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The contents of this report reflect the views of the authors who are
responsible for the facts and accuracy of the data presented herein. The
contents do not necessarily reflect the official views or policies of the
Federal Highway Administration. This report does not constitute a standard,

specification, or regulation.
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HOT ASPHALT-RUBBER SEAL COAT

State Highway 36
Washington County
District Seventeen
CHAPTER I

PROJECT BACKGROUND

The 1975-77 Consolidated Highway Program included a project to recon-
struct the base and surface on a 12 mile section of SH 36 between Brenham
and the Yegua Creek.

This section, originally an 18-feet concrete pavement, had been widened
and reconstructed by a project completed in October, 1959. That project had
consisted of breaking the original concrete pavement, rolling the broken pave-
ment with a 50-ton roller, and overlaying the entire crown with a sandstone
subbase. A class 1 flexible base course, consisting of a crushed, hard,
local sandstone, was placed over the subbase; and approximately one inch of
asphaltic concrete pavement was placed for surfacing. No subgrade treatment
or stabilization was used in the rework project. Subsequently, one-inch
courses of cold-mix rock asphalt, slag aggregate hote-mix, and light-weight
aggregate hot-mix were placed at various intervals. Seal coats were also
applied on each of these courses as separate phases between the overlays.
(See Photos 1, 2, 3, and 4).

The project experience was that the flexible section was adequate but
the surface cracked in the travel lanes. Numerous and extensive alligator-
type cracking appeared on the cold-mix course at an early age, indicating
deflection, although there was little or no wheel path rutting. A seal coat
failed to seal or prevent a continuation of this cracking. The additional

one-inch hot-mix courses and seals continued to reflect the cracks. The
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Identifying from top to bottom is 2%" asphalt stabilized

base placed under this contract. The asphalt-rubber seal coat as an inner
1" layer of lightweight aggregate hot mix. A seal coat on top of
A seal coat on 1" cold-mix rock asphalt. 1" of

original asphaltic concrete pavement.

Core of pavement.

layer.
1" slag aggregate hot mix.
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Core of shoulder. On top is a one course surface treatment, 2%'" asphalt
stabilized base and the asphalt-rubber seal coat. All placed as a part of
this contract. Approximately 2" of lightweight aggregate hot mix.
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Close view of the asphalt-rubber seal coat as a stress
absorbing inner layer.



lightweight aggregate top course tended to spall and ravel severely Occasional
wet freezes caused the worst areas to shell out. Several areas were bladed
off and replaced with hot-mix by State Forces. These areas served well.

The intent of the proposed project was to place approximately five inches
of asphalt stabilized base over full crown width (42-feet) and overlay with one
inch of asphalt concrete pavement. The cost estimate was based on this typical
section; however, the inflationary period of 1973-74 occurred before the plans
were complete and suddenly there was only one-half enough money to perform the
proposed work, District and residency personnel were forced to consider
alternate, more economical, methods of construction, Several recycling
possibilities were considered, including:

1. Salvaging, crushing, and reusing the existing asphaltic concrete

for use as the predominate aggregate in a hot, plant-mixed asphalt
stabilized base to be relayed by machine.

2, Salvaging the existing asphaltic concrete by scarifying and road

processing; adding emulsion; and blade-laying as a cold-mix black
base,

3. Same as (2) except using more exotic traveling hot-mixers.

4. Using cement as stabilizing agent in (2).

All of the above procedures were found to be costly and all would create
severe traffic-handling problems. All were of a character of a major re-
construction of the roadway facility.,

On-site inspection of the roadway indicated that the flexible base course
of the roadway was adequate. Most of the shoulder area was in satisfactory
condition, with little or no cracking. It appeared that only about one third
of the surface area was severly cracked, mostly in the wheel paths, and that
only five percent would have to be removed and replaced prior to overlaying.

(See Photos 5 and 6). The conclusion was reached that, if the cracks could

be adequately sealed, a relatively thin overlay would restore the original
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Existing pavement surgtce prior to construction.' The most

severe cracking occurred in wheel path. Shoulders beyond
edge stripe in fairly good condition.



shape to the travelway and provide a satisfactory riding surface.

Past experience indicated that the usual seal coat would not do the job.

It appeared that some type of membrane would be required. The.project required
a8 surface which would penetrate the cracks and maintain a seal when the base

was deflecting or moving. Because of the location and character of the road-
way, it was also necessary to use a material on which traffic could be placed,
at least temporarily, as well as a material which could be overlaid. Slurry
seals, fat seals, and plastic membranes were considered. 1In the process of
evaluating the various alternatives for this project, FHWA Implementaticn
Package 73-1, "Rubber-Asphalt Binder for Seal Coat Construction', and a report
from the Arizona Department of Transportation entitled "Asphalt-Rubber Membranes,
Development, Use, Potential", were studied. These reports, plus discussions
with representatives of Texas A&M University (Dr, Bob Galloway), Texas Trans-
portation Institute, and the Materials end Tests Division and the Planning
Division of the State Department of Highways and Public Transportation suggested
another alternative -- a asphalt-rubber mix which could be overlaid as a seal

to accomplish our desired objectives.

There were several small test’sections in Texas where an asphalt-rubber
overlay had been placed as a part of various research projects; however, results
of the procedures would not be available for some time. Since the protection
and salvaging of the existing pavement was of utmost importance, it was essential
to begin construction prior to the winter months to avoid the possibility of
severe damage by a freezing rain. A decision was made to proceed with develop-
ment of an asphalt-rubber specification and, contingent upon securing approval,
to proceed with the project using this new (to Texas) approach to sealing and

prevention of crack reflection.



CHAPTER 2

DESIGN

Special Specification 3046, "Hot Asphalt-Rubber Seal Coat™, was prepared

following the format of Texas Highway Department 1972 Standard Specifications

for Construction of Highways, Streets and Bridges, Standard Specification Item

316, "Seal Coat"., The new specification was patterned after Item 316 because
the materials proposed for use were relatively new in Texas, but the process
for application, except for mixing the asphalt and rubber, appeared to be very
much the same as for normal seal coat application. The development of the
major components of the Special Specification are explained below:

1, Description: This item is described as a surface treatment composed of a
single application of a hot asphalt-rubber material, covered with aggregate.
Two methods of mixing the reclaimed rubber and asphalt cement are allowed to
achieve the end result of producing a stress-relieving inner layer of a
flexible, resilient material with improved resistance to brittleness. These
properties will prevent the tendency for cracks in the old pavement to propagate
through new or additional layers of asphaltic concrete pavements or seal coats.
The two methods coincide with the methods being used in Arizona at that time,

2. Materials: The materials specified below are applicable to either method

of mixing reclaimed rubber and asphalt.

(1) Asphalt: The asphalt must meet the requirements of the Standard
Specification Item,'"Asphalts, Oils and Emulsions". Plans require an AC asphalt
with the type to be specified by the Engineer,

(2) The ground vulcanized rubber is to be made from tires, ground to the
gradation requirements specified, depending on whether it will be used with asphalt,

kerosene and rubber or with asphalt, extender oil and combined rubber. It is to

be free from fabric, wire, cord, or other contaminating materials, except 47



calcium carbonate. The gradation requirements and specifications were taken
from the Arizona Department of Transportation's specifications.

