
DEPARTMENT OF CIVIL  ENGINEERING 
NORTH  CAROLINA  STATE  UNIVERSITY 



." 

I./- 
"---) 

USE OF GROUND RUBBER 

IN  ASPHALT  PAVEMENT MIXTURES 

N. Paul  Khosla 
James H. Trogdon  I11 

This report was prepared under a g r a n t  
from the N .  C. State Division o f  Enviornmental 
Health and Natural  Resources. 

Gary H u n t ,  Director 



"USE OF GROUND  RUBBER IN ASPHALT  PAVING  MIXTURES" 

Prepared By 

N. Paul  Khosla 
Professor-of Civil  Engineering 

and 

James H. Trogdon  I11 
Research  Assistant 

May 7, 1990 

DEPARTMENT OF CIVIL  ENGINEERING 
NORTH  CAROLINA  STATE  UNIVERSITY 

RALEIGH,  NORTH  CAROLINA 



Executive  Summary 

This project was initiated  in response to action by the 

North Carolina General Assembly which passed Senate Bill 111 on 

Solid Waste Management. This bill  instructed the North Carolina 

Department of Transportation to investigate the  use of recyclable 

materials, particularly ground rubber from scrap tires, in road 

resurfacing or  subbase materials. 

This report is the result of a review of the current 

literature, experiences of state agencies familiar with the use 

of rubber in  asphalt  mixtures,  and the opinion of the authors 

where recommendations were required. 

This report includes results from the review of the 

literature describing two generally accepted processes  for 

incorporating ground tire rubber in asphalt mixtures: 

(1) rubber-modified mixes (Tradename PlusRide), in 

which 3-5% rubber is added to  the mix by weight of 

aggregate before  asphalt  is  introduced,  and 

(2) rubber-asphalt  mixes, in which 18-26% tire rubber 

is dispersed in the liquid  asphalt  at high  temperatures 

(375-425 degrees F) for several hours to produce  a 

material to be  used as  a binder  in asphalt mixes. 

There  are several advantages to using rubber-modified mixes 

versus rubber-asphalt  mixes. The rubber-modified mixes uses 2 to 

4  times  more ground rubber than rubber-asphalt mixes, the rubber- 

modified mixes use a larger, coarser size rubber than  the rubber- 



asphalt process  uses  which  reduces  processing  costs and should 

reduce  rubber  costs, and the rubber  modified  process is much 

easier to incorporate into existing  production  operations  since 

it requires  no  special  equipment or materials  other than  the 

ground  rubber itself. The  rubber-asphalt  process, on  the other 

hand,  requires  special  mixing  chambers,  reaction  and blending 

tanks, and oversized  pumps  on an existing  asphalt plant in order 

to incorporate  a  higher  viscosity liquid asphalt. Also, less 

problems  with  recycling and incorporating  recycled  asphalt 

pavement (RAP) containing  rubber is anticipated  with the rubber- 

modified  mixes  than  with the rubber-asphalt  mixes  due to  the  use 

of extender  oils or resins in the later process. 

Performance  results from the literature  shows  that, 

generally,  there is an  increase in fatigue  life and a  reduced 

potential  for  rutting  with both types of rubber processes. 

However, if these  mixes  are to be  utilized  in  North  Carolina  a 

detailed  laboratory  materials  characterization  must  be  conducted 

in order to determine  which  process,  gradations, and quantities 

of rubber  will  give the greatest benefit to life-cycle  cost  for 

various  anticipated  uses  with  local materials. The literature 

shows  that  for most applications  there  should  be  an  expected 

increase  in  initial  material  cost of 10-50%. To determine how 

much of this additional  cost  will be offset by increased 

performance  can  be  determined  through  additional  laboratory 

investigation and long term  performance  modeling of various 

rubber-modified  pavement systems. 



In  terms of utilization of scrap  rubber, if the rubber- 

modified  process  was used in  10-50% of all  resurfacing  tons it 

could dispose of 17-85% of all  scrap  tires  produced annually in 

North Carolina ( 10 million). If the rubber-asphalt  process is 

used in 10-50% of all  resurfacing  tons it could  dispose of 9-44% 

of all  scrap tires produced annually in North Carolina. 

Based on this research it is concluded that: 

(1) Ground  rubber  can be used in North  Carolina 

flexible  pavements  with  a  probable  increase in fatigue 

life and a  decrease in rutting potential. The initial 

cost  increase in the unit price of mix will  be  from 10- 

50% depending on  the  type of mix and the availability 

of ground rubber. Further  study  will be necessary to 

determine  how  much  effect the longer  pavement  life  will 

have on  the life-cycle cost of the  rubber mixes. 

(2) It  will be necessary  following the laboratory 

characterization and life-cycle analysis for  NCDOT to 

conduct  several field verification  or  demonstration 

projects  before  incorporating  ground  rubber in asphalt 

mixes on  a large scale. This  will  allow  modifications 

to be  made  to mixes and refine  construction 

specifications to adhere to  the needs of  NCDOT. 

