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EXPERIMENTAL USE OF AN ASPHALT RUBBER 

SURFACE TREATMENT 

INTRODUCTION 

Recent oil shortages and increases in crude oil prices have brought about 

a forced conservation of energy which in turn has resulted in a leveling off of 

gas tax revenues available to State governments to finance highway construction 

and maintenance. The shortage of funds combined with a rapid escalation in the 

cost of bituminous materials has prompted increased interest in seeking alternate 

methods or materials for the rehabilitation of distressed bituminous pavements. 

In an attempt to stretch the amount of funds available for pavement 

maintenance, the Vermont Agency of Transportation chose to place an asphalt 

rubber surface treatment on a section of interstate roadway in lieu of the 

standard rehabilitation procedure of crack filling, leveling and overlaying with 

1-1/2 to 2 inches of new bituminous concrete pavement. In addition to financial 

considerations, it was hoped that the application would result in a reduction in 

the amount of energy, asphalt, and aggregates consumed while providing a cost 

effective service life. Furthermore, it is hoped that the asphalt rubber 

treatment will be capable of resisting the upward propagation of cracks which 

were present in the existing pavement. 

This report covers the construction phase of Vermont's first Category III 

experimental project completed in August, 1979 under Demonstration Project No. 37 

Discarded Tires in Highway Construction. 
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The roadway selected for the app lication o f  the asphalt rubber surface 

treatment consiste d of  9 . 49 miles of the southbound lane of Inter state 91  

between the Ascutney and Springfield, Vermont interchanges (MM 41 /75-5 1 / 40) . 

The proj ect area i s  located in Windsor County in southeastern Vermont , adj acent 

to the Connecticut River and the New Hamp shire borde r .  

C limatological data for the p roj ect area discloses a freezing index o f  

1119 , an average of  108 freeze-thaw cycles and 1 1 1  inches o f  snowfall .  Frost 

penetration within the roadway cro s s  section would be expected to reach a 

depth of  6 0  inche s . 

When fi rst opened in 1965 , traffic counts averaged 1425 vehicles per day 

with 9 p ercent truck traff i c .  Prior to initiating recon struction , the ADT had 

increased 141 per cent to 3435 vehicle s with 11 percent consisting of truck 

traf f i c. 

The section of interstate and the a ccomp anying northbound lane which 

serve s as the control treatment were constructed in 1965 and had been open to 

traffic  for 14 years without receiving any maintenance treatment . The roadway 

featured a 38 foot roadbe d  with 2 4  inches of c rushed rock , two 2 1 / 2  inch l i fts 

of plant mixed base course , a 1 3/4  inch b inder cour se of  Type I I  p avement , and 

a 1 1 / 4  inch lift of Type III  b ituminous p avement . All of the mixes uti l ized an 

85-100 penetration asphalt with crushed rock used in the base cours e s  and both 

crushed rock and c rushed gravel used for aggregate in the surface courses. 

Numerous evaluations were made o f  the p avement condition including core 

re coveries , rutting measurements ,  c rack surveys and sur f ace ride tolerance s . 

Testing on 10 inch diameter cores taken f rom the surface course on the south­

bound lane dis c losed an average asphalt content of 6 . 3  percent and a unit 

\ve i ght of 150.6 pounds per cubic foot . Abson r ecoveries revealed ab solute 

vis co s ities averaging 39 , 067 poi ses and penetration values of 25. 3 as comp ared 
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to the initial asphalt penetration grade of 85-100 . Te st results on core s 

taken from the northbound lane disclosed an average a sphalt content of 6.5 

percent, ab solute viscosities of 4 1,580 poi ses and penetration value s 

averaging 3 0 . 5 .  

Pavement condition surveys made at five locations on the southbound lane 

revealed an average of 176  l ineal feet of c racks per 100 l ineal feet of 2 4  foot 

wide roadway . The type of c racks consisted of 4 9  percent longitudinal , 4 6  per� 

cent tran sverse , and 5 percent miscellaneous . Howeve r ,  it should be noted that 

miscellaneous c racks less than 18 inches in length were not included in the 

survey . The longitudinal cracks were generally located in the le ft wheel path 

of the travel lane varying from 1 /8 to 1 / 2  inch in width with most in the 1/4 

inch r ange . The transverse cracks were most severe aver ag ing 5 /8 inch in the 

passing lane by up to 2 measurable inche s in depth and 1 / 4  inch wide in the 

travel lane . 

The transverse cracks also exhibited a surface dep re s s ion o f  up to 3 /8 

inch in depth by 1 1 / 2  inches in �.,idth at each edge of the wider cracks . Such 

dep re s sions made the existence of the cracks app arent to the traveling pub li c. 

It should also be noted that all crack width measurements were re corded in June 

during periods of rel atively high ambient temperatures , therefore , such widths 

would increase s igni f icantly during colder weather . 

Wheel path rutting values averaged 5 /8 inch in the left wheel  p ath and 

1 / 2  inch in the right wheel path of the travel lane while rutting was l imited 

to 3/8 inch ± on the p a s s ing lane . The overall condition of the p avement did 

not indicate evidence of signi ficant base support p roblems . 

Pavement condition surveys made at five locations on the northbound or 

control lane revealed greater p avement deteriorat ion than that noted on the 

southbound lane . Cracking aver aged 2 4 4  lineal feet per 100 lineal feet o f  

4 



roadway with 48 percent longitudinal� 38 percent transverse, and 14 percent 

miscellaneous. Here again the transverse cracks were the most severe particu� 

larly in the passing lane to/here some ,vere open to a depth of four inches. 

The Longitudinal cracks aV('Laged 1/2 inch in 1;vidth and were generally 

located in either the left or both wheel paths of the travel lane, Such 

cracks together �vith numerous sholt adjacent longitudinal cracks (which were 

not included in the crack count) and occasional raveling gave the impression 

that a portion of the pavement failure was the result of inadequate base or 

subgrade support. Wheel path rutting averaged 5/8 inch in the travel lane 

and 3/8 inch in the passing lane. 

The riding quality of the pavement was measured in inches of roughness 

per mile with a Mays Ride Meter in 1978. Values obtained on the southbound 

lane averaged 139.6 inches per mile while the northbound pavement was 38 percent 

rougher 1;vith readings averaging 193.4 inches per mile. 

Pavement distress on SB 
experimental area. Note 
how traffic has sealed 
and depressed the pave� 
ment surface over the 
crack in the travel lane 

-
- ---. - . _._- .-.- -.-.. --.. -. _ _ ____ __ . __ __ ______ !l __ .___ _ _. __ ___._._ 

, - - ,�e��� __ : 'OW.!� 
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S evere p avement 
dist res s on crack 
filled NB control 
area, 

MATERIALS AND TREATMENT SPEC IFIED 

The treat ment speci fied for rehabilitation of  the southbound lane 

included crack filling , p lacement o f  a nominal 1/2 inch leveling course 

and the app lication of  the asphalt rubber s urface t reat ment . In addi tion, 

one mile of  the asphalt rubber �vas d esignated to receive an overl ay of 

bituminous p avement to determine if  the material could reduce reflective 

cracking when used as a membrane inter1ayer . 

Over-Flex was sp ecified as the accep t able asphalt  rubb er system. The 

material is a p at ent ed p roduct manufactured and app lied by the S ahuaro 

P et roleum and Asphalt  Company, 731 North 1 9 th Avenue, P.O. Box 6536, 

Pho enix , Arizona 85005, Phone No. 602-252-2061. 

The p ro duct consists  o f  75±2 p ercent asphalt cement and 25± 2 p ercent 

by weight vulcanized ground tire rubber. The latter material vlhich is  sized 

between the No . 8 and No. 40 sieve was derived from buffings from tire 
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recappers� further reduced in size and supplied in 50 pound bags by Eastern 

Products Corporation of Andover, Massachusetts.  

An AC 10 viscosity grade asphalt cement was to be used in 

the asphalt rubber mixture, The asphalt, supplied by New Bituminous, 

included 0.5 percent antistripping addit ive and one ounce of s ilicone per 

5000 gallons . As s oon as t he c ontract was awarded and t he s ource of asphal t  

was known , were s hi pped to Sahuaro's laborat ory t o  test  for c ompati� 

bility bet\veen the asphal t  and rubbe r ,  to determine t he of rubbe r  

and s olvent , and to e st ablish the length of t ime required for the 

asphalt rubber reaction t o  occur. The latter i s  dependent upon the fraction­

izati on of t he asphal t  which effects t he amount and rat e  of s '\;'7elling of the 

rubber 

Overflex MS was s pecified as the pavement crack filler since it  met the 

contract requirement that t he material be the same as the asphalt rubber used 

for the roadway surface material . The product is manufactured by Crafco , Inc . 

of Phoenix , Arizona under a patent agreement wit h  Sahuaro . 

The t reatment specified for the northbound lane included crack filling 

by State Maintenance Forces, placement of a 24 foot wide 1/ 2 inch level ing 

course ,  a 26 foot wide one inch thick binder course and a 34 foot wide one 

inch thick wearing course . The latter included t he four foot median shoulder 

and s ix feet of t he remaining ten foot b reakdown s houlder .  

INITIAL CONSTRUCTION OPERATION 

The c onstruction contract was awarde d  on t he 19th of June, 19 79 t o  t he 

F . W . Whitcomb Construction Corporation of Bellows Falls , Vermont wit h  a 

completion date requirement of September 14 , 1979 . 
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Southbound traffic was rerouted onto U.S. Route 5 on June 20, 

1979 as the rehabilitation process with a crack filling operation 

carried out by a subcontractor) Net.;r The procedure 

carried out by a six man cretv included and filling all 

cracks over 3/8 inch in width. Due to the of the Crafco 

crack filler, the subcontractor found it necessary to switch his operation 

from pour pots to a pressure hose application. Excess material was leveled 

by dragging a U shaped hoe over the treated areas. The application procedure 

resulted in an acceptable end product with a total of 36,180 pounds of 

Overflex MS asphalt rubber placed. 