(3) The ground devulcanized rubber is to be made from truck tires and will
be both vulcanized and devulcanized. Grading requirements and specifications
were again based on Arizona Department of Transportation's specifications,

(4) Kerosene serves as a dilutent, prolonging the low viscosity of the
mix., A minimum boiling point of 350°F. is required, based on temperatures
necessary for mixing the ingredients.

(5) Extender 0il, if specified, is to be a high-flash, resinous type which
will prolong the desired viscosity of the blended materials.

(6) Prime Coat shall be either EA-11M or EA-103 as determined by the
Engineer, It is to serve as a crack sealer and prime and to be applied to
the dry, cracked, light-weight hot mix. Emulsion was specified to permit
traffic to pass through the construction without being picked up by vehicles,

(7) Coverstone aggregate shall be of the type and grade specified in the
plans, meeting the requirements of "Aggregate for Surface Treatments (Class B)'";
"Aggregate for Surface Treatment (Precocated) (Class B)"; or the Item "Aggregate
for Surface Treatment (Light Weight)". Precoated aggregate was specified to
prevent dust at the hot-mix plant and at the chip spreader and to prevent damage
to windshields of vehicles traveling through the construction project. Another
purpose of the precoating was to serve as a prime around the limestone coverstone
to insure that there would be no absorption from the rubber-asphalt mixture
which could result in stripping in the future. The large size coverstone was
selected to allow the asphalt-rubber to be applied at a rate of 0.5 gallon per
square yard. The plan rate of application of the aggregate was 75 cubic yards
per square yard. -

3. Equipment: The specifications required the distributor to be a self-propelled
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pressure type with adequate pumps having separate power to circulate the asphalt-
rubber mix, An agitation system was required which was capable of maintaining
the asphalt-rubb;r mixture in suspension and prevent the settlement of the
undissolved rubber. Temperature gauges were specified and are essential to
control mixing temperatures and establish mixing times. The agéregate heating
system specified must continually agitate while heating at a controlled temperature,

The aggregate spreader shall be a self-propelled, continuous feed type, which
will uniformly spread the aggregate,

Rollers must meet the requirements of the Item "Rolling", medium pneumatic
tire, Type A, up to 25 tons.

The broom must be a rotary, self-propelled power broom,

The aggregate heating system specified must continually agitate while
heating at a controlled temperature,

4, Construction Methods: Construction methods differ slightly for the two

methods of mixing and spreading reclaimed rubber and asphalt,

(1) Method I - Mixture of Asphalt, Keroseme and Rubber

Mixing: The specification requires that the asphalt-rubber components
be combined as rapidly as possible, The temperature of the asphalt shall be
between 350°F and 450°F which will result in 30-35 minutes of reaction time
after the addition of the rubber for the mix to reach the proper consistency
for application. The required proportions are 75% asphalt and 25% wvulcanized
rubber by weight. This mixture is diluted with 5-%% to 7-%% kerosene to adjust
and maintain proper viscosity.

The specification requires the contractor to show proof
that his equipment can mix the asphalt-rubber to the proper consistency. This
is to assure gooﬁ results if the Contractor has never placed hot rubber-asphalt
before or if the Contractor desires to introduce untriedequipment,

Spreading: 1In this paragraph the specification outlines how the

previously described materials are placed on the prepared surface of the roadway.
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The width of application of the hot asphalt-rubber material is limited to 13
feet, The asphalt-rubber material shall not be applied when thg air temperature
is below GOOF and falling but may be applied when the air temperature is 50°F
and rising.

The specifications require that the cover aggregate be preheated to a
temperature between ZQODF and BSQDF in order to remove surface moisture from
the stockpiled aggregate and to allow additional time for rolling and seating of
the aggregate in the asphalt-rubber mixture, if placed during cool weather.

(2) Method II - Mixture of Asphalt, Extender Oil and Combined Rubber

Mixing: The specifications require a proportinate mixture of approx-
imately 757 asphalt and 257 combined rubber. The proportion of combined rubber
by weight shall be 607 ground vulcanized rubber and 407 devulcanized rubber. The
proportion of asphalt to extender oil is approximately 85% to 157%. The mixture
is to be heated to a temperature not less than 400°F. The resulting blend of
materials will have an absolute viscosity of approximately 800 poises at 140°F,

Spreading: The paragraph "Spreading" is identical to the procedure
under Method I except that the temperature is increased to 350°F to 4SODF.

5. Measurement: The measurement of the asphalt-rubber mixture is specified

to be at the point of application in gallons at the applied temperature. The
quantity to be paid for is the amount requested by the Engineer, which is normal
for seal coat application. The aggregate will be measured in vehicles when
applied to the road. All rolling will be paid for by the hour.

6. Payment: This paragraph refers to the method of measurement in paragraph 5.
It states that payment will be at the unit price bid for the various items of
work involved, such as "Hot Asphalt-Rubber", "Aggregate", and'"Rolling". Payment

under these items is the full compensation for the work specifiéd.
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CHAPTER 3

CONSTRUCTION PHASE

L. DESCRIPTION

Bids were received on October 14, 1976, with Jones G. Finke, Inc. of
Sealy, Texas, the successful bidder.

Work was to be in accordance with Special Specification Item 3046, "Hot
Asphalt-Rubber Seal Coat". The specific materials furnished, equipment used,
and construction techniques are described as follows:

2, MATERIALS

The contractor elected to use Method I, the mixture of asphalt, kerosene,
and rubber. The vulcanized rubber was made from ground truck and bus tires by
ATLOS Rubber, Los Angeles, California, and met the gradation requirements of
0-5% retained on a No. 16 sieve and 90-100% retained on a No. 25 sieve.

The Asphaltic material selected by the Engineer was an AC=5 supplied by
Exxon Company of Baytown, Texas. It met specification requirements for Item
302, "Aggregate for Surface Treatments' for precoating and for 3pecial Specifi-
cation No. 3046, '""Hot Asphalt-Rubber Seal Coat".

Class B, Type PB, Grade 3 aggregate was specified. General notes of the
plans required the aggregate to have a minimum Polish Value of 33 when used as
a surface or finish course. The contractor obtained a crushed limestone
aggregate from Texas Crushed Stone Company in Georgetown, Texas and precoated
the aggregate in his dryer~drum plant on the project with 0,67 asphalt, Type AC-5.

The kerosene was furnished by Sahuara Petroleum and Asphalt Company of
Phoenix, Arizona, and had a minimum boiling point above 350°F.

