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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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HCYI' 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. 

1 

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 hot•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 l, 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 ,eal 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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Core of pavement. Identifying from top to bottom is 2.!;;" asphalt stabilized 
base placed under this contract. The asphalt-rubber seal coat as an inner 
layer. 1" layer of lightweight aggregate hot mix. A seal coat on top of 
1" slag aggregate hot mix. A seal coat on 1" cold-mix rock asphalt. 1" of 
original asphaltic concrete pavement. 
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Core of shoulder. On top is a one course surface treatment, 2l " 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. 
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lightweight aggregate top course tended to spell and ravel • event1~ Occasional 

wet freezes caused the worst areas to shell out. Several areas were bladed 

off and replaced with bot-mix by State Forces. These areas served well. 

The intent of the proposed project was to place approximately five inches 

of asphalt 1tabilized 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 th t 

proposed work. District and residency personnel were forced to consider 

alternate, more economical, methods of construction. Several recycling 

possibi lities 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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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 requi r ed 

a 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. In the process of 

evaluating the various alternatives for this project, FJl,JA Implementation 

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 di scussions 

with representatives of Texas A&M University (Dr. Bob Galloway), Texa s Trans­

portation Institute, and the Materials and Tests Division and the Planning 

Division of the State Department of Highways and Public Transportation sugge s ted 

another alternative -- a asphalt-rubber mix which could be overlaid as a seal 

to accomplish our des ired objectives. 

There were several small test sections in Texas where an asphalt-rubber 

overlay had been placed as a part of various research projec ts; 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 essent ial 

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 devel op­

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

following the fornat 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 

maj or components of the Special Specification are explained below: 

1. Description: '11lis 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. '11lese 

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 41 



9 

calcium carbonate. 'ffte gradation requirements and specifications were taken 

from the Arizona Department of Transportation's specifications . 

(3) 'ffte 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 i ngredient s . 

(5) Extender Oil, if specified, is to be a high-flash, r es inous type which 

will prolong the desired viscosity of the blended materials . 

(6 ) Prime Coat shall be either EA-llM or EA-103 as determined by the 

Engineer. It is to serve as a crack sealer and prime and to be applied t o 

the dry, cracked, light-weight hot mix. Emulsion was specified to permit 

traffic to pass through the construction without being picked up by vehic l es . 

(7) Covers tone aggregate shall be of the type and grade specifi ed in the 

plans , meeting the requirements of "Aggregate for Surface Treatments (Cla ss B) " ; 

"Aggregate for Surface Treatment (Precoated) (Clas s B)"; or the Item "Aggrega te 

for Surface Treatment (Light Weight)". Precoated aggregate was specified to 

prevent dus t at the hot-mix plant and at the chip apreader and to prevent damage 

to windshields of vehicles traveling through the construct i on project. Another 

purpose of the precoating was to serve as a prime around the limestone cover s t one 

to insure that there would be no absorption fran the rubber-asphalt mixture 

which coul d 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 sel f -propelled 
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pressure type vith adequate pumps havina separate power to circulate the asphalt­

rubber mix. An aaitation system was required which was capable of maintaining 

the asphalt-rubber 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 aggregate 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, Kerosene and Rubber 

Mixing: The specification requires that the asphalt-rubber components 

be combined as rapidly as possible. The temperature of the asphalt shall be 

0 0 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 251. vulcanized 

rubber by weight. This mixture is diluted with 5-\1. to 7-\7. kerosene to adjust 

and mai ntain 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 good results if the Contractor has never placed hot rubber-asphalt 

before or if the Contractor desires to introduce untriedequipment. 

Spreading: In 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 ma t erial is limited t o 13 

feet. The asphalt-rubber material shall not be applied when the air t emperature 

0 O 
is below 60 F and falling but may be applied when the air temperature i s 50 F 

and ris ing. 

The specifications require that the cover aggregate be preheated to a 

temperature be tween 290°F and 3S0°F in order to remove surface moisture from 

the stockpiled aggregate and t o 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 75% asphalt and 25% combined rubber. The proportion of combined r ubber 

by weight shall be 60% ground vulcanized rubber and 40% devulcanized r ubber. The 

proportion of asphalt to extender oil is approximately 85% to 15%. The mi xture 

0 • 
is to be heated to a temperature not less than 400 F. The resulting blend of 

materials wi ll have an absolute viscos ity of approximately 800 poi ses at 140°F. 

