1997-1998 surveys. This was up from 14 in 1996-1997.

As seen in figure 27, a comparison by State of the overall performance of the primary seals
indicates that the effectiveness has continued to decrease now that the seals have weathered six to
seven winters and seven summers. Moreover, the seals at South Carolina and Colorado were not
performing as well as those at other sites. A primary reason for the large amount of failure at the
South Carolina site was the excessive adhesion failure in the configuration 3 joints. In these
joints, unfailed silicone sealant was incompletely removed by the available plowing equipment.
The silicone that remained on the joint walls inhibited bonding of the new hot-applied sealants and
led to significant adhesion loss. The failure at the Colorado site was possibly due to the large
amount of joint movement and the rapid temperature changes that occur as storm fronts cross the
mountains into the plains. This test site is situated just east of the foothills of the Colorado Rocky
Mountains. Another possible reason for the large Colorado site failure was the low quality of the
available sandblasting equipment,

Using the database of performance data from this joint seal study, summary reports were
derived. Abbreviations were selected for each material and configuration to simplify reporting,
These are listed in tables 15 and 16. An example yearly summary table for survival of joint seal
effectiveness at the test site on I-25 in Colorado is shown in table 17.
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Figure 26. Overband wear,
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Table 13. Overall effectiveness levels of various treatments following
1997-1998 field inspection round.

QOverall Effectiveness, percent joint length

Sealant Config- |Total Joints
Material uration . Sout.h
Arizona Colorado Towa | Kentncky | Caroling |

1 97 80 55 78 93 58

2 97 87 47 79 97 86

Koch 5005 3 59 92 o8 49
4 38

1 98 40 66 63 78 74
2 96
Crafco RS 231 3 59
4 38
1 76
Meadows Sof-Seal 2 75
3 59
4 19
1 76
2 73
Koch 9030 2 =8
4 19
1 19
Meadows Hi-Spec 2 20
4 20
1 20
Crafco RS 221 2 20
4 20

Dow 888 1 93 99.7 88 86 97 99
Dow 888-SL. 1 97
Mobay 960-SL 1 98
Mobay 960 1 18
Crafco 903-SL 1 19
Koch 9050 1 29
Dow 888 w/ primer 1 10
Dow B88-SL w/ primer 1 9
| Koch 9005 w/ primer 1 10

Table 14, Seal performance rating (Belangie and Anderson, 1985).
Rating Effectiveness Level, % Number of Treatments
Very good 90 to 100 17
Good 80 to 89.9 18
Fair 65 t079.9 8
Poor 50to 64.9 19
Very pooi (failed) 010499 20
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Figure 27. Overall performance of primary seals at each test site.
Table 15. Sealant names and material codes.
Material Code Manufacturer Sealant Name Sealant Type Abbreviation
1 =Crafco RS 221 Rubberized asphalt C-221
2 Crafco RS 231 Low-modulus rubberized asphalt C-231
3 Koch 9005 Rubberized asphalt K-9005
4 Koch 9030 Low-modulus rubberized asphalt K-9030
5 Meadows Hi-Spec Rubberized asphalt M-HS
6 Meadows Sof-Seal Low-modulus rubberized asphalt M-S8
7 Dow 888 Silicone 888
8 Dow 888-SL Self-leveling silicone 888-SL
9 Mobay 960-SL, Self-leveling silicone 960-3L
A Mobay 960 Silicone 960
B Crafco RS 903-SL Self-leveling silicone RS-SL
c Koch 9050 1-part polysulfide K-9050
D* Dow 888 Silicone 888-Prm
E* Dow 888-SL Self-leveling silicone 888-SL/Pr
E* Koch 9005 Rubberized asphalt K-9005 Prime

Joint walls for these material codes were primed.
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Table 16, Configurations (preparation methods) and their abbreviations.

I Configuration Number Preparation Method Abbreviation
1 Saw, sandblast, airblast, install recessed S&R
2 Saw, sandblast, airblast, install overbanded S&0
3 Plow, airblast, install overbanded P&O
4 Saw, sandblast, airblast, install flush with S&F
surface

Table 17. Seal effectiveness summary for Colorado 1-25 site.

contie-| Reop. || Pta-Depth | Ful-Depth | Full-Depth P"I“"ﬂs ;l)lepth F“lé'Da‘;lpm Overall
Material uraﬁoi caI:e Adhesiveness, | Adhesiveness, | Cohesiveness, Ad eg wacy A deguacy Effectiveness,
% joint length | % joint length | % joint length % joint length | % joint length % joint length
1 1 79.9 99.6 93.5 73.0
2 79.3 88.2 92.7

60.2
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Table 17. Seal effectiveness summary for Colorado I-25 site (continued).