The prime coat selected by the contractor was the emulsion EA-11M, supplied
by Texas Emulsions, Port Neches, Texas, and met requirements for Item 310,

"Prime Coat."
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3. EQUIPMENT
The Sahuaro Petroleum and Asphalt Company of Phoenix, Arizona, furnished

Bear Cat distributors with 4,500 gallon capacity, capable of heating and mixing
the asphalt, rubber, and kerosene and applying the mix to the road, (See Photo 8),
These distributors were equipped with sophisticated instruments in the cab to
assist in controlling the mixing and application of the asphalt-rubber mixture

on the road. An accurate on-board electronic fifth-wheel scale allowed the
operators to weigh their loads at any time from within the cab. Project inspec-
tors confirmed the accuracy of the on-board scales by weighing the distributors
empty and then weighing partial loads, using certified public scales, and comparing
the results with the on-board scales. A tachometer and an odometer controlled
the rate of application of the asphalt-rubber. Toggle switches within the cab
allowed the operator to open and close individual nozzels on the spray bar to
vary the width of application. (See Photos 9 and 10). The spray bar itself was
capable of being extended a maximum of 14 feet. The distributors were equipped
with three Jones No. 5 nozzels (approximately 3/16") per foot of spray bar,
operating at approximately 35 psi pressure. (See Photos 11, 12, and 13),

The pump used was a Deutz 90-hp, five-sylinder, air cooled German-made
diesel. It was capable of developing up to 50 pounds by-pass pressure when
cleaning the nozzels with kerosene or diesel. (See Photo 14).

The Bear Cat distributors used a high-pressure diesel burner to heat the
asphalt-rubber. The burner was capable of raising the temperature of 2,800
gallons of AC-5 asphalt approximately 110°F per hour, (See Photo 15). An eight-
inch tube traversed the entire length of the tank.

The mixing of the asphalt and rubber and maintaining the rubber in suspension
was accomplished by the use of a 15 inch screw type agitator which works as an

auger, moving materials around in the tank until mixed.
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SAH&ZRE Petroleum & Asphalt Company's Bear Cat Distributor

Instruments inside cab of distributor. Shows tachometer, speedometer, etc.
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Toggle switches inside cab f8r controlling nozzels on 'spray bar,
pressure guages, etc.

%

Distributor's spray bar with Jones No. 5 nozzels, I
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12

Rear view of Bear Cat distributor and spray bar.

13

Application of asphalt-rubber seal coat using some
nozzels,
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15

Side view of Deutz asphalt pump on distributor.

Diesel burner for heating asphalt rubber in distributor.

17
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The aggregate heating system was the contractor's Boeing Dryer-Drum type

of hot=-mix plaﬁt located on the project. The aggregate spreader was a Bomag.
(See Photo 16).

The rollers used were a 25-ton with an individual wheel .load of 3,200
pounds and tire pressure of 70 psi, and a 35-ton which had a wheel load of
6,800 pounds per tire at a pressure of 80 psi, Both rollers were pneumatic
tired, self-propelled rollers, (See Photos 17 and 18)., The broom was a self-
propelled Broce.

4. CONSTRUCTION METHODS

(a) Mixing Asphalt, Kerosene and Rubber: The Hot Asphalt-Rubber Seal

operations began on April 12, 1977, with Sahuaro Petroleum and Asphalt Company
of Phoenix, Arizona performing the mixing operations. The AC-5 asphalt was
loaded into the distributor at a temperature of 315°F to 325°F from the contract-
or's 25,000 gallon storage tank. The asphalt was then heated in the distributor
to 380°F - 390°F by use of the diesel burnmer,

The ground vulcanized rubber, which was shipped in 60 pound bags on pallets,
was added to the distributor by means of a small agricultural=-type conveyor belt.
(See Photo 19). The addition of the rubber to the distributor caused the temperature
of the asphalt to drop about 50°F or to a temperature of 330°F. At this stage,
the asphalt composed 757% of the mixture and the rubber accounted for 257.

At this point, the asphalt-rubber mixture has formed the residual material
which will be the resiliant flexible, stress-relieving layer of material designed
by the specification., For this reason, all prospective bidders were cautioned
that the mixture must contain the 75% (plus or minus 27%.) of asphalt and 257 (plus
or minus 27%) of the rubber,. |

The asphalt and rubber were mixed for approximately 40 minutes after all
rubber was added until it reached the desired consistency. The temperature

remained around 330°F. The mixture was then diluted with kerosene and was ready
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Bomag aggregate spreader.

"

Asphalt-rubber seal coat operation.
follows.

25-ton pneumatic tired

roller
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35~ton pneumatic tired roller farther behind. Rollers must
travel very slow so as not to disturb aggregate.

19

Ground rubber from ATLOS Rubber, Los Angeles, California, being
carried on agricultural conveyor belt into distributor.

20
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for application to the roadway. It should be noted that the actual amount of
kerosene required depends upon the atmospheric temperature, anQ higher tempera-
tures require less kerosene.

(b) Prime Coat: To prepare the surface prior to applying the hot asphalt-
rubber seal coat, areas of old light-weight hot mix which were sliding due to
lack of bond were removed by use of a front-end loader, exposing the ALCOA slag
aggregate hot mix., (See Photos 21, 22, and 23). These sections were then heavily
primed with a mixture of one part emulsion EA-11M and two parts water, applied
at a rate of .15 to .25 gallons per square yard, depending on the severity of
the cracks. (See photo 24). Item 292, "Asphalt Stabilized Base' was then blade-
laid in these sections to the elevation of the adjacent light-weight hot mix.
(See Photo 25).

Other areas which were severly cracked but still stable, predominately in
the travel lanes, were primed with a mixture of one part EA-11M emulsion and two
parts of water to serve as a crack seal, (See Photos 26 and 27). In the areas
where the cracks were too wide to consider breaching with asphalt-rubber seal,

a mixture of 20% field sand, 80% concrete sand and 7% asphalt was applied by
means of a drag-type spreader box (See photos 29 - 30) and rolled immediately
with a 25-ton pneumatic roller and a Ray-Go 2-84 vibratory roller (See Photo 31)
to force the material into the cracks. The fine mixture aided the thin lift
placement, Traffic was carried on this surface for about two months before the
asphalt-rubber seal coat was applied. The sand asphalt stayed in the cracks

and did not whip out under traffic, but the outlines of the cracks became visible.

All other areas that were not patched or crack sealed, primarily the
shoulders, were primed with a mixture of one part EA-11M and three parts water

at a rate of .10 gallon per square yard,
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22

Rubber tired front end loader removing old lightweight aggregate
hot mix that was no longer bonded to slag aggregate layer.

Exposed slag aggregate hot mix. Not cracked to the extent of the
lightweight aggregate hot mix.
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24

0ld Slag aggregate hot mix cleaned and ready to prime.

Same section heavily primed with emulsion.
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26

Blade laid hot mix in place.

Close up of pavement prior to prime.
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209

Drag type spreader box applying fine sand asphalt mixture to
fill serve cracks.

25
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31

Sand asphalt mixture as it comes out drag box.

Ray-Go 2-84 vibratory

roller,
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Spreading: The hot asphalt-rubber mixture was applied as designated by
the Engineer. The rate of application ranged from .50 gallon per square yard
to .60 gallon per square yard, with the average rate being .56 gallon per square
yard. (See Photo 33). The length of each shot was limited to that which could
be covered with aggregate by the trucks available without reloading. Joint
paper was used for each new shot, The precoated, preheated, cover aggregate
was applied at an average rate of one cubic yard per 75 square yards.