Spreading: The paragraph " Spreading" is identical to the procedur e 

0 0 
under Method I except that the temperature is increased to 350 F to 450 F. 

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

t o be at the point of application in gallons at the applied temperature . The 

quantity to be ptid for is the amount r equested by the Engineer, which i s normal 

for seal coat application . The aggregate will be measured in vehicle s when 

applied t o the r oad. All rolling will be paid f or by the hour. 

6. Payment: This paragraph refers to the method of measurement in paragraph 5. 

lt states that payment will be at the unit price bid for the various items of 

work involved, such as "Hot Asphalt-Rubber", "Aggregate", and''R.olling" . Payment 

under these items is the full compensation for the work specified. 



1. DESCRIPTION 

CHAPI'ER 3 

CONSTRUCTION PHASE 

Bids were received on October 14, 1976, with Jones G. Finke, Inc. of 

Sealy, Texas, the successful bidder. 

12 

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 0.6% asphalt, Type AC-5. 

The kerosene was furnished by Sahuar~ Petroleum and Asphalt Company of 

Phoenix, Arizona, and had a minimum boiling point above 350°F. 

The prime c·oat selected by the contractor was the emulsion EA-UM, supplied 

by Texas Emulsions, Port Neches, Tex.as, and met requirements for Item 310, 

"Prime Coat." 



13 

3. EQUIP!£NT 

The Sahuaro Petroleum and Asphalt Company of Phoenix, Ariiona, 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 Phot o 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

t ors conf irmed the accuracy of the on-board scales by weighing the dis t r i butors 

empty and then weighing partial loads, using certified public scales, and comparing 

the r esults with the on-board scales. A tachometer and an odometer controlled 

the rate of application of the asphalt-rubber. Toggle sritches within t he cab 

allowed the operator to open and close individual nozzels on the spray bar to 

vary the width of application. (See Phot os 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 3/1611
) 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-pr essure diesel burner to heat t he 

asphalt-rubber. The burner was capable of raising the tempera t ure of 2 ,800 

0 gallons of AC-5 asphalt approximately 110 F per hour. (See Photo 15). Ari 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 a s an 

auger, moving materials around in the tank until mixed , 
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_j_ 

Bear Cat Distributor 

9 

Instruments inside cab of Shows tachometer, speedometer, etc, 
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1.0 

Toggle swi tche 
y~ I 

inside cab f3r controlling nozzels onspray bar, 
pressure gu~es, etc. 

11 

spray Jones No. 5 nozzels. 
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13 

Rear view of Bear Cat distributor and spray bar. 

' Application of asphalt-rubber seal coa t using some 
nozzels. 
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14 

Side view of Deutz asphalt pump on distributor. 

15 

Diesel burner for heating asphalt rubber in distributor . 
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The aggregate heating system was the contractor's Boeing Dryer-DrWll type 
. 

of hot-mix plant 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 bad a wheel load of 

6,800 pounds per tire at a pressure of 80 pai. 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 

0 0 loaded into the distributor at a temperature of 315 F to 325 F from the contract-

o.r' s 25,000 gallon storage tank. The asphalt was then heated in the distributor 

0 0 to 380 F - 390 F by use of the diesel burner. 

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 

0 0 of the asphalt to drop about 50 P or to a temperature of 330 P. At this stage, 

the asphalt composed 751. of the mixture and the rubber accounted for 25%. 

At this point, the asphalt-rubber mixture has formed the residual material 
1 

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 751. (plus or minus 21.) of asphalt and 251. (plus 

or minus 21.) 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°P. The mixture was then diluted with kerosene and was ready 
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17 

Bomag aggregate spreader. 

Asphalt-rubber seal coat operation. 
follows. 

25-ton pneumatic tired roller 
I 
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19 

35-ton pneumatic tired r oller farther behind. Rollers mus t 
trav 1 v ry slow o as not to disturb aggregate. 

Ground rubber from ATLOS Rubber, Los Angeles , Cali f orni a, 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, and higher t empera­

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-llM and two parts water, appl ied 

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 'tolhich were severly cracked but still stable, predominately in 

the travel lanes, were primed with a mixture of one part EA-llM 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'Z field sand, 80'%. concrete sand and 71 asphalt was applied by 

means of a drag-type spreader box (See photos 29 • 30) and roll ed iumediately 

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-llM and three parts water 

at a rate of .10 gallon per square yard. 
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) 

I 

) 

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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23 

iOld Slag aggregate hot mix cleaned and ready to prime. 