The application of a 1/2 inch leveling course closely followed the 

crack filling operation. Placement of the Type V bituminous concrete mix 

(85-100% passing No. 4 sieve) extended six inches either side of the travel 

lanes for a 25 foot total width. The thin pavement application was believed 

necessary to insure a smooth riding surface prior to the placement of the 

surface treatment. 

ASPHALT RUBBER APPLICATION 

The asphalt rubber application began on July 12th and was completed 

nine working days later on July 21, 1979. The weather was good during 

the period with the exception of a threat of rain on July 17th and scattered 

showers during the afternoon of July 18th. Daily averaged 600 F 

early in the morning and from 750 F to 950 F by mid afternoon. Pavement 

surface temperatures ranged from a low of 770 F to a high 1510 F with 

readings averaging 1200 F during the application. 
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The mob iliza t ion for the experimental t reatment by the Sahuaro 

Petro leum and Asphalt Company included supplying two dis trtbutors and 

two t railer loads of ground rubber , a crew of 7 men and scheduling of the 

asphalt  cement shipments . The crew included a superintenden t , field 

technician , t�yO oper ater s , a boot man and t�·l0 laborers, 

It  should be noted that the Bear Cat distributor t rucks used by Sahuaro 

include a special equipment package required to mix and spray the viscous 

asphalt rubber material. The equipment includes a 5 cylinder 125 HP d iesel 

used to power a mixing auge r and heavy duty pump rather than the no rmal 

means of using a p ower take o f f  from the truck engine . The special equipment 

by Bear Cat Manufacturing i s  a patented package made exclus ively for Sahuaro . 

The p rime contractor F .  W. Whitcomb Const ruction Corporation , was 

responsible for supplying , p lacing and rolling the cover aggregate . Their 

crew of 19 included a superintendent , s t one box op erato r  and crew o f  three, 

power broom driver and operator , seven truck driver s , three roller operators 

and tlvO sweeper op erators . 

The same general procedure was followed each day . I t  began at app roximately 

4:00 A . M . with the t ran s fer of 2500 to 2700 gallon s  of  AC 10 asphalt from the 

tanker to the Sahuaro d i stributor . As the asphal t was taken on, the distributor ' s  

on board diesel heator was fired t o  b r ing the 2600- 2800 F asphalt  up t o  the 

desired 385 0 F temp erature . At the same t ime the pump was activated to 

circulate t he materia l  and p revent spot overheat ing . When the p roper t emper­

ature was achieve d ,  the burner was turned o f f  and the vulcanized crumb rubber 

was manually added to each truck by means of a hopper and conveyor belt system . 

The amount of  rubber added per load var ied from 36 to 38 percent by weight 

of asphalt or an average of 26 percen t of the total b lend . 
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As the rubber particles were being added , a chemical and physical 

react ion began be t1.;reen the asphalt and rubber the latter material to 

begin to approximately twi ce its  original volume . The rubber 

par ticles are also repor ted to be come much softer and more elast i c  following 

the reaction with the asphalt. The t e s t ing carried out at Sahuaro's 

Laboratories indicated the asphalt rubber reaction would be comp lete approxi­

mat ely 1 00 minute s  after one half of the rubber had been added to the dist ributor 

load. After sufficient t ime had elap sed , a s ample of the asphalt rubber b lend 

,.;ras drawn f rom the di s tributor and with a portable vis cos ime ter to 

insure that the material had reached a vis cosity of 1 2 , 00 0  to 1 4 , 000 cent i­

poises which would indicate the react ion was comp le te . After the react ion had 

been confirmed, the viscosity of the asphalt rubber mixture was reduced for 

spraying and for better we t t ing of the cover material by the addition of a 

diluent (AMSCO 140  solvent) at an average rate of 4 . 6  percent by volume of 

the hot asphal t rubber mixture . After additional recirculat ion , the mixture 

was resampled and checked to determine i f  the viscosity had b een reduced to 

the desired 8,000 to 1 0,000 cent ipois e  range. If satisfac tory. the distributor 

was moved onto the project and the app lication be gun. In mos t  cases the mixing 

proce s s  ran smoothly on t he 26 loads required to comp le t e  the proje c t . The 

excep tion was an occas ional load which required addi tional mixing t ime or 

rubber to reach the de sired vis cosity range or addit ional solvent to reduce the 

vis cosity of the mixture . 
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Crumb rubber 
particle size 

Introducing crumb 
rubber by means 
of a conveyor 
system 
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Mixing and heating 
units on Bear Cat 
Distributors. 

Measuring asphalt 
rubber viscosity 
following reaction 
period. 
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The tack coat of  emulsified asphalt normally specified was not 

app lied due to the presence o f  the clean, new bituminous leveling course, 

The asphalt rubber app lication was made in three passes over  a 26 foot 

�vidth resulting in one foot of coverage on each shoulder lane, The 

first 10 foot wide p ass, centered two feet from centerline , was continued 

from 3000 to 8000 feet before setting back to comp lete the adjoining 10 and 

6 foot wide passes,  However, the cont i nuous spray application of asphalt 

rubber rarely exceeded 800 feet in length due to the neces s i ty of stopp ing 

the distribut or to allow the slower moving chip spreader and rollers to cat ch 

up. Some of the short delays occurred when it became nece ssary to swit ch 

the t rucks supplying the spreader .  Whe n  the equipment spreader and rollers 

caught up, the dis tributor would line up on the end o f  the area jus t  treated 

and cont inue the application . Occasionally this would result in a s light 

overlap of asphalt rubber which in turn 'vould result in a bump when such 

areas retained a greater thickness o f  s tone .  

When a delay in the app lication was expected to  last for more than 

a fe,v minutes, the entire area would  be covered with s tone and then the 

sp reader would be moved out o f  the working area so  that the rollers could 

compact the ent ire are a .  Following such situations,  the s tart up would 

begin on a sheet o f  roofing p aper to  reduce the possibility of  app lying 

a doub le application o f  both asphalt rubber and cover stone .  

13 
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The distributor truck operator was responsible for obtaining the 

desired 0.60 gallon per square yard application rate on the road surface. 

On board monitoring equipment used to control the application rate included 

a gallon per minute meter which indicated the quantity of material being 

pumped off or circulated through the lines and a bitumeter or foot per 

minute gauge. Between shots while waiting for cover stone or when other-

wise delayed, the operator could check the application rate obtained using 

onboard scales which constantly meter the reduction in load weight or 

by noting the location of the vernier float gauge on the side of the tank. 

With experience, the operator could also e stimate the rate of application 

quite closely by noting the visual appearance of the asphalt rubber 

material fan beneath the spray bar jets. 

The quality of the application was at least partially dependent 

upon the boot man stationed on the rear of the distributor. His duties 

included signaling the driver when to star t and stop plus freeing any 

plugged jets which would otherwise result in skips in the coverage . 

Overlap on 
Longitudinal 
Joints 
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Texture of asphalt 
rubber in place 

Cover s tone 
applicat ion and 
ro l ler operation 
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The app lication of cover s t one ,,,as made with a self p ropelled 

Flarrity spreader box which closely followed the asphalt rubber app lication. 

The s t one consisted o f  a crushed gravel which was p reheated t o  a temp er ature 

of 180" F - 240'" F and coated with an average of  0 . 4  percent asphalt at 

Whi tcomb's Cold River� New Hamp shire hot mix plant . A 3/8  inch maximum 

size s tone was used on 8 . 4  miles o f  the treatment and 1 / 2  inch maximum 

size was used on the remaining one mile segment. The application rate varied 

until the op erator and crew became familiar with the equipment and the amount 

of chips req uired. Occasional che cks made on consecutive t ruck loads dis c lo sed 

an average of 42 p ounds of  s tone app lied per square yard. Of that total , 

app roximately 18 p ounds o r  4 3  percent was exces s  material which was removed 

during the vacuum brooming p roce s s . Although the app lication o f ten appeared 

to be heavier than required, any significant reductions in the s t one appli­

cation rate a lways resulted in a b leed through and pick up of both asphalt 

rubber and s tone by the tires on the equipment . 

The stone \Vas app lied over the full width of  the asphalt rubber 

app lication and then the loose s tone was p ower b roomed o f f  the edge of each 

s trip p rior to app lying adjoining l ongitudinal passes  of  material . Coverage 

with the next pass o f  asphalt r ubber inc luded a l ap o f  3-6 inches onto the 

precee ding strip . Although neces s ary to insure comp lete coverage , the 

p rocedure o ften resulted in the formation o f  a longitudinal ridge or bump 

where the double app lication of asphalt rubber tended t o  retain a greater 

thicknes s  of cover s t one . 

Rolling of the cover s tone was achieved short ly after p lacement using 

three pneumatic rollers loaded to app roximately 15 tons each. As a rule the 

roller s  were within 2 00 feet of the spreader and were rarely more than 5 00 
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feet back except \vhen succeeding passes . A minimum o f  three passes 

were made over all areas . In  addition,  the area from MM 42/75 - 43/75 was 

rolle d  with a triple axle s teel roller in order to determine if such a 

would prove beneficial . The p ro ce dure to  densify or 

consolidate the surface without crushing a s i gnificant number o f  the stone 

The excep tion was at locations where were present due to 

but t j oints o r  longitudinal Stone was crushed at such locations without 

the bene fit of leveling off the high p oint s . 

As work progressed,  a number o f  partial and full length t ransverse 

cracks were no ted in the 1/2 inch leveling course over the filled cracks in 

the old p avement. The tenderness  of the thin overlay caused the Sahuaro 

representatives to express s ome concern over the s tabi lity of the leveling 

course , preferring in some ways that their material could have been applied 

over an o lder stable p avement as it  is  normally used. 