The 25-ton and 35-ton pneumatic-tired rollers were brought in. The 25-ton
roller worked directly behind the spreader box and rolled while the asphalt-
rubber and cover aggregate were both hot. The second roller worked farther
back and rolled at an extremely slow speed so as not to pick up or turn over
the precoated aggregate,

The specification required the contractor to be responsible for the surface
until the work is accepted by the Engineer, After the asphalt-rubber seal coat
had been in place for about four weeks, during the hot weather in May, some
bleeding occurred in the travel lames. This bleeding was caused by traffic
pressing the Grade 3 aggregate down into the sand-asphalt crack seal which,
although it was not apparent to the eye, had depressed in the wheel paths enough
to cause extra thickness of sand-asphalt. An actual flushing occurred, with the
coverstone allowing traffic to contact the asphalt-rubber (See Photos 34 and 35).
Even though it looked bad, it did not pick up under traffic as a regular bleeding
agphalt would do. To remedy the problem, the contract placed sand on the
bleeding areas, using & spreader box. The sand blotted the asphalt; and the
problem was much less severe than would have occurred if regular AC-5 asphalt
had been used.

Measurement: As stated previously, Special Specificatiﬁh Item 3046,

"Hot Asphalt-Rubber Seal Coat", was patterned after Standard Specification
Item 316 "Seal Coat" which establishes measurement to be by the gallon determined

by strapping a calibrated distributor, This method of measurement presented
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Cut out section shows thickness of asphalt-rubber seal coat.

Flushing of asphalt rubber seal coat in wheel paths of main lanes.
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problems; the large 4,500 gallon distributors had never been calibrated by
volume, The screw-type agitator in the bottom of the tank prohibited a gauging
stick from being placed vertically into the tank. The mixture also had a foam
on top which gave an erroneous reading. All of this was further complicated by
the fact that the mixture defies gravity and, evidently by capillary attraction,
dimbed the gauging stick.

It was decided to use the on-board electronic fifth-wheel scales which
were determined to be accurate to weigh the mixture applied to the road. In
order to convert weight to volume for pay purposes, the unit weight of the
asphalt, rubber, and kerosene mixture had to be determined. Each distributor
load was sampled, using a calibrated container, and the weight per gallon of
that particular load was determined and paid for accordingly (See Photos 36 anc
37). Since the mixture was composed of a recycled, ground, rubber material, and
probably for other reasons, the weight per gallon of the mixture varied from
7.68 pounds per gallon to 8.05 pounds per gallon, with an average weight of 7.8
pounds per gallon based on 52 tests.

Payment: The hot asphalt-rubber and aggregate in place for this contract
cost $.086 per square yard, At the contract prices bid for this project, the
asphalt-rubber-aggregate layer cost the equivalent of 1-1/8" of asphalt stabilized
base.

Additional Construction Items: Upon completion of the Hot Asphalt-Rubber

seal coat, an asphalt stabilized base course, using 60% minus 3/8" gravel, 20%
concrete sand, and 20% field sand, stabilized with 5% AC-20 asphalt, was applied
in two courses for a total of 220 pounds per square yard or 2%'" approximate depth,
The construction of the subject project required three different sections:
(1) Asphalt-rubber placed directly on the old lightweight hot-mix.

(2) Lightweight hot-mix was removed, replaced by new black base, and
then sealed with asphalt-rubber.
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36

Traffic pressed seal coat aggregate into sand asphalt mix with
flushing resulting.

Collecting sample of asphalt rubber mixture from distributor.
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Calibrated bucket used to determine weight per gallon of each
distributor load of asphalt rubber mixture.
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(3) On the shoulder area, lightweight hot-mix was in place but at a
lesser thickness due to variations in cross=-slopes,

Cores were taken of the three types of sections. In the cores, the asphalt- "
rubber layer is visible, about 3/8" thick, working as a flexgple, inner
membrane, Its resilience is designed to relieve internal stresses, Up to
this time, the asphalt-rubber layer has prevented the cracks in the old pave-
ment from reappearing in the new surface (See Photos 1, 2, 3, and 4),

Before and after Photos 38-39, 40-41, 42-43, and 44-45,
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Heavily primed existing pavement prior to applying sand asphalt
mix.
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Same section as Photo 38, with asphalt rubber seal coat in place.
Note cracks showing through sand asphalt mixture,
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CHAPTER 4

CONCLUSIONS

A mixture of hot asphalt and rubber can be applied without undue difficulty,

The asphalt-rubber mixture works as a stress-absorbing inner layer and

retards reflective cracking. How long the cracking will be retarded is

still to be determined,

The mix serves extremely well under direct traffic. The test section has

been carrying direct traffic for 2% years and is in excellent condition,

showing no crack reflection.

Surface water appears to be adequately sealed from the base.

Obviously, there is a limit to crack width. The frequency of cracks does

not appear to affect the results,

A hot asphalt-rubber seal appears superior to the normal asphalt seal as a

direct traffic surface course,

The six, twelve, and eighteen month pavement evaluations of the 20 test

sections indicate a long term service life for this material,

Recommended changes to Special Specification Item 3046.000 (9-76), based

on experience gained fram this project, are:

(1) Measurement: Measure and pay by the ton of completed mix,

(2) Equipment: Specify that the distributor be equipped with on-board
scales, or have platform scales on the job.

(3) Mixing: The amount of kerosene can vary from 2 to 7-%7%.

(4) Procedures: Paper must be used at the beginning of each shot.
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DEMONSTRATION PROJECT 1-170-77-529

EVALUATION OF RUBBER-ASPHALT MIXTURE USED
AS A STRESS RELIEVING INTERLAYER

SIX MONTH PAVEMENT EVALUATION

PROJECT STATUS

Subsequent to the completion of placement of the hot rubber-asphalt seal six
months ago, two courses of asphalt stabilized base (black base) have been
placed, Completed depth of black base is approximately two inches. An effort
to begin the final surface seal coat was made in the fall, 1977, but the
weather was too cool and the aggregate would not stay in the asphalt. The
project is now dormant and will remain so until mid May, or when weather con-
ditions and surface temperatures are satisfactory for seal coat operations,
Traffic is using the black base surfacing.

WEATHER

The placement of the seal began in the spring, 1977, and continued into the
summer, Placement occurred in cool weather and in very hot weather., Since
completion and overlay with approximately two inches of black base, conditions
have varied from temperatures approaching 100°F to 20°F, Extreme dry periods
persisted for several weeks in August and in January there was approximately
seven days of continuous below freezing temperatures,

EVALUATION

Inspection of the twenty test sections indicates a longitudinal crack re-

flecting through at No, 54 and a small transverse crack at No. 530, There
is evidence of minor surface stripping of the black base at numerous loca-
tions, Some loads of mix show more than others,

In addition to the test sections there are a few other cracks reflecting
through., These are generally in areas where the pavement cracking below was
most severe, Some cracking is longitudinal and some transverse, A record
of the location of these cracks will be made for reference on future evalua-
tion inspectioms.

The 0.25 mile section on which traffic is using the hot rubber-asphalt seal
for travelway is in very good condition. (No black base overlay was placed.)
There are several cracks in this section, but only one definitely wide enough
to take on water.