(3) The use of ground rubber in asphalt  pavements can 

dispose of 9-85% of all  scrap  tires  produced  annually 

in North  Carolina  depending  on the process  utilized  for 

incorporation of rubber into mixes and the level of 



usage in the resurfacing program. State  funding is . 

already  available to counties for disposal of scrap 

tires.  These  funds, or similar  funding to NCDOT, may  be 

necessary to offset the initial  increase  in  material 

costs of disposal of scrap  tires in asphalt mixes. 
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CHAPTER 1 

INTRODUCTION 

Each  year  approximately 200 million  used  automobile and 4 0  

million  truck  tires  are  disposed of  in the United States. While 

some of these scrap  tires  are used for  resource  and energy 

recovery  (perhaps 25 percent), the vast majority are landfilled, 

stockpiled in tire disposal yards, or  discarded or destroyed in 

environmentally  unacceptable ways. 

As a  solid  waste, used tires  pose  particularly  vexing 

problems. Because landf illed tires  are not biodegradable and 

whole tires work to  the surface  as the fill  settles,  many 

operators  either  charge  a  disposal  fee to offset  additional 

handling  costs  or  refuse to accept them. Most  will not accept 

truckload quantities. In  addition,  current  policy in many  states 

is to minimize the use of  land disposal  for  solid wastes. 

This  situation  has led to  the stockpiling  of used tires. 

However,  few  markets  for  scrap  rubber  have  been  developed and 

there  are  environmental and health  problems  related to 

stockpiling. In addition to being unsightly, they  are  a fire 

hazard  with  uncommonly  noxious consequences. 

The  search  for  solutions  to  the used tire disposal  problem 

is one of a  number of topical  issues  on  solid  waste management. 

One of the alternatives  being  considered is that of including 

pulverized  or  ground tire rubber  as  a  constituent  of  asphalt 
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paving materials used  in road construction. 

A number of concerns  other  than  those of performance and 

cost have  been expressed with  regard to  the immediate  widespread 

or mandatory  use of rubber-modified and rubber-asphalt mixtures. 

These  are  quality  assurance and environmental effects. 

During the 1989 General  Assembly of North  Carolina, the 

Senate  passed  a  bill  (Senate Bill 111) which 

"...declares  it to be in the public  interest to find 

alternative  ways to  use certain  recyclable  materials 

that  currently  are part of the solid  waste  stream and 

that  contribute to problems of declining space in 

landfills. To determine the feasibility of using 

recycable  materials  for  highway  construction, the 

Department  shall  undertake  a  literature  search to 

evaluate the potential  for using: 

(1) Ground  rubber from tires in road  resurfacing or 

subbase  materials, and 

(2) Recycled  mixed-plastic  materials  for  guard  rail 

posts, right of way fence posts, and sign supports." 

As part of this literature  survey,  North  Carolina  State 

University  has  undertaken the  task to evaluate the usefulness of 

rubber-modified and rubber-asphalt  mixtures in the construction 

and improvement  of highways. Specific  objectives  of this 

literature  review  were to: 
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(1) Survey  existing  research on the use of scrap  rubber in 

the construction and improvement of highways, and 

(2) Recommend  areas  where  further  study,  evaluation and test 

projects as well  as any other  necessary  actions  which may  be 

appropriate  can be taken  to fully evaluate the utility of 

rubber in asphalt  pavements in North Carolina. 
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CHAPTER 2 

MATERIALS  CHARACTERISTICS  AND MIX PERFORMANCE 

There  are  two  generally  accepted  processes  for  incorporating 

ground tire rubber in asphalt mixtures: 

(1) rubber-modif ied mixtures  (Tradename  PlusRideTM) , in 
which 3-5% rubber is added to  the mix by weight of 

aggregate  before  asphalt is introduced,  and 

(2) rubber-asphalt  mixtures, in which 18-26% tire 

rubber is dispersed in liquid asphalt at high 

temperatures  (375-425  degrees F) for  several  hours to 

produce  a  material to be used as a  binder  in  asphalt 

mixtures. Rubber  represents  less  than 1.5% of the  total 

asphalt/rubber/aggregate  mixture  using this process. 

Rubber-Modified Mixtures 

Rubber-modified  mixtures normally use  gap  graded  aggregate 

blended with  ground  rubber  which  passes the ASTM  #4 sieve. Two 

typical  gradations for aggregate  are  shown in Table 2.1. 

Two combinations of coarse to fine  rubber  may be used to 

produce  gradations of rubber as shown in Table 2.2. 

Mix  Design  Considerations 

Mix  designs  for  rubber-modified  asphalt  mixtures  are 

normally  made  using the marshal1  method  with the following 
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TABLE 2.1 GRADATION AND PROPORTIONS FOR RUBBER-MODIFIED ,MIXES 

M i x  Designation 

Average Da i ly   T ra f f lc  

Thickness  (in.)  Hin. 

Sieve S i  zes : 

314" 

518" 

112" 

318" 

1/4" 

110 

130 

azo0 

1/4" t o  110  Slze  Fractfon 

Pre l iminary  Mix  Design C r i t e r l a :  

Rubber, % o f  Total  M i x  
by  weight 

by volume  (approx.) 

Asphalt, X of Total  Mix  
by  weight 

Maximum Voids (%) 

( A )  ( 6 )  ( C )  

2500  2500-10.000 10,000 

1.0 1.5 1.75 

Aggregate % Passing 

- 100 - 
- -c4p - 
- - - 
100 60-80 50-62 

60-80 30-44 30-44 

23-38 19-32 19-32 

15-27 13-25 12-23 

8-12 8-12 7-11 

-"- 12 Max. 12 Max. 