24 

1same section heavily primed with emulsion. 
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25 

Blade laid hot mix in place. 

26 

Close up of pavement prior to prime. 
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29 

Same section after primed with emul ion . 

D~ag type spreader box applying fine sand asphalt mixturf to 
fill serve cracks. 
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30 

Sand a phalt mixtur a it c omes out drag box, 

31 

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 ?er 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 f or the surface 

until the work i s accepted by the Engineer. After the asphalt-rubber sea l coat 

had been in place for about four weeks, during the hot weather in May, some 

bleeding occurred in the travel lanes . 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 

t o cause extra thickness of sand-asphalt. An actual flushing occurred, with t he 

cover s tone 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 regul ar bleeding 

asphalt would do. To remedy the problem, the contract placed sand on the 

bleeding areas , using a spreader box. The sand blotted the asphalt; and t he 

problem was much less severe than would have occurred if regular AC-5 a sphalt 

had been used. 

Measurement: As stated previously, Special Specification 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 strappi ng a calibrated dis t ributor. This method of measurement presented 
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33 

Cut out section shows thickness of asphalt-rubber seal coat. 

34 

Flushing of asphalt rubber seal coat in wheel paths of main lanes. 
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problems; the large 4,500 gallon distributors bad never been calibrated by 

volume. The screw-type agitator in the bottom of the tank probibited 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 , 

climbed the gauging stick. 

It was decided to use the on-board electronic fifth-wheel scale s whi ch 

were determined to be accurate to weigh the mixture applied to the r oad. I n 

order to convert weight to volume for pay purposes , the unit weigh t of t he 

asphalt, rubber, and kerosene mixture had to be determined. Each distribut or 

load was sampled, using a calibrated container, and the weight per gallon of 

that particular load was determired and paid for accordingly (See Photcs 36 anc 

37). Since the mixture was composed of a recycled, ground, rubbe r 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, wi th an average weight of 7 .8 

pounds per gallon based on 52 tests . 

Payment: The hot asphalt-rubber and aggregate in place f or 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 s tabil ized 

base . 

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

seal coat, an asphalt stabilized base course, using 60% minus 3/8" gravel, 20o/, 

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 di..fferent sect i ons : 

(1) Asphalt-rubber placed directly on the old lightweight hot-mix. 

(2) Lightweight hot-mix was re1110ved, replaced by new black base , and 
then sealed with asphalt-rubber. 
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35 

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

36 

} 

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 flexible, 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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39 

33 

He avi ly primed existing pave nt prior to applying sand asphalt 

Same section as Photo 38 , with asphalt r ubber seal coat in place. 
Note cracks showing through sand asphalt mixture . 
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Before 
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44 

Before 

45 

After 
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After 



CHAPTER 4 

CONCLUSIONS 
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1. A mixture of hot asphalt and rubber can be applied without undue difficulty. 

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

retards reflective cracking, How long the cracking will be retarded i s 

still to be determined. 

3. The mix serves extremely well under direct traffic. '111e test section has 

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

showing no crack reflection. 

4. Surface water appears to be adequately sealed from the base. 

5. Obviously, there is a limit to crack width. '111e frequency of cracks does 

not appear to affect the results. 

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

direct traffic surface course. 

7. '111e six, twelve, and eighteen month pavement evaluations of the 20 tes t 

sections indicate a long term service life for this material. 

8. Recomnended changes to Special Specification Item 3046,000 (9-76), based 

on experience gained £ran 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•\%. 

(4) Procedures: Paper Dist be used at the beginning of each shot. 



DEMONSTRATION PROJECT 1-170-77-529 

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

SIX H>m'H PAVEMENT EVALUATION 

1. PROJECT STATUS 
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Subsequent to the canpletion 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. 

2. WEATHER 

The placement of the seal began in the spring, 1977, and continued into the 
suillller. 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. 

3. 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 inspections. 

The 0.25 mile section on which traffic is 
for travelway is in very good condition. 
There are several cracks in this section, 
to take on water. 

using the hot rubber-asphalt seal 
(No black base overlay was placed.) 
but only one definitely wide enough 

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. 