The overall evaluation after six months is that the stress relieving inter-
layer is performing well. Considering the extent of existing pavement cracks
and the temperature extremes, only a few cracks are surfacing to date.
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DEMONSTRATION PROJECT 1-170-77-529
EVALUATION OF RUBBER-ASPHALT MIXTURE USED
AS A STRESS RELIEVING INTERLAYER

TWELVE MONTH PAVEMENT EVALUATION

PROJECT STATUS

The project was completed and accepted May 26, 1978. The last operations
involved placement of a one course surface treatment using Grade 3 Pre-
coated Aggregate and AC Asphalt, and final edge slope grading.

WEATHER

Since January weather conditions have been generally dry. Very little
rain has occurred since February and current conditions are hot and dry.
Numerous days in June have reached 100°F (air). Checks during the pro-
ject construction indicate that the pavement surface will reach 150° F
plus during mid afternoon.

EVALUATION

Inspection of the twenty test sections (7-6-78) reveal no cracking
reflecting through the new surface, This is to be expected because

of the age of the surface and the extreme hot temperatures. The surface
is beginning to darken in the wheel paths and show signs of flushing,
although to date no maintenance has been required to control bleeding.
It is anticipated that some maintenance work will be required in the
near future unless the hot weather breaks,

The 0.3 mile section, rural, which has the hot rubber-asphalt seal
exposed and was not overlaid, is in excellent shape. The surface shows
no cracks and no signs of flushing. (The same can be said for the sur-
face in the curb and gutter section on the SH 36 business route, which
is not officially a part of this study.)

At this point all indications are that the stress relieving interlayer
is performing very well. The next, and last, evaluation under this
study will be made in January, 1979. At that time the surfacing will
have aged and colder weather will have occurred, which will allow us
to evaluate the reflection cracking, if any.
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DEMONSTRATION PROJECT 1-170-77-529

EVALUATION OF RUBBER ASPHALT MIXTURE USED AS A STRESS RELIEVING INTERLAYER

EIGHTEEN MONTH PAVEMENT EVALUATION
L. PROJECT STATUS

This is the last stage of Task B of the project plan. The project was
completed May 26, 1978, but the hot rubber-asphalt seal (stress relieving
interlayer) was completed in July, 1977 ., Traffic has used the facility
continuously.

2, WEATHER

Since the stress relieving interlayer was placed there have been two sum-
mer and two winter cycles of weather, Temperatures have varied from in
excess of 100°F to approximately 15°F low. Several days of freezing
rain occurred each winter,

3., EVALUATION

Inspection on 1-23-79 revealed an excellent pavement condition. There are
no cracks visible from a slow moving vehicle and occasional spot checks by
foot. Residency personnel are making a detailed crack survey and have found
a few longitudinal cracks. This data will be included in the Research
Report,

My conclusion is that the design for this section is performing as in-
tended. An old pavement with three layers of different type asphaltic
concrete (CMACP, slagg agg. HMAC, and Lt. Wt. HMAC) severely cracked in
four wheel paths has been sealed, overlayed and surfaced with a high
polish value surface course, More service time will be required to eval-
uate the importance of the stress relieving interlayer. It does appear
to be serving two functions; 1) as a surface crack deterrent and 2) as

a moisture barrier.
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SUMMARY

This study demonstrated that ground, reclaimed rubber can be mixed
with asphalt and applied to the road hot, as a seal coat, without a great
deal of difficulty when using the proper equipment and normal construction
techniques.

During the eighteen months since placement, the six-month evaluations
have revealed that the rubber-asphalt mixture is functioning as intended,
providing a stress-absorbing inner layer that prevents or retards reflective
cracking and serving as a barrier to surface moisture.

The sections where the asphalt stabilized base was omitted and the
rubber-asphalt seal is carrying direct traffic appear to be serving
exceptionally well, indicating that the rubber-asphalt seal could be used
as a riding surface. The seal could be made of a polish-resistant aggregate

which would be a resilient surface moisture barrier,
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APPENDIX

Special Specification 3046.000 (9-76) =-- Hot Asphalt-
Rubber Seal Coat

Standard Item 300, par. 300.2(2), Asphalt Cement

Standard Item 300, par. 300.2(7), Emulsions

Standard Item 304, par. 304.4 - Grades of Aggregate

Standard Item 213, par. 213.2 - Rolling Equipment
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Project F 358(6) & C 186-5-24

SPECIAL SPECIFICATION
ITEM 3046

HOT ASPHALT-RUBBER SEAL COAT

1. DESCRIPTION. This item shall consist of a surface treatment composed
of a single application of a hot asphalt-rubber material covered with aggre-
gate for sealing of existing pavements in accordance with these specifications.

Seal coats shall not be applied when the air temperature is below 60 F and is
falling, but may be applied when the air temperature is above 50 F and is rising,
the air temperature being taken in the shade and away from artificial heat.

Hot Asphaltic-rubber material shall not be placed when general weather conditions,
in the opinion of the Engineer, are not suitable.

2. MATERIALS.

(1) Asphaltic Materials, The asphaltic materials used shall be one or more of
the materials prescribed in the Item, "Asphalts, Oils and Emulsions', whichever are

called for on plans.

(2) Rubber.

(a) Vulcanized Rubber: The rubber shall be ground tire rubber meeting the following
requirements: When tested by Test Method Tex 200-F, Part I, the gradation require-~
ments for rubber shall be as follows:

When used in a mixture of Asphalt, Kerosene and Rubber:

Percent by

Weight
Retained on No. 16 Sieve 0-5
Retained on No. 25 Sieve 90-100

When used in a mixture of Asphalt, Extender 0il and Combined Rubber:

Percent by

Weight
Retained on No. 20 Sieve 0
Retained on No. 30 Sieve 0-5
Retained on No. 100 Sieve 80-100

The material shall be free from fabric, wire, cord or other contaminating
materials except that up to 4% of calcium carbonate may be included to prevent
the particles from sticking together.

(b) Devulcanized Rubber. The rubber used shall be ground tire rubber meeting
the following requirements:

When tested by Test Method Tex 200-F, Part I, the gradation requirements for
the ground rubber shall be as follows:

1-6 3046.000
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Percent by

Weight
Retained on No. 10 Sieve 0=5
Retained on No. 30 Sieve 50-100

The material shall be free from fabric, wire, cord, or other comtaminating
materials except dusting agents included to prevent the particles from sticking
together,

Mill test to determine the state of devulcanization: weight 40-50 grams of
rubber and add to a tight 6'" rubber mill, The devulcanized rubber will bond on
the mill roll in one pass, and will usually be retained on the mill roll.

(3) Kerosene. The kerosene shall have a boiling point of not less than 350° F.

(4) Extender O0il. The extender oil shall be a high-flash, resinous aromatic
type which when mixed with the asphaltic material will result in a mixture with
an absolute viscosity of the blended materials of approximately 800 poises at
140 F.

