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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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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 vehicles",

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.

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.
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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"
alte rnative. The expe riment 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 01 full­
width transverse cracks available. The eight replicates were spread over 8 different
random ly determined locations in the test site, providing a statist ical design that blocks
the effect of location variability. Figure 8 shows the conce ptual design of the
experiment. The locations ol tha test cracks were marked with was hers 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 Tapecoal. Samples of promotional brochures provided by the manufactu rers are
give n in APPENDIX A.

7
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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 Prepavs 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-an-board cost at
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 manufacturer.

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 fL lang. Figure 11 depicts Tapecoat M-860 with a tape measure in inches.

9



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.
ASTM Designation: D 1910

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

Elongation at Break, %
ASTM Designation: D 1117

Fabric Thickness,
ASTM Designation: D 461

3.0 to 8.0

90 min.

40 min.

30 to 100 mils

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.

11



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./sq. 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
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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 3200 F to 3500 F. On the first day of
paving (Aug. 8) the temperature of the AC-30 was recorded at 3100 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 2250 F, and a sample taken from the
end nozzle showed the temperature at 2050 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 labric 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-l emulsion. CSS-l is a cold-applied liquid emulsion. Figure 18 shows
the specific locations where the two binder coals 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.

15



Figure 16 Tack Accumulated on the Wheels of the Paving Machine .

•
.~,

_ ~4..
•

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 It. of roadway, and 146 ft. of random
cracking were treated with Glassgrid. Glassgrid is selt-adherlnq, 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 labric 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 10 help.

The bonding problem was thought to be a result of Glassgrid's mesh structure.
Because 01 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 labric 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 Wilhout Binder Coat.

Tapecoa l

Eight transverse cracks, crossing 472 It. of roadway, were treated with 12 in.
wide Tapacoat, Also, 93 It. at 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 tabrlc. A pickup with dual wheels was used 10 roll the tabrlc.
Figures 21 and 22 show 12 in. and 4 in. Tapecoat installations.

19



Figure 21 tz-tn. Tapecoat Placed on a Transverse Crack.

--

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.

Travlra 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 soction,
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 Ihen placed
using a fabric installer that was attached to the loader bucket of a backhoe. Figure 23
is a photo of Ihe labric being placed on the milled surtace. 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.

Figure 23 Placement of the Travira Spunbound Fabric.
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HMAC Overlay

The overlay was a 2·i n. thick, O.S-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 transi t 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 af 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 01 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 PneumaticRoller.
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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 (OF) Lane

1 8/8/88 300 29+80 to 27+50 WBDL
1 8/8/88 298 33+50 to 35+10 WBPL
1 8/8/88 280 39+25 to 40+50 WB PL
1 8/8/88 285 43+90 to 45+25 WBPL
2 8/9/88 240 47+75 to 48+90 WBPL
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 EB PL
3 8/10/88 280 60+00 to 58+60 EB PL
3 8/10/88 282 50+80 to 49+10 EB PL
3 8/10/88 279 43+00 to 41+35 EB PL
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 EB PL

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

8/1/88
8/2/88
8/3/88
8/4/88
8/5/88
8/8/88
8/9/88

8/10/88
8/11/88

Project Activity

Milling & Pickup Broom
Milling & Brooming in Rain
Milling & Pickup Broom
Milling & Brooming
Milling & Brooming
Fabric Placement & Paving
Fabric Placement & Paving
Fabric Placement & Paving
Fabric Placement & Paving

Weather

Warm & Cloudy
Cloudy, Rain at 9:30
Cool, Heavy Clouds
Cloudy, Rain Last Night

n/a
Hot & Partly Cloudy
Hot & Partly Cloudy
Hot & Partly Cloudy
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.

27



Video #

31

51

52

55

Description

Field Inspection, 9/15/87

Milling, 8/1 and 8/2/88;
Fabric Installation & Paving,
8/8 and 8/9/88

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

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

3/4 inch
1/2 inch
3/8 inch

No.8
No. 40

No. 200

Percent Passing, Mineral Aggregate
1/2 inch Mix, With Admixture

100
90 - 100
70 - 85
44 - 52
13 -23

3.0 - 7.5

Table 6 Mix Design Grading Limits?
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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

Crushed Faces AZ Test Method 212 Minimum 30%

Abrasion AASHTO T 96 100 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 Oharacteristics''.

Property

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

Allowable Deviation From
Proposed Targets

-10

+1.5

+1.0

Table 8 Verification Testing Criteria''.

30

Limiting Values

45 Min.

30 Min.

9 Max.

40 Max.

14.5 Min.

1,750 Min.