DEK>NSTRATION PROJECT 1•170-77-529 

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

TWELVE MONTH PAVE~Nr EVALUATICti 

1. 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. 

2. 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 l00°F (air). Checks during the pro­
ject construction indicate that the pavement surface will reach 150° F 
plus during mid afternoon. 

3. 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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DEK>NSTRATION PROJECT 1-170-77-529 

EVALUATION OF RUBBER ASPHALT MIXTURE USED AS A STRESS RELIEVING INTERLAYER 

EIGHTEEN MJNTH PAVEMENT EVALUATION 

1. 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 bro winter cycles of weather, Temperatures have varied from in 
excess of l00°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, 1'i:>re 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. 



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. 
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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 mois ture 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 



ATTACJD£NT 1 43 

Project F 358(b) b C 186-5-24 

SPECIAL SPECIFIC-A nON 

ITEM 3046 

HOT ASPHALT-RUBBER SF.AL CQ\ T 

1. DESCRIPn~. This item ahall conaist of a eurface treatment composed 
of a single application of a ho·t asphalt-rubber lftaterial covered with aggre­
gate for sealing of existing pavements in accordance with these specifications. 

Sea l 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 i s risi ng , 
the air temperature being taken in the ahade and away from artificial heat. 

Rot Asphaltic-rubber material shall not be placed when general weather co nditions, 
in the opinion o f the Engineer, are not suitable. 

2. !-IA TER IALS. 

(1) Asph.iltic Materials. l1le asphaltic materiah uaed shall be one or mor e of 
the r:iat e rials prP ~cribed in the Item, "Asphalts, Oils and Emulsions", wh i chever a re 
called for on plans . 

(2 ) nubber. 

(a ) Vu l canized Rubber : The rubber shall be ground tire rubber meeting t he f ol l owing 
requi rements : When tested by Test Method Tex 200•F, Part I, the gradation require­
ments fo r rubber shall be a• follows: 
When used i n a mi xture of Asphalt, Kerosene and Rubber : 

Ret31ned on No. 16 Sieve 
Retained on No. 25 Sieve 

Percent by 
Weight 

0-5 
90-100 

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

Retained on No. 20 Sieve 
Retained on No. 30 Sieve 
Retained on No. 100 Sieve 

Percent by 
Weight 

0 
o-s 

80-100 

'11\e material 1hall be free from fabric, wire, cord or other contaminating 
materials except that up to 41 of calcium carbonate may be included to prevent 
the particles from &ticking together. 

(b) Dewlcani&ed Rubber. '11\e rubber uaed ahall be ground tire rubber meeting 
the folloving requirements: 

When teated by Teat Method Tex 200-F, Part I, the gradation requireaents for 
the ground rubber ahall be u follows : 

1-6 3046.000 



Retained on No. 10 Sieve 
Retained on No. 30 Sieve 

Percent by 
Weight 

0-5 
50-100 

The material shall be free from fabric, wire, cord, or other contaminat ing 
materials except dusting agents included t o 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) Ker osene. The kerosene shall have a boiling point of not less than 350° F. 

(4) Extender Oil. 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 MSHTO Designation M226-70. 

(5) Aggregate. The aggregate used shall he of the type and grade or t ypes and 
grades as noted on the plans and selected irom those prescribed in the Item~, 
"Aggregate for Surface Treatments (Class B)", "Aggregate for Surface Treatment 
(Precoated) (Class B)" o r in the Item, "Aggregate for Surface Treatments (Light­
weight)". 

3. EQUIPMENT. 
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(1) Distributor. The distributor shall be self-propelled pressure type equipped 
with a separate power unit, distributing pump capable of pumping the specified 
materi~l at the spec i fied 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 co1Utructed that they are bathed 
in the c irculating asphalt t o 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 
therW>meter for reading temperature of tank contents. The spray bars on the 
diatributor 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 
9-76 



(3) Rollers. Rolling equipment shall meet the governing specifications 
for the item. "Rolling". 
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(4) Broom. Broom shall be a rotary, 1elf-propelled power broom for cleaning 
existing pavement surfaces. 

(S) 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 tell\perature. 
The burner, or combination of burners, and type of fuel used shall be such that 
in the process of heating the aggregate to the desired specified temperature , 
no residue from the fuel shall adhere to the heated aggregate. A continuous 
recording thermometer shall be provided which will i ndicate the temperature 
of the aggregate when it leave s the heating system. 