Samples shall be submitted and tested prior to use. Sampling and testing shall
be in accordance with the methods outlined in AASHTC Designation M226-70,

(5) Aggregatc, The aggregate used shall be of the type and grade or types and
grades as noted on the plans and selected from those prescribed in the Items,
"Aggregate for Surface Treatments (Class B)', "Aggregate for Surface Treatment
(Precoated) (Class B)" or in the Item, ''Aggregate for Surface Trcatments (Light-
weight)",

3. EQUIPMENT.

(1) Distributor. The distributor shall be self-propelled pressure type equipped
with a separate power unit, distributing pump capable of pumping the specified
material at the specified rate through the distributor tips, and equipment for
heating the bituminous material. The distribution bar on the distributor shall
be fully circulating with nipples and valves so constructed that they are bathed
in the circulating asphalt to the extent that the nipples will not become
partially plugged with congealing asphalt upon standing, thereby causing preli-
minary streaked or irregular distribution of asphalt. Distributor equipment
shall include a tachometer, pressure gages, volume measuring devices, and a
thermometer for reading temperature of tank contents. The spray bars on the
distributor shall be controlled by a bootman riding at the rear of the distributor
in such a position that operation of all sprays is in full view and accessible

to him for controlling spray widths., The distributor shall be equipped with an
agitation system capable of keeping the asphalt and rubber in suspension,
preventing settlement of undissolved rubber.

The method and equipment for combining the rubber and asphalt shall be so
designed and accessible that the Engineer can readily determine the percentages,
by weight, of each of the two materials being incorporated into the mixture.

(2) Aggregate Spreader. A self-propelled continuous-feed aggregate spreader will
be used which will uniformly spread aggregate at the rate specified by the Engineer,

2-6 3046.000
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(3) Rollers. Rolling equipment shall meet the governing specifications
for the item, "Rolling".

(4) Broom. Broom shall be a rotary, self-propelled power broom for cleaning
existing pavement surfaces.

(S5) Aggregate-heating System. The system for heating the cover aggregate shall
be of the type that continually agitates the aggregate during heating and in
which the temperature can be so controlled that the aggregate will not be injured
in the necessary heating operations required to obtain the specified temperature.
The burner, or combination of burners, and type of fuel used shall be such that
in the process of heating the aggregatc to the desired specified temperature,

no residue from the fuel shall adhere to the heated aggregate. A continuous
recording thermomcter shall be provided which will indicate the temperature

of the aggregate when it leaves the heating system,

4. CONSTRUCTION METHODS., The Contractor may use a mixture of asphalt, kerosene
and rubber or of asphalt, extender oil and combined rubber,

(1) Mixture of Asphalt, Kerosene and Rubber,

(a) Mixing,

The asphalt and rubber shall be combined as rapidly as possible for such a time
and at such a temperature that the consistency of the mix approaches that of a
semi-fluid material. The temperature of the asphalt shall be between 350 F and
and 450 F. At the lower temperature, it will require approximately 30 minutes for
the mix to reach the proper consistency after the start of the addition of rubber.
At the higher temperature, the reaction will take place within 5 minutes; there-
fore, the temperature used will depend on the type of application and the methods
used by the Contractor. The Engimcer shall be the sole judge of when the material
has reached application consistency. After reaching the proper consistency,
application shall proceed immediately and in no case shall the mixture be held

at temperature over 325 F for more than one hour after reaching that point.

The Contractor shall show proof that his equipment is capable of mixing the
asphalt and rubber to achieve the required consistency, or demonstrate the
ability to achieve this consistency by placing a test section at a location
acceptable to the Engineer.

The proportions of the two materials, by weight, shall be 757, plus or minus

2%, asphalt and 257%, plus or minus 2%, ground vulcanized rubber. After the mix
reaches the proper consistency described in (a) "Mixing" above, the mix shall be
diluted with kerosene. The amount of kerosene used shall be 5 1/2% to 7 1/2%, by
volume, of the hot asphalt-rubber composition as required for adjusting viscosity
for spraying or better "wetting" of the cover aggregate. The kerosene shall have
a boiling point of not less than 350 F, and the temperature of the hot mixture
shall not exceed this temperature at the time of adding the kerosene,

(b) Prime Coat. Prior to applying the hot asphalt-rubber treatment, the surface
to be sealed shall receive a prime coat, applied and paid for as a separate item
conforming to the requirements of Item, "Prime Coat'.

3-6 3046 .000
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(c) Spreading. Hot asphalt-rubber mixture shall be applied on the approved
prepared surface with specified self-propelled pressure distributor so operated
as to distribute the material in the quantity specified, evenly and smoothly,
under a pressure necessary for proper distribution.

Hot asphalt-rubber material may be applied in a width not to exceed 13 feet, or
as shown on the plans, but may be reduced if uniformity of distributimm s not
achieved. No traffic or hauling will be permitted over the freshly-applied

hot asphalt-rubber material. Hot asphalt-rubber material shall not be applied
until immediate covering with aggregate at the proper temperature is assured.

The cover aggregate shall be preheated to a temperature between 290 F and 350 F.
Canvas or similar covers that completely cover each load shall be used to
minimize temperature drop of the exposed cover aggregate, if directed by the
Engineer.

Aggregate shall be immediately and uniformly applied and spread by the speci-
fied self-propelled continuous feed aggregate spreader, unless otherwise shown
on the plans or authorized by the Engineer in writing. The aggregate shall be
applied at the approximate rates indicated on the plans and as directed by the
Engineer.

The Contractor shall be responsible for the maintenance of the surface until
the work is accepted by the Engineer.

The entire surface shall be broomed, bladed or raked as required by the Engineer
and -shall be thoroughly rolled with the type or types of rollers specified
on the plans,

All storage tanks, piping, retorts, booster tanks and distributors used in storing
or handling asphaltic materials shall be kept clean and in good operating con-
dition at all times, and they shall be operated in such manner that there will

be no contamination of the asphaltic materials with foreign materials. It shall
be the responsibility of the Contractor to provide and maintain in good working
order a recording thermometer at the storage heating unit at all times. The
Engineer will select the temperature of application based on the temperature-
viscosity relationship that will permit application of the asphalt within the
limits recommended in the Item, "Asphalts, Oils and Emulsions".

(2) Mixture of Asphalt, Extender Oil and Combined Rubber:

(a) Mixing.

The proportions of the two materials, by weight, shall be 75%, plus or minus 2%, as-
phalt and 25%, plus or minus 27 rubber. The asphalt and extender oil shall be combined
and heated to a temperature of not less than 400 F. The proportions of the two
materials shall be approximately 85% asphalt and 15% extender oil, by weight, which
will result in a blend of materials with an absolute viscosity of approximately
:ggap?;ses at 140 P, when sampled and tested in accordance with AASHTO Designatioun

After the asphalt and extender oil has reached the proper consistency, the com-
bined rubber shall be added and thoroughly mixed.

4-6 3046.000
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The proportions of the combined rubber, by weight, shall be 60% ground
wvulcanized rubber and 40% ground devulcanized rubber, plus or minus Zi.

The Contractor shall show proof that his equipment is capable of mixing the
asphalt and rubber to achieve the required consistency, or demonstrate the ability
to achieve this consistency by placing a test section at a location acceptable

to the Engineer.

(b) Prime Coat. Prior to applying the hot asphalt-rubber treatment, the surface to
be sealed shall receive a prime coat unless otherwise directed by the Engineer,
applied and paid for as a scparate item conforming to the Item, '"Prime Coat'.

(c) Spreading. liot asphalt-rubber mixture shall be applied at a temperature
betwecen 350 F and 450 F on the approved prepared surface with specified self-
propelled pressure distributor so operated as to distribute the material in the
quantity specified, evenly and smoothly, under a pressure necessary for proper

distribution.

