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INTRODUCTION

This final report is the result of an Arizona Transportation Research Center
(ATRC) evaluation of three paving fabrics; Paveprep, Glassgrid, and Tapecoat. The
project was performed in cooperation with the Federal Highways Administration
(FHWA).

Background

Pavement rehabilitation is becoming an increasingly more important issue facing
all levels of highway departments. The Arizona Department of Transportation (ADOT)
is no exception. ADOT is responsible for more than 5,900 centerline miles of asphalt
concrete (AC) pavement!. In the next 10 to 20 years, the majority of this asphalt
pavement will require major rehabilitation or replacement in order to maintain it's current
level of performance.

A common form of rehabilitation of hot mixed asphalt concrete (HMAC)
pavement is the application of AC overlays. A problem, however, with using overlays
has been the propagation of the original cracks from the pavement through the overlay.
This process is referred to as reflective cracking and often occurs after only 1 or 2
years. Reflective cracking can significantly reduce the performance level of the
pavement in a very short time.

Many different techniques of reducing reflective cracking have been tried.
Among these techniques are the use of stress absorbing membranes, asphalt-rubber
binder, thicker overlays, asphalt additives, and paving fabrics. Some of these methods
can reduce the amount and rate of reflective cracking, but currently there seems to be
no effective method of completely eliminating the propagation of cracks through an AC
overlay to the surface.

Arizona has had some success mitigating reflective cracking with the use of full-
width asphalt rubber stress absorbing membrane interlayers (SAMI). However, in some
cases the existing pavement only has localized distress and it is not economical to
apply a SAMI across the entire pavement. For projects where only portions of the
pavement require treatment, a cost effective means of reducing reflective cracking is
desirable.

Objective

Three paving fabrics; Paveprep, Glassgrid, and Tapecoat, were submitted by
their manufacturers to ADOT's Product Evaluation Program. In June,1987, the Product
Evaluation Committee recommended that the paving fabrics be incorporated into an
experimental project under the supervision of the ATRC. The purpose of the project
was to evaluate the ability of the three paving fabrics to prevent or mitigate reflective
cracking through an AC overlay.



PROJECT LOCATION
Site Determination

There were two asphalt overlay projects scheduled to go to bid in February,
1988 that were proposed as candidate test locations by the Materials section of ADOT.
These projects were S-366-937 near Flagstaff, and RS-274-(8)P in Willcox. The
Willcox project's original pavement had transverse cracks ranging from 0.5 to 1 in. wide
and spaced with some uniformity, generally 100 to 150 ft. apart. About 2/3 of the 20 to
30 cracks observed ran relatively straight across the road. Because of the uniformity of
the cracking, which favored experimental comparison of the products, and the size of
the cracks, this construction project was selected to host the paving fabric experimental
project. The project was situated on SR 186, locally designated as Rex Allen Drive,
from MP 326.44 to 327.48.

Area Description

Willcox is located approximately 160 miles southeast of Phoenix and 70 miles
east of Tucson. The town is in the northern half of the Sulphur Springs Valley in
Cochise county. The project elevation is 4255 ft.. The average daily maximum and
minimum temperatures by month are given in Figure 1. The area receives 11.89 in. of
precipitation a year, with the monthly distribution depicted in Figure 22.

Willcox is a part of a closed basin that has an interior drainage to the Willcox
Playa at the lowest part of the valley. The Willcox area is flat and the soils consist of
unconsolidated alluvium, and poorly and moderately consolidated alluvium. The soils
are highly alkaline.

The Project

Figure 3 is an illustration of the test section portion of the construction project
where the three paving fabrics were placed on transverse cracks prior to overlay
placement. The stations designated in Figure 3 are based on distances measured
along the curb of the north side of the street from the reference station 24+30. Station
24+30 was used as the reference station since surveyors had marked it on the
roadway. The corresponding crack location stations are inconsistent with the actual
construction plans stations for the sake of simplicity in locating and identifying the
cracks at future dates.
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RS-274(8)P
EXPERIMENTAL REINFORCING FABRIC INSTALLATION
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Figure 3 The Test Section.




EXISTING SITE DESCRIPTION
The Existing Roadway

The existing roadway was 64 ft. wide, with 2 lanes in each direction and a
center turning lane for most of the project. The only exception is between stations
24+30 and 27+31 which did not have a center turning lane. The average daily traffic
(ADT) is 5768 vehicles/day and consists primarily of passenger vehiclesS.

The existing pavement was constructed in 1971 and consists of 6 in. of cement
treated base (CTB), 5.5 in. of asphalt concrete, and 0.5 in. of asphalt concrete friction
course. The pavement design is illustrated in Figure 4.
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Figure 4 Original Pavement Section.
Existing Pavement Performance

Rex Allen Drive was in need for an overlay because the level of roughness and
the amount of cracking was increasing rapidly. The cracking included 0.5 in. wide
transverse cracks with occasional "random cracking" occurring throughout the project.
The term random cracking is used in this report to designate cracking in the form of
small-width longitudinal and alligator cracking, and small-length, small-width linear
cracking either skewed or not skewed in the transverse direction.

Figure 5 shows a typical transverse crack in the pavement. Most of the
transverse cracks had been filled with sealant, but much of the sealant had been
tracked onto the pavement. The cracks had been filled with dirt and small
incompressibles. The portland cement concrete curbs, gutters, and sidewalks in the
vicinity were badly cracked, as shown in Figure 6. It appears as though moisture
intrusion into the subgrade may have increased the severity of the cracking.

Drainage on the road was a problem, and still is. There is no provision for
removing rain water from the street. As such, the water tends to settle along the curbs
and gutters, migrating through cracks and joints into the base and subgrade. Figure 7
illustrates the drainage problem.  Subgrade samples taken during the initial
construction were determined to have a water content of 30.7 percent.



Figure 6 Typical Cracks in the Curb and Sidewalks.



Figure 7 Gutters Filled with Runoff.

EXPERIMENTAL PLAN

With the objective of evaluating the three paving fabrics' field performance at
reducing reflective cracking on Arizona's highway pavements, an experiment was
formulated to compare the three fabrics with each other and with the "do nothing"
alternative. The experiment consisted of treating 32 high severity transverse cracks
with the 4 treatment alternatives; Paveprep, Tapecoat, Glassgrid, and "do nothing".
The "do nothing" treatment will also be referred to as the control, or the control
treatment, in this report.

Eight replicates of each alternative were selected based on the number of full-
width transverse cracks available. The eight replicates were spread over 8 different
randomly determined locations in the test site, providing a statistical design that blocks
the effect of location variability. Figure 8 shows the conceptual design of the
experiment. The locations of the test cracks were marked with washers set in epoxy on
the nearby curb to facilitate future monitoring and evaluation.

PRODUCT DESCRIPTIONS
The paving fabrics used in this experimental project were Paveprep, Glassgrid,

and Tapecoat. Samples of promotional brochures provided by the manufacturers are
given in APPENDIX A.
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Paveprep is a high density polymerized asphalt mastic sandwiched between two
layers of polyester fabric. Figure 9 is a photograph of the material with a tape measure
labeled every 1 inch. The product is manufactured by International Coating Systems,
Inc. and has previously been known as Prepave and Pre-Pave. Paveprep is 120 mils
thick and is available in rolls of 12 to 42 inches. The product requires the application of
an asphalt cement to bind it to the existing surface. The free-on-board cost of
Paveprep is $9.00 per square yard. Five 20-in. wide rolls, each 102 ft. long, were used
for the experimental project and were supplied free of cost by the manufacturer.

Figure 9 Paveprep Paving Fabric.

Glassgrid is a paving fabric composed of glass fibers bundled into strands which
are held in place by polyester thread. The product is manufactured by Bay Mills
Limited. Figure 10 is a photograph of Glassgrid with a tape measure in inches. The
product's grid structure is the result of weaving the glass fiber strands together.
Glassgrid comes in two different categories; the "detail repair®, and "complete road"
systems. The detail system has double strands and as such has a higher tensile
strength and weight than the single strand complete system. For the Rex Allen Drive
project, the detail system of Glassgrid was used. At the time of construction Glassgrid
cost $2.25 per square yard, but was provided free of charge by the manutfacturer.

Tapecoat M-860 is a pre-formed elastomeric resin bound with an adhesive to a
woven polymer fabric. The product is cold-applied and self-adhering. Tapecoat M-860
is manufactured by The Tapecoat Company and is available in 4, 6, and 12 in. wide
rolls 150 ft. long. Figure 11 depicts Tapecoat M-860 with a tape measure in inches.



Figure 10 Glassgrid Paving Fabric.

Figure 11 Tapecoat Paving Fabric.
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The cost of Tapecoat was dependent on the amount purchased. A carton of
Tapecoat consists of either one 12 in. roll, two 6 in. roles, or three 12 in. rolls, each of
which result in 16.67 square yards of material. Estimated costs at the time of
construction are $5.76 per sq. yd. for 1 to 12 cartons, $4.86 per sq. yd. for 13 to 71
cartons, and $4.14 for more than 71 cartons. For the experimental project, 12 in. wide
rolls were used to treat the transverse cracks, and 4 in. wide rolls were used for the
random crack treatments. The fabric was provided by Tapecoat free of charge.

CONSTRUCTION
The Construction Project

The construction project RS-274-(8)P consisted of removing, furnishing, and
placing asphalt concrete, furnishing and placing pavement reinforcing fabric,
constructing wheel chair ramps, and other incidental work.

The work under the pavement reinforcing item involved placement, with the use
of mechanical equipment, a reinforcing interlayer between the milled surface and the
surface course from station 56+61 to station 79+78. The item included furnishing all of
the equipment, materials, and labor necessary for placing the fabric. The fabric was
specified to be a nonwoven polyester, polypropylene, or polypropylene/nylon material
conforming to the standards shown in Table 1. The contractor chose to use Travira
Spunbound to fulfill this specification.

Weight, Oz,/sq.yd. 3.0t08.0
ASTM Designation: D 1910

Grab Tensile Strength 90 min.
(1-inch grip), Pounds,
ASTM Designation: D 1117

Elongation at Break, % 40 min.
ASTM Designation: D 1117

Fabric Thickness, 30 to 100 mils
ASTM Designation: D 461

Table 1 Specifications for Pavement Reinforcing Fabric.

Specifications required surface preparation and a binder coat of paving grade
asphalt (AC-30). The milled surface was to be open to normal traffic in not more than
72 hours, and the bare reinforcing fabric was specified not to have public traffic other
than turning vehicles. The rate of binder coat application was specified as the range of
0.25 to 0.30 gallons/square yard, with an additional recommendation that the
application rate reduced by 20% at intersections to minimize the chance of developing
a slippage plane.
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The experimental fabric installation specifications called for furnishing and
applying the 3 experimental fabrics to function as interlayers between the milled surface
and a 2-in. AC overlay. The fabrics were supplied by their manufacturers, however the
contractor was responsible for furnishing the equipment, materials, and labor required
to apply these fabrics on the milled surface directly over the selected transverse cracks.

General Construction Procedures

ADOT District 2 provided the contract administration, materials testing and
construction inspection of the construction project, including the experimental project
section. Mr. Noland Durnell was the resident engineer. The construction contract was
awarded to the Ashton Company for $254,815. Rail-H was subcontracted to mill the
pavement. Construction of the project began August 1, 1988, and paving began
August 8, 1988. The bid items with associated quantities and unit prices are included
in APPENDIX B. ADOT special provisions for installing the pavement reinforcing fabric
and the experimental fabrics are given in APPENDIX C. A list of personnel who
observed, inspected, or supervised the project construction is given in APPENDIX D.