4. CONSTRUCTI ON MEDiODS. The Contractor may use a mixture of asphalt, kerosene 
and rubber or of asphalt, extende r oil a nd comb ined rubber. 

(1) Mixture of Asphalt, Kerosene and Rubber. 

'11le asphalt and rubber shall he combinc<l as rapidly a s possible for such a time 
and at such a temperature that the consistency of the mix approaches that of a 
semi-fluid material. '11le temperature o f the asphalt shall be between 350 F and 
and 450 F. At the l ower temperatur~, i t wil l require approximately 30 minu t es f or 
the mix t o reach the proper consistency after the start of the addition of r ubber. 
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 
uaed by the Contractor. The Engireer shall be the sole judge of when the material 
has reached application consis tency. After reaching the proper consistency, 
application shall proceed ir:unediatcly and in no case shall the mixture be held 
at temperature over 325 F for more than one hour after reaching that point. 

the Contrac tor shall show proof that his equipment is capable of mixing the 
asphalt and r ubber to achieve the required consistency, or demonstrate the 
ability t o achieve this consistency by placing a test section at a location 
acceptable t o the Engineer. 

The proportions of the two materia ls, by weight, shall be 757., plus or minus 
27., asphalt and 257., plus or minus 21., ground vulcanized rubber. After the mix 
reaches the proper cons istency described in (a) ''Mixing" above, the mix shall be 
diluted with kerosene. The amount of kerosene used ehall be S 1/2%. to 7 -1/Z'!., by 
•~lume, of the hot asphalt-rubber c omposition as required for adjusting viscosity 
for •praying or better ''wetting" of the cover aggregate. tbe kerosene shall have 
a boiling point of not less than 350 F, and the temperature of the hot mixture 
ahall 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 f or as a separate item 
conforming to the requirements of Item, "Prime Coat". 

3-6 3046 . 000 
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(c) Spreading. 
prepared surface 
as to distribute 
under a pressure 

Kot asphalt-rubber mixture shall be applied on the 
with specified self-propelled pres1ure distributor 
the material in the quantity specified, evenly and 
necessary for proper distribution. 

approved 
so operated 
smoothly. 

Kot asphalt-rubber material may be applied in a width not to exceed 13 feet. or. 
as shOW'ft on the plane. but may be reduced if uniformity of distJ'ibuticn :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 unifJrmly 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 Contrac tor shall be responsible for the maintenance of the surface until 
the work is nccepted by the Engineer. 

The entire surface shall be broomed, bladed i, r raked as required by the Engineer 
and -shall be thoroughly rolled with the type or types of rollers specified 
on the plans. 
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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 t he 
limits recoanended in the Item, "Asphalts, Oils and Emulsions". 

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

(a) Mixing. 

?he oroportions of the two materials, by weight, shall be 751. plus or minus n. as­
phalt and 251. plus or minus n rubber. lhe asphalt and extender oil shall be combined 
and heated to a temperature of not le11 than 400 F. lhe proportions of the two 
materials shall be approximately 851 asphalt and 151. extender oil, by weight, which 
Will result in a blend of materials with an absolute viscosity of approximatel) 
800 poises at 140 r, when sampled and tested in accordance with AASHTO Designatioa. 
M226-70. 

After the asphalt and extender oil ha• reached the proper c~nsi1tency, the com­
bined rubber shall be added and thoroughly mixed. 
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The proportions of the combined rubber, by weight, shall be 607. ground 
vulcanized rubber and 4Uk ground devulcanized rubber, plus or minus 'rl •• 
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'lhe Contr.actor 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 scaled shall re~cive a prime coat unless otherwise directed by the Engineer, 
applied and paid for as a separate item conforming to the Item, "Prime Coat". 

(c) Spreading. Hot asphalt-rubber mixture shall be applied at a temperature 
between 350 F and 450 F on the approved prepared surface with specified self­
propelled pressure distributor so operated as to d istribute the material in the 
qU.1ntit y specified, evenly and smoothly, unde r a pr~s sure necessary for proper 
distribution. 