As a general rule , the app lication was maintaine d  close to the 0. 60 

gallon per square yard rate specified . Dai ly totals disclosed a low o f  

0. 561 and a high o f  0. 673 with an overall app li cation rate for the comp lete  

proje ct averaging 0. 624 gallons per square yard . Occasional variations 

in the application rate o ccurred for a variety of reasons . Applications 

in excess o f  the 0.60 gallon rate were never o f  significant magnitude to 

result in b leeding or o ther vi sually apparent conditions due i n  p art to the 

excess of cover s tone p l aced. Light  appl ications were o ccas ionally recognize d  

due t o  the exi s t ence o f  holidays in the app lication .  I t  i s  assumed that they 

were caused  by i nsufficient pump pressure or improper speed. 

Imperfectio ns in the asphalt rubber t reatment included a s treaked 

appearance on about five percent of the area treated. The lines  or ridges 

in the asphalt rubber material �vere believed due to  higher than normal 

visco s ities which resulted in les s  flow or leveling o f  the material as i t  was 

18 



sprayed on the pavement surface . The higher viscos ities may have been caused 

by several factors including lower temperature or insuf ficient solvent re sulting 

from evaporatlon fo110\'Jing delays in the application. It is also pos sib le that 

the condition \Vas s imply the result of too light an application rate, Fe," 

of the ridges remained visible fo110"7ing the application of  the cover s tone, 

Other imperfections included o ccasional voids caused  by plugged jets and 

ridges along some of the longitudinal and b utt joints. 

Streaks or ridges 
in the as phalt 
rubber application 

S treaks or ridges 
in the cover stone 
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The development o f  adhesi on between the asphalt rubber and cover 

aggregate ,,,as closely monitored during the cons truction operation . Very 

lit tle adhes ion was noted f or up to three days fol lowing the app lication. 

During that period , the removal o f  a port ion o f  the chips was easily 

accomp lished by brushing the surface wi th the f inger t ip s. However ,  the 

level of adhesion di d improve signi f icant ly wi th an additional two t o  

four days o f  cure time , presumably due to further evaporat ion of the 

solvent. 

The initial and long term re tention o f  the cover s tone is greatly 

e f fected by the dep th o f  embedment in the asphalt rubber. The ideal 

condition would result in 50 p ercent embedment o f  the individual chips. 

Close inspection revealed a wide variat ion in the level of embedment 

depending on whether the a sphalt rubber retained a s ingle layer of stone 

or a combinati on of small and l arge s tone . When the l at ter condi tion was 

noted , i t  o f ten appeared that the smaller chip s would be absorbed in the 

l iquid , but in turn woul d  prevent adequate embedment of the l arger overlying 

s tone. There were no s igni ficant visual differences in embedment between 

the area s  treated with the 3/8 inch and 1/2 inch s ized aggregate. Due to 

the absence o f  any flushing , the normal four to six p ound per s quare yard 

app licati on of blotting s an d  was not used. 
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'J:'yp ica1 surface 
with 3/8 inch 
cover stone . 

Abutting areas of 

3 / 8  and 1 / 2  inch 
cover s tone. 
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The one inch overlay o f  Type I I I  Bituminous Pavement was p laced without 

difficulty over nearly one mi le of the asphalt rubber on the southerly end 

of the p roject (HM 4 1/73 [1 2/70) on July 20 , 1 9 7 9 , eigh t  after the 

asphal t rubber had been app lied over the area . There were no p roblems noted 

during the p aving proce s s . 

Fol lowing the removal o f  exce s s  cover s t one �vi th powe r vacuum b rooms 

and the app lication of centerline and shoulder traffic p aint , the roadway 

was opened t o  traffic on July 25, 1 9 7 9 . The exp osure t o  traffic resulted 

in the continued disp lacement o f  cover s t one particles which had not been 

embedded se curely in the asphalt rubber . The amount o f  chips displaced 

was sufficien t  to require one addit iona l  b ro oming by the contractor t o  

remove loose material from the edge o f  the trave l lane and shoulder s .  

The completion o f  the 145 , 2 9 2  square yard application took nine 

wo rking days or nearly doub le the es timated comp letion time . P roducti on 

rates varied widely dep ending on the amount o f  down time caused by a 

number o f  reoc curring delays . The greatest amount o f  down time o ccurred 

whi le waiting for the asphalt t o  be heated f rom 2 75 0 F+ t o  3850 F and for 

the 100 minute wait for the asphalt rubber reaction t o  occur . Generally 

short but numerous delays also oc curred due to the lack o f  a sufficient 

number of t rucks hauling aggregate . A third di st ributo r  truck would have 

great ly increased the production poten t ial , however , actual p roduct ion would 

not have increased without the commitment o f  additional t rucks by the general 

contractor. 

Daily p roduction rates varied f rom 10 , 25 5  t o  25 , 39 2  square yards 

wi th two to four loads app lied d aily . Each load covered an average o f  

5 5 8 8 square yards o r  0 . 36 6  mi les o f  2 6  foot wide roadway . Average hourly 

p roduction rates for individual days ranged f rom a low o f  1139 sy/hr to a 

high o f  3119 sy/hr . Individual loads of asphalt rubber were app lied in a s  
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fetv as 50 minutes for appli cati on rates of  up t o  6800 square yards per 

hou r .  However , the overall hourly rate f o r  the nine working days 

1940 s quare per hour. 

The crack fi lling op eration on the northbound lane or control  section 

Illas carried out by State Maintenance forces. The procedure di ffered s ome-· 

Illhat f rom that used on the southbound lane in that a TAFA burner tllas used 

in o f  routing and hot poured joint s ealer meeting the requirement of  

Federal Specification 88-8-001401 was used as the crack f i l ler. The 

app licati on ",as made with p our pots  and appeared satisfactory on normal 

sections . H01:llever, the self-leveling characteristics of the material 

resulted in flow p roblems in the cracks on the s t eeper  or  

on banked sections.  Random inspections revealed that fewer than 20 percen t  

of  the c racks were comp letely filled a t  s ome locations with the conditions 

o ccurring p rimari ly over cracks in the p as s ing lane. A total of 41,250 

pounds o f  material was p laced on the northboun d  roadway and shoulders ,  

14 percent more than the amount p laced o n  the southbound area. 

On July 25, 1979, traffic was detoured o f f  the northbound lane and 

p aving began with the app li cation of  a 1/2 inch leveling course of Type IV  

bituminous concrete mix . P lacement of  a 26 foot  wide one inch thick binder 

course fo llowed during the period  July 30 - Augus t  2. The one inch wearing 

cour se  of Typ e  I I I  bituminous concret e  mix which included the f our foot 

median shoulder and six o f  the 10 foot shoulder illas p laced full ,vidth. 

P aving was comp leted on August 13 and the roadway was reopened to traffic 

on August 17, f o llowing the comp letion of  the shoulder treatment and t raf f i c  

markings .  
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POST CONSTRUCTION OBSERVATIONS 

I nspections of the experimental treatme nt November 

revealed a continued loss o f  cover s tone fro m  the trave lled areas, 

The loss of s tone had resulted in numerous verbal of damage t o  

windshields, headlights and vehicle finishes. However ,  only three written 

c laims for damage were received by the State during the firs t  three months 

of exposure to traffic. I n  general, the loss o f  s tone is e s timated at  less  

than one p ercent although losses  of 20 p erce nt or more were noted within 

small localized areas. The accumulation of disp laced stone along the edge 

of roadway and o n  shoulder areas necessitated a s �l7eeping operation by 

Maintenance forces in early November . Any furthe r  loss  of s to ne during the 

viinte r  months will be disp l aced by s no 'tl7 plowing operations . 

Approximately 10 weeks after  the r oadway was opened to  t raffic, friction 

tes t s  were taken o n  the asphalt rubber surface t reatment by Federal Highway 

Administration and S tate personnel using a locked wheel friction trailer . 

The measurements,  taken at  a speed of 40 mph revealed average values of 45.8 

on the 3 / 8  inch s tone and 46.0 on the 1/2 inch s tone surfaces .  This compares 

to readi ngs of 44 to  48 obtained on o ne year old bituminous surface courses 

cons tructed with Vermont ' s  Type III  mix .  

The ri ding quality o f  the experi mental and control treatment s were 

checked with a Mays Ride Meter during the week of November 5, 1979. The 

readings on the asphalt rubber surface treatme nt averaged 29.8 inches p e r  

mile, a decrease of 109.8 inches or a 78.6 percent imp rovement over the 

readings obtained in 1978. Values obtained on the 3/8 inch and 1/2 i nch cover 

s tone were essent i al ly the same . Readings o n  the northbound control p avement 

averaged 15.6 i nches per mile, a decrease of 177.8 inches or a 92 percent 

i mprovement over the old riding s urface. 
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ENERGY 

The amount of energy each cons truction operation 

was computed using information on the p roj e ct and from the Asphalt 

Ins t i tute p ublication , for Road't<]ay Paveme nt s " ,  Mis c .  -

75 -3, April 1 9 75 .  

The exp erimental treatme nt o n  8.5 4  miles o f  the s outhbound lane whi ch 

included crack filling , tack coat , 1 / 2  inch leveling course and the 

asphalt rubber sur face treatme nt req uired a total o f  3.8301 x 1 09 BTU o f  

energy o r  2 9 , 382 BTU / sy. The treatment on the remaining Ini le of the s outh-

bound lane whi ch also included a one inch surface course of p aveme nt required 
8 7.9 339  x 10  BTU o f  energy o r  5 3,6 36 BTU/sy . 

The s tandard rehabi litation procedure carried o ut o n  the 9.73  mile 

nor thbound lane , which inc luded crack filling , asphalt t ack coat , 1 / 2  i nch 

leveling course and two - o ne inch courses of bituminous pavement required 

a total of 1 0 . 3588 x 109 BTU of energy. This amounted to  68,369 BTU/sy, 

or 133  p ercent more than the area rehabilitated  with the asphalt rubber 

surface treatment and 2 7  percent more than the area treated wi th the 

asphalt rubber and b ituminous overlay . 

Energy consumption data can be seen i n  Tables 2 and 3 o n  p ages 32  41 

,<lith  a summary in Table 4 o n  page 4 2. 