3.0 3.0  3.0 

6.7 6.7 6.7 

8-9 .S 7 -5-9 .O 7.5-9.0 

2.0 2 .o 4.0 
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TABLE 2 . 2  RUBBER GRADATION 

Percent Passing 

Sieve Size Coarse Rubber Fine Rubber 80120 Rubber  Blend* 
(Course  Rubber) 

114 in. 

No. 4 

N9. 10 

No. 20 

100 

7  0-90 

10-20 100 

L 

0-5 . 50-100 

100 

76-92 

28-36 

10-24 
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variations.  Optimum  asphalt content is selected using the percent 

air voids criteria only.  Asphalt  content  and mineral filler 

content are increased to achieve a void content between 2-4 

percent for most traffic situations.  Rubber-modified mixtures as 

well as rubber-asphalt mixtures typically have extremely low 

marshall stability values as well as high marshall flow values as 

compared to conventional mixes. Consequently, stability and  flow 

values give guidance as to  the relative position of that  mix  on 

the design curve but can not  be  used for selecting or specifying 

asphalt content for mix design. Examples given by Takallou et a1 

(Ref 1) states that rubber-modified pavements in Alaska have void 

contents as low as 2 percent with stabilities of 350  pounds and 

flow values as high  as 19. In general, Takallou recommends the 

following void  levels for the given traffic conditions. These 

values are based on extensive laboratory  and field studies. 

1. Low Traffic- 0-2 percent voids 

2. Medium  Traffic- 3 percent voids maximum 

3. High Traffic- 4 percent voids maximum 

Typical asphalt contents for rubber-modified mixtures are 

1.5 to 2 percent higher than similar conventional mixtures 

without the addition of  rubber.  Standard  50 blow marshalls are 

recommended for low to medium traffic and 75 blow for  high 

I traffic  surface mixes. 
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Fatigue  Resistance 

Fatigue  resistance is the ability of a  material to resist 

repeated loads  that  induce tensile stresses which may develop 

cracking in the asphalt  and lead to failure. N o r t h  Carolina 

typically uses approximately I to 1.5 inches of asphalt for 

overlays of  existing  roads  on areas showing fatigue cracking. The 

use of rubber-modified  asphalt in this  particular  uses  would, 

based on  published literature, increase the  fatigue  life  of an 

equivalent thickness overlay with rubber-modified mixtures. 

Typical  fatigue  curves developed by Takallou et a1  (Ref . I) can 
be s e a  in Figure 2.1. Notice that for all  rubber-modified 

mixtures the  fatigue resistance is greater than  the  conventional 

mixtures . 

Resilient  Modulus 

Resilient  modulus  tests of  all mixtures included in  this 

data were  performed  on either field cores  or  laboratory  samples 

tested in indirect tension. The resilient modulus is determined 

by the  ratio of axial  deviator stress to recoverable axial 

strain, Comparisons  have  been made by Lundy et a1 (Ref, 2) and 

are includedin  Table 2 . 3. 
There is a clear  decrease in the resilient  modulus  value due 

to the addition  of  rubber in  rubber-modified  mixtures. Table 2.4 

also includes  indirect  tensile strengths which  exhibit  a  similar 

trend. 
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n 2 80/20 C a p 4 r d . d  

N 3 60/20 Denre-Crded 

T O  - D.n8Hr .ded  

- .97 1.18C-8 -1.0 
- .98 1.1LL-I -2 .8  

- .99 9.9LC-8 -2 .  I 

4c4 I 1 

7 E 3  2 5 5 

FIGURE 2.1 FATIGUE  CURVE FOR RUBBER-MODIFIED MIXES (Ref 1) 
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TABLE 2.3 RESILIENT MODULUS FOR RUBBER-MODIFIED MIXES (Ref 2) 

i 

July 1985 

June 1986 

NOTES: 1) Number. i n  parentheaer are ocand~rd  deviot iolu 

2) November 1984 moduli ore adjuoted co cemperacuro of 22.5.C 
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TABLE 2.4 INDIRECT TENSILE  STRENGTH OF 

RUBBER-MODIFIED MIXES (Ref 2) 

Rubber Control 
~~ 

Novembe r 19 84 

July 1985 

June 1986 

117 psi 

103 p s i  

101 psi 

160 psi 

- 
109 psi 

NOTE Tests were not conducted in October 1983 or on control  samples  July 
1985 due  to  sample shortfalls. 
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Permanent  Deformation and Creep 

There  was  little  information in the existing  literature to 

predict either the creep or permanent  deformation  responses of 

rubber-modified  mixtures in order to estimate  rutting 

performance. Takallou et a1 (Ref. 1) provided the following  data 

presented in Figure 2.2 for  five  mix  combinations. In general, 

the mixtures  with  rubber added have  sharper  curves  than  mixtures 

without rubber. Also, the intercepts of all  rubber  mixtures  are 

higher than  those with no rubber. This  indicates  that the rubber 

mixtyres  have  a lower creep  resistance than  the mixtures  with  no 

rubber. However, the opposite is true for  permanent deformation. 