Hvt asphalt-rubber •~~terial may be applied in a width not to exceed 13 feet, 
or as shown on t lic plans, but may be reduced if uniformity of distribution is not 
achieved. No traffic or hauling will be permitted over the freshly-applied hot 
a sphalt-rubber ma terial. Hot asphalt-rubber material sh311 not be app li ed until 
immediate covering with aggregate at the proper t l!111per3turc is assured. 

nu: covt:r aggr~gat .:i shal 1 b.:i preheated tv a temperature between 290 F .-111J J :,U F . 
Canvas or similar covers that complete ly cover each load shall be used t 0 
minimize temperature drop of the exposed cover aggregate, if directed b y the 
Engineer. 

Aggregate shall be immediately and uniformly applied and spread by the s pec i­
fied self-propelled continuous feed aggregate spreader, unless othervise shown 
on the plans or authorized by the Engineer in writing. The aggregate sha ll be 
applied at the approxim.~te rates indicated on the pl3ns and as directed by the 
Engineer. 

'!1le Contractor shall be responsible f or the maintcn3ncc of the surface until 
the work is accepted by the Engineer. 

'!1le entire surface shall be broomed, bladed or raked as required by t he Engineer 
and shall be thoroughly r olled with type or types o f r ollers specified on the 
plans. 

All storage tanks, piping, retorts , booster tanks and distributors used in 
etoring or handling asphaltic materials shall be kept clean and i n good 
operatir..g condition at all times, and they shall be operated in such manner that 
t1'Jre 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 r~cording thermometer at the storage heating unit at all times. 
'l'he Engineer will select the temperature of application based on the temperature­
viscosity relationship that will permit application of the asphalt within the 
limits reco1m1ended in the Item. "Asphalts• Oils• and Emulsions". 

S. MEASURDIENT. Hot asphalt-rubber mixture will be measured at point of appli­
cation on the road in gallons at the applied temperature. nte quantity to be 
paid for shall be the number of gallons used, as directed. in the accepted surface 
treatment. 
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Aaaregate will be meaeured by the cubic yard ln vehicle• aa applied on the road. 

Rolling of the type apeclfled on the plana. performed a• req.a lred by the Enaineer, 
will be meaeured by the actual hour• euch rolllna equipment vorke. 

6. PAYMENT. lb• work performed and mat•lale fumlahed a• preecribed by thle 
ltem and meaaured a• provided under ''Meuuranent" will be paid for at the wait 
price• bid for ''Hot Aaphalt-llubber" and "Aur•a•t•" of the clue; type and grade 
specified• which price• eh.all be f~ll coapenaation for cleanina the exiatina 
surface; for furnishing all material• and frelpt involved; for all heatina, 
mixing, hauling and placing all materlala and for all manlpulatlona, labor, toola, 
equipment and incidental•, includina teat eectiona, necessary to complete the work 
except rolling and prime coat. 

All rolling performed as required will be measured and paid for la accordance 
with the provisions governing the Item, ''R.olling". 

The prime coat •hall be used unleea othervi•• directed by the Engineer and will 
be Nuured and paid for ln accordance vith the provislona governing the Item, 
"Prime Coat". 
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ATTACID£NT NO. 2 

300.2 

(2t Asphalt Cement. The material shall be ho moaeneo us, shall be free 
from water, sha ll no t foam when heated t o 34 7 F and shall meet the 
followina requiremen ts: 

VISCOSITY GRADE 

Trst AC· 3 AC· S AC- 10 AC• 20 AC-40 

Min. Mn Min. Max. Min. Max. Min. Mu. Min. Mu. 

Viscosity. 
140 r stokes .... 300,150 500:tlOO I OOO;t200 2000;t400 4000±800 

Viscosity , 
'.!75 F ,tu k,·~ .. . . I . I 1.4 .. 1.9 .. '.! .S .. :u . . 

Pcn.:trat ion, 77 r, 
100&. S SCI.' . . . . . ~1 0 .. 135 - 85 - 5S .. 35 

Flash Point . 
C.O .C'. ... .... . . . 42 5 425 - 450 - 450 .. 1450 -

Suluh1hty 1n 
tril.:hh,ru,· t hyl.:11.:, 
p.:rl:.:n t .. .. ... . ') ').0 ·- 99.0 .. Y'J.O - 99.0 .. 'l'l ,0 -

Tests un r.:,1Jucs 
frorn thin film 
Ul,'Cll t,·st : 
V1s1:o,ity . 
140 1: ,11,kl•s . . . . - 4100 -· 500 .. 3000 - 5000 - 12000 
011.-t1ht)' , 77 F S 
, ·11h p,• I mill , ,Ill, . 100 100 70 ~o - JO 