The cost o f  the experimental  t reatme nt totaled $2.86 per  square yard 

while the area treated with  the asphalt rubber and b i tuminous overlay cost  

$4.39 per square y ard . I n  comparison,  the cost  o f  the s t andard p avement 

rehab ilitation procedure on the northb ound was $3.82  per square yard or 34  

percent more than the asphalt rubber surface treatme nt but  1 3  percent less 

than the membrane procedure. A comparison bet,.;ree n  the cos t  o f  
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the asphalt rubber at $1. 9 1  per square yard and the bituminous pavement 

at $24.45 per ton or $1.38 p e r  square yard inch reveals that the cost  o f  

the experimental treatment was equal t o  the c o s t  o f  a 1 3/8 inch course 

of pavement. A cost summary can be seen in Tab le 5 ,  page 43 . 

CONSERVATION OF NATURAL RESOURCES 

The standard rehabili tat ion treatment utilizing two - one inch 

lifts  of b ituminous p avement on the northbound lane required 1 32 tons 

o f  asphalt and 1896 t ons o f  aggregate per mile o f  roadway . In comparison , 

the asphalt rubber surface treatment utilized 2 7  t ons o f  asphalt and 320  

t on s  o f  aggregate per mile o r  80 percent less  asphalt and 83  percent les s  

aggregate per mile o f  roadway . The section t reated with the asphalt 

rubber and one inch bituminous overlay required 85 tons of asphalt  and 

115 0 tons of aggregate per mile or 36 percent less  asphalt and 39 percent 

less  aggregate than the s t andard rehab i l i t ation t reatment . 

The exp er imental treatment used nearly 9 0  tons o f  ground crumb 

rubber or an amount roughly equivalent t o  10 , 800 automobi le tires . 
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In the follot.;ring observat ions and conc lusions can be 

drawn from the p roject : 

Material and Application 

The material produced for the p roject consisted o f  74 percent AC 1 0  

aspha lt and 26 percent vulcanized ground tire rubber .  The s pray bar app li-

o cation was made at a temperature o f  3 5 0  F+ in three pas ses over a 2 6  f oot 

width of roadway . A total of 340 t ons o f  asphalt rubber was app lied on 

145,2 9 2  square yards of roadway for an average app lication rate of 0 . 6 2 4  

gallons per square yard . Three-,ei ghths and 1/2 inch cover st one whi ch had 

been preheated to a temperature o f  1800 F to 2400 F and coate d  with an 

average o f  0. 4 percent asphalt was immediately p laced over the asphalt 

rubber at an average rate o f  42 p ounds per square yard . The cover stone 

was r olled a minimum of three passes shortly after p lacement using pneumatic 

rollers loaded t o  approximately 15  t ons each . 

Production Rates 

Production rates attained with the asphalt rubber app lication varied 

from 1 0 , 255  to 25 , 392  square yards per day with two t o  four distributor 

loads app lied daily . Individual l oads o f  asphalt rubber ,.;rere app lied in 

as  few as 50 minutes for appl i cat ion rates of up t o  6 80 0  square yar d s  per 

hour while the average hourly rate for the p roject was 1940 square yard s  

p e r  hour . 
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The retention o f  the cover stone is greatly e f fected by the th 

of embedment in the rubber . A wide variat ion in the leve l o f  

embedmen t w a s  no ted depending o n  whether the asphalt rubber re t ained a 

layer of s t one or a comb inatj.on o f  small and stones. When 

the latter condition was noted , i t  o ften appeared that the smaller chips 

would be abs orbed in the l iquid , but in turn �qould p revent adequate 

embedment o f  the overlying s t one. 

In general , the embedmen t of the cover s t one was considered satis f actory; 

however , exposure to traffic has resulted in the continued loss  o f  cover stone 

particle s  wi th s ome damage to highway user's vehicles resul ting . I t  is  

pos sible that the loss  of  s t one or a t  leas t a portion o f  i t  could have been 

prevented with a 0.08 t o  0 . 10 gallon per square yard appl i cation of asphalt 

emulsion over the s ur face t reatmen t  p rior t o  i t's exp osure to traff i c . 

Riding Quali ty 

Imperfections in the asphalt rubber t reatment included minor ridges 

or bump s where adj oining longit udinal passes resulted in three t o  six inches 

of over lapping asphalt  rubber whi ch tended to retain a greater thicknes s  o f  

cover s t one . Transverse bump s also o ccurred at s ome locations where the 

dis tributor stopped t o  a llow the slower moving chip spreader and rollers t o  

catch up . Streaks o r  ridges remained visually app arent in about f ive percent 

o f  the area treat ed. Mays Ride Meter readings taken on the asphalt rubber 

surf ace treatment averaged 2 9.8 inches per mile while the control p avement 

averaged 15 . 6  inches per mile f o r  respective imp rovement s  o f  79 percent and 

92 percent over the old riding surface s .  
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Friction tests  taken on the asphalt rubber surface t reatment disclosed 

46, Such results comp are with of 4[1 to 48 

obtained on one year old surface courses const ructed with a Type III bituminous 

concrete mix similar to that used on the northbound control section . 

The cos t of the experimental t reatment totaled $ 2.86/sy while the area 

t reated with the asphalt rubber and bituminous overlay cos t  $4.39/8Y. The 

cos t  of the standard rehabilitation procedure was $ 3 . 82/sy or 34 pe rcent more 

than the asphal t  rubber s urface treatment , but 1 3  percent less than the 

membrane interlayer procedure . The cos t  of the asphalt rubber surface treat­

ment was equal to the cos t  of a 1 3/8 inch course of bituminous p avemen t .  

Energy Requirement s  

Energy requirement s for the experimental  t reatment totaled 2 9 , 382 BTU/sy 

or 57 percent les s  than the amount required for the standard rehabilitation 

p rocedure . The area t reated with the aspha l t  rubber and bituminous overlay 

required 5 3 , 6 3 6  BTU/sy or 21 pe rcent less than the control t re atment . 

Conservation of Resources 

The asphalt rubber surface t reatment utilized 27 tons of asphalt and 320 

tons o f  aggregate per mile or 80 p e rcent less asphalt and 8 3  percent le s s  

aggregate than that required for the s t andard rehabilitation p rocedure . The 

asphalt rubber and bituminous overlay required 85 tons of asphalt and 1150 

tons of aggregate per mile or 36 percent les s  asphalt and 39 p ercent less  

aggregate than the s t andard rehabilitation treatment . The asphal t  rubber 

system's reduced use of asphal t. aggregate and energy con sump tion are factor s 

\.;rhich will become increasingly important in the near future . 
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From the s t andpoint o f  p roduc tion and app li cation, the exp e rimental 

us e of OVER-FLEX as an asphalt rubber surf ace t reatment and as an asphalt 

rubber membrane int erlayer was considered success ful; cont inuing loss of 

cover s tone could jeopa rdize succes s as a surf ace t reatment. 

Recommendati ons 

(1) Consider a spray app lication o f  asphalt emulsion as 

a means o f  p reventing further los s o f  cover s tone as soon 

as weather permi t s . 

(2) Wi thhold further use of the material unt i l  the performance o f  

the exp erimental treatments can b e  moni t ored and comp ared 

wit h  that of the s t andard rehabi litati on p rocedure used on 

the c ontrol section .  

(3) If the long term performance of the asphalt  rubber surface 

treatment is f avorable , consideration should be given to 

use on Force Ac count p avement maint enance contract s  where 

the app lication could be carried out by the manufacturer 

working direct ly with S t ate Maintenacne Forces . 
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Hours Worked 
Date On Road�iTay 

7/12/79 11:30-4:30 
5 

7/13/79 8:00-6:45 
10.75 

7/14/79 9:15-4:45 
7.5 

7/16/79 7:55-7:05 
11.17 

7/17/79 11:25-2:55 
3.5 

7/18/79 8:00-5:00 
9.0 

7/19/79 7:45-3:30 
7.75 

7/20/79 7:50-8:25 
12.58 

7/21/79 9:00-8:15 
11.25 

TABLE 1 
APPLICATION RATE SUMMARY 

No . Of S.Y. 
Loads Treated S.Y./Hr. 

2 10673 2135 

I 

4 23908 2224 

3 19489 2598 

4 25392 2273 

2 11616 3319 

2 10255 1139 

1 7685 992 

4 2216 5 176 2 

3 14109 1254 

31 

Gal. 
Applied Ga1./S. Y. 

_. 

7026 0.66 9  

14949 0.625 

10932 0.56 1 

15440 0.608 

6 874 0.592 

6 105 0.595 

5083 0.66 0  

14611� 0.6 6 0  

9837 0.673 



TABLE 2 

ENERGY CONSUMED WITH THE 

EX?ERIMENTAL TREATMENT 

PAVEMENT CPJ\CK F ILLING 

Manufacture Asphalt Cement = 

Manufacture Rubb er Component 

0 . 0408 KWH/LB x 2000x34lS BTU/KWH :::::: 

Mix Com:f!osition and Blend ing 

A spha lt  ( 75%)  @ 5 8 7 , 500 BTU/Ton 

Rubber ( 25 % )  @ 2 78 , 664  BTU / Ton 

Manufacture  B lend (heat to combine asphalt 
& r ubber)  175  degrees F t o  375 degrees F 
=200 degrees F @ 4 7 0  BTU/ oF/Ton 

Total 

Loaded haul 2552  miles  x 32 7 0  BTU/Ton Mi. 

Preparing Crac:ks, Heating and A:f!:f!lying Material 

Routi ng cracks ,  10 hrs. / day @ 0 . 3  gal /hr . x 
125,000 BTU/gal,  x 5� days � 

L.P, gas used for compressor, torch and ket t le @ 

69  gal/day x 91, 000 BTU/gal x 7 �  days 

Vehicle , 8 hrs /day @$1. 2 5  gal/hr . x 
1 2 5 ,000 BTU/gal x 7 . 5  d ays 

Total BTU For 1 Ton Crack Filler 

(Asphalt)  440 , 62 5  + (rubber) 6 9 , 666  
+ (blend i ng )  9 4 , 000 + (haul)  8,345 , 040 

32  

5 8 7 , 5 00 BTU/Ton 

2 7 8 , 664  BTU/Ton 

440 , 62 5  BTU/Ton 

6 9,666 BTU/To n  

9 4 , 000 BTU/Ton 

5 10 , 29 1  BTU/Ton 

8 , 345 , 040 BTU 

2 , 06 2 , 500 BTU 

47 , 092,500 BTU 

9 , 37 5 , 000 BTU 

8 , 949 , 331 BTU Iro n  



Table 2 (can't.) 