7 - 17

45 Min.

140 Min.



SN LN 1/2 inch Asphalt Concrete Mix Design Data

3/4" 1/2" 3/8" #4 #8 #40 #200 Asph VMA EV VF BD

(1 ) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

1 1 100 93 83 64 49 17 2.8 5.3 15.6 5.2 66.9 142.7

2 1 - - - - - - - - - - - 141.9

3 1 100 95 87 67 50 15 1.9 5.6 17.3 6.5 62.3 140.2

4 2 100 90 78 55 42 15 2.9 4.9 14.8 5.2 64.8 143.9

5 2 - - - - - - - - - - - 142.4

6 2 100 89 76 54 41 14 2.1 5.2 15.8 4.2 73.4 142.4

7 3 100 93 81 63 47 16 3.6 5.6 15.7 3.9 74.2 143.9

8 3 - - - - - - - - - - - 144.2

9 3 100 94 83 62 47 17 3.5 5.1 15.2 5.2 66.0 143.2

10 4 100 94 84 66 49 18 3.7 5.5 15.1 4.2 72 143.8

11 4 - - - - - - - - - - - 143.5

12 4 100 92 81 61 45 15 1.3 5.3 15.2 4.8 68.1 143.4

Average 100 93 82 61 46 16 2.7 5.3 15.6 4.9 68.5 142.9

Standard Dev. 0 2 3 5 3 1 0.9 0.3 0.8 0.8 4.3 1.1

SN: Sample No., LN: Lot No., Asph: % Asphalt, VMA: % Voids in Mineral Aggregate,

EV: Effective Voids, VF: % Voids Filled with Asphalt, BD: Bulk Density in pet,

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 2.5 - -
2 CFB 100 91 82 47 14 2.6 - -
3 CFB 100 92 81 46 15 2.5 - -

4 CFB 100 91 81 48 15 2.9 - -
5 CFB 100 91 81 47 16 2.8 - -
6 CFB 100 91 80 45 14 3.1 - -
7 CFB 100 92 83 49 16 3.2 - -
8 CFB 100 92 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 23.4

SPEC 100 87-99 67-88 42-54 11-25 2.5-8.0 >=45 >=30

SN: Sample No., CFB: Cold Feed Belt, SP: Stock Piles, CP: Calmat Pit,
GP: Granite Pit, SE: Sand Equivalent, FFC: Crushed Faces, AVG: Average,
SD: Standard Deviation, SPEC: Arizona Specifications,
MA: Mineral Aaareaates, Admx: Mineral Admixtures.

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 no statistical evidence that anyone 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 70. 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 a 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) to (M to 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 Staintont". 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 this, 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
"reinlorcinq" 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 I and III occur when the material acts as a "strain-relieving" layer.
This is cons istent 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===:=j====j-- FABR IC OR GR ID

Failure Mode I: Crack Propagates from
Bottom to Top

t===:=JE:::::::::::::==.:::J- FABR IC OR GR ID

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

====::Jc===:::J!- FABRIC OR GRID

Failure r;ode III: 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 Faiture!".

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 I. 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 (l.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
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S~CT!ON 405 - ~S?~~~TIC CONCRETE:

~06-2 ~. s ? r. 2 ~ t icCc n c ::- e ':e Mix Des i 9 n Cr i ': e ::- i a :
~he St:3r;j2rd Specifica~io:;s is modified 'Co

'"T" ~~: ":"_....... --
add:

405-1 r- -'..1 _

The t·hnimum Index c: Retained s t r enc t n shall be 50 p e r c e n t for l/2
i::ch mix.

~tsorbed asphalt shall be 0-1.0 percer:t for 1/2 inch 8~X w~e:: tested
in acco:dance wit~ ~r:zona ~est Met~od 8:5.

C-l Shee': JiJ c: 57
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Special Provisions
1-10-6-923 & RS-274(8)P

406-2 Asphaltic Concrete Mix Design Criteria: mix
criteria for effective voids in Table 406-1
Standard Specifications is revised to read:

design
of the

Criteria

Effective Voids,
Percent, Range

Requirements
1/2" Mix

6.0 + 0.2

Arizona
Test
/l1ethc;d

815

406-3.02 Mineral Aggregate: Table 406-3
Specifications is modified to add:

of the Standard

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
of mineral aggregate. All sources shall meet the
abrasion

f rom each source
requirements for

406-3.02 Mineral Aggregate:
modified to add:

of the Standard Specifications is

F'o r comparative purposes, qu a n t i t i e s shown in the bidding s c ne du l e
have been calculated based on the following data:

Unit Weight, Pounds per Cubic root
Percent, Asphalt Cement
Percent, Mineral Admixture

1/2" Mix
147

5.0
2.0

406-3.04 Bituminous Material:
modified to add:

of the Stancard Specifications 1S

The grade of bituminous material to be used shall be AC-30.

406-6 Verification
Specifications

Testing: Table 406-6
is modified to add:

of the Standard

The limiting value for the Index of Retained Strength shall be ~5.