Sr••l h 'St .. .. . . . . N.:g;1t1ve for all grades 

( 3) Latex Additive. A n11n11num o f two pucc:nt , by we ight, latex 
:11h!11 i1 e boliJs bai.isl shall be: adJed to t he: 01\-175 Asphalt or t o AC-S 
Asphalt when spccifi.:d on the p l;ans o r mother spedfi.:a tions in the .:on t ract. 
1 he latelt :1d d1t ive shall be 1overnl!d b y the fo llo win1 specific.a t ,o ns : 

Th.: IJkX is to be an anio nic emu lsion of butadie ne-sty rene low­
tempera tun: l.'opolymc: r in water, stabil ited with fatty-acid soap so as lo have 
1100d stl>ral(o: s tabili ty, and posse,sing thl.' followina properties: 

M,>n on1rr ra llo, 8 /S . . .. ...... . . . . 
~1 111 imum solids con tent . ... . .. . .. . 
Solid , ,·on lcnt per aa l. (a•6 7% . .... . . 
Coagulum on 80-me~h scrttn ...... . 
Ty pe Anti-oxidant ...... .. . . . .. . . 
Mooney Viscosit y o f Po ly mer I M/L 4 
,., :! I :! F ) . . . . . . . . . . . . . . . . . . . . .. 

pH or l.a!Clt .... .. .. . .. • . ...••.. 

Surfact tension .. .... . . . . ..... . . . 
BrookrielJ Vi~.:osity of Latex . ..... . 

204 

70/30 
67% 
S.3 lbs. 
0 . 1'-' max . 
stainin1 

100 min. 
9 ,4 - 10 .S 
:?8-42 dynes/cm2 
1200 ps max .@ 6 7~ solids 
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ATl'ACHMENI' NO. 3 

300.l 

(7) Emllbions. The material shall be homoacneous. ll shall show no 
separation or asphalt after thorou&h mixin& and shall meet the viscosity 
requirements at any time within 30 days after delivery. 
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A'ITACHl£NT NO. 4 

304.S 

Percent by 
Weiat,& 

Grade I : Retained on I " sieve . • . . . . . . . • . . 0 
Retained on 7/8'' sieve . . . . . . . . . . . 0-2 
Retained on 3/ 4" sieve . . . . . . . . . . . 20-35 
Retained on S/ R" sieve ..... ..... . 8~- IOO 
Retained on 3/8" sieve .... .. . . . . . QS-100 
Retained on No. IO sieve ... ... . .. 9'.,1- 100 

Grade 2: Retained on 7/ 8" ,ieve . . . . . . . . . . . O 
Retained on 3/ 4" sieve . . . . . . . . . . . 0-~ 
Retained on S/ 8" sieve . . . . . . . . . . . 20-35 
Retained on 1/ 2" sieve .. . . . ...... 85- 100 
Retained on 3/8" sieve .. ......... 9S-1 00 
Retained on No. IO sieve . .. ...... 9'1- I 00 

Grade 3: Re tained on 3/4" sieve . . . . . . . . . . . 0 
Retained on S/8" sieve . . . . . . . . . . . 0-~ 
Retained on I / 2" si.:vc . . . . . . . . . . . .:?0-35 
Retained on 3/8" sieve .. . .... . . .. 85-1 00 
Ret3ined on 1/4" si,·ve . . . . . ..... . 9S-1 O(J 
Retained on No. IO sieve .. ... .. .. 9'->- 100 

Grade 4 : Jkt:11ned on S/8" sieve . . . . . . . . . . . U 
Retained on I /2" sieve . . . . . . . . . . . O-.:: 
Retained on 3/8" sieve . . . . . . . . . . . 20-.lS 
Retained on No. 4 sieve ..... . .... 'IS- I 00 
Retained on No. 10 sie\·e . . .... . . . 99-1 OU 

Grade S: Retained on 3/ 8" s ieve . . . . . . . . . . . 0 
Retained on I /4" sieve . . . . . . . . . . . 0-5 
Retained on No. IO sieve . . . ... ... 9'.,1-1 00 

The aggregate shall no t contain more than 1.0 percent by weiaht or rin.: 
dust. clay-l ike particles and/or silt present when tested in accordance with 
Te~t Method Tex-217-F, Part II. 