(Routing) 2,062,500 + (L.P. Gas) 47,092,500 
+ (vehicle) 9,375,000 

Total Energy Used 

Crack filler 18.09 Tons x 8,949,331 BTU/TON 
Preparation + Application 

Total 

9 51 mi. x �2801 x 38' x 1/9 
2.2042 x 10 + 212,010 

212,010 s.y. 

ASPHALT TACK COAT 

Materials 

Manufacture Asphalt Emulsion 
1950 BTU/gal. x 241 gal/ton = 

Haul 82 mi. x 2 x 3270 BTU/Ton Mi. = 

Total = 

Asphalt Distributor Operation 

5.8530 x 107 BTU 

1. 6189 x 108 BTU 
5.8530 x 107 BTU 
2.2042 x 108 BTU 

1040 BTU/S,Y, 

469,950 BTU/Ton 

_....!.5..t..3;L6 ,w;2�8.lol.0_ BTU/Ton 
1,006,230 BTU/Ton 

Application (assume no heating required) 
44 BTU/gal x 241 gal/ton = 10,604 BTU/Ton 

'Total BTU For 1 Ton Asphalt EnlUlsion in Place 
(Manuf.) 469,950 + (haul) 536,280 + (app1.) 
10,604 = 1,016,834 BTU/Ton 

Total Asphalt Emulsion Applied 
Weight slips = 21.39 tons 

Total Energy Used 

21.39 tons x 1,016,834 BTU/T on = 2. 1750 x 107 BTU 

Total Energy Per S.Y. For Asphalt Tack Coat 

9 . 5/mi . x 5280' x 25' x 1/9 = 139,480 s.y. 
2.1750 x 107 BTU + 139,480 s.y. = 

33 

156 BTU/S.Y. 



Table 2 (can't.) 

Manufacture asphalt cement = 

Haul 125 mi. x 2 x 3,270 BTU/TON Mi. 
Total for asphalt = 

Crushed gravel @ 40,000 BTU/TON (18%) 
Sand @ 15,000 BTU/TON (82%) = 

Total for aggregate = 

Mix Composition 

Asphalt (7.4%) @ 1,405,000 BTU/TON 
Aggregate (92.6%) @ 19,500 BTU/TON = 

Total for mix = 

Plant Operations 

Dry aggregate, 5% @ 28,000 BTU/% 0.926 Ton 
Heat 230 degrees F @ 470 BTU/ degrees F / 
Ton, 0.926 Ton 
Other Plant operations = 

Total plant operations = 

Haul And Place 

Haul mix 17 mi. x 2 @ 3,800 BTU/TON Mi. 
Spread and compact 
Total for haul and place = 

Total E�ergy For 1 TON Type III Mix In Place 

(Mix) 122,027 + (plant operation) 249,560 
+ (haul & place) 145,900 

Total Energy Used 

517,487 BTU/TON x 4016 tons placed = 

587,500 BTU/ Ton 
_817,500 BTU/ Ton 

1,405,000 BTU/ Ton 

7,200 
12.300 BTu/ Ton 
19,500 BTU/ Ton 

103,970 BTU/ Ton 
18,057 BTU/ Ton 

122,027 BTU/ Ton 

129.640 BTu/Ton 

100,100 BTu/Ton 
19,820 BTU/Ton 

249,560 BTU/ Ton 

129,200 BTU/Ton 
�OQ BTU/T2n 
145,900 BTu/Ton 

517,487 BTu/Ton 

2. 0782 x 109 BTU 

Total Energy Per S. Y. For 1/2" Leveling Course Type V Mix 

Area = 9.51 mi. x 5280 x 25' x 1/9 = 139,480 s. y. 
Energy used = 2. 0782 x 109 BTU + 139,480 s.y. = 

34 

14,900 BTU/S.Y. 



Table 2 (can ' t . ) 

Manufacture asphal t cement 
Haul 125 mi. x 2 x 3270 BTU/Ton Mi . = 

Total for asphalt 

Manufacture crumb rubber 0 . 408 K\m/lb 
, 0408 x 2000 x 3415 BTU/K\.JH = 

Haul 110 mi , x 2 x 5 040 BTU/Ton Mi . = 

Total for rubber 

Manufacture di luent 
62% of asphalt energy requirement � 

Haul 125 mi. x 2 x 3270 BTU/Ton Mi . = 

Total for diluent 

Produce crushed gravel 40 , 000 BTU/Ton = 

Mixing Operati on 

Asphalt 74% @ 1 , 405 . 000 BTU/Ton = 

Rubber 26% @ 1 , 387 , 46 4  BTU/Ton = 

Diluent 4 . 6% by volume o f  total mix ( 12 . 2  gal /ton ) 
1 , 181 , 75 0  x 6 . 69 Ibs / gal . + 2000 x 12 . 2  gal 
Heat ACIO from 270 degrees F to  385 degrees F ,  
12 gal/hr #2 diesel 
@ 1 39 , 000  BTU/gal x 2 hr + 1 3 . 1  tons/load = 

Conveyor to add rubber 1 hr/load 
1 /2 • gasoline/m @ 125 , 000  BTU/gal . 
+ 1 3 . 1  tons /load = 

Maintain temperature 12 gal/hr #2 diesel @ 

, 000 BTU/gal as sume 1/2 hr retort load 
12 + 2 x 139 , 000 + 1 3 . 1  tons /load = 

Plant Operations 

Dry aggregate , 3% @ 28 , 000 BTU/% , 0 . 996 ton 
Heat aggregate to 220 degrees , 160 degrees 
x 470 BTU/degrees F/ton = 

0 . 004% asphalt /ton of agg . , 1 , 405 , 000 x 0 . 004 
Other plant operations = 

Total plant operations = 

Di stributor appli c ation , 4 hrs . turn around/ 
load @ 5 gal /hr . each for deutz engine & 

truck @ . 1  tons /load = 

= 

Haul aggregate , 1 7  mi . x 2 @ 3 , 800  BTU/Ton Mi . = 

Place cover aggregate ( 1 0  BTU/sy ) 
Roll c over aggregat e , 4 pass e s  @ 3 0  BTU/sy each 
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5 87 , 500 BTU/Ton 
BTU/Ton 

1 ,  BTU/Ton 

278, 664. BTU/Ton 
1 2 108! 800 BTU/Ton 
1, 387, 464 BTU/Ton 

364 , 25 0  BTU/Ton 
817 � 5 00 BTU/Ton 

1 , 181,75 0  BTU/Ton 

40, 000 BTU/Ton 

1 , 0 39 , 700 BTU/Ton 
360 , 74 0  BTU/Ton 

48 , BTU/Ton 

, 65 6  BTU/Ton 

4 , 770 BTU/Ton 

63 , 664  BTU/Ton 

83 , 664 BTU/Ton 

, 200  BTU/Ton 
5 , 620 BTU/Ton 

BTU/Ton 
BTU/Ton 

, 427 BTU/Ton 
, 200  BTU/Ton 

1 0  BTU/sy 
120 BTU/sy 



Table 2 ( can ' t . ) 

Sweep and power vacuum o peration 
2 p i ec es equipment with f i eld consumption 
of 355  . gas and 120 gals . diesel 
6 . 1055 x 107  + 145 , 2 9 2  sy 
Remove excess 
18# / sy x 145 , 29 2  sy + 2000 = 1308 tons removed 
Haul agg . ,  9 mi . x 1 @ 3800 = 34 , 200 BTU/Ton Mi . 

3 4 , 200 x 1308 + 145 , 29 2  

Total BTU For 1 Ton Asphalt Rubb er 

(Asphal t )  1 , 0 3 9 , 7 00 + (rubb er )  360 , 740  
+ (diluent ) 48 , 2 2 6  + ( h eat ) 2 5 4 , 65 6  + ( load rub b er )  
4 , 7 7 0  + (maintain temp . ) 6 3 , 664  + (apply) 4 2 4 , 4 2 7  

Total BTU For 1 To� Cover Aggregate 

(Produce . )  4 0 , 000 + (plant operation) 1 7 7 , 904  
+ ( haul) 129 , 200 

0. 6 2 4  gal /sy x 145 , 2 9 2  sy x 7 . 5  # / ga1 + 2000 

42  # / sy x 145 , 29 2  sy + 2000 

Asphalt rub b er 340  Tons x 2 , 19 6 , 18 3  BTU/Ton 
Cover 3051  Tons x 3 4 7 , 104 BTU/Ton 
P lace and roll cover agg . 130 BTU / sy x 145 , 29 2  sy 
Sweep and r emove excess agg. 7 2 8  BTU / sy x 145 , 29 2  sy = 

Total 

19 . 30358 x 108 
+ 145 . 29 2  sy 
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420  BTU / sy 

308  BTU / sy 

2 , 19 6 , 18 3  BTU/Ton 

3 4 7 , 10 4  BTU/Ton 

340 Tons 

3 , 05 1  Tons 

7 . 46 70 x 108 BTU 
10. 5 9 00 x 108 BTU 

1 . 8888 x 107 BTU 
1 . 05 7 7  x 108 BTU 

19 . 30358 x lOS BTU 

1 3 , 286 BTU/SY 



Table 2 ( con I t , ) 

1 INCH SURFACE COURSE 
-�-�.-��.----.-

Manufacture a sphalt cement 
Haul 1 2 5  mi . x 2 x 3 , 2 7 0  BTU/ Ton Mi . 