;; Note: The limiting value for Index of Retained Strength
should be 5 less than Index of Re~ained Strength.

C-2
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406-6

Special Provisions
1-10-6-923 & KS-274(3)p

Verification Testing: effective voids in Table 406-6 at
the Standard Specifications is revised to read:

'I'h e allowable deviation from proposal targets
shall be ~1.0 percent. The requirement for
effective voids is hereby deleted.

ITEM 4060951 - PAVEMENT REINFORCING FABRIC

Description:

for effective voids
limiting value for

The work under this item consists of furnishing all equipment,
materials, labor, and placing by use of mechanical equipment,
betl,veen Sta. 56+31.32 to 79+78.5, a reinforcing interlayer between
the milled surface and the surfacing course in accordance w i t h the
details s hown on the project plans, these special provisions, and as
directed by the Engineer.

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

Weight, OZ,/sq. yd.,
ASTM Designation: D 1910

Grab Tensile Strength
(I-inch grip), Pounds,
ASTM Designation: D 1117

Elongation at Break, Percent,
ASTM Designation: d 1117

Fabric Thickness, ASTM
Designation: D 461

3.0 to 8.0

90 mln.

40 min.

30 to 100 mils

Pavement reinforcing fabric
of Cospliance conforming to
Standard Specifications.

shall be accompanied with a Certificate
the provisions in Section 106.05 of the

The fabric shall be protected from exposure to ultraviolet rays and
shall be kept dry un~il placed.

Construction Requirements:

Surface p r e p a r a t aon shall involve cleaning the milled surface
of milling dust, dirt and moisture by methods approved by
Ellg i nee r I

free
the

Prior to the p Lac erne n t; of the reinforcing fabric, the milled and
cleaned surface shall receive a binder coat consisting of
approximately 0.25 0.30 of a gallon per square yard of paving
q r ao e asphalt (Ae-30). The exact rate of application will be
determined by the ~ngineer.
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Special Pr8visions

1-10-5-923 & RS-27~(8)?

The reinforcing fabric (interlayer) shall be u n r o . led and s p r e e d
uniformly directly by the mechanical means cn the coated surface.
Transverse joints shall be overlapped a minimum of 12 inches, and
the longitudinal joints shall be overlapped a minimum of 3 inches,
and the lap Joints shall be sealed with an a pp l i c a t i o n of binder
coat. Tbe rate of application shall be as s;Jecified above.

Fabric ;Jlacement on the milled surface and subsequent application of
the overlay shall be accomplished by the end of each shift. Milling
operation shall not commence until notification of an approved AC
mix design is received and in no case shall the milled surface be
open to normal traffic longer than 72 hours before application of
the fabric and subsequent overlay are initiated.

Fabric Laydown Equipment:

Mechanical laydown equipment shall be capable of handling full rolls
of fabric, and shall be capable of laying the fabric smoothly,
without e x c e s s i v e wrinkles and/or folds that lap. The test for
lapping shall be made by gathering together the fabric in a
w r i n k Le . If the height of the doubled portion of extra fabric is
1/2 inch or more, the fabric shall be cut to remove the wrinkle,
then lapped in the d i r e c t i o n of paving. When manual laydown is
required, a length of standard one-inch pipe, together with suitable
roll t e n s i o n devices, shall be used. The fabric shall be unrolled,
stretched, aligned and placed in increments of approximately 30 feet.

Application of Binder Coat:

The binder coat: must be uniform spray applied at the specified
rate. Quantity specified will vary with the condition of the milled
surface, but will no r ma Ll y be applied at the rate of 0.25 to 0.30
gallons per square yard of residUal asphalt .

.z..:: major intersections or other a r e a s where ve n i cu La r speed changes
and t u r n i n q rnov eme n t s occur, it: is recommended t h a t the b i nd e r coo:
a p p l i c a t i c n be reduced by a pp ro x i rns t e Ly 20% (0.20 to 0.25 gallons
per squ3re 1'3r6) to mlnimize the chance of a sli;Jpage plane
developing. The e x s c t Lo c a t i o n 0: t he s e a r e a s w i Ll be as s p e c i f r ed
by the E ngin e e r . Car e s hall be t a ken t C) a v 0 i d t r a c kin g bin d e r
material on:o the pavement reinforcing fabric or Ols:orc:ng the
fabric. - necessary, exposed binder materi31 shall be covered
lighLly wiLh sand.

C-4
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Traffic:

Special ?rovisi~n~

I-~0-6-923 & RS-274(o;?