304.S. Precoated Aaare11tes. Precoated aaaresatcs shall be acgregate~ of 
the type specified, treated (coated or nuxed) with 0.5 to I.S percent by 
weiaht of precoat material or nux oil meetin& the requirements or this 
spccif1cation and the approval of the En,ineer. The particular &rade of 
precoated auresate specified shall meet all requiremen ts of Article 304.4. 
prior to the appl ication of the precoat material or nux o il. 

(I) Water. Water in an amount not to exceed 3 percent by weight of the 
mixture may be used in preparin& the mixture. The water shall be added as 
directed by the Encineer durins the mixinc. In the event water is used in the 
mixin& operation adequate measurina devices shall be used and the water sh3II 
be administered to the mix throuah an approved spray bar. 
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ATI'ACm£N1' NO. 5 

213.1. Equipment. 

( I) ne liaht pneumatic tire roller shall consist of not less than nine 
pneumatic tired wheels, runnin& on ules in such manner that the rear aroup 
of. tires will cover the entire gap between adjacent tires of the forward aroup, 
and mo unted in a rigid frame and provided with a loadins platform or body 
suitable for ballo15t lo;idins .. The front axle shill be attached to the frame in 
such manner that the roller may be turned within a minimum circle. The 
pneumat ic t ire rolkr under workina conditions shall have an effective rollin& 
width o f approximatoely 60 in.:hes and shall be so desisned that by ballast 
loading, the totJI load may be var ied uniformly from 9,000 pounds or less to 
18,000 pounds or mure. The ro ller shall be equipped with tires that will 
afford ground .:nnlact pressures to 4S pounds per squ:ue inch or more. The 
o p~rat1n1 load and tire air pressure shall be within the ranse of the 
manufacturr r's .:hart as directed by the Engineer. The Contractor shall 
furnish the F.ngineer with .:harts or tabulatio n~ showing the contact ueas and 
contact pre,, ur~s for t he full range o f tire infll1tion pressures and for the full 
r.tnge of lo:1dint1s for the parti.:ular tires furn ished. The roller under working 
.:ondit ions shall provide a uniform compression under all wheels. The 
pneumath: l ire roller shall be drawn by either a suitable cuwler type tractor , 
a pneum.ttic t ired tractor. or a truck o f adequate tract ive effort, or may be of 
the ~elf pro pelled type . and the roller, when drawn or propelled by e ither 
type of rquipmrnt, shall be considered a light pneumatic tire roller unit. 

(2) The medium pneumatic tire roller (Type A) shall consist of not less 
than seven pneumati.: I ired wheels, running on axles in such manner that the 
rear group of 11res will cover the entire gap between adjacent tires of the 
forward g.roup, and mounted in a rigid frame and provided with a loadins 
platform o r bo,1r suitable for ballast loading. The front axle shall be attached 
to I he frame in such manner that the roller may be turned within a minimum 
c:irdc. The pneumatic tire roller under workina conditions shall have an 
effe.:t ive ro ll ing width of approximately 84 inches and shall be so designed 
that by ballast loading the to tal load may be varied uniformly fro m 23,500 
pounds o r less to 50,000 pounds or more. The roller shall be equipped with 
tires that will afford around contact pressures to 80 pounds per square inch 
or more . The opcratin& load and tire air pressure shall be within the ranae of 
the manufacturer's chart u d irected by the Enaineer. The Contractor shall 
furnish the En!ftneer with charts and tabulations showin& the contact areas 
and .:on tact pressu res for the full r:inge o r t ire inflation pressures and for the 
full ranae o f loadings for the particular t ires furnished. 

T he pneumJtic tire roller shall be drawn by either a suitable crawler type 
trJ.:to r. 3 pntumat ic tired tractor. or a truck o f adequate tractive effort, o r 
m~y be o f the ,elt,propclled t)'pe, and the roller, when drawn or propelled by 
~ithtr type of ,·quipmcnt. shall be considered a medium pneumatic tire roller 
unit . The pov.-er unit shall ha,·c adequate tr:ictive effort to properly move the 
o pcratin& roll~r at variable uniform speeds up to approximately S miles per 
hour. 

( 3) The medium pneuma tic tire roller (Type 8) shall conform to the 
~quin:ments tor M.:dium Pneumat ic T ire Roller, Type A as specified in 
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