In  general,  all  rubber  mixtures  have  flatter  slopes than  the 

control  mix  as  shown in Figue 2.3. This  indicates  that the rubber 

mixtures  are  more  elastic  than the control  mixtures and that at 

short load durations rubber-modified asphalt  mixtures  should 

outperform  conventional mixes. However, at slower  vehicle  speeds 

or  longer load durations, the reverse is true. Therefore, the use 

of rubber-modified  mixes  should be excluded  from  intersections 

where  vehicle  speeds  are  slow and loads  are at times static. 

Lundy et a1 (Ref.  2) determined from laboratroy  data  that the 

layer equivalencies  developed from laboratory  tensile  strain  data 

ranged  from 1.2 to 1.8. These  values  were  related to laboratory 

fatigue  failures  which  could not be verified by field  performance 

at that time  since  fatigue  failures had not occured  on the 

demonstration project. 
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195 

15c 
F 

X 

w" 

/ -  
/ --Tested at 40% 

/ 
/ 

/ 
/ 

/ 

FIGURE 2.2 CREEP  FOR RUBBER-MODIFIED MIXES (Ref 1) 
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10000 

(0. 
I 

- 0  
F 1000 
x 

10 
60 

Number of Load Repetitions, N 

FIGURE 2.3 PERMANENT  DEFORMATION FOR 

RUBBER-MODIFIED MIXES (Ref 1) 



15 

Rubber-Asphalt Mixtures 

Due to  the required  reaction of the asphalt  and  rubber 

process, the rubber  particle  size must be considerably  smaller to 

facilitate digestion. The  digestion time is that  time  which is 

necessary  for the viscosity of the rubber-asphalt to reach  a 

constant  or  stable level. All types of rubber  used  must be 

smaller than  the ASTM #10 sieve  with the majority  retained  on  the 

ASTM #30 sieve. However,  particle  sizes as small as  the ASTM #50 

have been used  with  success and are preferred. 

During the blending of the ground rubber  and  asphalt, 

aromatic  extender  oils  are added to  the  mixture to control  its 

consistancy. Typical  percentages  are 77% asphalt  cement, 20% 

rubber  and 3% extender oil. This blending is done  at  elevated 

temperatures  for  various  periods of  time. The  mixing and 

temperature is reduced  following the initial  reaction of the 

asphalt and  rubber. Continued mixing  following the initial 

reaction  will  result in the reduction of consistancy. This 

initial  reaction is marked by the swelling or increase in volume 

of the  rubber particles  causing  an  increase in the mixture 

viscosity. 

Like the rubber-modified  mixtures,  rubber-asphalt  mixtures 

require  higher  binder  contents  than  conventional mixes. There  are 

several  reasons  for this increase. (1) The  rubber-asphalt is 

significantly  more  viscous than conventional  asphalt  binder,  thus 

requiring  thicker film coatings, and (2) the unreacted  rubber 
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particles act as  a solid  filler,  increasing the binder volume but 

not necessarily adhesive characteristics. 

Fatigue Resistance 

Increases in fatigue life for rubber-asphalt mixes  are 

expected when compared to conventional mixes. Table 2.5 (Ref. 3) 

shows the results of comparing fatigue performance of  rubber- 

asphalt mixes to a conventional mix. Note the increase in the 

number of repetions to failure, Nf, for  the rubber-asphalt mixes 

compared to  the control mix. Also, this data shows  that  for 

warmer climates, it appears that the rubber-asphalt binders would 

give  much better fatigue resistance than conventional mixes. 

Resilient Modulus 

Rubber-asphalt mixes behave similar to rubber-modified mixes 

in terms of a reduction in resilient modulus except for one 

notable exception. At high temperatures, the resilient modulus of 

rubber-asphalt mixtures  has been greater than  or equal to control 

mixtures as reported by Vallerga et a1 (Ref. 4) which is in 

contradiction to  the performance of  rubber-modified  mixes. 

Permanent Deformation and Creep 

Similar to rubber-modified  mixes, an  increase in permanent 

deformation performance was reported by Vallerga et a1 (Ref. 4) 

as  seen  in  Table 2.6. Rubber-Asphalt mixes  were compared to a 
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TABLE 2.5 FATIGUE PREFORMANCE OF 

RUBBER-ASPHALT MIXES ( R e f  3) 

AC-10 Control 3S(  1.7) 
so( 10.0) 

75(23.9) 

90(3w 

60( 15.6) 

lOS(40.6) 

ARC--  3S(  1.7) 
so(10.0) 

7Y23.9) 

W32.2) 

60( 1S.6) 

lOS(4.6) 

ARC-Medium 3S( 1.7) 
so( 10.0) 

7Y23.9) 
90(3323) 

60( 1S.6) 

lOS(40.6) 

ARC--  3S(  1.7) 
nl(10.0) 

7Y23.9) 

90(3w 

ao(lS.6) 

lOS(40.6) 

l.nxlO-~ 
1321W 
1.48x104 
241xlW7 
23x104 
1.6lxlO' 

1.121101 
8.03~101 
2aXlOd 
7.SalOb 
2osrl04 
4.8lxlP 

3.64 
3.43 
334 
3.21 
3.11 
3.03 

434 
3.93 
3.72 
3.46 
3.2s 
3.07 

3.92 
3.62 
3.47 
3 3  
3.13 
3.01 

3.14 
298 
290 
2.80 
272 
265 

Z1M 
YM 
3,130 
3320 
4,060 
4,710 
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TABLE 2.6 PERMANENT DEFORMATION FOR 