Total for asphal t  

Crushed gravel @ 40 , 000 BTU/TON ( 54% ) 
Sand @ 15 , 000 BTU /TON (46%)  
Total for aggregate 

Mix Composition 

Aspha l t  ( 6� % )  @ 1 , 405 , 000 BTU/TON 
Aggregate ( 9 3 . 5% )  @ 2 8 , 500 BTU /TON = 

Tota l  f or Mix = 

P lant Operations 

Dry aggregate , 3% @ 2 8 , 000 BTU/% ,  0 . 935  Ton 
Heat 2 3 0  d egrees F @ 4 7 0  BTU/ degrees F/ Ton , 
0.9 3 5  Ton = 

O ther p lant opera tions 
Total p lant operat ions 

Haul And P lace 

Haul mix 13 mi . x 2 @ 3 , 800 BTU / Ton Mi . 
P lace and compac t = 

Total f or haul and p lace = 

(Mix) 117 , 9 7 3  + (plan t opera tion) 199 , 43 4  
+ (haul and p lac e)  115 , 5 0 0  = 

4 3 2 , 9 0 7  BTU/TON x 8 6 0 . 9  Tons p laced 

Area = 2 7 '  x 5 1 2 2 ' + 9 15 , 366  sy 
Energy used = 3 . 7 2 6 9  x 108 + 15 , 3 6 6  sy = 

3 7  

587 , 500 BTU/ Ton 
817 , 500 BTU/ Ton 

1 , 405 , 000 BTU/ Ton 

2 1 , 600 BTU/Ton 
6 , 900 BTU/ Ton 

2 8 , 500 BTU/ Ton 

9 l , 325  BTU/ Ton 
2 6 , 648 BTU/ Ton 

117 , 97 3  BTU/ Ton 

7 8 , 540 BTU/ Ton 

101 , 074 BTU/ Ton 
19 , 8 2 0  BTU/ Ton 

199 , 434 BTU/ Ton 

9 8 , 800 BTU/ Ton 
1 6 , 700 BTU/ Ton 

115 , 500 BTU/ Ton 

4 3 2 , 907  BTu/ Ton 

2 4 , 254 BTU / SY 



TABLE 3 

ENERGY CONSlllED WITH THE STANDARD MAINTENANCE TREATMENT 

PAVEMENT CRACK FILLING 

Mater ials 

Manufac ture asphalt cement 
Manufacture rubber component 
0 . 0408 KWH/LB x 2000 x 3415 BTU/KWH * 

Mix Compos ition And Blending 

As phalt ( 7 5 % )  @ 5 8 7 , 500 BTU/ Ton 
Rubber ( 25%)  @ 2 7 8 , 664  BTU/ Ton = 

Manufac ture b lend (heat to combine asp and rubber) 
175 degrees F to 375 degrees F = 2 00 degrees F 
@ 4 7 0  BTU/ oF/ Ton 
Total = 

Transpor tation 

Haul 188 mi . x 1 x 3 2 7 0  BTU/ Ton Mi . = 

Preparing Cracks , Heating and Applying Material 

L . P .  gas used for torc h ,  ket tle and pour pots 
20  gal/day @ 9 1 , 000 BTU/gal x 21  days 
Vehicle , 8 hr s/day @ 1 . 25 gal / hr 
x 125 , 000 BTU/gal x 21  days 
Compressor @ 15 g al /day @ 125 , 000 BTU/gal 
x 21 days 

To tal BTU For 1 Ton Crack Filler 

(Asphal t )  4 40 , 6 2 5  + (rubber ) 69 , 666  
+ (b lending ) 9 4 , 000 + ( haul)  614 , 760  

Total BTU For Preparation And Applicat ion 

(L . P .  gas )  38 , 220 , 00 0  + (vehic le) 2 6 , 250 , 000 
+ (compressor)  3 9 , 3 7 5 , 000 

Tot al Energy Used 

Crack f iller 2 0 . 6 2 5  Tons x 1 , 219 , 05 1  BTU/ Ton 
Preparation + application 
Total 

Total Energy Per 8Y For Pavement Crack Filling 

9 � 73 mi . x 5 280 ' x 38 ' x 1/9 = 216 , 9 12 sy 
1 . 2899 x 108 + 216 , 912  
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5 8 7 , 500 BTU/Ton 

2 7 8 , 664  BTU/Ton 

440 , 6 2 5  BTU/'l'on 
69 , 666  BTU/Ton 

94 , 000 BTU/Ton 
5 10 , 291  BTU/Ton 

614 , 76 0  BTU/Ton 

38 , 2 20 , 000 BTU 

2 6 , 25 0 , 000 BTU 

39 , 3 75 , 000 BTU 

1 , 219 , 05 1  BTU/ Ton 

1 .  0385 x 108 BTU 

2 . 5 143 x 107 BTU 
1 . 0385 x 108 BTU 
1 . 2899 x 108 BTU 

595  BTU/SY 



Table 3 ( c on ' t . ) 

ASPHALT TACK COAT 

Mater ials 

Manufactur e As phalt Emulsion 
1950 BTU/gal . x 241 gal . / ton 
Haul 82  mi . x 2 x 3 2 7 0  BTU/Ton Mi . = 

Total = 

Asphalt Distributor Operat ion 

Application (assume no heating r equired)  
44 BTU/gal .  x 241 gal . / ton 

Total BTU For 1 Ton Asp halt Emuls ion In Place 

(Manuf . )  469 , 95 0  + (haul)  536 , 280 + ( appl. ) 
10 , 604 = 

Total Asphalt Emulsion Appli ed 

Weight slips = 14. 4 2  t ons 

Total Energy Used 

14. 42 tons x 1 , 016 , 834 BTU/TON 

Total Energy Per 8Y For Asphalt Tack Coat 

9. 7 3  mi. x 5 2 8 0 '  x 25 ' x 1 /9  
1. 4663  x 107 BTU + 142 , 70 7  sy 

142 , 7 0 7  sy 
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469 , 9 5 0  BTU/Ton 
536 , 280 BTU/Ton 

1 , 00 6 , 2 30 BTU/Ton 

10 , 604 BTU/Ton 

1 , 016 , 834 BTU/Ton 

1. 4663  x 107 BTU 

103  BTU/ sy 



Table 3 ( can ' t . )  

1 / 2  Inc h Leveling Cours e  

Mater ials 

Manufac ture asphalt cement = 

Haul 125  mi . x 2 x 3 , 2 7 0  BTU/TON Mi . 
Total f or asphalt 

Crushed gravel @ 40 , 000 BTU/TON 
(51%)  (Type IV) 
Sand @ 15 , 000 BTU/TON (49%)  (Type IV) 
Crushed gravel @ 40 , 000 BTU/TON (18%) (Type V) 
Sand @ 15 , 000 BTU/TON ( 82%)  (Type V)  
Averag e  = 54% Type IV  + 46% Type V = 

Mix Compos ition 

Asphalt 7% @ 1 , 405 , 000 BTU/TON = 

Aggregate (93%)  @ 2 3 , 95 5  BTU/TON 
Total for mix = 

P lant Operations 

Dry aggregate ,  3% @ 2 8 , 000 BTU/%  0. 93  Ton = 

Heat 230  d egrees F @ 4 7 0  BTU/degrees F/Ton , 
0. 93  Ton = 

Other plant operati ons = 

Total plant operations 

Haul And P lace 

Haul mix 1 7  mi . x 2 @ 3 , 80 0  BTU/TON Mi . 
Plac e  and compact = 

Total for haul and place = 

Total Energy For 1 Ton Mix In P lac e 

(Mix) 120 , 6 28  + (plant operat ion) 198 , 5 7 0  
+ ( haul and place) 145 , 900 = 

Total Energy Used 

465 , 098  BTU/TON x 2 3 6 7. 7 t ons placed = 

5 8 7 , 500 BTU/ Ton 
817 , 500 BTU/ Ton 

1 , 405 , 000  BTU/ Ton 

2 0 , 400 BTU / Ton 
7 , 35 0  BTU/ Ton 
7 , 200 BTU/ Ton 

12 , 300  BTU / Ton 
2 3 , 95 5  BTU/ Ton 

9 8 , 350  BTU/ Ton 
2 2 , 2 7 8  BTU/ Ton 

120 , 6 28  BTU/ Ton 

78 , 12 0  BTU/ Ton 

100 , 53 0  BTU/ Ton 
19 , 8 2 0  BTU/ Ton 

198 , 5 7 0  BTU/ Ton 

129 , 200  BTU/Ton 
16 , 700  BTU/Ton 

145 , 900 BTU/Ton 

465 , 098  BTu/Ton 

1. 1012 x 109 BTU 

Total Energy Per 8Y For 1/2  Leveling Course Type IV Mix 

Area = 75 , 84 2  sy measur ed 
Energy used = 1. 1012 x 10 9 BTU + 75842  sy 14 , 520 BTU/ sy 
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Table 3 ( con ' t . ) 

Materials 

Manufacture asphalt cement "" 
Haul 125  mi . x 2 x 3 , 2 7 0  BTU/TON Mi . = 

Total f or asphalt  

Crushed gravel @ 40 , 000 BTU/TON ( 5 4%)  
Sand @ 15 , 000 BTU/TON ( 46%)  = 

Tota. 1  f or  Aggregate 

Asphalt 6 . 5% @ 1 , 405 , 000 BTU/TON = 

Aggregate ( 9 3 . 5 % )  @ 2 8 , 500 BTU/TON = 

To tal for mix =' 

P lant Operations 

Dry aggregate 3% @ 2 8 , 000 BTU/% ) . 9 35  TON 
Heat 230  degrees F @ 4 7 0  BTU / degrees F/TON 
0 . 9 3 5  TON = 

O ther p lant operations 
Total p lant operations = 

Haul And Place 
Haul mix 17 mi . x 2 @ 3 , 80 0  BTU/TON Mi . 
P lace and Compact = 

Total for haul and = 

= 

Total Energy For 1 Tall Type III Mix In P lace 

(Mix) 1 1 7 , 9 7 3  + (plant operation)  199 , 43 4  
+ (haul and p lace) , 900 = 