A Caterpillar milling machine was used to mill the top 2-in. of the existing
pavement. The milling machine could only mill a 6 ft. wide trench, and as a result it
took from Aug. 1 thru Aug. 5 to completely mill out the roadway. The sequence in
which the milling took place is brought forth in Figure 12.

After milling, a power broom was used to clear the residue and debris left on the
milled surface. Figure 13 is a photograph of the broom used by the contractor. Figure
14 is a photograph of the milled and broomed surface. Due to heavy rains, the
contractor was unable to start paving until August 8, at which time the surface was re-
swept with the power broom.

Paveprep

Eight transverse cracks, crossing 468 ft. of pavement, were treated with
Paveprep. An additional 202" of random cracking was covered with the fabric. Paving
was to be carried out by lane, and likewise so was the fabric treatment. The installation
of Paveprep involved tacking the surface with AC-30, cutting and rolling out the fabric,
and walking across it. The installation took place about 400 ft. ahead of the paving
machine. Figure 15 shows a Paveprep installation.

During the placement of Paveprep there were problems with the fabric not
adhering to the milled surface. Several methods were incorporated in an attempt to
achieve a better bond. First, the contractor applied the binder coat for the entire
overlay at the rate of 0.20 gal./sq. yd., rather than specified 0.25 to 0.30 gal./sqg. yd.,
and then placed the Paveprep. This was not successful in creating a better bond.
Next, the contractor tried to lay the fabric on an AC-30 tack, and then add the binder
coat of AC-30. This strategy had limited success, however, the supplier of the AC-30
did not have a paving wand with a reinforced hose to apply the tack for the Paveprep
placement. Instead, the spray nozzles on the back of the boot truck were turned on
and off as the driver drove over the cracks. This led to problems with adequate
coverage and proper quantities.

12
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Figure 13 Power Broom Used on Project.

Al ik
o

Figure 14 Milled Pavement Surface.
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Figure 15 Paveprep Installation on a Transverse Crack.

The boot truck carrying the AC-30 asphalt cement was not able to keep the
asphalt within the desired temperature range of 320° F to 350° F. On the first day of
paving (Aug. 8) the temperature of the AC-30 was recorded at 310° F. For the rest of
the project the temperatures were much lower. On August 10, at approximately noon,
the temperature of the AC-30 was observed at 225° F, and a sample taken from the
end nozzle showed the temperature at 205° F. It was discovered that the level of
asphalt in the truck was below the heating coils, and as a result, that amount of AC-30
could not be heated any further with the equipment that was being used.

During paving, the binder coat was sticking to the tires of the trucks and the
laydown machine. As a result, when this equipment would cross over the paving fabric,
the fabric would be pulled up by the equipment tires. Figures 16 and 17 illustrate
instances where construction traffic had picked up some of the installed fabrics before
placement of the overlay. Also, in some instances the fabric would tend to ball up in
the overlay during compaction because of poor bonding with the existing surface.

After the first day of paving the binder coat for the overlay was changed from
AC-30 to CSS-1 emulsion. CSS-1 is a cold-applied liquid emulsion. Figure 18 shows
the specific locations where the two binder coats were applied. The boot truck with the
AC-30 had been used for tacking the Paveprep and Spunbound. The paving fabrics
did not get picked up on the tires of the construction traffic as frequently when the CSS-
1 was used.
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Figure 17 Paveprep Picked Up on the Wheels of Paving Machine.
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Problems with installing the Paveprep continued. The fabric continued to slide
under tires due to the improper application of the AC-30 tack. Many different quantities
of AC-30 were tried, but a good bond could not be attained. Hot asphalt concrete was
spread over the fabric to reduce the stress of the tires passing over it, but there was still
no evidence of a bond with the existing surface. Even after setting for two hours, the
fabric was still picked by the paving machine. The paving ski's metal plates caught the
edge of the fabric and rolled it up.

During the later stages of construction it was decided to not use any binder coat
for the overlay (see Figure 18 for locations) in hopes of keeping the paving machine
from picking up the fabric. This proved to be no solution as the Paveprep installations
continued to pull up under construction traffic.

Glassgrid

Eight transverse cracks, crossing 470 ft. of roadway, and 146 ft. of random
cracking were treated with Glassgrid. Glassgrid is self-adhering, and installation
consisted of cutting, laying, and rolling the fabric. A pickup truck with dual tires was
used to roll the fabric. Figure 19 is a photograph of Glassgrid placed on a transverse
crack.

Figure 19 Glassgrid Installed on a Transverse Crack.
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The Glassgrid did not bond well to the existing surface. The boot truck, belly
dump, and paving machine all pulled up the paving fabric. The bond was poorer than
with the Paveprep, and in some instances the fabric was pulled completely off of the
surface. Just a small amount of asphalt cement would cause the fabric to be picked up.
Hot asphalt concrete was spread under equipment tires in an attempt to keep the fabric
from being picked up, but this did little to help.

The bonding problem was thought to be a result of Glassgrid's mesh structure.
Because of this structure there is limited surface area in contact with the existing
surface. A milled surface amplifies this limit. Even after the binder coat was changed
from AC-30 to emulsion, the fabric still picked up. Better results came from completely
eliminating the tack coat, as shown in Figure 20. In an attempt to increase the bond, a
pneumatic roller was employed rather than a pickup truck to roll the fabric. However,
no bonding improvement was noticed.

Figure 20 Glassgrid Placed Without Binder Coat.

Tapecoat

Eight transverse cracks, crossing 472 ft. of roadway, were treated with 12 in.
wide Tapecoat. Also, 93 ft. of random cracks were treated with 4 in. wide Tapecoat,
and 52 ft. of random cracks were treated with 12 in. wide Tapecoat. Refer to Figure 3
for locations. Like Glassgrid, Tapecoat is self-adhering, and as such the installation
required cutting the material, peeling off the backing to expose the adhesive surface,
and rolling the placed fabric. A pickup with dual wheels was used to roll the fabric.
Figures 21 and 22 show 12 in. and 4 in. Tapecoat installations.
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Figure 22 4-in. Tapecoat Placed on Random Cracking.
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As with the other fabrics, the Tapecoat curled up beneath the tires of
construction equipment that had AC-30 tack built up on their tires. The problem
occurred with less frequency than with either the Paveprep or the Glassgrid, and upon
changing the AC-30 binder coat to emulsion the Tapecoat no longer picked up under
tires.

Travira Spunbound

On the east side of the construction project, from stations 56+61 t079+78, a
pavement reinforcing fabric called Travira Spunbound was used. The fabric was laid
covering the full width of the roadway for the full length of the remainder of the project.
The fabric meets ADOT specifications, and is not considered a part of the test section,
however, it's performance was also informally monitored.

For the installation of the Travira Spunbound, a tack coat of AC-30 was placed
on the existing milled surface at a rate of 0.3 gal./sq. yd.. The fabric was then placed
using a fabric installer that was attached to the loader bucket of a backhoe. Figure 23
is a photo of the fabric being placed on the milled surface. The tack coat was applied
in 12 ft. lanes and placed 6 in. wider than the fabric. Then the fabric was placed 6 in.
wider than the overlay paving passes (i.e. the fabric overlapped into the adjoining
lane(s)). The beginning and ends of the rolls were overlapped 1 ft. and tacked.
Wrinkles in the Travira Spunbound greater than 0.5 in. high were cut and the material
pulled so that it overlapped.

il
Fe !

Figure 23 Placement of the Travira Spunbound Fabric.

21



HMAC Overlay

The overlay was a 2-in. thick, 0.5-in dense graded hot mix asphalt concrete.
Paving was done with a Barber Greene Paving Machine with a KoCal pickup. The
paving machine is shown in Figure 24. The asphalt concrete was mixed and hauled
from Tucson using belly dump trucks, with the average time of transit being 45 minutes.

Figure 24 The Barber Greene Paving Machine.

Paving began on August 8, 1988, and started on the west bound driving lane at
the east end of the project (sta. 79+78). Figure 25 depicts the entire paving sequence
in terms of daily starting and ending locations. Based on these starting and ending
points, the daily production rates were estimated as follows: 1.44 miles on the first day
(Aug. 8), 1.53 miles on the second day (Aug. 9), 1.55 miles on the third day (Aug. 10),
and 0.68 miles on the last day (Aug. 11).

Compaction of the overlay was achieved by the use of three rollers. First a
vibratory steel roller made three passes. Next a pneumatic roller made two passes.
And finally, a second steel roller performed the finish rolling. Figure 26 shows the
vibratory steel roller, and Figure 27 illustrates the pneumatic roller used on this project.
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Figure 26 Vibratory Steel Roller.

Figure 27 Pneumatic Roller.
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Paving Conditions

Table 2 presents the temperature of the asphalt concrete in relation to the date
and location it was placed. The information is illustrated in Figure 28. Daily weather
conditions during construction are presented in Table 3.

Lot # Date Asphalt Concrete Location Roadway
Temperature (°F) Lane
1 8/8/88 300 29+80 to 27+50 WB DL
1 8/8/88 298 33+50 to 35+10 WB PL
1 8/8/88 280 39+25 to 40+50 WB PL
1 8/8/88 285 43+90 to 45+25 WB PL
2 8/9/88 240 47+75 to 48+90 WB PL
2 8/9/88 270 48+90 to 50+20 WB PL
2 8/9/88 275 61+00 to 62+90 WB PL
2 8/9/88 285 79+79 to 77+40 CTL
2 8/9/88 280 64+40 to 62+60 CTL
2 8/9/88 280 55+50 to 53+85 CTL
2 8/9/88 270 60+90 to 59+50 CTL
2 8/9/88 276 50+10 to 48+85 CTL
2 8/9/88 278 44+15 to 42+80 CTL
3 8/10/88 274 65+50 to 66+75 EB DL
3 8/10/88 280 71+10 to 73+15 EB DL
3 8/10/88 281 71+15 to 69+00 EBPL
3 8/10/88 280 60+00 to 58+60 EBPL
3 8/10/88 282 50+80 to 49+10 EBPL
3 8/10/88 279 43+00 to 41435 EBPL
3 8/10/88 286 55+20 to 53+50 EB DL
3 8/10/88 ‘ 276 46+40 to 44+50 EB DL
4 8/11/88 280 24+30 to 25+40 CTL
4 8/11/88 280 32+00 to 30+50 EBPL

WB: West Bound, EB: East Bound, CTL: Center Turning Lane, DL: Driving Lane.
PL: Passing Lane.

Table 2 Asphalt Concrete Placement Temperatures.
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Date Project Activity Weather

8/1/88 Milling & Pickup Broom Warm & Cloudy

8/2/88 Milling & Brooming in Rain  Cloudy, Rain at 9:30
8/3/88 Milling & Pickup Broom Cool, Heavy Clouds
8/4/88 Milling & Brooming Cloudy, Rain Last Night
8/5/88 Milling & Brooming n/a

8/8/88 Fabric Placement & Paving Hot & Partly Cloudy
8/9/88 Fabric Placement & Paving  Hot & Partly Cloudy
8/10/88 Fabric Placement & Paving Hot & Partly Cloudy

8/11/88 Fabric Placement & Paving Hot & Partly Cloudy

Table 3 Weather Conditions During Construction.

Construction Notes

On the first day of paving (Aug. 8), the three transverse cracks identified as 1A,
1B, and 1C were overlaid without paving fabric on the westbound driving and passing
lanes. This has been noted in Figure 3.

On the next day (Aug. 9), a meeting was held at the construction office with the
resident engineer to discuss the status of the project. Topics of discussion were
focused primarily at the method of cleaning the milled surface, the problems with
placing the paving fabrics, and the binder coat problems. The Glassgrid representative
expressed concerns about the binder coat used for the overlay. The Paveprep
representative was concerned with the low temperature of the AC-30. Based on the
concerns presented and the research interests of the project, the resident engineer
decided to try a section of roadway without any binder coat (refer to Figure 18).