Only necessary construction equipment shall be allowed on :.he fab:ic
until the application of the asphalt concrete overlay and
subsequently opening to normal trattlC. Public traffic shall not be
allowed on the bare r e i n f o r c i nq fabric, except that pu b Li c cross
traffic shall be allowed to cross the fabric, under traffic control,
after the contractor hos 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 quantities of fabric placed, measured as provided
above, will be paid for at the contract u n i t price per square yard,
which price shall be full compensation for the work, complete In
place, 3S specified and described herein and as shown on the plans.
No measurement or additional compensation will be made for cleaning
the milled asphaltic concrete surface or furnishing and applying the
binder coat, the cost being considered as included In the c o s t o f
ITEM 4060951.

ITEM 4060955 - PAVEMENT REINFORCING FABRIC (INSTALLATION)

Description:

The work under this item consists of furnishing and applying three
experimental pavement reinforcing fabrics which \.;i11 f un c t i o n 2S

i n t e r La y e r s between the milled surface and ::wo inch F.C i n l a y to
c o n t r o I reflection cracking. These fabrics will be supplied by
t he i r respec:.ive ma nu f ac t u r e r s f o r e x pe r i men t a l use and t~,e wo r k
shall consist of furnisnlng the equipment, materials and labor
required r n applying t he s e f a b r i c s be t wee n Sta 2C;-:-30 and 56..,-:;-3.32,
to the rn i Ll e d surface d i r e c t l y over the e x i s t a n q t r a n s v e r s e c r a c k s

in accordance w i t n the details shown on the project p La r.s , these
special provisions, and as directed by the ~ngineer.

Su r f a c e p r e p e r a t i o n shell involve cleaning t b e rr. i Ll e d s u r f a c e free
of milling dust, dirt and moisture by me::hods and equipmen: approved
by the ~nginee[ prior to the application of a~l fave~en:. reinforcing
fabrics.

c.s
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Special Provisions
1-10-6-923 & KS-274(5)P

Approximately 1,000 linear feet of 'Paveprep' will be supplied by
the manufacturer. The material is a high density asphalt mastic
sandwiched be t we e n two layers of polyester f a b r i c . The material
'"J ill bedeli ve red tot he jobsit e i n roll 5 t hat hold 1°2 fee t 0 f the
20 inch wide fabric. A tack coat of AC-30 paving grade asphalt
shall be applied at the approximate rate of 0.10 gallons per square
yard prior to applying the fabric. A distributor or motorized tar
k e t t Le . both equipped with a hand held wand are acceptable for the
tack coat: application. The width of the t a c k i nq should be the
material width (20 inches) plus 3 to 4 inches and shall be applied
no further in 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 adhesion 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-off
or simply rolled along the crack manually. It should be 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 by cutting
with razor knives. Cornering can be accomplished without
sectioning, if desired, by walking f ab r i c to a point where gathering
occurs, slicing out the bubble and tacking the overlap.

Approximately 1,000 linear feet of 'Tape Coat' M-860 will be
supplied by the manufacturer and delivered to the j o b s i t e in rolls
12 inches wide that contain 150 feet of the fabric. This material
shall be applied to the cleaned surface in a manner similar to that
recommended by 'Paveprep' except that no taCK coat is required since
the fabric is a cold applied and sell: adhering pressure sensitive
material. The rolls have an easily r e mov a b I.e plastic release film
that protects the elastomeric resins from contamination p r i o r to
e pp Li c a t a o n . The manufacturer recommends applying r o Lr i nq pressure
arter placement to accelerate bonding.

;'.pproxirna~ely 1,000 Li n e a r feet of 'G12s Grid' will be s u c p L'i e d 0Jr

the manufacturer and delivered to the jobsite in 5 faa: wide rolls.
This fabric does not require a tack coat since it is a self adhering
material, although the manufacturer recommends utilizing a t r a c t o r
mou n t e d ?lacement a p p a r a t u s to a c n i ev e best results. The fabric
shall be smooth and free of wrinkles and over13ps and shall be but:
spliced, where r e qu i r e d . Bo nd i nq shall be accomplished through t.h e
use of a rubber-tired roller.

F.pproxirnately 1,000 linear f e e t of
designated for control purposes and
application. The p La c eme n t locations
and those used f o r control purposes
recorded by the ~ngineer.

p a v erne n t cracks will be
will not receive a fabric

for each e xp e r i me n t a I f s b r i c
shall be as de s i c n a t e d a n d
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Me:~od 0: Measu[e~en~:

S~ec a~ ?~ov~s:~~s

~-lO-S-S= ; ?S-=!~(3)?

:::5

cor cleanlr:g
applying ':n~

Me3suremen~ will be made b)' the linear f8C: o~ f3b~ic place~.

5as:s of Payment:

l~e accepte~ quantities of f2cric ?~3c~dl ~e3s~~~c

a bov e , will De p a i c for a: [he c o n t r ac t u n i t p r i c e p e r I i n e a r z o o r •
which price shall be f u Ll c orap e n s a t i o n r o r r n e wo r k , c ornp l e t e z n
place, as specified and described herein a~d as shown on the pla~s.