Total Energy Used 

(Binder) 4 6 3 , 3 0 7  BTU/TON x 8 , 17 7 . 2 tons p laced = 

( Surface) 4 63 , 30 7  BTU/TON x 1 1 , 494 . 4  tons p laced 

Surface 

Area of binder course , 51 005 ' x 2 6 '  + 9 
Energy used = 3 . 7 886  x 10� + 147 34 7  
Area o f  surface course 5 1  3 7 4 ' x 3 4 '  + 9 
Energy used = 5 . 3254  x 169 + 194 , 080  = 

4 1  

587 , 500 BTU/Ton 
817 , 500 BTU/Ton 

1 , 405 , 000 BTU/Ton 

2 1 , 600 BTU/Ton 
6 , 9 00 BTU/Ton 

2 8 , 500 BTU/Ton 

9 1 , 325  BTU/Ton 
26 , 648  BTU /Ton 

117 , 9 7 3  BTU/'r'on 

78 , 5 40 BTU/Ton 

101 , 07 4  BTU/Ton 
19 , 8 2 0  BTU/Ton 

T99 , 434  BTU/Ton 

129 , 200 BTU/Ton 
16 , 7 00 BTU/Ton 

145 , 900 BTU/Ton 

463 , 3 0 7  BTU/Ton 

3 . 7886  x 1� BTU 
= 5 . 3254  x 109 BTU 

I I I  Mix 

14'7 , 34'7 SY 
25 , '712 BTU/SY 

194 , 080  SY 
2'7 , 4 39 BTU/SY 



Asphalt Rubber Surface 

Pavement crack 
filling 

Asphalt tack 
coat 

Leveling course ( 1 / 2 " )  
Asphalt rubber 

surface t reatment 

Asphalt Rubber & Bit . 

Pavement 
crack filling 

Asphalt tack 
coat 

Leveling course ( 1 / 2 " )  
Asphalt rubber 

sur face treatment 
Bituminous overlay ( 1 " )  
Totals 

S t andard Maintenance 

P avement crack 
filling 

Asphalt t ack 
coat 

Leveling course ( 1 / 2 " )  
Binder course (1")  
Surface course ( 1 " )  

Totals 

TABLE 4 
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190 386 

125254  
125254  

21624  

14226  
14226  

1 3851  
15 366 

2 16 91 2  

142707  
75842  

147 347 
194080 

sy 

1 .  9800x108 

1 .  9540x10 7 
L 866 3x109 

2 . 2489x107 

2 .  2192x10� 
2 . 1 1 7 9x10 

1 .  8402x10� 
3 . 7 2 69xlO 
7 . 9 339x108 

1 . 2899x108 

1 .  466 3XlO� 
1 . 101 2x10 
3 . 7 886xlO� 
5 . 3254x10 

1 0 . 35 88xl09 

BTU 

Energy 

1040 

156 
14900 

1 040 

156 
14900 

13286 
24254  
5 36 36 

5 95 

103 
145 20  
25 712  
2 74 39 

6 8 369 

BTU/SY 

BTU/SY 



Asphalt Rubber 
S ur f a c e  T r eatment 

( 8 . 5 4  mi) 

B i tuminous crack 
f i lling 

emu l s i f ied asphalt 
1/ 2 "  leve ling course 
asphal t  rubber S . T .  
T o t a l  cost 
C o s t  / S . Y .  

Asphalt Rubber & 

b i t .  overlay ( 0 . 9 7mi) 

B i tuminous crack 
f i lling 

emu l s if ied asphalt 
1 / 2 "  leve ling course 
asphalt rubber S . T .  
1" b i t .  overlay 
Total cost 
Cost s . y .  

S t andard Main t enance 
Tr eatment ( 9 . 7 3 mi) 

Bi tuminous crack 
fil ling 

emu l s i f ied aspha l t  
1 / 2 "  leveling course 
� 2 -l� b i tuminous 
overlays 
Total c o s t  
C o s t s . y  

TABLE 5 
COST SUMMARY 

Quan t i ty 

3 2 4 9 0  lb s 
3 84 . 2 CWT 
3606 Ton 

131440 S . Y .  

3 6 9 0  1b s .  
43 . 6  CWT 

4 10 Ton 
13 8 5 2  s . y .  
7 9 8 . 8  Ton 

4 1 2 5 0  lb s .  

2 8 8 . 4  CWT 
2 3 6 7 . 7  TON 

19 6 7 1 . 6 Ton 

Unit C o s t 

$ 1 .  00 
12 . 0 0 
24 . 4 5 

1 . 9 1  

$ 1 . 00 
12 . 0 0 
2 4 . 4 5 

1 .  9 1  
2 4 . 4 5 

S t a t e  Force 

ACI��85 
2 4 . 4 5 

2 4 . 45 

Total C o s t  

3 2 4 9 0  
4 6 10 

8817 6 
2 5 10 5 0  

$ 3 7 6 , 3 2 6  
$ 2 . 8 6 

3690 
524 

10 0 2 5  
2 6 45 7 
19 5 3 0  

$ 6 0 2 2 6  
$ 4 . 3 9 

2 4 2 9 7  
3 4 6 1  

5 7 8 9 0  

4809 7 0  
$ 5 6 6 6 18 

$ 3 . 8 2 

*Treatment includes app r oximately 2 7 6 8  tons of mix p laced on shoulders . 
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APPEN D I X  A 

E X P E R l lvlE N TAL U S E  O F  A N  ASPHALT RUB B E R  

SU RFACE T REATMENT O N  I NT E RSTATE 8 9  I N  

R I CHMON D ,  VE RMONT 

DECEMBER ,  1 97 9  
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EXPERIMENTAL USE OF AN ASPHALT RUBBER 

SURFACE TREATMENT ON INTERSTATE 89 IN 

RICHMOND , VERMONT 

B ackground 

The search for a me thod or means of or reducing 

reflective cracking in new bituminous overlays has been underway for  a 

number of  years . One o f  the first proce sses trie d  in Vermont in 19 7 3  

and repeated i n  1974  'tvas a s train re lieving interlayer ( SRI ) . The 

treatment cons i s te d  o f  vulcanized rubber shreds  and fine aggregate in an 

emulsion slurry p laced in a 3 / 8  inch thickness.  Whe n  initial followup 

evaluations indicated conclusive benefits  in reducing reflective cracking, 

the t re atment was specified for a 2 0 . 3  mile p avement overlay proje c t  on 

I nterst ate 89  from Bolton to  Colchester , Vermont . 

Placement o f  the rubber slurry b egan in June o f  1975 . As the p roje c t  

p rogressed and the first o f  t'tVO courses o f  bituminous mix was p laced over 

the SRI , pavement distress in the form o f  shoving or rave ling was observed 

at  random locations exposed to traffic . During the removal of dis tressed 

paveme nt , ob servations revealed that the bituminous concrete was experiencing 

severe stripping prob lems . A number of adj ustments were made in the cons truction 

procedure and materials in an attemp t to combat the p roblem . They included 

increasing the first course of p avement from 1 inch to 1 1 /2 inch , changing 

the asphalt from AC 5 to the more viscous AC 10 grade , swit ching from 

Type I I I  bituminous concrete to  the more stable Type I I  bituminous concret e  

and p rohibiting traffic unti l  both courses were in p lace . The changes app eared 

to reduce the level of  pavement failure but did not totally eliminate the 
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problem .  Ac cordingly , a decis ion was made to dis continue the use o f  the 

rubber s lurry on the remaining 12.8 mile s o f  northbound highway from the 

area o f  Ri chmond Interchange to Co lchester (MM79/0S � 9 1/84) . 

During the p as t  four year s � areas treated with the SRI have req uired 

random p avement removal and rep lacement which has consumed an increasing 

amount of maintenance funds . Through the period November 19 7 9 ,  

had been made a t  5 38 locations totaling app roximately 406 0 square yards 

in area. In all cases the distress o ccurred in the form o f  rave ling of 

the 1975  ove rlay wi th the major cause attributable to s tripping o f  the 

a sphalt from the coarse aggregate . The s t r ipp ing action i s  initiated by 

a number of factors working in dif ferent combinations . The SRI i s  undoub t­

ab ly the major factor due to i t s' tendency to act as a moi sture b arrier 

o r  dam which cause s  surface moisture to be ret ained in the overl ay . Thi s  

belief i s  supported b y  the increased requi rement f o r  p avement p atching 

following extended periods of 'vet weathe r .  The f lexib ility o f  the inter­

layer also tends t o  reduce the overall s tabi l i ty of the overlay under 

traffi c . The belief that the SRI i s  a maj o r  factor leading t o  the s tr ipp in g  

act ion i s  supported b y  t h e  f a c t  that the 12. 8 mi les of Northbound over lay 

placed ''''i thout the SRI has not developed any areas of dis tre s s . Other 

contribut ing factors inc lude the coarse aggre gates' bas ic sus cep tibili ty 

to stripping , the asphal t in the b ituminous mix , and the traf fic vo lume on 

the roadway . 

At the t ime the Sahuaro asphalt rubber t reatment was being app lied 

on 9. 5 mi les of Inters tate 91 in Spring field - Weathersfield , a decision 

was made to t ry a test  ins tallation o f  the pro duct on a section o f  

Inters t ate 8 9  to determine i f  the asphalt rubber surface treatment could 
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seal the p avement and prevent further breakup s from occurring . 

This rep ort cove rs the cons truct ion phase and evaluation o f  the 

experimental treatment . 

The 5 000+ foot sect ion of I 89 selected for the exp erimental treat­

ment was located in the TOvffi o f  Richmond at Nor thbound MM 7 6 / 05 - 7 7 /0 0 . 