At the end of the third day of paving (Aug. 10), some of the Paveprep and
Tapecoat installations on the eastbound lanes were left exposed to normal traffic.
Rather than damaging the fabrics, the overnight traffic helped to increase the bond of
the fabrics with the milled pavement surface.

The ATRC made several video tapes of the inspection and construction of the
project. These tapes were later combined to produce a final video showing the
construction of the experimental project. The videos are stored at the ATRC library and
are identified in Table 4.
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Video # Description
31 Field Inspection, 9/15/87
51 Milling, 8/1 and 8/2/88;
Fabric Installation & Paving,
8/8 and 8/9/88

52 Fabric Installation & Paving,
8/9 thru 8/11/88

55 Rex Allen Drive,
Final Production

Table 4 Identification Numbers of ATRC Video Tapes of The Project.

MATERIAL CHARACTERISTICS
General

The mix design criteria for the asphalt concrete used for the Rex Allen Drive
project as specified is listed in Table 5. Table 6 lists the specifications for the mix
design grading limits, and Table 7 is the specifications for the mineral aggregate
characteristics. Table 8 is the criteria for verification testing. All of the information in
Tables 5 through 8 is based on 1987 ADOT Standard Specifications and the Special
Provisions of this project.

Test Results

ADOT's Materials section and a private lab conducted the asphalt concrete mix
design verification. Data obtained from these tests are presented in APPENDIX E. All
of the lots except for one were within the specifications for asphalt concrete density.
Table 9 is the log used for asphalt concrete acceptance testing. Figure 29 gives the
locations of the samples used for acceptance testing. Table 10 is the materials log for
acceptance testing. No tests were performed on the paving fabrics to verify the
strength standards claimed by their manufacturers.
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Criteria Requirements (1/2" Mix) Arizona Test

Method
Voids in Mineral 15.5-18.5 815
Aggregate, %,
Range
Effective Voids, 6.0+0.2 815
%, Range
Index of Retained 50 802
Strength %,
Minimum
Wet Strength, psi, 150 802
Minimum
Stability, Pounds, 2000 815
Minimum
Flow, 0.01 inch, 8-16 815
Range
Adsorbed Asphalt, 0-1.0 815
%, Range
Table 5 Mix Design Criteria®.
Sieve Size Percent Passing, Mineral Aggregate
1/2 inch Mix, With Admixture

3/4 inch 100

1/2 inch 90 - 100

3/8 inch 70 -85

No. 8 44 - 52
No. 40 13 -23
No. 200 3.0-75

Table 6 Mix Design Grading Limits?.
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Crushed Faces

Abrasion

AZ Test Method 212

AASHTO T 96

Characteristic Test Method Requirement
Combined Bulk AASHTO T 85 AZ Test 2.35-2.85
Specific Gravity Method 211

Combined Water AASHTO T 85 AZ Test 0.00 - 2.50
Absorption Method 211

Sand Equivalent AASHTO T 176 Minimum 45

Minimum 30%

100 Rev., Max 9%
500 Rev., Max 40%

Note: Abrasion shall be performed separately on samples from
each source of mineral aggregate. All sources shall meet the
requirements for abrasion.

Table 7 Mineral Aggregate Characteristics8.

Property

Allowable Deviation From

Proposed Targets

Limiting Values

Sand Equivalent
Crushed Faces, %
Abrasion: 100 Rev.
500 Rev.
VMA, %
Effective Voids, %
Stability, Pounds
Flow, 0.01 inch

Index of Retained
Strength, %

Wet Strength, psi

-10

+1.5
+1.0

45 Min.
30 Min.
9 Max.
40 Max.
14.5 Min.

1,750 Min.
7-17
45 Min.

140 Min.

Table 8 Verification Testing Criteria®.
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1/2 inch Asphalt Concrete Mix Design Data

3/4" /2" 3/8"  #4 #3  #40 #200 Asph VMA EV VF BD

»m @ ©6 @ 6 @® @ @ © (@0 (1) (12 (13) (14)
1 1 100 93 83 64 49 177 28 53 156 52 669 1427

2 1 - - - - - - - - - - - 1419

1 100 95 87 67 50 15 19 56 173 65 623 1402

2 100 9 78 55 42 15 29 49 148 52 648 1439

5 2 - - - - - - - - - - - 1424

6 2 100 89 76 54 41 14 2.1 52 158 42 734 1424

7 3 100 93 81 63 47 16 36 56 157 39 742 1439

8 3 - - - - - - - - - - - 1442

) 3 100 o4 83 62 47 177 35 51 1562 52 660 1432

10 4 100 94 84 66 49 18 37 55 151 42 72 1438

11 4 - - - - - - - . - - - 1435

12 4 100 o2 81 61 45 15 13 53 152 48 681 1434

Average 100 93 82 61 46 16 27 53 156 49 685 1429
Standard Dev. 0 2 3 5 3 1 09 03 08 08 43 1.1

SN: Sample No.,
EV: Effective Voids,

LN: Lot No., Asph: % Asphalt,
VF: % Voids Filled with Asphalt,

VMA: % Voids in Mineral Aggregate,
BD: Bulk Density in pcf,
Note: Columns 3 through 9 are aggregate gradation data, % passing through different sieve sizes.

Table 9 Asphalt Concrete Log for Acceptance Testing.
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SN Sampled MA Gradation, 1/2" Mix, 1% Admx, % Passing SE FFC
From
3/4" 1/2" 3/8" #8 #40 #200
1 CFB 100 92 82 48 15 25 - -
2 CFB 100 91 82 47 14 2.6 - -
3 CFB 100 92 81 46 15 2.5 - -
4 CFB 100 o1 81 48 15 2.9 - -
5 CFB 100 91 81 47 16 2.8 - -
6 CFB 100 a1 80 45 14 3.1 - -
7 CFB 100 92 83 49 16 3.2 - -
8 CFB 100 g2 82 47 15 2.8 - -
9 CFB 100 91 81 49 18 3.3 - -
1 SP(CP) - - - - - - 73 80
2 SP(CP) - - - - - - 74 81
3 SP(CP) - - - - - - 57 40
AVG 100 91 81 47 15 2.9 68 67
SD 0 0.5 0.9 1.3 1.2 0.3 9.5 234
SPEC 100 87-99 67-88 42-54 11-25 2580 >=45 >=30
SN: Sample No., CFB: Cold Feed Belt, SP: Stock Piles, CP: Calmat Pit,

GP: Granite Pit,

SE: Sand Equivalent,

SD: Standard Deviation,
MA: Mineral Aggregates,

FFC: Crushed Faces,

SPEC: Arizona Specifications,
Admx: Mineral Admixtures.

AVG: Average,

Table 10 Materials Log for Acceptance Testing.
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EVALUATION
First Field Evaluation

On April 11, 1989, the ATRC performed it's first field evaluation of the paving
fabrics experimental project. The location of the original pavement's cracks were
identified, and these areas were inspected for reflective cracking. Crack lengths were
measured on the supposition that they might be an indicator as to how well the fabrics
prevent reflective cracking. Also, in the interest of the fabrics' ability to mitigate the
propagation of reflective cracking, the widths of the cracks were recorded by severity.
Zero to .25 in. wide cracks were considered low severity, .25 to .50 in. cracks were
medium severity, and cracks of width greater than .50 in were considered high severity.

The raw data, presented in an office prepared table, and results from statistical
analyses using the software package SPSS are included as APPENDIX F. A synopsis
of the analyses follows:

A total of 488 ft. of high severity transverse cracks were treated with
Paveprep, 481 ft. of cracks with Glassgrid, 473 ft. with Tapecoat, and
483 ft. of high severity transverse cracks were left untreated to be used
as the control.

The average percent of transverse crack length which reflected through
to the surface for the entire 32 crack population was 69.9% with a
standard deviation of 32.4%.

Of the 8 cracks under consideration that were treated with Paveprep
(Treatment A), the average percent of each transverse crack length
reflected through to the surface was 73.6% with a standard deviation of
29.5%.

Of the 8 cracks that were treated with Glassgrid (Treatment B), the
average percent of each transverse crack length reflected through to the
surface was 58.3% with a standard deviation of 40.0%.

Of the 8 cracks that were treated with Tapecoat (Treatment C), the
average percent of each transverse crack length reflected through to the
surface was 63.3% with a standard deviation of 30.5%.

Of the 8 cracks that were untreated and used as a control (Treatment D),
the average percent of each transverse crack length reflected through to
the surface was 84.6% with a standard deviation of 28.1%.

Statistical comparisons were made based on this information with the average
percentages taken as the response variable. All tests were performed at a 95%
confidence interval. The results are listed below:

The results of an Analysis of Variance (ANOVA), indicated that there

was nho statistical evidence that any one of the Treatments was
performing better than the others.
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In support of the ANOVA results, Duncan's Multiple Range test indicated
that there was no statistically significant difference in any two of the
means of each of the Treatments.

A t-test was performed between each of the products and the untreated
control. The results concurred with the previous tests in that there was
no statistical evidence that any of the paving fabrics were performing any
better than the untreated control in the prevention of reflective crack
propagation.

The performance of the monitored treatments at the time of this first field
evaluation is summarized in Table 11.

% Reflected Observed % Reflected
Product By Number Crack Length By Total Severity
of Cracks (Total, L. ft.) Crack Length
Paveprep 100 371 76 Low
Glassgrid 87.5 291 60 Low
Tapecoat 100 300 63 Low
Control 100 409 85 Low

Table 11 Summary of Product Performance; Field Evaluation #1, April 11, 1989.

Observations of crack severity yielded no apparent difference in any of the
treatments in comparison to the control. All of the paving fabrics appeared to be
equally ineffective in preventing or mitigating reflective cracking at this location, based
on comparisons with the untreated cracks.

Observations were made in the random and longitudinal crack treatment areas.
The 28 ft. long longitudinal crack treated with Paveprep (refer to Figure 3) showed no
sign of reflective cracking. The other Paveprep treated random cracking area between
Arizona Ave. and Mesa Ave. was not evaluated. The Tapecoat treated area between
Bowie Ave. and Arizona Ave. showed approximately 32 ft. out of a potential 216 ft.
reflective cracking. The Glassgrid treated area between Cochise Ave. and Bowie Ave.
showed no apparent reflective cracking.

The evaluation of the Travira Spunbound section was performed by counting
the number of transverse cracks east of the experimental project through the end of the
construction project. The cracks were recorded per tenth of a mile, beginning just east
of the experimental project crack identified as 7D. Travelling east, there were 8 full
width transverse cracks in the first tenth mile, 8 cracks in the second tenth, 9 cracks in
the third tenth, 6 cracks in the fourth tenth, and 0 full width transverse cracks in the fifth
tenth of a mile. All cracks were low severity.
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Second Field Evaluation

The second and final field evaluation of the paving fabric experimental project
was performed by ATRC personnel on May 28 and 29, 1991. Consistent with the first
evaluation, the location of the original cracks in the pavement surface were identified
and inspected for reflective cracking. Crack lengths were measured on the supposition
that they might be an indicator as to how effective the fabrics were in preventing
reflective cracking. Also, in the interest of determining the fabrics' ability to mitigate the
propagation of reflective cracking, the widths of the cracks were recorded in terms of
severity. Cracks of 0 to .25 in. were called low severity, those cracks of .25 to .50 in.
were called medium severity, and cracks of greater than .50 in. were designated high
severity.