No rna a s u r erne n t or additional c ornp e n s a t i o n will se mace
the ~illed asphaltic concrete surface or Eurnisn1ng and
tack coat, wnen required, the cost: being c o rs i o e r e d as i nc Luo e d i n
the cost of ITEM 4060956.

C-7

Sheet 57



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

I)-I
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PROJECT NUMBER~ I~1J.2-~30 '<70NTRACTOR: ASHTON CmlPANY
ORIGINATING LAB: W.T. I. TUCSON DESIGN LAB NO: BB-S13A

MIX TYPE: ADOT 1/2"
START DATE: 1216/27/88

AGG. #
TYPE
SOURCE
'j{ USE

1
BIN #3
C 1255
25.0

BIN #2
C 1255
27.121

3
BIN U
C 1255
48.0

4 5

ASPHALT CEMENT:
AOtYlI XTURE:

TYPE
AC-3121
TYPE II

SOURCE
CHEVRON-R ICH~lOND
RILLITO

PERCENT
5.4
2.121121

SP. GR.
'1.12122
3.14

GRADATION (1. PASSING)

SIEVE GRAD. WID GRAD. WI VERIFICATION CONTRACTORS
SIZE ADMIXTURE ADMIXTURE BAN~ WIO ADMIX. TARGET WI AD.
1.5 IN. 1121121 1121121 1121121
1 IN. 11210 100 10121
3/4 IN. 1121121 11210 1121121 11210
1/2 IN. 98 98 94 - 11210 97
3/8 IN. 78 78 73 - 79 76
1/4 IN. 59 6121 6121
#4 <:"':J 53 55.JL..

#8 44 45 44 - 48 47
#1121 42 43 44
#16 34 35 36
#3121 24 -jt:: .:;c--

L....I L...J

#40 18 20 14 - 18 18
#5121 11 13 12
#110121 4 6 5
#2121121 'J ":J 4. 1 1 .:;, - ':J ':J 3.6L...L.. .L... I-.l-

AGGREGATE PROPERTIES: 1. ABRASION AT 1121121 REV. 4 5121121 REV. 19
SAND EQUIVALENT 68 1. CRUSHED FACES 6121

GRADATION
BAND WI AD.

11210
10121
100

90 - 1121121
70 - 65

44 - 52

13

3.121 - 7.5

SPECIFIC GRAVITIES: O.D. COARSE 2.56121 O.D. FINE 2.585 O.D. CO~lBINED 2.573
COMBINED WATER ABSORPTION: 1.321.

MI X PROPERTI ES
TO BE VERIFIED

STABILI TY
FLOW
VMA
AIR VOIDS
RETAINED STRENGTH
WET STRENGTH

OTHER MIX PROPERTIES:

ADOT
RESULT

2875
9

15.4
3.9
67

287

VERIFICATION CONTRACTORS
BAND RESULT

1750 + 2410
7 - 17 8

15.7 - 18.7 17.2
4.9 - 6.9 5.9

45 + <:"-.
.J':>

14121 + 323

SPECIFICATION
REQUIREMENT

20121121 +
8 - 10

15.5 - 18.5
5.8 - 5.2

50 +
150 +

ASPHALT ABSORPTION 121.34 1.
BULK DENSITY 143.9 #/FT A3
FILM THICKNESS 12 MICRONS

MAXIMUM DENSITY 149.8 #/FTA3t 'AT 5.\ 1./Apr'!:1:. -(f.;
j{ VOIDS FILLED 74.7 EFF. ASPj-fA~]/5 ..1.1.i :..·,..:..v.--C.;

REMARKS ON DESIGN
THIS DESIGN ALSO FOR PROJECT RS-274(8)P.
DESIGN FAILED VERIFICATION CRITERIA WITH LOW AIR
VOIDS AND VMA.

E-l

. . ~ I '", .'. .". ~

) lII.APPROVED· BY



PRIVATE LAB MIX DESIGN TABULATION

DESIGN LAB # 88-313 DATE 06/29/88 ORIGINATING LAB: W.T. I. TUCSON
MIX TYPE ADOT 1/2" PROJECT NUMBER: 1-10-6-923

GRADATION TARGETS-- ~ PASSING
§!.~~s ~LQ_tH2t1H. WI ADMIX
1. 5 IN. 100 100
1 IN. 10121 1121121
3/4 IN. 100 10121
1/2 IN. '37 97
3/8 IN. 76 76
1/4 IN. 59 6121
#4 55 56
#8 46 47
#10 43 44
#16 35 35
#3121 23 -:;.<=.... ..;