A p avement condition survey made on the te s t  section revealed an ave rage 

of 4 3  l ineal fee t of tran sverse c racks per 100 lineal feet of 24 foot 

wide road{vay . The cracks ave raged 1 / 2  inch in width in the passing l ane 

and 1 / 4 inch in the travel l ane . There were no other types o f  cra cks 

visib le in the four year old p avement .  The test  sect ion al s o  c ontained 

31 bituminous p at ches encomp a s s ing an area of 7 9 4  square yards or 6 percent 

of the total p avement area . All o f  the patches \vere located in the travel 

l ane with app roximately 93 percent of the patched area bordering on the 

shoulder of the b reakdown lane and the remainin g 7 percent bordering on 

the centerline . Light to moderate pavement dis t re s s  was also visible at 

several location s  which were no t p at ched p rior t o  the asphalt rubber 

appl ication . 

Asphalt Rubber Appli cat ion 

The asphalt rubber �vas app l ie d  on the t rave l lane on S eptember 1 1th 

and the passing lane on Sep tember 1 2 , 19 7 9 . A t�vo day operation was 

chosen to a llow the material to cure for app roximately 2 0  hours while a 

s ingle lane o f  traffic was maintained on the adj acent 1 2  foot lane . The 

weather was f avorab le on b oth days with amb ient temp erature s ranging from 

5 7° F t o  7 00 F the first day and 7 00 F to 78° F the second day . 
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Pavement sur face temp eratures �'lere also accep table averaging 8 10 F 
o and 8 7  F for the t,.;ro days . 

The p rocess of  heating and combining the asphalt and rubber was 

accompl ished at the F. W .  Whitcomb Const ruction Corporation hot mix 

plant in Williston , Vermont � app roximately 10 from the proj ec t . 

The asphalt used in the mixture was an 85 100 p ene tration grade 

supp lied by Brit ish Petroleum out of  the Province of  Quebe c .  The asphalt 

included 0 . 5  antistripp ing additive . 

The first day began with the app lication o f  the asphalt emulsion 

tack coat on the travel lane at 9 : 30 A . M .  The asphalt rubber appl i cation 

began at 1 1 : 00 A . M .  and was comp leted at 12 : 20 P .M .  A total of 3940 gallons 

of asphalt rubber was applied on 496 3 lineal feet of 12  foot roadway for an 

average app li cation rate of 0 . 5 95 gallons per s quare yard . The app licat ion 

o f  cover s t one consisted o f  3 / 8  inch crushed rock which was p reheated 

to a temperature o f  1600 F - 2 6 00 F and coated with  an average o f  O . if 

percent asphalt . The cover stone app lication rate , rolling procedure 

and equipment was the same as that used on the Springfield proj ect . 

The following morning , exces s  surface aggregate was removed from the 

treated surface with a p ower broom . The stone cover remaining appeared 

satisfactory lvi th embedment sufficient t o  req uire a signif icant 

e f fort t o  dislod ge individual p articles . At 9 : 45 A . M .  the traffic was 

switched onto the asphalt rubber surface treatment and the asphalt emulsion 

tack coat was app lied on the passing lane from MM 7 7 / 05 - 76 /82 . The area 

from MM 7 6 / 8 2  - 7 7 /05 did not receive a tack coat due to mechanical p roblems 

with the distributor . 
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The asphalt rubb er appl ication began at 3 : 35 P . M .  and was comp leted 

without any noteable diffi culties at 5 : 00 P . M ,  A total of  396 4 gallons of 

asphalt rubber was on 5 0 6 9  line a l  feet of 12 foot roadway for an 

average appl i cat ion rate of 0 . 5 86 gallons per square yard . 

The following morning the surface was swep t with a power broom and 

the t raff ic was allowed t o  use both l anes o f  the highway . 

The t reatment was completed at a cost of $ 2 . 00 per square yard 

whi ch inc luded the app licat ion of the asphalt tack coat . The traffic 

con trol was carried out by District  #5 maint enance forces a t  a cost of 

$ 115 8 for an ove rall cos t  of $2 7 , 9 10 .  

Post  Cons truction Observations 

The overall appearance o f  the surface treatment was similar t o  that 

obt ained on the Sp r ingf ield p roj ect . The longitudinal j oint be tween the 

two l anes was satisfactory while the t ransverse j oint s were generally poor 

as evidenced by the buildup of exce s s  asphalt  rubber and cover s t one . 

Although the treatment sealed the transverse cracks in the p avement , the 

location o f  the cracks and a few of the bituminous patche s remained vis ible 

through the surface app lication . Expo sure o f  the material t o  traf fic  within 

17 to 21 hour s of i t s '  app licat ion resulted in the p i ckup of s t one s not 

securely embedded in the asphalt rubber . Mos t  o f  the initial p i ckup was 

by the larger trucks and tractor-t rai lers with only light displacement 

c aused by pas senger cars . With addit ional cure t ime the asphal t rubber 

became more s t able but the lo ss of cover s tone cont inued . Following the 

receipt of numerous comp laint s  re garding cracked windshields and head lights 
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caused by flying stones , the District swep t the test section with a 

p ower b room in mid 

An inspection o f  the area on Sep tember 2 1 ,  1 9 7 9 , revealed a 

comb ination o f  s tone loss and /or  distress at  19 areas totaling 608 

linea l  o n  the t ravel lane . In almos t  all cases the e f fected 

areas were located one to three feet right of  the centerline within 

the area treated during the first days appHcation . 

By mid October the loss o f  cover s tone was sub s t antial . It  

included a partial loss  from all areas and a concentrated loss  in the 

area immediately right o f  the longitudinal j oint between the two 

passe s .  Additional broomings 'tV'ere carried out by the maintenance 

forces as motorist comp laints  were received . Failures also continued 

to occur in the underlying pavement ,  necessitating pavement removal and 

replacement at 19 locat ions t o taling app roximately 40 square yards in area . 

An inspection on December  11 revealed a nearly comp lete loss of  stone 

over an area one to two feet wide adj acent to  the centerline for 90 percent 

of  the proj ect  length . Numerous o ther short bare s t rips were noted in the 

travel lane and a s ingle s t rip was visible in the pass ing lane . The 

short s trip s  occurred mainly in the areas where the distributor was 

app roaching the end of a run . With the excep tion o f  the stone loss adj acent 

to the centerline , there were no bare spo t s  within the areas where the spray 

app li cation first  s t arted up . Up to  40 percent o f  the s t one had been dis­

p l aced at  locations o ther than those which app eared b are . The remaining 

stone s appeared wel l  embedded when force was used to remove them and the 

coating on such s tones appeared tacky and very much alive . 
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There were no visible bond failures be tween the asphalt rubber 

and the underlying p avement .  As far as could be detected , mo st of the 

asphal t rubber was still  present even in the are as tvhere the was 

riding directly on the membrane due to the complete loss of c ove r aggregate . 

Three months o f  post cons truction ob servations have disclosed that 

the a sphal t rubber surface treatment was not c ap able of prevent ing fur ther 

deterioration of the pavement within the test  area . S ince s tripping has 

occurred from the bottom up in the p avement p laced over the SRI , i t  is 

l ikely that the areas whi ch failed were in some s ta ge of ini tial deterior­

at ion prior to the asphal t rubber app licat ion . It  i s  also assumed that 

fur ther deteriorat ion will occur at o ther s imi lar locat ions within the 

test  section . 

The test  sect ion has also p roven unsatisf actory as a surface t reatment 

due to the continued los s  of cover s t one . The reason s  f or the l o s s  o f  

stone can n o t  be clearly linked t o  any specif i c  cond it i ons or materials 

invo lve d with the app lication . The Springf ield and Richmond app lications 

were s imilar with respect to pers onnel and equipment involved , use of an 

ant i s trip additive , grada tion and temperature o f  stone , asphalt coatin g  

on stone , average rate o f  appl i cat ion , t ime l ap se between asphal t rubber 

and s t one app li cation , t ime lap se be tween s tone app lication and compaction , 

comp action e f fort and p ercent s t one embedment . Conditions which varied 

included the vi scosity of the asphal t , type of cover s t one , ambient 

temperature , p avement surface t emperature , s urface width cove red per 

pass , cure time prior to exposure to traffic and traffic volume on the 
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roadway . The 85-100 penetrat ion grade a sphalt used in Richmond was a s t if fer 

a sphalt aver aging ab out 350 poises higher than that used on the Springfield 

p roj ect . The crushed rock used in RichmDnd should have been bet ter suited 

for the intended purpose due t o  more fractured faces than the c rushed 

gravel used in Spr ingfield . The ambient temperatures were higher in 

Springfield but were also accept ab le in Richmond where they ran ged from 

6 7  - 700 F and 70 - 780 F .  Overnight temperatures were signi f icantly lower 

on the Richmond proj ect . Pavement surface t emperatures averaged over 1000 F 

in Spring f ield a s  comp ared to  readings between 81
0 

F and 87
0 

F in Ri chmond . 

The width o f  the app licat ion made in Richmond may be a factor in the 

extensive los s  o f  aggre gate from the outer edge o f  the pass  made in the 

travel lane . I t  i s  pos s ib le that the dist ributor lacked suffic ient p ower 

t o  app ly the required amount of  asphalt rubber at the outer ends of the 

spray bar when the appl i cation was made over a 12 foot width . The lack o f  cure 

time p rior to  allowing traffic on the surface t reatment may have been an 

important factor . Although a high vol ume o f  s low moving traffic would be 

beneficial in embeding the c over s t one , the fast moving traffic actually 

experienced was p robably detrimental to  the treatment . The quicker overall 

los s  o f  cover s t one in Richmond may also be attributable to  50 percent 

higher traffic vol ume over that experienced in Springfield . 
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Lo s s  of cover 
stone photographed 
on Dec. 1 1 1  1 9 79 . 

N o t e  loss of cover 
stone and transve rse 
cr acks visible th rough 
the surface t re a tmen t .  
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Conclusions 

The following p reliminary conclusions can be drawn from 

the p roj ect following three months of ob servation : 

(1 )  The experimental app lication of  the OVER-FLEX 

asphalt rubber surface treatment was not able to 

prevent further de terioration of the underlying 

bituminous p avement p laced in 19 75 . 

( 2 )  The surface treatment is  experiencing a l o s s  o f  

cover stone due to  conditions or materials not 

c learly identifie d . 
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