The raw data of the field inspection, presented in an office prepared table, and
the results from statistical analyses using the software package SPSS are included as
APPENDIX G. It needs to be noted that for all of the statistical analyses included in the
second evaluation that one of the Paveprep treated cracks was ignored. Station
24+30, where the first Paveprep treated crack is located, was also the beginning station
of the construction project. Visual observation indicated there may be varying
pavement thicknesses at this location. There were no cracks visible on the surface,
which was extremely inconsistent with the other Paveprep installations, and less than
the 8 ft. of cracking recorded during the first field evaluation. As such, it is felt that
there were other factors affecting the propagation of cracks in this area, and that the
data from this location would have been misleading.

Statistical analyses, with crack 1A removed from the data, results in the
following:

A total of 420 lineal feet across the roadway of high severity transverse
cracks were treated with Paveprep, 470 lineal feet across with Glassgrid,
472 lineal feet across with Tapecoat, and 480 lineal feet across the
street were left untreated.

The average percent of transverse crack length which reflected through
to the surface for all of the 31 cracks included in the evaluation was
96.87% with a standard deviation of 7.22%.

Of the 7 cracks under consideration that were treated with Paveprep
(Treatment A), the average percent of each transverse crack length
reflected through to the surface was 98.29% with a standard deviation of
4.54%.

Of the 8 cracks that were treated with Glassgrid (Treatment B), the
average percent of each transverse crack length reflected through to the
surface was 96.00% with a standard deviation of 10.53%.

Of the 8 cracks that were treated with Tapecoat (Treatment C), the

average percent of each transverse crack length reflected through to the
surface was 94.00% with a standard deviation of 8.50%.
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Of the 8 cracks that were used as the control and untreated (Treatment
D), the average percent of each transverse crack length reflected
through to the surface was 99.38% with a standard deviation of 1.77%.

Statistical comparisons were made based on this information with the average
percentages of crack length reflecting through the overlay taken as the response
variable. All tests were performed at a 95% confidence interval. The results are listed
below:

The results of an Analysis of Variance (ANOVA) indicated that there was
no statistical evidence that any of the Treatments had performed any
better that the others.

In support of the ANOVA results, Duncan's Multiple Range test indicated
that there was no statistically significant difference in any two of the
means of each of the Treatments.

A t-test was performed between each of the products with the untreated
control. The results concurred with the previous tests in that there was
no statistical evidence that any of the paving fabrics had performed any
better than the untreated control in the prevention of reflective crack
propagation.

The performance of the monitored treatments, with crack 1A ignored, at the time
of the second field evaluation is summarized in Table 12.

% Reflected Observed % Reflected Severity
Product By Number Crack Length By Total Range
of Cracks (Total, L. ft.) Crack Length
Paveprep 100 413 98 (L) to (M)
Glassgrid 100 454 97 (L) to (M)
Tapecoat 100 444 94 (L)yto(Mto H
Control 100 477 99 (L to M) to (M

Table 12 Summary of Product Performance; Field Evaluation #2, May 29, 1991.

Observations of crack severity yielded no significant difference in any of the
treatments in comparison to the control. All of the paving fabrics appeared to be
equally ineffective in preventing or mitigating reflective cracking at this location, based
on comparisons with the untreated cracks.

Observations were made in the vicinities of the random and longitudinal cracks

treated with Paveprep, Glassgrid, and Tapecoat. The area of paving fabric treatments
contained a significant number of cracks. However, due to imprecision in documenting
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the exact location of the treated random cracks, it is uncertain if these cracks
propagated through the fabric and the AC overlay to the surface.

The evaluation of the Travira Spunbound section was performed by counting
the number of transverse cracks east of the experimental project through the end of the
construction project. The cracks were recorded per tenth of a mile, beginning just east
of the experimental project crack identified as 7D. Travelling east, there were 4 full
width transverse cracks counted in the first tenth mile, 3 cracks in the second tenth, 5
cracks in the third, and 1 full width transverse crack in the fourth tenth of mile. Cracks
in the fifth tenth mile were not counted. Additionally, the number of transverse cracks
which fully crossed the center turning lane of the road were counted. Once again
travelling east, there were 12 transverse cracks across the center lane in the first tenth
mile, 15 in the second, 14 in the third, and 7 transverse cracks across the entire turning
lane in the fourth tenth mile.

Core Samples

Core samples were taken to verify that the cracks visible on the surface of the
experimental project were reflective cracks, and had propagated from the original
pavement through the paving fabric and overlay. The Operating Characteristic method
(OC-method) of obtaining a single sampling plan was used to develop acceptance and
rejection standards for the core samples. The OC-method is presented in Chapter 5 of
Applied Statistical Techniques by Stoodley, Lewis, and Stainton®. A detailed
description of the assumptions made and the procedures followed in developing the
sampling plan are included as APPENDIX H.

The sampling plan was formulated to confirm or deny the validity of the
evaluation of the surface cracks as they related to the performance of the paving
fabrics. To clarify the sampling plan procedure, four definitions will be used in this
report. Acceptance of the sample meant that a significant proportion of the cracks were
reflective and passed through the fabric. This in turn meant that the conclusions drawn
from the evaluation of the surface cracks were applicable to the performance of the
paving fabrics. Rejection of the sample meant that the cracks could not be said to be
reflective and/or did not pass through the paving fabrics. In the rejection case, no
conclusions could be drawn as to the performance of the paving fabrics based on the
evaluation of the surface cracks. An individual core sample with the reflective cracking
was said to be positive. An individual core sample in which either the crack had not
propagated from the original surface, OR, for which the fabric was not in place was said

to be negative.

The results of the OC-method calculations of APPENDIX H led to a positive
sample limit to total sample ratio of 0.6282. In other words, greater than 62.8% of the
sample number would have to be negative in order to reject the entire project. The
sample size was limited primarily by the time involved in taking the core samples.
Therefore, a core sample procedure for the experimental project was created based on
the OC procedure. The procedure provided for two cracks of each of the three fabrics
and the control to be sampled. The core samples have to be taken discreetly, so, had
one of the two samples proved to be positive (i.e. showing reflective cracking through
the paving fabric), that would have been sufficient to accept all of the cracks of that
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particular treatment. The same is the case if both of the samples were positive.
However, if both of the samples proved to be negative (i.e. either showing that the
crack was not reflective or that it did not pass through the fabric), all of the cracks of
that particular treatment would be rejected.

Because of the small sample size, rejection of the cracks of a particular
treatment could only be rationalized under this method if 100% of the 2 core samples
were negative. Because of thig, plans to increase the confidence of the core sampling
were made in advance. Had both of the samples been positive, the test was completed
and the entire population was judged acceptable. Had neither or only one of the
samples proved to be positive, plans were made to then take two additional cores from
cracks of that treatment. Now, considering the positive limit ratio of 0.6282, rejection of
all of the cracks would require 3 or 4 of the four samples be negative. Negative results
for 0, 1, or 2 of the four samples would result in acceptance of that particular treatment.

Important premises made for the plan formulated in APPENDIX H include the
following:

1. Considering the fact that all of the cracks for each treatment were
similar, it was decided that if 4 or more of the 8 cracks of a particular
treatment were reflective cracks passing through the pavement, that
would be enough to allow conclusions to be drawn about the
performance of the paving fabrics based on evaluation of the surface
cracks.

2. If 6 or more of the 8 cracks of a particular treatment were not
reflective and passing through the paving fabric, that would be sufficient
to determine that no conclusions would be able to be drawn regarding
the performance of the paving fabrics based on evaluation of the surface
cracks.

As it turned out, each of the core sample cracks was observed to have began in
the original pavement and propagated through the paving fabric. As such, only two
samples of each treatment were necessary. Figures 30, 31, and 32 demonstrate core
samples with Paveprep, Glassgrid, and Tapecoat in place. The results of the core
sampling confirmed the validity of the results of the field surface crack evaluations.
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Figure 30 Core Sample of Paveprep Treated Crack.

Figure 31 Core Sample of Glassgrid Treated Crack.
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Figure 32 Core Sample of Tapecoat Treated Crack.

Mode of Failure

From the core samples, it was observed that the fabrics had remained intact
over the cracks, and showed no sign of distress. This is reasonable as the moduli of
the fabrics were such that they were acting as "strain-relieving" interlayers, rather than
“reinforcing" interlayers. Button and Lytton define a reinforcing fabric or grid as one in
which the modulus is more than 5 times that of the surrounding asphaltic concrete!!,
The modulus of Glassgrid is reported to be 10,000 psi. The manufacturers of Paveprep
and Tapecoat did not provide the moduli of their product, but it is apparent that they are
much less than that of the AC at this location. Previous laboratory tests have shown
three distinct modes of failure for fabric and grid treated overlay samples. These are
illustrated in Figure 33.

Failure modes | and lll occur when the material acts as a "strain-relieving" layer.
This is consistent with the results obtained from this experimental project. The fabrics
elastically stretched to accommodate the propagation of the crack. It is unknown
whether the crack propagated up from the fabric to the surface, or down from the
surface to the fabric.
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I
1 FABRIC OR GRID

Failure Mode 1: Crack Propagates from
Bottom to Top

| el FABRIC OR GRID

Failure Mode Il: Crack Penetrates to
Fabric Bottom then
Develops Slippage
Plane Below Fabric

{ FABRIC OR GRID

Failure Mode 111: Crack Propagates to
Fabric Bottom then
Starts Again at Top
of Sample and Pro-
pagates Downward.

Figure 33 Modes of Fabric and Grid Treated Sample Failure1.

Field Evaluation Notes

The means of recording crack length was changed between field evaluations.
Apparently during the first field evaluation, the actual length of the crack was measured
and recorded. This length included any side to side variations in the crack. This
distance was compared with an assumed original crack length, which was at times
greater than the width of the street. For the second field evaluation, only the distance
perpendicularly across the street of the cracks was recorded. This was done because
there was no means of verifying the actual crack length before the overlay was placed.
Also, the configuration of the crack was not initially determined. Measuring across the
street yields a base distance that has remained constant since the construction of the
original pavement and curb and gutter, and this base distance will remain the same for
some time to come.

Photographic comparisons of many of the experimental project cracks are
included as APPENDIX |. The cracks are labelled corresponding to their number-letter
identification as per Figure 3. Photographs labelled (a) were taken during the first field
evaluation, while those labelled (b) were taken during the second evaluation. All
photos were shot from the north side of the street (i.e. looking south). It should be
noted that the photographs were taken at different times of the day.
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Future Considerations

For future evaluations, it should be remembered that the stationing used to
identify the cracks begin at station 24+30 of the construction project, and then are
referenced from measurements taken from the north side of the street on the curb.
Figure 3 and the table included in APPENDIX G has the current locations of the test
cracks recorded in this manner.

CONCLUSIONS
Construction

There were a number of problems with the installation of the paving fabrics. All
three of the fabrics did not bond properly when paving grade asphalt was used as a
binder coat. Also, each of the products suffered problems with snagging on the ski of
the paving machine.

Problems unique to the installation of Paveprep primarily dealt with the tack coat
used to bond the fabric. The distribution of the tack was at times highly variable; too
heavy or too light, and not evenly distributed. Also, the tack was not sufficiently hot.

There were problems with the Glassgrid installation. The fabric did not bond
well to the milled pavement surface, probably because of the presence of fines and the
limited surface area of the adhesive. The fabric was frequently picked up under the
tires of construction equipment.

The only problem exclusive to Tapecoat was with covering irregular cracks. The
4 in. wide Tapecoat was not wide enough to cover some of the cracks that were not
straight.