RUBBER-ASPHALT MIXES (Ref 4) 

Zone (Seasonal 
Temperature “F) Material 

Rut Depth 
(First Rut Damage Index 
Depth mer (Field Fatigue 

Year 0.70 in) Parameters) 

WetlFraze 
(35-65-95-60) 

Dry/Frecze 
(35-60-90-50) 

Wet/No F r a z e  
(75-95-  105-95) 

Dry/No Freeze 
(55-75-95-75) 

AC-10 Control 
M h a l t - R u b k ,  Low 
Mhalt-Rubbet, M e 4  
ASphalt-RUb, High 

AC-10 Control 
Asphalt-Rubber, Low 
Asphalt-Rubber, Med. 
Asphalt-Rubber, High 

AC-10 Control 
Asphalt-Rubber, Low 

Asphalt-Rubber, High 

AC- 10 Control 

Asphalt-Rubber, M d  

Asphalt-RUbbet, Low 
Asphalt-Rubbet, Md. 
A s p U - R ~ b k ,  Hi& 

04 
17 
17 
17 

os 
18 
18 
17 

1 
13 
15 
13 

15 
16 
16 
15 

0.7 1 
0.73 
0.70 
0.76 

0.73 
0.72 
0.72 
0.72 

1.61 
0.70 
0.72 
0.75 

0.75 
0.73 
0.71 
0.73 

0.020 
0.050 
0.027 
0.038 

0.017 
0.054 
0.025 
0.033 

0.019 
0.062 
0.060 
0.045 

0.201 
0.083 
0.038 
0.038 

I 
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control  mix and the year to  the first rut-depth  greater than .70 

was  calculated  for  various  environmental  or  seasonal conditions. 

The  program  ILLIPAVE,  a  finite element analysis  program,  was used 

to predict the year to  the first rut-depth of .70 inch. North 

Carolina's environment is more  closely  characterized by the 

Wet/Freeze  Zone  where  the program predicted  that the same  rut 

depth  would  occur in the rubber-asphalt section  in the 17th year 

as  would  occur in the conventional  mix in the  4th year. This 

significant  difference  would not be seen  entirely in North 

Carolina  due to  the fact that AC-20 asphalt  cement is used 

instead of AC-10 which  would  somewhat  reduce the rutting 

potential of the conventional mix. 
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CHAPTER 3 

RECYCLING 

Since  little  work  on the recyclability of rubber-asphalt 

pavements  has been reported in the literature,  and many questions 

.h 

have  been  raised  concerning  problems  which  could  arise from 

recycling  rubber-asphalt  .pavements,  these  questions  must be 

addressed  from  a  theoretical  perspective by NCDOT  and 

subsequently from laboratory and field project  evaluation. If 

recycling of rubber-asphalt  pavements  cannot be accomplished wit 

current  technology  then the- use of rubber-asphalt  will not be  a 

viable  solution to  the solid waste problem of scrap tires. 

Two questions  which must be answered is: 

(1) What is the effectiveness of the addition  of 

recycling  agents, both chemical and viscosity  graded 

asphalt  cements, to rubber-asphalt RAP, and 

(2) What  are the effects of recycling  rubber-asphalt on 

air  quality? 

Concerning the effectiveness of recycling  agents  or  virgin 

asphalt  cement  on  rubber-asphalt and rubber-modified  mixes, 

rubber-modified  mixes  should not pose  a  significant problem with 

recycling due  to  the fact  that the rubber  does  not act as  a 

binder, only an aggregate. Given  this the  rubber  does not 

significantly  affect the viscosity of the aged  asphalt cement. 
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Rubber-asphalt,  however,  is the binder which must  be  penetrated 

by the recycling agent  or  virgin  asphalt to rejuvenate the aged 

asphalt. Since the aged  rubber-asphalt has  a higher viscosity 

than convention asphalt, the penetration of the recycling agent 

or virgin asphalt will be reduced, thus affecting the quality  of 

the recycled material. Laboratory testing must be conducted  in 

order to determine if rubber-asphalt mixes can be recycled, the 

methods necessary for recycling, and the performance of the 

recycled mix. If recycling is  not possible disposal of rubber- 

asphglt RAP may  be  necessary by NCDOT maintenance  forces in 

lane/shoulder stablization uses.  It  is  not anticipated that 

rubber-modified mixes will exhibit this problem. 

Concerning air quality, at the present level of  RAP  uses 

(10-20%) the amount of rubber present by either method would be 

less than 1 percent  of the total recycled mix using either 

rubber-asphalt or rubber-modified  mixes.  At these levels,  air 

quality should not  be  significantly  affected. 

Designing an asphalt mix which utilizes rubber-asphalt or 

rubber-modified RAP should also be considered in  any subsequent 

laboratory  study.  It  is  not  anticipated that the incorporation of 

small amounts of  rubber-asphalt  or  rubber-modified RAP will 

significantly change the mix design process. However, it should 

be realized during this process that the RAP does contain rubber 

and some differences in the mix properties may exist due to  the 

presence of a  small amount  of  rubber. As  the percentage of 

rubber-asphalt or rubber-modified RAP is increased it may  be 
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necessary to follow the same design procedure for a new mix 

utilizing rubberized RAP as one would follow for a new rubber- 

asphalt or rubber-modified  mix. 