#4121 15 18
#5121 10 12
#1121121 3 5
#200 1.7 3.6

DESIGN INFORMATION

ADMIXTURE: TYPE II SOURCE: RILLITO PERCENT: 2.121121

ASPHALT: AC-30 SOURCE: CHEVRON-RICHMOND SPECIFIC GRAVITY: 1.018

AGGREGATE: SAND EQUIVALENT 51 LOSS FROM ABRASION: 10121 REV 4~ 5121121 REV 21~

CRUSHED FACES 52
0.0. SP. GR.: COARSE 2.589 FINE. 2.591 COMBINED 2.59121
ABSORPTION: WATER 1. 17~ ASPHALT 0.37~

MIX: ~ ASPHALT 5.4 BULK DENSITY 141.7 #/FTA3 STABILITY 241121 FLOW 8
VMA 17.2~ AIR VOIDS 5.9~ RETAINED STRENGTH 53.0~ WET STRENGTH 323 PSI

MAXIMUM THEORETICAL DENSITY IS 15121.6 #/FTA3 AT 5.4 ~ ASPHALT

REMARKS: THIS DESIGN ALSO FOR PROJECT RS-274 (8IP.

;, .: I : .\ :'! '. .~- J. - .~ ,' •\ -'. r,
.",,-IIL,. 1,-.:I'I;i~ !:i'1ldfif"l:'
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TEST RESULTS FOR ADOT 1/2" MIX DESIGN, LAB # B8-313A . PROJECT NUMBER: 1-10-5-923
AGGREGATE SAMfil_ES:

LAB I TYPE FR()l OOTE SOURCE 1" 3/4" 3/8" lilt i8 Un 140 4100 1200
88-313 BIN 13 BIN 0f>/22/88 C 1255 100.0 100.0 18.0 2.0 1.13 13.13 0.0. 0.0 13.00
88-312 BIN 112 BIN 0f>/22/88 C 1255 100.0 100.0 93.0 16.13 2.0 13.4 13.4 0.4 13.40
88-311 BIN @1 BIN 0f>/22/88 C 1255 100.0 100.9 100.0 99.0 90.0 11.13 37.9 8.0 4.00
88-310 51B" STOCI<PILE 0f>/22/88 C 1255 100.0 100.0 27.0 2.0 0.4 0.4 0.4 0.4 0.40
88-309 3/8" STOCKPILE 0&/22188 C 1255 109.9 1013.0 92.13 7.0 1.0 1.0 1.0 1.0 0.80
88-~ WFINES STOCI<PILE 0f>/22/88 C 1255 100.0 100.0 100.0 97.0 84.0 b2.0 29.0 4.0 1.20

AGGREGATE SOURCES:
SOURCE NO: C 1255 DESCRIPTION: INDUSTRIAL ASPH.I ss

SPECIFIC Gf~AV I TY TEST(S) :

TEST I TYPE SOURCE ND. OD SP. GR. SSD SP. GR. WATERABSORPTIDN USED IN DESIGN?
1 FINE C 1255 2.585 2.614 1.09 'j. YES
1 COARSE C 1255 2.:M 2.600 1.55 'j. YES

MARSHALL TESTS:

TEST I METOOD OOTE 'j. ASPHALT '/.ADMIX BULK DENSITY STABILITY FLOW VMA VDIDS USED IN DESIGN?
1 HECH 0f>130188 5.4 2.0 143.9 2930 9 15.4 3.9 NO
2 HAND 0&/30/88 5.4 2.0 145.2 3274 12 14.6 3.0 NO
3 I>IECH 07/01/88 5.4 2.0 143.9 2875 9 15.4 3.9 YES

RICE TESTS: (WITHOUT ADMIXTURE)

TEST i DATE
1 07/11/88
2 07/12/88

'j. ASPHALT
b.0
6.0

MAXI MUM DENSI TV
148.b
148.0

EFFECTIVE SP. GR.
2.fJtJ7
2.595

USED IN DESIGN?
NO
YES

IMMERSION COMPRESSION TESTS:

TEST I DATE 'j. LOAD
ASPHALT

07/07/88 5.4 2150

MARSH. 'j. OF MARSH.
DENSITY DENSITY
143.9 95.1

DRY
STR.
42B

B-3

WET RETA IHEll
STR. STR. 'j.

287 67.1

USED IN DESIGN?