Performance

Based on the statistical evaluation presented in the EVALUATION of this report,
none of the paving fabrics; Paveprep, Glassgrid, or Tapecoat, showed any evidence of
being effective in the prevention or mitigation of reflective cracking at this location in
Willcox, Arizona. The fabrics were determined to have remained in place on the cracks
by means of the core samples. It was also observed that the cracks on the surface
were reflective and propagated directly through the paving fabrics. The fabrics through
which the cracks propagated showed no sign of distress.

The results of this experiment show that the use of these paving fabrics,
installed in the localized manner as they were, did not have any more value in
improving the overlay performance than did doing nothing. Additionally, it is not
believed that paving fabrics of any type will prevent or mitigate reflective cracking over
pavements with widely spaced transverse cracks due to the thermal properties of
asphalt concrete. This concurs with results of previous studies?.
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Localized use of paving fabrics to reduce reflective cracking is not
recommended. However, based on the experiences of this experimental project,
should an agency desire to conduct it's own application of paving fabrics, the agency
should investigate the selection of adhesive and/or binder coat prior to construction.
These recommendations are not limited to the paving fabrics discussed in this report.

At the end of 5 years (Aug. 1993), the site will be evaluated again to determine
the effects of the paving fabrics on the long term performance of the pavement.
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APPENDIX A Manufacturer Supplied Brochures on Paving
Fabrics



PavePrep 1s a unique stress-relief interlayer
malerial consisting of high-density, heavy duty
maslic between two layers of rugged polyester
fabric. The maslic, rated No, 1 nationally, pro-
vided PavePrep with durability, water imperme
ability and compatibility with the final hot-mix
asphalt overlay. The polyester fabrics add to the
durability, impart dimensional stability and,
above all, confer exceptional flex resistance

The service advantages of PavePrep include;
] |

® Eaze of installation (no special equipment needed)
with minimum adheasive requirement

& Minimum traffic disruption (traffic may flow over
PavePrep prior to final paving)

@ High versatility in end-use application and wida
working-lernperature range 1.e. perfonmance is

Pave Prep makes chrmate-indepandent

@ Further struciural decay of surface or underlying base

your paVing do‘lars or slructure is arrested

By substantially prolonging the lifetime of straets
mﬂre durable- nllelgy and other raveled surfaces, PavePrap has
major positive Impact on maintenance budgels

PavePreps compenant system with its dual 5
1 water proafing mechanism-of-action are shown

Installed over existing concrete or asphalt ‘it

cracked or spalled, Pave Prep strips stabilize graphically here
Hnd F.HI!'-_'%_L_[LI.’_-II'(" the new asphait st irface. Details For detalled product specifications and praduct line
al ”Q”f and availability see overleal

AIRPORT
PARKING LOTS HIGHWAYS & BRIDGES RUNWAYS & APRONS CITY STREETS

i

bt = | ) A

L:‘ ’/:L‘; ‘_I \1

i e R A
W/l A N
WATER-PROOFING CRACK RERQLUCTION

| ASPHALT QUERLAY

PAVEPREP

CRACKED
CONCRETE OR
ASPHALT PAVEMENT

RUGGED %
POLYESTER
FABRIC LAYERS

" HIGH DENSITY
MASTIC




PavePrep Specifics
HEAT STABILITY Mo dripping or delamination after

2 hours @ 190° (2" = 5" sample
suspended vertically in
IHL‘(_;I‘IHI"HCa‘ convechion !':Vl‘!rl)
FLAMMABILITY Sell-extinguishing/NBR (Federal
FMVSS 302)
COLD FLEX Noseparation (27 x 5" specimen
180° bend on 2" mandrel @ 0°F)
POLYESTER ~ Cycles to break® (single fiber)
REINFORCEMENT 2100000
EQUIVALENT GLASS Cycles to break (single
REINFORCEMENT fiber), 30,500
ELONGATION 1009 (Instron)
TENSILE STRENGTH 1000 Ibs. per inch width
min. (Instron)
WEIGHT o08lbsitiz
DENSITY 80 Ibsitd (ASTM E 12-70)
CALIPER 0135in 1 (ASTM D1777)
ABSORPTION 196 Max (ASTM D517-68)
BRITTLENESS passes(ASTM D517-68)
SOFTENING POINT  200°F (min.) (ASTM
D2398-68)

950 retained after loading

* Special flexing, non-abrading test method (datalls
on raquast)

Widths: 127 - 20" - 36" - 427 (non-standard widths

avallable an request)

Roll Lengths: 48° - 102’

THE PAVEPREP SYSTEM IS PROTECTED BY LIS PATENT NGO, 4417839

Fiber Flexure Testing
Unit

Further detailed technical
information, sample and prices
are available from:

Waest Sales Office 4606 Wynn Road
Las Vegas, Nevada
89103
702-362-4269

1-800-367-3938

Midwest Sales Office 105 May Driva
Harrison, Ohio
45030
513-367-6540
1-800-544-7737
Fax: (1)-513-967-6543
East Sales Office 141 Central Avenue
Westiald, N.J
Q7090
201-233-4444
1-B00-233.7737
Fax; (1)-201-233-4215



“STOPS CRACKS
IN THEIR TRACKS!

INNOVATIVE NEW PAVEMENT REINFORCEMENT
STRONGER THAN STEEL SHARPLY REDUCES
PAVING AND MAINTENANCE COSTS

GLASGRID maesh, an engineerad product from Bay Mills, offors a proven
solution to the major problem of pavement cracking due to load and thermal
elfects. Glasgrid effectively changes the fundamental mode of crack
propagation, (See illustration). When placed between the old pavement and
new asphalt concrete overlay, GLASGRID disperses crack development, thus
reducing erack break-through to the surface,

The secret of GLASGRID lies in glass fiber, which is stronger than steel,
fabricated into a unique grid structure and protected with a special coating
developed by Bay Mills Ltd. Each strand of the high modulus glass fiber is

a _-&.&—

withoutGLASGRL T — encapsulated in the coating which provides intimate bonding with the
Grick. broakinghimigh to surfis underlying pavementand permits utilisation of the potential strength inherent

inglass fiber. High tensile GLASGRID significantly increases the load capacity
of asphaltic overlays.

Properly applied GLASGRID effectively reduces the need for repair and
maintenance and can significantly roduce the frequency of overlaying
pavement. [n many applications, GLASGRID will permit the use of thinner
overlays with corresponding cost savings.

Lat a Bay Mills representative show you how to reduce reflective cracking und
save money, Call or write:

L1,

MIDLAND SALES OFFICE

277 Lakeshore Rd. K., Soite 400
Oakville, Ontario La] 6]a
Talephons (416) 842-8804
Telox: OGAR-2459

Rondway with GLASGRIN
Crack presonted from beeaking through to surface

“Bovgianoil dimile pih, gt povidiing



p—— GLASGRID*
ELASEIING: pAVEMENT REINFORCEMENT

APPLICATIONS

GLASGRID g]nss fibar maesh is designed to reinforce asphalt concrate nvnrlny% in pavement construction, When
placed between an existing pavement surface and asphalt overlay, GLASGRID will reduce hoth thermal and stress
cracks breaking through the overlay (o the stirface. GLASGRID will also improave the structural capacily of asphall
concrelo overlays.

GLASGRID's performance can lead to significant economies in both construction materials and maintenance costs.

MECHANICAL CHARACTERISTICS PRODUCT SPECIFICATIONS

*Tensila S{rength Roll Longth up to 200 m
Across Width 100 kN/m Roll Width up lo 4.0 m
Across Length 50 kIN/m Waright 400 g/m?
Modulus of Elasticity - 69,000,000 kPa Malerial Glass fiber with
{10,000,000 psi) modified asphalt coating
N A nae A Colour Black
Tnasind fin dsssigeanient strasnil atiith Cirid Size 25 mm x 12.5 mm

INSTALLATION PROCEDURE

GLASGRID mesh can be installed on ﬂnx[hh' pavaments (asphall concrete) and rigid pavements (portland cement
concreta) using conventional paving procedures. However, GLASGRID mesh should not be used on structurally
unsound pavemenis,

v L1

SURFACE PREPARATION Perform any medial work such as base repaivs, crack sealing, pothole filling,
lovelling course applicalion, ete, that normally would be done during asphalt concrete overlay construction.
Clean the pavement to be reinforced thoroughly to remove any deleterious materlal.
TACK-COAT APPLICATION A uniform application of CRS-1 smulsified asphalt must be applisd in advance of
GLASGRID placement. Recommended emulsion application rates vary from:

Tight Rich Surfaces = 0.20 I/'m?

Old Opon Surfaces - 0.50 /m?
GLASGRID INSTALLATION GLASGRID can be applied manually ar with mechanical sgquipment immediately
after tha inftial “set” of the tack coat. Pavers and trucks can begin normal operations whaon the emulsifiod tack
coal hos completely “set!’ GLASGRID mesh must be firmly bonded 1o the existing paveamant.

Installation is the sume as for Mlexible puvements except that o levelling course of asphaltic concrete (minimum
25 mm) must he placed prior 1o the tack coal and GLASGRID, GLASGRID is elfective when it becomes
encapsulatad in the matrix to be reinforced.

RECOMMENDED ASPHALT CONCRETE OVERLAY
THICKNESS TO REDUCE REFLECTIVE CRACKING

CONVENTIONAL PROCEDURES PROCEDURE USING hl.AthlD"
1. Flexible Pavement | 2, Rlﬁid»l’-’nirﬁnmt | 1. Flexible Pavement | Rigid Pav
Tuok coat Tk cont
Miniminm overlay GLASGRID,
thickness 78 mm Minimum avorlay
af nsphaliic 1ickness - 40 i
anit af asphaltic soneroty

(a7 STOPS CRACKS IN THEIR TRACKS!

prosabio prvsirted e, whili o gusrantsed. Ds w tha bt of onr knowhsdgo trus aud
[Eatwcanpil we v el 4o b srliimge far s pesdifie condiliong of use, no warraniy or gudraniss
wl ui Implltu] b sl vegarding ihe |n:|h|r||n|pul ol anry |_\m.|m winis this mannar of 16w
lmmmuu are byt e eontal Thi e L|»I' ik Sfurmation iasu all sk mmwmd wuh thi
3 ! i i
= ::11:5::::.'.:“]:\;"“‘ Wangg bntwtreed Tenclimiirk of Hiy Sills Limited ::I:;I"I::::::“ 'ﬁ‘l’:’"ll“l:lm cmbabiael lineols be ot gonsteed a g halldabis birm s
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lapecoal M-BED 15 a pra-formed, cold applied, sell 'r_u“il"l(!r'ulg
matanal Ihal 15 impermeable to water and sall. The adhesive
15 manufaciured lrom specially lormulated elaslomaric resins
bonded lo a woven palymer for high puncture resistance. The
ralls have an easy-toremove plastic ralease film that protects
the adhesive from contamination prior to application

lapocoat M-860 should be applied over dry pavement that
e of dirt, debiris or other foreign mattar When used as a
temporary palching malenal, TC M-BE0 Primer should be
placed on the surface and shall extend at leas! 17 wider than
the matenal The primer should be allowed to dry lo the
louch before applying Tapecoal M-860

Fackaged in carions as follows! 3 rolls 4" x 160" 2 rolls 6" x 150%

1 roll — 12" x 15(. Additional widths up to 24" wide available upon request
PROPERTY VALUE TEST METHOD
Thicknass 065" Nominal -y
Water Vapor Transmission 0.01 perms (grains/sq.ft./ ASTM E-98
Rata, Permeance hr.fin. Hg) Maximum Mathod B
Tensile Strangth 50 Ib.fin, Minimum ASTM D-882
Modified for 1" Qpening
Puncture Resistance 200 1b. Minimum ASTM E-184
(Mesh)
Pliabllity-1/4" Mandrel No cracks in mesh ASTM D-1486
180® bend -30°F or adhasive