23 

CHAPTER 4 

GUIDELINES FOR USING RUBBER  IN  ASPHALT  MIXES 

The following  guidelines  were  established by Takallou et a1 

(Ref. 6) for  use of rubber-modified mixes. 

Mix  Design  Guideline  for Hot Climates 

For  pavements in  hot climates  (maximum  ambient  temperature 

greaser than 100 degrees F) which  are  subjected to large  numbers 

of heavy vehicles  and/or  vehicles  operating at high  tire 

pressures,  rutting may  be the controlling  factor in the  mix 

design. Suggested  steps in the mix design  process to mitigate 

rutting are: 

1. Use  rubber-modified  asphalt  as  a thin overlay layer; 

not to be used as  a  structural layer. 

2. The minimum  rubber-modified  layer  thickness  should 

not be less  than 1 inch. 

3. Use the same  grade of asphalt  as in conventional 

asphalt  cement pavements. 

4. Use  rough  textured  aggregate and mix I1A1l gradation 

Table 4.1 with  maximum  nine  percent  #200 filler. 

5. Use  three percent medium  rubber (60% coarse/40%  fine 

Table 4.2). 

6 .  Mixing  temperatures in the range of 350  degrees  F to 

285 degrees F are desirable. 
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TABLE 4.1 GRADATION A (Ref 6) 

M i x  Designation 

Average D a i l y   T r a f f i c  

Thickness  (in.)  Min. 

Sieve  Sizes: 

314" 

518" 

112" 

3i8" 

114" 

I10 

I30 

I200 

1/4" t o  110 Size   Fract ion 

Pre l iminary  M i x  Design  Cri ter ia:  

Rubber, 2 o f  Total  Mix 
by  weight 

( A )  

2500 

1 .o 

- 
- 
100 

60-80 

23-38 

15-27 

8-12 

-"- 

( 6 )  

2500-10,000 

1.5 

Aggregate % Passing 

- 
4-w 
- 
60-80 

30-44 

19-32 

13-25 

8- 12 

12 Max. 

( C )  

10,000 

1.75 

100 

- 
50-62 

30-44 

19-  32 

12-23 

7-11 

12 Max. 

3.0  3.0  3.0 

by volume  (approx.) 6.7 6.7 6.7 

Asphalt % o f   T o t a l  M I X  
by  weight 8-9.5  7.5-9.0  7.5-9.0 

Maximum Voids (%) 2.0  2.0  4.0 
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TABLE 4 . 2  RUBBER GRADATION ( R e f  6 )  

Percent  Passing 

Sieve  Size  Coarse Rubber Fine Rubber 80120 Rubber Blend* 
(Course  Rubber) 

~~ 

1/4 in .  

No. 4 

NO. 10 

No. 20 

100 , 

70-90 

10-20  100 

0-5 I 50-100 

100 

76-92 

28-36 

10-24 

Note: The "80120" i s  80% coarse and 20% f i n e  rubber i n  canbinatlon. 
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7. Mix the rubber  with the aggregate  before  adding 

asphalt. 

8. Cure the rubber-modified  mixture  before  compaction 

in the oven  (350-375  degrees F) for  one hour. 

9. A preliminary  design  asphalt  content  should be 

selected  using the air voids and a  target  of 3 percent., 

10. Determine S mix at short times of loading  for 

expected  range of temperatures.  Stiffness  values  should 

not be less  than 300,000 psi at 77 degrees and 0.1 

.second loading time. 

11. Perform  creep  tests on representative  specimens to 

define S mix  as  a  function of time at 77 degrees and 

100 degrees. Use 0.5 inch as  criteria  for  ruling 

analysis. 

12. If the analysis  indicates  that  rutting  is at an 

undesirable  level  for the expected conditions, the mix 

must be redesigned and the analysis repeated. The  use 

of fine  rubber (0% coarse/100%  fine)  can  be considered. 

13. If the mix is considered  suitable, then  the fatigue 

performance  should be checked. 

Mix  Design  Guidelines  for  Moderate  Climates 

For pavements in moderate  climates and subjected to large 

numbers of heavy  vehicles  fatigue may  be a  controlling  factor in 

the  mix design. The  following  steps  represent an approach  which 

can be taken. 
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1. The  minimum rubber-modified layer thickness  should 

not be less  than 1.5 inches. 

2. Use  the  same  grade of asphalt as in conventional 

asphalt pavements. 

3. Use gap-graded aggregate  mix ttBll Table 4.3. 

4. Use  three  percent  coarse  rubber (80% coarse/20% 

fine) . 
5. Mixing  temperatures in the range of 320-350 degrees 

F and compaction  temperatures of 300-320 degrees F are 

.desirable. 

6. Determine S mix at short  times of loading  for 

expected  temperatures.  Stiffness  values  should not be 

less than 250,000 psi at 77  degrees and 0.1 second 

loading time. 

7. A preliminary  design asphalt content  should be 

selected  using the air  voids  with  a  target  of 3 

percent. 

8. For  all  expected  traffic and temperature  conditions, 

and for the anticipated  range of stiffness 

characteristics of the other  rubber or aggregate 

gradations  perform  a  fatigue analysis. 