YES
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IDENTIFICATION LOCATION INFORMATION DISTANCE FROM ~ OBSERVED
~ PREVIOUS BQAl2 ~ .IdlP&K APPARENT .IdlP&K ALLIGATOR

~ ~ lllAI.I2H llilIlll .§lllUh 00 mtml.1Ill CRACK(ft) LENGTHIf!l REFLECTED ~ CRACKING

1 1A 24+30 No No NJA 48 48 0 0% NJA NJA

2 18 25+00 No No 70 50 50 35 70% L N

3 1C 25+44 No No 44 52 52 45 87% MtoH N

4 10 27+97 No No 253 60 60 60 100% M N

5 2A 28+90 Yes No 93 60 60 60 100% M Y

6 28 29+86 No No 96 60 60 60 100% M Y

7 2C 31+07 Yes Yes 121 60 60 60 100% M Y

8 20 31+85 No Yes 78 60 60 57 95% M N

9 3A 32+89 No Yes 104 60 60 60 100% M Y

10 38 33+75 Yes Yes 86 60 60 60 100% M Y

11 3C 34+48 Yes Yes 73 60 60 48 80% L N

12 3D 35+51 Yes Yes 103 60 60 60 100% M N

13 4A 36+57 Yes Yes 106 60 60 60 100% LtoM N

14 48 37+81 Yes Yes 124 60 60 59 98% L N

15 4C 38+35 No No 54 60 60 60 100% LtoM N

16 40 39+50 Yes Yes 115 60 60 60 100% M N

17 5A 40+50 Yes Yes 100 60 60 60 100% LtoM Y

18 58 42+13 Yes Yes 163 60 60 60 100% M N

19 88 42+89 Yes Yes 76 60 60 60 100% M N

20 8A 43+33 Yes No 44 60 60 53 88% L N

21 5C 45+45 Yes Yes 212 60 60 51 85% LtoM Y

22 80 46+27 Yes Yes 82 60 60 60 100% LtoM N

23 50 46+57 Yes Yes 30 60 60 60 100% LtoM N

24 6A 47+07 Yes Yes 50 60 60 60 100% LtoM N

25 68 47+69 No Yes 62 60 60 60 100% L N

26 6C 48+11 Yes Yes 42 60 60 60 100% L N

27 60 49+11 Yes Yes 100 60 60 60 100% LtoM N

28 8C 51+66 Yes Yes 255 60 60 60 100% L N

29 7A 52+09 Yes Yes 43 60 60 60 100% LtoM Y

30 78 52+75 Yes Yes 66 60 60 60 100% L N

31 7C 53+25 Yes Yes 50 60 60 60 100% L Y

32 70 53+83 Yes Yes 58 60 60 60 100% LtoM N

SUMMARY
~ OBSERVED I2IAI. ~

~ ~ ~ .IdlP&K APPARENT APPARENT
CRACK(ft) LENGTH (ft) REFLECTED BEFLECTED

A PAVEPREP (Sta. 24+30 ignored-see FE#2 report) 420 413 98% 98%
8 GLASSGRIO 470 454 97% 97%
C TAPECOAT 472 444 94% 98%
0 CONTROL 480 477 99% 98%
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SPSS/PC+ The Statistical Package for IBM PC

INC 'EXAMPLE1.PGM'

DATA LIST /FABRIC 1 CRACK 3-8(2).

VARIABLE LABLES FABRIC 'PAVING FABRIC'

/CRACK 'PERCENTAGE OF CRACK LENGTH REFLECTED'.

5/31/91

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 10:55:2~

LIST VARIABLES-FABRIC TO CRACK /CASES-31.

FABRIC CRACK

1 100.00

1 100.00

1 100.00

1 100.00

1 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

100.00

95.00

100.00

100.00

100.00

100.00

100.00

100.00

Number of cases read = 31 Number of cases listed =

G2

31



Pag" 4 SPSS/PC+ 5/31/91

This procedure vas complated at 10:55:32

O~EWAY CRACK BY FABRIC(l,4)

IRANGES-DUNCAN(0.05)

ISTATISTICS-ALL.

Page 5 Spss/PC+

- - - - - - - - - - 0 NEW A Y - - - - - - - - - -

5/31/91

Variable CRACK

By Variable FABRIC

PERCENTAGE OF CRACK LENGTH REFLECTED

PAVING FABRIC

Analysis of Variance

Sum of Mean F F

Source D.F. Squares Squares Ratio Prob.

Between Groups 3 136.1803 45.3934 .8587 .4744

Within Groups 27 1427. 3036 52.8631

Total 30 1563.4839

Page 6 SPSS/PC+ 5/31/91

- - - - - - - - - - 0 NEW A Y - - - - - - - - - -

Fixed Effects Hodel

Random Effects Hodel

/;.5356 1.7143 9/;.0910 To 102.4804

10.5289 3.7225 87.1977 To 10/;.8023

8.5021 3.0059 86.8921 To 101.1079

1.7678 .6250 97.8971 To 100.8529

7.2192 1. 2966 9/;.2230 To 99.5190

7.2707 1.3059 9/;.1916 To 99.5504

1. 3059 92.7152 To 101. 0267

Group Count

Grp 1 7

Grp 2 8

Grp 3 8

Grp 8

Total 31

Hean

98.2857

96.0000

94.0000

99.3750

96.8710

Standard

Deviation

Standard

Error 95 Pct Coni Int for Hean

WARNING - Betveen component variance is negative

it vas replaced by 0.0 in computing above random effects measures

Random Effects Hodel - EstLmate of Betveen Component Variance

G3
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Page 7 SPSS/PC+

- - - - - - - - - - 0 NEW A Y - - - - - - - - - -

--)