) Config-| Repli- Pm—Depm Pull—].:)epth Fu]l—Pepth Parti;rl;])lepth Fulé;l))a;pth Ov.erall
Material uration | cate ;dpe_sweness, Ad!u?sweness, Co?u?sweness, Adeguacy, Adequacy, Eff.e?tweness,
% joint length § % joint length | % joint length % iint leneth | % ioint length % joint length
M-S§ 2 1 752 23.5 99.2 846 833 59
M-5S 2 2 69.8 39.2 95.5 92.1 86.5 21.2

M-SS 4 1 823 290 98.2 914 86.3 135
M-S8 4 2 81.9 366 99.0 94.0 85.0 206

888-SL 1 1 98.5 96.1 100.0 88.6 88.6 84.6
888-SL 1 2

960-SL 1 1 96.7 89.3 100.0 8738 85.0 743

Unshaded rows in this table represent a summation for each treatment replicate—10 joints
prepared with the same materials and preparation procedures. Shaded rows are an average of the
percent joint length effectiveness for both replicates of a treatment. The remaining performance
summary tables for each site and distress are included in appendix D, Summaries of the full-depth
adhesion, cohesion, and spall failures after 82 months for each site, material, and installation
method are shown in figures 28 through 32.

Differences in the performances of the silicone and hot-applied sealants increased significantly
as traffic and climatic cycling took a toll. These differences became more evident after the third
winter, as figure 33 illustrates. Because not all sealants were installed at every site, using figure
33 for direct performance comparison is not recommended. For example, the secondary sealants
(Crafco 221 and Meadows Hi-Spec) were installed at only one site. Table 1 in chapter 1 provides
a list of the sealants installed at each location. The performance characteristics of each material in
configuration 1 at individual test sites are shown in figures D-2 through D-6 in appendix D.
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Some performance differences between the standard rubberized asphalt (ASTM D 34053), the
low-modulus rubberized asphalt (low-modulus ASTM D 3405), and the silicone sealant materials
became evident. The standard rubberized asphalt sealants tended to become sticky at high
temperatures and stiff at low temperatures. This led to some embedment of stones in these
materials and occasional cohesion failure as the stiffened sealant is stretched beyond its tensile
limit. Some of these materials seemed to have a self-healing tendency, whereby the summer
season tended to soften the sealant and promoted readherence to the joint edge. The average
overall amount of adhesion and cohesion failure for these sealants was 15.8 and 12.2 percent,
respectively. Following the final inspection, adhesion failure tended to be highest in the recessed
configuration 1 and least in the overbanded configuration 2.

The low-modulus ASTM D 3405 sealants were generally soft and resilient over a range of
temperatures, and they resisted stone intrusion well. When overbanded 3 mm thick, the materials
were typically completely worn away by traffic after 18 months, with one exception. Crafco RS
231 sealant resisted traffic wear more than the other low-modulus sealants, but it was generally
worn from most sites by the time of evaluation 7 (approximately 42 months).

Although the low-modulus sealants were soft under cold conditions, they generally developed
more adhesion failure than the standard rubberized asphalt sealants. Again, the exception was the
Crafco RS 231 low-modulus sealant. Cohesion failure was minimal for this type of sealant—Iless
than 0.5 percent. The average amount of adhesion failure for the low-modulus sealants was 41.7
percent, up from 31.7 percent in the 1996-1997 field inspection round. Overall failure was
generally highest in the sawed/recessed configuration 1 and the sawed/flush-filled configuration 4.

An average of 10.5 percent overall failure developed in the self-leveling and non-self-leveling
silicone sealant materials at all sites. The joints in which these materials were installed were
prepared in the same manner as the joints sealed using recessed hot-applied sealants. However,
the silicone sealant overall adhesion failure rate was only 4.2 percent, and partial-depth adhesion
loss was less than 1 percent. The only material that began to exhibit adhesion and cohesion failure
was the Mobay 960-SL silicone, which has been taken off the market, At the Iowa site, samples
of this sealant partially or completely split from the bottom upward. Spall formation accounted
for 6.0 percent of the overall silicone failures. These spalls were typically less than 25 mm long
and less than 9 mm wide and were commonly found in the wheelpaths,

Comparison of the ASTM D 3405 sealant performance differences, when installed in different
configurations, revealed some interesting trends. The performance characteristics of the standard
and low-modulus ASTM D 3405 materials are shown in figures D-2 through D-6 in appendix D.
Overall failure was more pronounced in the sawed/recessed and sawed/flush-filled configurations
(configurations 1 and 4), averaging 41 and 33 percent, respectively. More than 91 percent of the
failures in all configurations were related to adhesion or cohesion. Full-depth adhesion loss was
greater in recessed sealants than in overbanded and flush-filled sealants at the same site by 2.7 and
1.7 times, respectively. These trends indicated that the recessed configuration may not provide
the best adhesion performance when compared with other installation methods.
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Joint Movement

Concrete pavements shrink in cold temperatures, causing the joint widths to increase and the
joint seal to be stretched in the reservoir. To estimate the joint movement experienced by the
sealant materials at the five sites, joint widths were measured at extreme summer and winter
temperatures, as well as at the sealant installation temperature, Using the average coefficient of
thermal expansion backcalculated from air temperatures and from the joint width data, the
maximum extension at each joint was computed at the coldest recorded air temperature since

installation.