P A e e N |t B I W e e A L 1T

Final Asphalt
oaling

1 raquired)

=Reinforcement

Adhosive

Original Pavemant

The Company

A DIVISION OF TC MANUFACTURING CO,, ING.
P.O. Box 631, Evansion, IL 60204-0831

Phona! 312/B66-B500 = Telax: 2656541 TCMF UR

Primegt in USA
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APPENDIX B Bid ltem Quantities and Unit Prices
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£5250-550-1 e ARIZIDNE DERAnTMENT DT TRANSPORTATION LPABE. .2 .
BIVISION OF HIGHWAYS DATEE 04/8s/88
AGREEMENT ©STIMATE ©
ESTIMATE NO: PROGRESS AND SINAL FPAYMENT REPORT
Na SCTIgN: )
£1 ER 130D
ITEM NG [TEM DESCRIPTION . uNIT  _ PLANS SEVISED _ UMIT PRIEE _ ACCUM OTY_  ACCUM 8MT __ PERCENTAGE
o o d b ot Y b e e Feodede B e dedh ol e e e R AR A @ ok e ob ol e e ik b & ek & olcd ok o o ﬁ**ﬁﬁ'******i T e ok o e e e e ok ’ﬁﬁﬁi***t**.‘: LS £ 2.8 3 3 LTS 18 2.4 373 % ¢ Re oo g ol
~ 2020029 REMOVAL JF ASPHALTIC COMCRETE  §0.YD. 37,220 37,220 .85
PAVEVENT £31+5637.00 £31,637.00
206000177 FURNTSHYWATER SUPPLY rIsuMT" Sy 1 S YETIDT
$5,159.00 £5:169.00
~ 4040034 ASPHALT CESMENT (AC~30) (FOR TON 199 199 150.03
R ¥ - LU 3 5 2948500075295 350500
LT TrTwrTenys Teon CaA” -am ‘ &z.0n
o _1240.00
4040116 APPLY BITUMINDUS TACK COAT HOUR, 16 125.00
£2,000.00
— /D0 131 PROVISTONAL"SEAC-TOAT TON 127 200500
$2,4600.90
4040136 APPLY PROVISIONAL SEAL COAT HOUR 4 85.00
$350.00
4040163 BLOTTER MATERTAL ToN 37 10.00
$370.00
60074 ASPHALTIC COMCRETE (1/2% MIX)  TON 3,868 25.00
A0 $96, 700.00
. !
——40E002% MINSTAT KDMTRTURE TFOR 172" TUN 72 B5-00
~408002 "§x, t $55760.00
95 PAVEMENT REINFORCEMENT FABRIZ  S0.YD. 154450 1500
—=060931 $157480700
pos PAVEMENT REINFORCEMENT FAPRIC  L.ST. 3,000 .73
~HOE0IE $77100.00
3 ( EN 3 ECTION OF sLSUM 21+ 250 1.00
_raioont :re_}:g’;YCANC AND PROTECTION O L $311528 a0
L nL0N03 T PAVEMEN T MERR TNG TTRHITE ToETS 3y 000 755
HOT-SPRAYED THERMOPLASTIC) (0.9 $600.00
fanpet PAVENINT MARKING (YELLIW oFT. 13,450 20
A0 NTEI5oRAVED THERMOPLA sTIC‘HU’T‘ $2+690.00



& b Ak ko ook el ok
DAYEMTNT MvaARK

ANS

UNT PLANS
e e o e R e kb ok T o o ook T e

720
$300.00

PAGE .3 .
DATE: 94/05/88

ACCUM OTY ~ ACCUM AMT_ __ PERCENTAGE._.
L R P P A g LT YT

PAVEMENT MARKIN

5
$448.00

‘M%NT MARKINGy

4
$430.00

;AVEMENT MARKERs RAISEDs TYPE

FUECTRICAT CONDUIT (3™ {PVLY

PULL BOX (ND.

£d

MOBILIZATION

32
$20,800.00

$2544815.00

$.00




b

Cs28n-mon- ARTZONA PAGS &

. 2 . DATEZ: 04/05/88
ESTIM2ATE NM: PROGRISS A L
PROJECT NNz a U e e — -

.......... e o i = e ~ b4

TRAIMING [COMSTRUTTION £20J; v
TTEM s, ITEM DISCPIPTION UNIT - PLANS . REVISED —__ UNIT P2I{E _ ACCUM OTY ACCUM AMY _ _ PEPCENTAGE
ke b MAAEAEELE LR R R R R P R o S GV A Y LR R L FTEY LR R RS T8 AR e e e R R R e e s R o o ol e o o O o b A2 2 )
g230001 PROVIDE TRAINSES WITH HOUR 290 200 «83
ON~THE-JOB TRAINING 516000 $160.02

TATALS: $16C.00 $160.00 $.00

R —




APPENDIX C ADOT Special Provisions for Fabric Installation



SZCTION 406 - ASFHALTIC CONCRETE.

C-1

]
3
o]
[{4]
of
(@]
O
EIR 1Y
u
~J



12/22/87 Special Provisions
AG/3jg/1lg 1-10-56-923 & RS-274(8)P
406-2 Asphaltic Concrete Mix Design Criteria: mix design

criteria for effective wvoids in Table 406~1 of the
Standard Specifications is revised to read:

Arizona
Criteria Requirements Test
172" Mix tethcd
Effective Voids,
Percent, Range . 6.0 + 0.2 815
406~3.02 Mineral Aggregate: Table 406-3 of the Standard

Specifications is modified to add:
The Combined Bulk Specific Gravity shall be 2.35 to 2.85.
The Combined Water Absorption shall be 0 to 2.50.

406-3.02 Mineral Aggregate: Note 2 of Table 406-3 of the Standard
Specifications is revised to read:

Abrasion shall be performed separately on samples from each source

of mineral aggregate. All sources shall meet the requirements for
abrasion
406-3.02 Mineral Aggregate: of the Standard Specifications is

modified to add:
For comparative purpcses, guantities shown in the nidding schedule
have been calculated based on the following data:

1/2% Mix
Unit Weight, Pounds per Cubic Foot 147
percent, Asphalt Cement 5.0
percent, Mineral Admixture 2.0
406-3.04 Bituminous Material 0of +the Standard Specifications s
mocified to add
The grade of bitumlnous material to be used shall be AC-30
406-6 Verification Testing: Table 406-6 of the Standard
Specifications s modified to add

* Note: The 1limiting wvalue fo Index of R
< T o+
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12722787 Special Provisiong
AG/3g/1lg 1-10-6-923 & RS-274(3)p

406-6 Verification Testing: effective voids 1in Table 406-6 of
the Standard Specifications 1s revised to read:

The allowabie deviation from proposal targets for effective voids

shall be +1.0 percent. The requirement for 1limiting value for

effective voids is hereby deleted.

ITEM 4060951 - PAVEMENT REINFORCING FABRIC
Descripticn:

The work under this 1item consists of furnishing all equipment,
materials, labor, and placing by use of mechanical equipment,
between S5ta. 56+31.32 to 79+78.5, a reinforcing 1interlayer between
the milled surface and the surfacing course in accordance with the
details shown on the project plans, these special provisions, and as
directed by the Engineer.

Pavement reinforcing fabric shall be nonwoven poclyester,
polypropylene, or polypropylene/nylon materials conforming to the
following when tested in conformance with the listed ASTM
Designation:

Weight, 0z,/sqg. yd., 3.0 to 8.0
ASTM Designation: D 1910

Grab Tensile Strength 90 min.
(l-inch grip), Pounds, :
ASTM Designation: D 1117

Elongation at Break, Percent, 40 min.
ASTM Designation: d 1117

Fabric Thickness, AST: 30 to 100 mils
Designation: D 461

Pavement reinfiorcing fabric shall be accompanied with a Certificate
of Compliance conforming to the provisions in Section 106.05 o0f the
Standard Specifications

The fabric shall be protected from exposure to ultraviolet rays and
snhall be kept dry until placed

Construction Reguirements:

0
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,2/22/87 Special Provisions
AG/ 33743 T-10-5-923 & RS-274(8)7
The reinforcing fabric (interlayer) shall be unro.led and spread
uniformly directly Dy +he mechanical means ¢<n +he coated suriace
Transverse joings <shall be overlapped a minimum of 12 1inches, and
+he longitudinal joints shall be overlapped a minimum of 3 1inches,
and tne lap Jjoints shall be sealed with an application of sinder
coat The rate of application shall be as specified above.

Fabric placement on the milled surface and subseguent appli

the overlay shall be accomplished by the end of each shift. Milling
operation shall not commence until notification of an approved AC
mix design 1is received and in no case shall the milled surface be

open to normal traffic longer than 72 hours hefore application ot
the fapric and subsequent overlay are initiated.

Fabric Laydown Eguipment:

Mechanical laydown equipment shall be capable of handling full rolls
of fabric, and shall be capable of laying the fabric smoothly,

without excessive wrinkles and/or folds that la The test for
lapping shall De made by gathering together the fapric in @
wrinkle. Tf the heignht of the doubled portion of extra

1/2 inch or more, the fapric shall be cut to remove the wrinkl
~hen lapped 1in the direction of paving. When manual laydown
required, a length of standard one-inch pipe, together with suita

ansion devices, shall be used. The fabric shall Dbe unroil

hed, aligned and placed in increments of approxzimately 30 £

lagiae]

"

Application of Binder Coat:

binder <cO
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12722787 Special Provisicng
AG/39/13 1-10-6-523 & RS-274(3:3p
Traffic:

Only necessary construction equipment shall be allowed on the fabric
until the application of the asphalt concrete over.Lay and
subsequently opening to normal rraffic. puplic traffic shall not be
allowed on the bare reinforcing fabric, except that public cCross
“raffic shall be allowed to cross the fabric, under traffic control,
sfrer the contractor has placed a small quantity of asphalt concrete
over the fabric. Construction equipment turning movements as well
as sudden stops/starts on the fabric should be minimized.

Method of Measurement
Measurement will be made by the square yard of fabric placed.
Basis of Pavement:

The accepted gquantities of fabric placed, measured as provided
above, will be paid for at the contract unic price per square yard,
which price shall be full compensation for the work, complete 1in
place, as specified and described herein and as shown on the plans.
No measurement or additional compensation will Dbe made for cleaning
the milled esphaltic concrete surface or furnishing and applying the
binder coat, +the cost being considered as included in the cost of
ITEM 4060951,

ITEM 4050956 - PAVEMENT REINFORCING FABRIC (INSTALLATION):

Descripcion
The work under &this item consists of furnishing and applying three
experimental pavement reinforcing faprics wnicn will function 23
interlayers between the milled surface and rwo inch AC inlay to
control refleciion cracking. These fabrics will be supplied Dy
~heir respective manutacturers for experimental use and the wWOork
shall consis: of furnishing the eguipment, materials and labor
required in applying these <fabrics Detween Sta 24+30 and 55+33.322,
o the milled surface directly cver the existing transverse crackhks
in accorfance with the d&etails shown on the project plans, these
special provisions, and as directed Dy the tngineer.
Surface preparazicn shell involve cleaning the milled surface fres2
0f milling dust, Zirt and moisture By meihoCs and equipmenit spprovad
by the Engineer prior to the applicetion cf 211 pavement reiniorcing
fabrics.
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2/22/87 Sp
AG/3g/1g I1-10-6-
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spproximately 1,000 linear feet of ‘Paveprep' will De supplied Dby

t+he manufacturer. The material is a high density asphalt mastic
sandwiched between two layers of polyester fabric. The material
will be delivered to the jobsite in rolls that hold 102 feet of the
20 inch wide fabric. A tack coat of AC-30 paving grade asphalt
<hall be applied at the approximate rate of 0.10 gallons per sguare
yard prior to applying the fabric. 2 distributor ofr motorized tar
Lettle, both eguipped with a hand held wand are acceptable for the
tack coat application. The width of the tacking should be the

material width (20 inches) plus 3 to 4 inches and shall be applied
no further in a&advance of the fabric placement than can be
accomplished without loss of the tack coat adhesion. The tacking
coverage should span the meandering cracks as evenly as possible sO
as to insure acdhesion of the fabric edges.