5/31/91

Group

Grp 1

Grp 2

Grp 3

Grp ~

Total

Minimum

88.0000

70.0000

80.0000

95.0000

70.0000

Maximum

100.0000

100.0000

100.0000

100.0000

100.0000

Tests for Homogeneity of Variances

Cochran. C - Max. Variance/Surn(Variance.) ­

Bartlett-Box F -

Maximum Variance / Minimum Variance

.5360, P ­

5.739 , P ­

35. ~ 7 ~

.050 (Approx.)

.001

Page 8 SPSS/PC+ 5/31/91

- - - - - - - - - - 0 NEW A Y - - - - - - - - - -

Variable

By Variable

CRACK

FABRIC

PERCENTAGE OF CRACK LENGTH REFLECTED

PAVING FABRIC

Multiple Range Test

Duncan Procedure

Ranges for the .050 level -

2.90 3.05 3.15

The ranges above are table ranges.

The value actually compared with Mean(J)-Mean(I) is ..

5.1~12 * Range * Sqrt(l/N(I) + l/N(J»

No two groups are significantly different at the .050 level
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Page 9 SPSS/PC+

-.\

\

5/31/91

Thi. procedure va. completed at 11:15:07

T-TEST GROUPS-FABRIC(1.4)/VARIABLE-CRACK.

Page 10

Independent .ample. of FABRIC

Group 1. FABRIC EQ 1

SPSS/PC+

PAVING FABRIC

Group 2: FABRIC EQ 4

5/31/91

t-test for: CRACK PERCENTAGE OF CRACK LENGTH REFLECTED

Ntunber Standard Standard

of Cases Mean Deviation Error

Group 1 7 98.2857 4.536 1. 7l~

Group 2 8 99.3750 1.768 .625

Pooled Variance Estimate Separate Variance Estimate

Value Prob.

Degrees of 2-Tail Degrees of 2-TailF 2-Ta11 t

Value Freedom Prob.

t

Value Freedom Prob.

6.58 .026 -.63 13 .540 -.60 7.59 .568

Page 11 SPSS/PC+ 5/31/91

This procedure vas completed at 11:15:28

T-TEST GROUPS-FABRIC(2.4)/VARIABLE-CRACK.

Independent samples of FABRIC

Group 1: FABRIC EQ 2

PAVING FABRIC

Group 2: FABRIC EQ ~

'(-test: for: CRACK PERCENTAGE OF CRACK LENGTH REFLECTED

Ntunber 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 Separate Variance Estimate

Value Prob.

Degrees of 2-1ail Degrees of 2-1ailF 2-Ta11 t

Value Freedom Prob.

t

Value Freedom Prob.

35.47 .000 -.89 .386 -.89

G5
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Page 13 SPSS/PC+ 5/31/91

Thi. procedure va. completed at 11:15:53

T-TEST GROUPS-FABRIC(3,4)/VARIABLE-CRACK.

Page 14

Independent samples of FABRIC

Group 1: FABRIC EQ 3

SPSS/PC+

PAVING FABRIC

Group 2: FABRIC EQ 4

5/31/91

t-test for: CRACK PERCENTAGE OF CRACK LENGTH REFLECTED

Number Standard Standard

of Cases Mean Deviation Error

Group 1 8 94.0000 8.502 3.006

Group 2 8 99.3750 1. 768 .625

Pooled Variance Estimate Separate Variance Estimate

Value Prob.

Degrees of 2-Tail Degrees of 2-TailF 2-TaU t

Value Freedom Prob.

t

Value Freedom Prob.

23.13 .000 -1. 75 14 .102 -1. 75 7.60 .120

Page 15 SPSS/PC+ 5/31/91

This procedure va. completed at 11:16:00

FINISH.

End of Include file.
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APPENDIX H 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 c, the entire lot is accepted. If d exceeds c, 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.

pep)
1

1-a

1 P

bB --
O+---+---+--.:=:::::IiIIIIioiI------A-----,-......

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 P1 and P2' and the producers risk (1-a) and
consumers risk (b) can be used with the X2 distribution to determine the above
mentioned parameters nand c.

For the core sample sampling plan used with the paving fabric project, values
P1' P2' 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 P1' P2 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 C value
of 49. The ratio of c 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 c
to n ratio of 0.6282 rather than a c 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.
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APPENDIX I PHOTOGRAPHIC COMPARISON OF CRACKS

(a) Taken in 1989 (b) Taken in 1991
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