As shown in table 18, the variability in movement from joint to joint was great at each site.
The Arizona site experienced the least movement, as expected, because of its short joint spacing
and the small difference between installation temperature and the minimum temperature. The
Colorado site experienced the largest average computed joint movement.

Table 18. Computed maximum joint movement.

Average Air Min, Air Average of |Standard Deviation| Computed
Joint Tcmpe.ramre Tempcraturc Maximum' of Maxjmur{x Joint Opening
Test Site m ’ J pening, o pening, o
[Phoenix, AZ 46 183 0 ) 54 00338
IIFt. Collins, CO | 3.7 10 4.6 156 284 22.2 9.9 130725
Grinnell, 1A 6.1 283 323 9.4 62 0.4 10 57.7
lrantor Ky | 9.0t0152 ] 317 233 16.6 115 0210 62.1
lcotumbia, sc_| 581076 1 239 10,5 127 92 010762 |
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CHAPTER 5. DATA ANALYSIS

The primary objective of this project was to determine which materials and procedures
provided the longest-lasting joint seal performance. Once the performance characteristics of the
various joint seal treatments were determined, then the cost-effectiveness of each material and
procedure could be computed. A supplemental goal of the project was to determine which
laboratory tests and properties relate well with field performance. Such knowledge would assist
maintenance planners in specifying and using high-quality materials.

Variations in failure rates since installation resulted in a wide range of treatment failure levels
(between 9 and 99 percent of the total joint length) at the time of the final round of field
inspections. Consequently, some significant differences in performance became evident. The
following sections outline the methodology used in determining statistical differences in joint seal
performance and present the results of statistical analysis with regard to field performance and
laboratory testing., A comparative analysis of the performance properties of each treatment is also
presented and discussed.

Statistical Methodology

The joint resealing experiment was designed for a randomized block design analysis with two
factors—treatments and position along the joint. Two replicates of 10 joints sealed using unique
treatments (i.e., combinations of one material and one preparation method) comprised the blocks
for analysis of performance at each site, To complete a statistical analysis of the joint seals, a
statistical comparison was made of the distresses, failures, and laboratory test results between
each of these treatments periodically and over time. An additional analysis of the time to 75
percent effectiveness was also conducted.

Analysis of field and laboratory performance data was performed using SAS® statistical
software release 6.12. Prior to statistical analysis, performance data were compiled in
spreadsheets, verified, and converted to American Standard Code for Information Interchange
(ASCII) format. SAS® command files were prepared for each analysis, instructing the program
how to read the ASCII data, what types of statistical analysis to perform, and what form of output
was desired.

For the analysis of treatment performance, the SAS® General Linear Models (GLM)
procedure with the multivariate analysis of variance (MANOVA) option was used. This
procedure used the mean distress values and variability associated with each distress or failure to
determine if the performance of one or more of the treatments was statistically different at a
determined confidence level. If the analysis of variance indicated that performance differences
existed, a Tukey’s Studentized Range (HSD) analysis of ordered means was completed to rank
the treatments that performed differently. The SAS® CONTRAST options and multiple paired t-
tests were used to determine if sealant performance in different configurations was statistically
different. In addition, the SAS® PROC CORR function was used to study relationships between
field performance and sealant material laboratory test results.

57



Analysis of Varian

Analysis of variance yields a probability rating between 0 and 1 that the values of each distress
are the same for each replicate, treatment, and position. For example, if there is no significant
difference at one site between the adhesion failure of all treatments, the rating would be near 1.

If, however, a significant difference exists between one or more of the treatments, the rating
would be near 0. The ratings are based on a Type IV mean square, with Replicate*Treatment as
an error term. For this analysis, probability ratings of 0.05, corresponding to a 95 percent
confidence level, were used to indicate the existence of significant differences.

Results of the analysis of variance of treatments for the five sites are presented in table 19. As
the probability ratings indicate, one or more treatments at all sites exhibited a statistically
significant difference in partial- and full-depth adhesion loss and partial-depth sliver spall failure.
The amount of full-depth spalls and full-depth cohesion failure in each treatment was significantly
different at only three of the five sites. The indication is that full-depth spalls and cohesive failure
are not largely a function of material type or installation method at the remaining two sites.
Overall failure, which includes full-depth adhesion, cohesion, and spall failure, was significantly
different between two or more treatments for all sites except Arizona.

When the MANOV A analysis indicates a significant difference in one or more of the
treatments, further analysis can be conducted to determine which treatments are performing
differently. The Tukey’s studentized range analysis of the SAS® GLM procedure was used to
rank each treatment by similar performance. Tukey analysis orders the mean distress values for
each treatment in descending order and groups treatments that are performing statistically the
same, Table 20 is an example of the means and grouping for each treatment at the Colorado test
site, as ranked by the amount of full-depth adhesion failure. This example, shown graphically in
figure 31, indicates that the amount of full-depth adhesion loss was not significantly different for
treatments 1, 2, 3, and 4. There was also no si