No special equipment is needed for handling the fabric rolls. A
steel bar or pipe can be inserted through the core for easy take-oftf
or simply rolled along the crack manually. It should De unrolled so
that the corners naturally turn down since it makes no difference
which side of the fabric contacts the tacked surface. Where
transverse and longitudinal cracks meet, or when splices are
required, the fabric may be butted as neatly &as possible Dby cutting
with razor knives. Cornering can be accomplished without
sectioning, if desired, by walking fabric to a point where gathering
occurs, slicing out the bubble and tacking the overlap.

Approximately 1,000 linear feet of 'Tape Coa:-' M-860 will De
supclied by the manufacturer and delivered €O the jobsite 1in rolls
12 inches wide that contain 150 feet of the fabric. This material
snall be applied to the cleaned surface 1in & manner similar to that
recommended by ‘'Paveprep' except thaz no tack cost is required since
the fabric is a cold applied and self adhering pressure sensitive
materizl. The rolls have an easily removable plastic releass2 film
+hat protects the elastomeric resins ZIrom contaminatlo pricr to
application. The manufacturer recommencs gpplying roiling Pressure
after placement to accelerate bending.
rpproximately 1,000 linear feet of ‘'Glas Grid’ will be supplied Dy
she manufacturer and delivered to the jobsite in 5 £fooOt wide rolls.
This fabric does not regulre a tack coat since it is 2 self adhering
materizl, althougnh the manuifacturer recomme utilizing tractor
mounted placement @&pDaratus to achieve be esults. bric
<hall be smooth and free of wrinkles and ov butz
spliced, where required. Bonding shall ce the
use Of a rubper-tired roller.
Lpproximately 1,000 linear feet £ pavement cracks will be
designated <fcr control purposes and will not receive & fzbric
application The placement locations for each experimental fabric
and those used £for control purpcses shall Dbe &s desicnated eand
recorcded by the EInglneer

<6 Sheet 35 of 37



12/22/87 Special FProvisicns
2G/33/13 T-10-5-323 & R3-274(2)7
Metnhod cf Measurement:
Mezsuremen- will be macde by the linear foo- of fabric olaced.
Bzsis cofi Payment
The accepted guantit:ies of fabric placed, measura2l =S crovided
shove, will be paid for at cthe contract unit orice per lineazr Ioo0O%,
whicn price shall be full compensazion LOor The WOIK, complet2 in
place, as specified and described herein and as shown on the plans
No measurement or additional compensation will be mace I0T clezning
the milled asphaltic concrete surface OF furnisning and applying tne
“sck coat, wnen reguired, the cost being corsidered as 1ncludesd in
the cost cf ITEZM 4060950,

Cc-7
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APPENDIX D Project Construction Attendance



APPENDIX D
Project Construction Observers

The following persons were present during construction
of the project:

Timothy Wolfe, Arizona Transportation Research Center
Guy Clerc, Project Supervisor, Safford Construction
Jon Woostencroft, Bay Mills Ltd.

Walter Zavitz, Tapecoat Company

Bruce Christianson, Paveprep Corporation

Gary Bowen, Contractor

Bob Sinohui, Inspector



APPENDIX E Asphalt Concrete Mix Design Verification



MATERIALS SECTION

#0019 q.0(&

PROJECT NUMBER: I-1@- 6 9z CONTRACTOR: ASHTON COMFANY MIX TYPE: ADOT 1/2"
ORIGINATING LAE: W.T.I. TUCSON DESIGN LABE NO: 88-313R START DATE: @6/27/886

AGG. # 1 2 3 4 ¥, &
TYPE BIN #3 BEIN #2 BIN #1
SOURCE C 1255 C 1255 C 1255
% USE 250. @ 27. @ 48. @

TYRE SOURCE , FERCENT 5F. GR.
ASFHALT CEMENT: AC-3@ CHEVRON~RICHMOND S 4 1. 022
ADMIXTURE : TYPE 11 RILLITO 2. 0@ 3. 14
GRADATION (4 FARSSING)
SIEVE GRAD. W/0 GRAD. W/ VERIFICATION CONTRACTORS GRADATION
SIZE ADMIXTURE ADMIXTURE BAND W/0 ADMIX. TARGET W/ AD. EAND W/ AD.
1.5 IN. ioa iaa 10a 10@
1 IN. 189 1¢@ 1aa 1aa
374 IN. iee 1e@ 1@ loa 1o
172 IN. 58 98 94 - 108 97 5@ - 1@
378 IN. 78 78 73 - 79 76 7@ - &%
174 IN. &9 6@ 6@
#4 P 583 56
#8 44 45 44 - 48 47 - 44 - 5E
#la 4z 43 44
#16 34 39 36
#ia 24 25 2o
#4@ 18 2@ 14 - 18 18 13 - 23
#50 11 13 iz
#10@ 4 6 5
#2008 2. 2 4.1 f.2 - 2.2 3.6 3.0 - 7.5

AGGREGATE FROFERTIES: % ARRASION AT 16@ REV. 4 S@@ REV. 13
SAND EQUIVALENT 68 % CRUSHED FACES 6@

ra
4]
~J
48}

SPECIFIC GRAVITIES: (.D. COARSE Z.56@ 0.D. FINE 2.58%5 0.D. COMBINED 2.
COMEINED WATER ABSORFTION: 1. 32%

MIX PROFERTIES ADOT VERIFICATION CONTRACTORS SPECIFICATION
TO BE VERIFIED RESULT RBAND RESULT REQUIREMENT
STARILITY 2875 175@ + 2410 zZouy +
FLOW 9 7 - 17 a8 8 - 1o

VMR 15. 4 15.7 - 18.7 17.¢& 15.5 - 18.9
AIR VOIDS 3.9 4.9 - 6.9 5.9 5.8 - 6.2
RETAINED STRENGTH 67 45+ 53 Se o+

WET STRENGTH 287 140 + 323 15 +

OTHER MIX FROFERTIES:

ASFHALT AERSORFTION @.34 4 MAXIMUM DENSITY 149.8 #/FT“E» ‘AT d-4 A,QSFHZ7A.
BULK DENSITY 143.9 #/F7"3 % VOIDS FILLED 74.7 EFF. QSFHQLT CPaNe MRy AR ZR
FILM THICKNESS 12 MICRONS

REMARKS ON DESIGN JUlLARPROVED. BY
THIS DESIGN ALSO FDOR FROJECT RS-274(8)F.
DESIGN FRAILED VERIFICATION CRITERIA WITH LOW AIR T o
VOIDS AND VMA. e LM T Sy AU

E-1 Iy DES-F



FRIVATE LAK MIX DESIGN TARULATION

DESIGN LAB # 88-313 DATE 06/29/88 ORIGINATING LAR: W.T.1.TUCSON
MIX TYPE ADOT i/2¢ PRDOJECT NUMEER: 1-1@-6-923 ’

GRADATION TARGETS-- % PABSING

SIEVE W/0_ADMIX W/ ADMIX
1.5 IN 1e@ 1o@
1 IN. 10@ 1e2
3/4 1IN, 1o@ 100
1/& IN. 97 97
3/8 IN. 76 76
174 IN, 59 Y
#4 55 56
#8 4E 47
#10 43 44
#16 35 36
#30 23 25
#4 16 18
#5@ 10 1&
H#10@ 3 5
#200 1.7 3.6

DESIGN INFORMATION

ADMIXTURE: TYRE II SOURCE: RILLITO PERCENT : 2. 0@

ASFHALT: AC-z@ SOURCE : CHEVRON—-RICHMOND SPECIFIC GRAVITY: 1.018

AGGREGATE: SAND EQUIVALENT €1 LOSS FROM AERASION: 1@@ REV 4% S@e@ REV 214
CRUSHED FACES S&

0.D. SF. GR.: COARSE 2,589 FINE £.591 COMBINED 2.59@

ABSORPTION:  WRTER 1.17% ASFHALT @. 37%

MIX: % ASPHALT S.4 BULK DENSITY 141.7 #/FT"3 STARILITY &41@ FLOW 8
VMA 17.2% AIR VOIDS S.9% RETAINED STRENGTH S53.0% WET STRENGTH 323 PSI

MAXIMUM THEORETICAL DENSITY IS8 15@.6 #/FT"3 AT G.4 % ASPHALT

REMARKS: THIS DESIGN ALSO FOR FROJECT RS-274(B)F.

LT LAl LT st e
sliALs PRI SO

LR

E-2



TEST RESULTS FOR ADOT 1/2" MIX DESIGN, LAB # 88-313A . FROJECT NUMBER: I-10-6~923
AGGREGATE BAMM_ES:

LAB ¢ TYPE FROA DATE . SOURCE 1® - 3/4% 3/8°  #4 8 B16 #48  d100 4208
88-313  BIN #3 BIN #6/22/88 C 1235 100,06 180.6 18.¢ 2.6 1,6 @.¢ 6.6 0.9: 8.08
88-312  BIN 42 BIN @6/22/88 C 1255 108,86 168,06 93.0 168 2.6 0.4 8.4 0.4 6.40
a8-311  BIN #1 BIN 06/22/88 C 1255 1090.0 100.0 108,08 99,0 98.6¢ 71.8 37.6 8.0 4,00
88-316  5/8*  STOCKPILE @6/22/88 L 1255 100.0 108.6 27.8 2.8 G4 @4 Q.4 Q4 0.4
88-369  3/8"  STOCKPILE @b/z2/88 C 1855 1e0.6 le0.6 9.8 7.6 L6 1.6 L.¢ 1.0 6.8
88-388  WINES STOCKPILE 85/22/88 € 1255 100,86 100.0 108.¢ 97.0 B4.0 62.0 29.0 4.0 1.70

AGGREGATE SOURCES:
SDURCE NO: C 1255 DESCRIPTION: INDUSTRIAL ASPH.# 66

SRECIFIC GRAVITY TEST(S):

TEST & TYPE  SOURCE RO. ob 6P, GR. 58D SP. GR.  WATER ABSORPTION  USED IN DESIBN?
{ FINE C 1285 2,583 2,614 1.09 % YES
{ COARSE  C 1235 2. 568 2. 609 1,55 % YES

[ NVl

MARSHALL TESTS:
TEST §  HMETHOD  DATE % RSPHALT  #ADMIX EULK DENSITY STABILITY FLOW  VHA VO{Dg USED 'Ig DESIGN?
. 3.