Hot asphalt-rubber material may be applied in a width not to exceced 13 feet,

or as shown on the plans, but may be reduced if uniformity of distribution is not
achieved. No traffic or hauling will be permitted over the freshly-applied hot
asphalt-rubber material. Hot asphalt-rubber material shall not be applied until
immediate covering with aggregate at the proper temperature is assured.

The cover aggpregate shall be preheated to a temperature between 290 F and 350 F.
Canvas or similar covers that completely cover each load shall be used to
minimize temperature drop of the exposed cover aggregate, if directed by the
Engineer.

Aggregate shall be immediately and uniformly applied and spread by the spceci-
fied self-propelled continuous feed aggregate spreader, unless otherwise shown
on the plans or authorized by the Engineer in writing. The aggregate shall be
applied at the approximate rates indicated on the plans and as directed by the
Engineer.

The Contractor shall be responsible for the maintenance of the surface until
the work is accepted by the Engineer.

The entire surface shall be broomed, bladed or raked as required by the Enginecer
and shall be thoroughly rolled with type or types of rollers specified on the
plans.

All storage tanks, piping, retorts, booster tanks and distributors used in
storing or handling asphaltic materials shall be kept clean and in good

operating condition at all times, and they shall be operated in such manner that
there will be no contamination of the asphaltic materials with foreign materials.
It shall be the responsibility of the Contractor to provide and maintain in good
working order a reécording thermometer at the storage heating unit at all times.
The Engineer will select the temperature of application based on the temperature-
viscosity relationship that will permit application of the asphalt within the
limits recommended in the Item, "Asphalts, Oils, and Emulsions".

5. MEASUREMENT, Hot asphalt-rubber mixture will be measured at point of appli-
cation on the road in gallons at the applied temperature. The quantity to be
paid for shall be the number of gallons used, as directed, in the accepted surface
treatment,
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Aggregate will be measured by the cubic yard in vehicles as applied on the road.

Rolling of the type specified on the plans, performed as required by the Engineer,
will be measured by the actual hours such rolling equipment works.

6. PAYMENT., The work performed and materials furnished as prescribed by this
item and measured as provided under "Measurement" will be paid for at the unit
prices bid for "Hot Asphalt-Rubber" and "Aggregate" of the class, type and grade
specified, which prices shall be full compensation for cleaning the existing
surface; for furnishing all materials and freight involved; for all heating,
mixing, hauling and placing all materials and for all manipulations, labor, tools,
equipment and incidentals, including test sections, necessary to complete the work
except rolling and prime coat,

All rolling performed as required will be measured and paid for im accordance
with the provisions governing the Item, "Rolling".

The prime coat shall be used unless otherwise directed by the Engineer and will
be measured and paid for in accordance with the provisions governing the Item,
"Prime Coat'',

6-6 3046.000
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ATTACHMENT NO. 2

300.2

(2) Asphalt Cement. The inaterial shall be homogeneous, shall be free
from water, shall not foam when heated to 347 F and shall meet the
following requirements:

VISCOSITY GRADE
Test AC-3 AC-5 AC-10 AC-20 AC-40

Min. Max] Min. Max.| Min. Max.| Min, Max. | Min. Max.

Viscosity,

140 F stokes. ... | 300450 500+100|1000+200| 2000+400{ 40004800
Viscosity,

275 F stokes ... ] 1.1 1.4 1o - [25] - |35) -
Penctration, 77 F,

100g, Ssec. ....[210 |~ |135 [ - | 8BS | - |55 | - |35
Flash Point,

COC.F.......H) 425 | - |450 | - ’450 -- 1450 -

Sulubility 1in
trichlorocthylene,
percent ... ... Y900 - | Y9.0| - | Y9.0 - | 99.00 - |99.0f -

Tests on residues
from thin Hilm
uwen losl:
Viscosily,

140 F stokes . ... - [wo0f - PS50 - pO00O| - pBOOO| — [12000
Ductibty, 771 5
Cis per ming, s, 100 100 2 70 50 - 10

Spottest ... .....| Negative for all grades

(3) Latex Additive, A minimum of two percent, by weight, latex
additise (solids basis) shall be added to the OA-175 Asphalt or to AC-S
Asphalt when speciticd on the plans or in other specifications in the contract.
T he latex additive shall be governed by the following specifications:

The latex is to be an anivnic emulsion of butadienc-styrene low-
temperature copolymer in watcr, stabilized with fatty-acid soap so as to have
good storage stability, and possessing the following properties:

Monomwerratio, B/S ... ... 70/30
Minimum solids content . . ......... 61%
Solids vontent pergal. @67% ....... 5.3 Ibs.
Coagulum on BO-mesh screen .. .. .. 0.1% max.
Type Anti-oxidant . ............. staining
Mooney Viscosity of Polymer (M/L 4
@2 2F) . i e 100 min.
pHof Latex . ........oovuninnnns 9.4-10.5
Surface tension . . _............... 28.42 dynes/cm?2
Brookfield Viscosity of Latex . . ... .. 1200 ps max. @ 67% solids
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ATTACHMENT NO. 3

300.2

(7) Emulsions. The material shall be homogencous. It shall show no
separation of asphalt after thorough mixing and shall meet the viscosity
requirements at any time within 30 days after delivery.

ANIONIC EMULSIONS:

50

TYM Rapwud Setnmy | Medousn Satting Slow Se1ting
s e L4 e
GRADE: EANVRY| EA-HYRS-%0 EAHVMS EA-HVNS-90) EA1IM | EA-00S
M, Min | M Mas M Max, M, Maa. | Bha, Hd;.! Min. Mar
|
Furol Viscosty st 77 F sec. . - [ 0o W W
Furol Yiscosty al 122 F, wee. 100 w100 oo 100 0| 00 )OO .
Remdue by Distitation, 5 . (%) P | 1 et | e Y] | su
il Puriiom of Danillate, © 201 .0 | 20| 2 S I e
Seve Test E v <oul CEY | I wl Ul ult
Mussibality 15tandard Testt | | l Patsing Pasring
Coaling - l Parsing |
Cement Mining, 1 . . ) i}
Demulubility $U o of N/10 Catly, 1 | 20
Demubabibity 15 cc of NSO QL2 % ol -] o | = i ;
Settement, 5 days, T . L] 0 ., 0 0 L] L]
Freering Test ) Cyches ) | | Paing® Pansng® Farung® | Pasang®
Teats un Resdue i | |
Fenctration at 77T F, 100y . 5 sy 120 Wl wu 10 120 in0 | 0110 L0 sul B0 jen
Solubility m TrioWhwortbylene, 3 ] [ uT 4 touta ur s u7 s
Ductility st Tk & mimin  wme [1ow 100 <100 1n L T
*applies only when Pngineer desgratey matenal fur winter use
CATIONIC EMULSIONS: i ]
R TT ting -I- Slaw Seiting
stk T —y e
: BT } 5.2 [EACHS I | EACSSt TEA 35 1h
Mo Max | Msv, | Min Men
Tesis on b muhiony | '
Vi maty, SayBoll Fursd af 7Tk sy | . | 0w e w
Visoomaly, SayBult burel af 122 F, 100 10U | o0 o0 100 300 i W Yo
Settlement, # § dayy, 7 s I s -8 s |- 8 .
Storage slabihity test, ™ | day, - 1! I 1 1 b 1
Demubsibtality, € 35 mi 08 prrcest sodiam i !
o 1yl sulfosscomate, 5 M - I “w - 1
Loatong, ahility and walen tesntance 1 |
[ uating, dry sggicgale P - Rynd I e |
Costing alier spraying 1 fawr anr :
Cualing, wet Jagregaie 1 far LT %
€ oating, after spraying 1 | (] fae |
i ‘ | | n
Partiie Lharge test Poealive Paraired ! Psailive I Pumilive I Psative | paiibive
Soeve Dest ) "'wl LI TR N o LT vl
Urmeni mizing lest, /% | i [ £ | v o
Drvtullatvon |
Uil distillate, by vulume ul emulsion, % | 3 3 1 |-
Kewdoe peroent | 0 85 e - () o0 L]
Tests va Resdue Trum Dyiilaton Test E
Venetiatum. T F, [D0g, § sec. 120 180 | au 410 1120 ie0 | %0 110 1120 1ed| w o M10
Dusnility, T2 B, 8 cm oaun, cm o ! 1ok vy [ 100 o
Solubibiy in tnchhwoeibylene, T ! vy [ . N1 A LR ] w7 T A
Ak, % : i P . P SR | 3