Rubber-Asphalt Mixes 

No specific  guidelines  for  designing  rubber-asphalt  mixes  as 

compared to conventional  mixes  were found except  for the 

following  general items: 
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TABLE 4 . 3  GRADATION B (Ref 6 )  

M i x  Designat ion 

Average D a i l y   T r a f f i c  

Thickness  (in.)  Min. 

sieve  Sizes : 

31 4" 

518" 

112" 

318" 

114" 

110 

130 

1200 

114" to   110  S ize   Fract ion 

Pre l imtnary  Mix Dcslgn C r i t e r i a :  

100 

60-80 

23-38 

15-27' 

8-12 

"" 

( 8 )  

2500-10~OOO 

1.5 

Aggregate I Passing 

- 
#Q 

- 
60-80 

30-44 

19-32 

13-25 

8- 12 

12  Flax. 

( C )  

10,000 

1.75 

100 

- 
- 
50-62 

30-44 

19-32 

12-23 

7-11 

12 Max. 

Rubber. I of   Tota l   M ix  
by  weight 3 .O 3.0 3.0 

by volume (approx.) 6.7 6.7 6.7 

Asphalt, I o f  Total  MIX 
by  weight 8-9.5 1.5-9.0 7.5-9.0 

Maximum Voids (I)  2.0 2.0 4.0 
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1. Rubber-asphalt mixes should  be designed identical to 

a conventional mix. 

2. Standard marshall procedures may  be utilized, 

however, marshall stability may  be slightly reduced in 

rubber-asphalt  mixes. 

3. There will be  a 1-2% increase  in the optimum asphalt 

content due  to  the increase in  viscosity of  the 

rubber/asphalt blend.  (Approx. 20% more asphalt by 

weight). 

4. Stay on medium to  coarse side of grading limits. 

5. Keep passing ASTM 830 below 25%. 

6 .  Avoid skip gradings (ie. Low voids in mineral 

aggregate) . 
7. Mix  temperature should be 350 degrees, compaction 

temperature should be 325 degrees F. 

8 .  Do not use antistripping  agents. 

9. Set upper limit  of marshall flow at 20. 

Rubber-Modified  and  Rubber-Asphalt Costs 

Table 4.4 is  a cost comparison of rubber-modified versus 

conventional mixes in  Alaska  (Ref. 7). This is strictly a cost 

per ton comparison which shows a 42% increase in cost on a  per 

ton basis for rubber-modified versus conventional mixes.  If the 

increase in structural coefficient is considered based on  fatigue 

and permanent deformation performance (ratio of 1.3/1) and the 

difference in mix yield is considered based on  the lower unit 
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TABLE 4.4 COSTS OF RUBBER-MODIFIED MIXES 

VERSUS CONVENTION MIXES  (Ref 7) 

C o n v e n t i d  aspha PlUSRid." 
crmen1  binder tubbewnodilied binder 

cos1 COS1 
Comwnent c o s 1  (Yo) cost (Yo) 

Rubber 

3. I I .75 3.8 I .50 Energy  costs 
14.8 8.25 20.5 8.00 Aggregate 
12.9 7.20 - - 

Mixing 7.00 17.9 7.25 

Engineering  services 
7.8 4.35 10.9 4.25 Placement 
4.0 2.25 5.8 2.25 Haul 

13.0 

and royalties , 
- - 4.50 8. I 

Markup 4.00 10.3 4.40 
100.0 55.68  100.0  39.00 Total 

7.9 , 

Note: Costs arc in dollardton of mix. Cos:s arc genetally based on material for appximately 
16.500 sq yd (13.635 mz) placed a: l-l/Z& (43-mm) depth. I5 miles (24.1 km) from thc plant. R U b b e r  
costs include shipment from Seattle, Wsshinglon. to Anchorage,  Alaska. Binder Cost is based 0n 

6.5% by weight of mix  for the traditional aspha11 cement  and 8.5% by weight Of mix for 
rubber-modified.  The  rubber was calculated to be 3% by weight of total  mix. 
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weight of the rubber-modified mix (convention  142  lbs/cu ft, 

rubber-modified 132 lbs/cu  ft)  then the actual life-cycle cost 

difference  for  an  equivalent  rubber-modified  overlay  versus 

conventional  overlay  would be $3.18 per square  yard  for the 

rubber-modified and $3.12 per square yard for the conventional 

overlay. This  shows  that  evaluation of these  mixes  on  a per ton 

basis  can be misleading. Rubber-asphalt mixes  have  a  similar 

increase in layer equivalencies as determined in the laboratory, 

however,  since the rubber is only presence in small  quantities in 

the binder, the mix yield is only slightly  greater than  that of a 

conventional mix. 

Scrap  Tire  Use  Potential 

It  has been estimated that  approximately  240  million  scrap 

automobile and truck  tires  are produced annually  in the United 

States. North  Carolina  contributes  approximately  10  million of 

these  scrap tires produced. In 1989, NCDOT  utilized 5,300,000 

tons of asphalt  pavement in its  entire  program and 3,400,000  tons 

in its  resurfacing program. Given  this  level of construction and 

the following  scenarios, the following  levels of scrap tire 

utilization  could occur. 

Scenario l-Low level of utilization of rubber-modified  mixes in 

resurfacing only (10% of resurfacing tons would  be  rubber- 

modified)  would  utilize 1.7 million  scrap tires  (17% of all  scrap 
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tires  in  North  Carolina).  Low  level  of  utilization  of  rubber- 

asphalt  mixes  in  resurfacing  only (10%) would  utilize 0.9 million 

scrap  tires (9% of  all  scrap  tires  in  North  Carolina). 