1 HECH 86/30/88 5.4 2.8 143.9 2938 9 15,4
2 HAND 06/30/88 5.4 2.8 145.2 3274 12 14.6 3.0 NO
3 HECH a7/61/88 S 2.8 143.9 2875 9 15.4 3.9 YES
RICE TESTS: (WITHOUT ADMIXTURE)
TEST # DATE % ASPHALT  MAXIMUM DENSITY  EFFECTIVE GP. GBR.  USED IN DESIGN?
1 87/11/88 6. & 148,6 2. 687 NO
2 @7/12/88 6.8 148.¢ 2,59 YES
IMMERSION COMRRESSION TESTS:
TEST 4 DATE % LOAD  HMARSH. % OF MARSH.  DRY WET RETAINED  USED IN DESIGN?
ASPHALT DENSITY DENSITY STR.  STR. &TR. %
1 87/07/88 5.4 215e 143.9 5.1 428 287  B7.1 YES
N Lo s
ARG D T T
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WASHER
SEQ# CRACKID STATION HNonh South
1 1A 24+30 No No
2 iB 25+00 No No
3 iC 25+44 No No
4 1D 27497 No No
5 2A 28480 Yes No
6 2B 29+86 No No
7 2C 31407 Yes Yes
8 2D 31+85 No Yes
9 3A 32489 No Yes
10 3B 33+75 Yes Yes
11 3C 34448 Yes Yes
12 3D 35451 Yes Yes
13 4A 36+57 Yes Yes
14 4B 37+81 Yes Yes
15 4C 38+35 No No
16 4D 38+50 Yes Yes
17 5A 40+50 Yes Yes
18 5B 42413 Yes Yes
19 a8 42+89 Yes Yes
20 8A 43+33 Yes No
21 5C 45+45 Yes Yes
22 8D 46427 Yes Yes
23 5D 46457 Yes Yos
24 6A 47+07 Yes Yes
25 6B 47469 No Yes
26 6C 48+11 Yos Yes
27 6D 49+11 Yes Yes
28 8C 51466 Yes Yes
28 7A 52409 Yes Yes
30 78 52475 Yes Yes
31 7C 53+25 Yes Yes
32 7D 53+83 Yes Yes
SUMMARY
CODE PRODUCT
A PAVEPREP (Sta.
8 GLASSGRID
(o3 TAPECOAT
D CONTROL

24430 ignored-see FE#2 report)

NA
70

253
a3

121
78
104

73
103
106
124

54
1156
100
163

76

212
82
30
50
62
42

100

255
43
66
50
68

Gi

23283

60
60
60
60
60

0 0% N/A NA
35 70% L N
45 87% MtoH N
60 100% M N
60 100% M Y
60 100% M Y
60 100% M Y
57 95% M N
60 100% M Y
60 100% M Y
48 80% L N
60 100% M N
60 100% LtoM N
59 98% L N
60 100% LtoM N
60 100% M N
60 100% LtoM Y
60 100% M N
60 100% M N
53 88% L N
61 85% LioM Y
60 100% LtoM N
60 100% LioM N
60 100% LtoM N
60 100% L N
60 100% L N
60 100% LioM N
60 100% L N
60 100% LtoM Y
60 100% L N
60 100% L Y
60 100% LtoM N
ASSUMED  QBSERVED IOTAL AVEBAGE



SPSS/PC+ The Statistical Package for IBM PC 5/31/91
INC 'EXAMPLEL.PGM’
DATA LIST /FABRIC 1 CRACK 3-8(2).

VARIABLE LABLES FABRIC ‘PAVING FABRIC'
/CRACK ’PERCENTAGE OF CRACK LENGTH REFLECTED.

VALUE LABLES FABRIC 1 ‘A-PAVEPREP’ 2 ‘B-GLASSGRID’ 3 'C-TAPECOAT’ & ’'D-CONTROL’.

BEGIN DATA.
END DATA.

31 cases are written to the compressed active file.
This procedure was completed at 10:55:24

LIST VARIABLES=FABRIC TO CRACK /CASES=31,

1 100.00
1 100.00
1 100.00
1 100.00
i 88.00
1 100.00
1 100.00
2 70.00
2 100.00
2 100.00
2 98.00
2 100.00
2 100.00
2 100.00
2 100.00
3 87.00
3 100.00
3 80.00
3 100.00
3 85.00
3 100.00
3 100.00
3 100.00
4 100.00
4 95.00
4 100.00
4 100.00
4 100.00
4 100.00
4 100.00
4 100.00

Number of cases read = 31 Number of cases listed = 31

G2



N~ N
Page &4 SPSS/PC+ 5/31/91
This procedure was completed at 10:55;:32
ONEWAY CRACK BY FABRIC(1,4)
/RARGES=DUNCAN(0.05)
/STATISTICS=ALL,
Page 5 SPSS/PC+ 5/31/91
—————————— ONEWAY - - - =« o = o o .
Variable CRACK PERCENTAGE OF CRACK LENGTH REFLECTED
By Variable FABRIC PAVING FABRIC
Analyslis of Variance
Sum of Mean F F
Source D.F Squares Squares Ratio Prob.
Between Groups 3 136.1803 45.3934 8587 L4744
Within Groups 27 1427.3036 52.8631
Totral 30 1563.4839
Page 6 SPSS/PC+ 5/31/91
---------- OREWAY - -« « oo o L
Standard Standard
Group Count Mean Deviation Error 95 Per Conf Int for Mean
Grp 1 7 98.2857 4.5356 1.7143 94.0910 To 102.4804
Grp 2 8 96.0000 10.5289 3.7225 87.1977 To 104.8023
Grp 3 8 94.0000 8.5021 3.005¢9 B6.8921 To 101.1079
Grp 4 8 99.3750 1.7678 .6250 97.8971 To 100.852¢9
Toral 31 96.8710 7.2192 1.2966 894.2230 To 99.5190
Fixed Effects Model 7.2707 1.305¢9 94.1916 7o 99.5504
Random Effects Model 1.3059 92.7152 To 101.0267

WARNING - Betveen component varjiance is negative

it was replaced by 0.0 in computing above random effects measures

Random Effects Model - Estimate of Between Component Var

iance

G3



Page 7 SPSS/PC+ 5/31/91
---------- ONEWAY -+« - oo
Group Minimum Maximum
Grp 1 88.0000 100.0000
Grp 2 70.0000 100.0000
Grp 3 B80.0000 100.0000
Grp 4 95.0000 100.0000
Toral 70.0000 100.0000

Teats for Homogeneity of Variances

Cochrans C = Max, Variance/Sum(Vaannces) = ,5360, P = 050 (Approx.)

Bartlett-Box F = 5.739 , P = ,001
Maximum Variance / Minimum Variance 35.474
Page 8 SPSS/PC+ 5/31/91
---------- ONEWAY - - = = = o o o o o
Variable CRACK PERCENTAGE OF CRACK LENGTH REFLECTED
By Variable FABRIC PAVING FABRIC

Multiple Range Test

Duncan Procedure

Ranges for the .050 level -

The ranges above are table ranges.
The value actually compared with Mean(J)-Mean(I) is..
3.1412 * Range * Sqrt(1/N(I) + 1/N(J))

Ko two groups are significantly different at the .050 level

G4



Page 9 SPSS/PC+ 5/31/91
This procedure was completed at 11:15:07
T-TEST GROUPS-FABRIC(I,&)/VARIABLE—CRACK.
Page 10 SPSS/PC+ 5/31/91
Independent samples of FABRIC PAVING FABRIC
Group 1: FABRIC EQ 1 Group 2: FABRIC EQ 4
t-test for: CRACK PERCENTAGE OF CRACK LENGTH REFLECTED
Rumber Standard Standard
of Cases Mean Deviation Exrror
Group 1 7 98.2857 4.536 1.714
Group 2 8 99.3750 1.768 .625
Pooled Variance Estimate Separate Variance Estimate
F 2-Tail t Degrees of 2-Tail t Degrees of 2-Tail
Value Prob. Value Freedom Prob. Value Freedom Prob.
6.58 .026 -.63 13 540 ~-.60 7.59 .568
Page 11 SPSS/PC+ 5731791

This procedure was completed at 11:15:28
T-TEST GROUPSHFABRIC(Z,&)/VARIABLEBCRACK.

Independent samples of FABRIC

Group 1: FABRIC EQ 2 Group 2:

PAVING FABRIC

FABRIC EQ 4

t-test for: CRACK PERCENTAGE OF CRACK LENGTH REFLECTED
Number Standard Standard
of Cases Mean Deviation Error
Group 1 8 96.0000 10.529 3.723
Group 2 8 99.3750 1.768 .625

Pooled Variance Estimate

F 2-Tail t Degrees of 2-Tail
Value Probd. Value Freedom Prob.
35.47 .000 -.89 14 . 386

Separate Variance Estimate

t Degrees of 2-Tall
Value Freedom Prob.
~.89 7.39 .399

G5



Page 13 SPSS/PC+

This procedure was completed at 11:15:53
T-TEST GROUPS=FABRIC(3,4)/VARIABLE=CRACK.

5/31/91

Page 14 SPSS/PC+

Independent samples of FABRIC PAVING FABRIC

Group 1: FABRIC EQ 3 Group 2: FABRIC EQ 4
t-test for: CRACK PERCENTAGE OF CRACK LENGTH REFLECTED
Number Standard Standard
of Cases Hean Deviation Error
Croup 1 8 94.0000 8.502 3.006
Group 2 8 99,3750 1.768 . 625

Pooled Variance Estimate

Separate Varlance Estimate

T

Value

Degrees of 2-Tail

Freedom

Prob.

5/31/91

F 2-Tail T Degrees of 2-Tail
Value Prob, Value Freedom Prob.
23.13 000 -1.75 14 .102

Page 15 SPSS/PC+

This procedure was completed at 11:16:00
FINISE.

End of Include file.

G6
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APPENDIXH DESCRIPTION OF SINGLE-SAMPLING PLAN USED FOR
CORE SAMPLES



A sampling plan requires testing each item in a random sample of n items from
a lot of N items. If the number of defectives, d, is less than or equal to a predetermined
value ¢, the entire lot is accepted. If d exceeds ¢, the lot is rejected.

The ability of a sampling plan to discriminate between acceptable and not
acceptable lots is often developed using an Operating Characteristic (OC) Curve.

1 L Ena

0 py Py 1 p
Figure 1 An OC-curve (From Stoodley et. al.)

Chapter 5 of Applied Statistical Techniques by Stoodley, Lewis, and Stainton
further describe how given the points p, and p,, and the producers risk (1-a) and

consumers risk (b) can be used with the X2 distribution to determine the above
mentioned parameters n and c.

For the core sample sampling plan used with the paving fabric project, values
Py, Po, and were determined based on the similarity of the cracks. As mentioned in

the report, 4 of the 8 cracks of a particular treatment proving to be reflective and
through the fabric was deemed enough to accept the lot of treated cracks. This ratio,
4/8, is p;y. P, is the ratio 6/8, that which would lead to immediately rejecting the lot of
treated cracks. Corresponding risks, a and b, were chosen as .05 and .10,
respectively.

Calculations using the X2 distribution resulting in an n value of 78 and a ¢ value
of 49. The ratio of ¢ to n is 0.6282. Because of the limited number of cracks per
treatment, and the costs involved in core sampling, A decision was made to formulate a
procedure minimizing the number of samples necessary. This was done by using the ¢
to n ratio of 0.6282 rather than a ¢ value of 49 and a n value of 78. The final plan
resulted in a minimum of 8 cores and a maximum of 16, and is described in the body of
the report.

H1



APPENDIX | PHOTOGRAPHIC COMPARISON OF CRACKS

(a) Takenin 1989 (b) Takenin 1991



Crack1C  (a)

Crack 1D (a)

Crack 2B (a)




Crack 2D (a)

Crack 3B (a)

Crack 3C (a)




Crack 3D (a)

Crack 4A  (a)

S

Crack 4B (a)




Crack 5A (a)

Crack 5B (a)

Crack 5C (a)



Crack 6B (a)

Crack 6D (a)

Crack 7A (a)




Crack 7C (a)

B g e - | "‘s:f-"

Crack 7D (a)

Crack 8C (a)




Crack 8D (a)
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