3Tine bevl tequiremant Tor withrmenl may be wareed when the rmuhitird svphalt i used i e then § davs i, of the Engs-
neer may Peqiurt Al the settiement les! br rus flom the lime the semple i received untel it s used, if the slapsrd iaw o ew

iham § days

P1he 24001 -day) storage stability test may be used insiesd of the 5-duy withement tel
VT he demabability teal aball be made wilkon JU days lroin date ol shipment,
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ATTACHMENT NO. 4

304.5
Percent by
Weight

Grade 1: Retainedon 1" sieve ............ 0
Retained on 7/8" sieve .. ......... 0-2

Retained on 3/4" sieve .. . ... ..... 20-35

Retained on §/R" sieve . .. ........ 85-100

Retained on 3/8" " sieve . ... ....... 95-100

Retained on No, 10 sieve . ... .. .. 99.100

Grade 2: Retained on 7/8" sieve . ... ... . ... 0
Retainedon 3/4"sieve . .......... 0-2

Retained on 5/8" sieve . . ......... 20-35

Rectainedon 1/2" sieve . .......... 85-100

Retained on 3/8" sieve .. ......... 95-100

Retained on No. 10 sieve . ........ 99-100

Grade 3: Retained on 3/4" sieve . . . ... .. ... 0
Retained on 5/8™ sieve . . . .. ... ... 0-2

Retained on 1/2" sjeve .. ......... 20-35

Retained on 3/8" sieve . ... ... ... 85-100

Retained on 1/4" sieve . . ... ... ... 95-100

Retained on No. 10sieve .. ... . . 99.100

Grade 4: Retaned on §/8 " sieve . .. ........ V]
Retained on 1/2" sieve . . .. ... ... 0-2

Retained on 3/B" sieve . ... ..... .. 20-35

Retained on No, 4 sieve .. ........ 95-100

Retained on No. 10sieve ., .......99-100

Grade 5: Retained on 3/8" sieve . .......... 0
Retainedon 1 /4" sieve .. ......... 0-5

Retained on No. 10sieve . ........ 99100

The aggregate shall not contain more than 1.0 percent by weight of fine
dust, clay-like particles and/or silt present when tested in accordance with
Test Method Tex-217-F, Part 1.

304.5. Precoated Aggregates. Precoated aggregates shall be aggregates ol
the type specified, treated (coated or fluxed) with 0.5 to 1.5 percent by
weight of precoat material or flux ocil meeting the requirements of this
specification and the approval of the Engineer. The particular grade of
precoated aggregate specified shall meet all requirements of Article 304.4.
prior to the application of the precoat material or flux oil.

(1) Water. Water in an amount not to exceed 3 percent by weight of the
mixture may be used in preparing the mixture. The water shall be added as
directed by the Engineer during the mixing. In the event water is used in the
mixing operation adequate measuring devices shall be used and the water shall
be administered to the mix through an approved spray bar.
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ATTACHMENT NO, 5

213.2. Equipment,

(1) The light pnecumatic tire roller shall consist of not less than nine

pneumatic tired wheels, running on axles in such manner that the rear group
of. tires will cover the entire gap between adjacent tires of the forward group,

and mounted in a rigid frame and provided with a loading platform or body
suitable for ballast loading. The front axle shall be attached to the frame in

such manner that the roller may be turned within a minimum circle. The
pneumatic tire roller under working conditions shall have an effective rolling
width of approximately 60 inches and shall be so designed that by ballast
loading. the totsl load may be varied umformly from 9,000 pounds or less to
18,000 pounds or more. The roller shall be equipped with tires that will
afford ground contuct pressures to 45 pounds per square inch or more. The
operating load and tire air pressure shall be within the range of the
manufacturer’s chart as directed by the Engineer, The Contractor shall
furnish the Engineer with charts or tubulations showing the contact areas and
contact pressures for the full range of tire inflation pressures and for the full
range of loadings for the particular tires furnished. The roller under working
conditions shall provide a uniform compression under all wheels, The
pneumatic tire roller shall be drawn by either a suitable crawler type tractor,
a pneumatic tired tractor, or a truck of adequate tractive effort, or may be of
the seif propelied type. and the roller, when drawn or propelled by either
type of equipment, shall be considered a light pneumatic tire roller unit.

(2) The medium pneumatic tire roller (Type A) shall consist of not less
than seven pneumatic tired wheels, running on axles in such manner that the
rear group of tires will cover the entire gap between adjacent tires of the
forward group, und mounted in a2 rigid frame and provided with a loading
platform or body suitable for ballast loading. The front axle shall be attached
to the frame 1n such manner that the roller may be turned within a minimum
circle. The pneumatic tire roller under working conditions shall have an
effective rolling width of upproximately 84 inches and shall be so designed
that by ballast loading the total load may be varied uniformly from 23,500
pounds or less to 50,000 pounds or more. The roller shall be equipped with
tires that will atfford ground contact pressures to 80 pounds per square inch
or more. The operating load and tire air pressure shall be within the range of
the manufacturer's chart as directed by the Engineer. The Contractor shall
furnish the Engineer with charts and tabulations showing the contact areas
and contact pressures for the full range of tire inflation pressures and for the
full range of loadings for the particular tires furnished.

The pneumatic tire roller shall be drawn by either a suitable crawler type
tractor, a pneumatic tired tractor, or a truck of adequate tractive effort, or
may be of the selt-propelled type, and the roller, when drawn or propelled by
either type of ¢quipment, shall be considered a medium pneumatic tire roller
unit. The power unit shall have adequate tractive effort to properly move the
operating roller at variable uniform speeds up to approximately 5 miles per
hour,

(3) The medium pneumatic tire roller (Type B) shall conform to the
requirecments tor Medium Pneumatic Tire Roller, Type A as specified in

75
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