Scenario  2-Medium  level  of  utilization  of  rubber-modified  mixes 

in  resurfacing  only  (25%  of  resurfacing  tons  would  be  rubber- 

modified)  would  utilize 4.25 million  scrap  tires  (42.5%  of  all 

scrap  tires  produced  in  North  Carolina).  Medium  level  of 

utilization  of  rubber-asphalt  mixes  in  resurfacing  only  (25%) 

would,utilize 2.2  million  scrap  tires  (22%  of  all  scrap  tires 

produced  in  North  Carolina). 

Scenario  3-High  level  of  utilization  of  rubber-modified  mixes  in 

resurfacing  only  (50%)  would  utilize 8.5 million  scrap  tires  (85% 

of  all  scrap  tires  produced  in  North  Carolina).  High  level  of 

utilization  of  rubber-asphalt  mixes  in  resurfacing  only  would 

utilize 4 . 4  million  scrap  tires  (44%  of  all  scrap  tires  produced 

in  North  Carolina). 

From  these  scenarios,  if  the  level  of  utilization  of  rubber- 

modified  mixes was 10-50%  it  would  utilize  17-85%  of  all  scrap 

tires  produced  in  North  Carolina.  If the level  of  utilization  of 

rubber-asphalt  mixes was 10-50% it  would  utilize 9-44% of  all 

scrap  tires  produced  in  North  Carolina. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

Based on  this research it  is 

(1) Ground rubber can be usec 

concluded  that: 

i in North Carolina 

flexible pavements with a probable increase in fatigue 

life and a decrease in rutting potential. The initial 

cost increase in the unit price of mix  will  be from 10- 

50% depending on  the  type of mix and the availability 

of ground rubber. Further study will be necessary to 

determine how much effect the longer pavement life will 

have  on the life-cycle  cost  of the rubber mixes. 

(2) It  will be  necessary following the laboratory 

characterization and  life-cycle analysis for NCDOT to 

conduct several field  verification  or demonstration 

projects before incorporating  ground rubber in  asphalt 

mixes  on  a large  scale. This will allow modifications 

to be made to mixes and refine construction 

specifications to adhere to the needs of  NCDOT. 

(3) The  use of ground rubber in  asphalt pavements can 

dispose of 9-85% of all scrap tires produced annually 

in North Carolina depending on  the process utilized for 

incorporation of rubber into mixes and the level of 
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usage in the resurfacing program. State  funding is . 

already  available to counties for disposal of scrap 

tires. These  funds,  or  similar  funding to NCDOT, may be 

necessary to offset the initial  increase in material 

costs of disposal of scrap  tires in asphalt mixes. 
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APPENDIX A 

SURVEY QUESTIONAIRE 



3 8  

North Carolina State University 
Department of  Civil Engineering 

September 19 ,  1989 

Mar Sir :  

Each yoat approximatoly 200 million 1,180 autorobilo and 
40 million U 8 . d  truck tir.8 at. di8po8.d of in th  U n i t &  
Stat... AS a 801id warnto, usod tito. poso a par t icu lar ly  
voxing p r o b l a  minco thoy @ro not biodogradablo. Tho 80-h 

nwnbor of topical  ir8uo8 on aolid wamto manri-t. 
. fo r  8 O l U t i O r u  t o  tho u8od t i ro  di8pO8.l p r o b l a  i 8  0- Of a 

North C a r o l i n a  Stat. University im currently 

asphalt  pavlng mixtutrs on khvo o f  tho mrth C a r o l i n a  
Environmont.1  Manag.p.at C d r 8 i o n .  -8.d os thia 
re8oarch,  doci8ioru w i l l  bo ma& a8 to   t ho   foas ib i l i t y  of 
tho 1,180 of thi8 matorial. Thoroforo, wa a rk   t ha t  you 
comploto tho attachod quostionairo 80 that w, may i n c h &  
your exprionco  with  amphalt-rubkr  paving mixturos i n  OUE 
analysis. Plea80 return tho quostionairo by Octobor 16, 
1989. 

rorouching th. fOa8ibil i ty O f  U 8 b g  murid nrbkr in 

If you havo any quomtionr plea80 contact w a t  (919)  
737-7207. 

P r O f O 8 8 O t  O f  
Civi l  Engineoring 
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stat. Dopartmont of Tran8portation 
Asphalt R u b b O r  Paving nixtuto Survoy 

Tho following  quortinaito aQpli.8 to  tho U80 O f  wound 
rubbar in  aaphalt paving mixtutor. 

1.  -0 you now u 8 h g  or havm you u r d  ground rubkr in 
asphalt miXe8? 

2. Was tho ground rubbar blondod with tho arphalt C-t Or 
warn it u a d  to roplacm soma of th. firu aggragat.? 

3.  ZV. tho- any rpociffc conrtrpction roquirmnts or 
spocificationr  noc08ruy f o r  thf8 particular mix? 
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4 .   re there  any epecific production, handling, or equip-nt 
requirements for this mix? 

5 .  Havo thoro Inson  any  problem8 i n  production, construction, 
or performance with t h i 8  mix? 

6 .  What i 8  your e8timat.d cort  difference bet-n a8phalt 
rubber mix08 and conventional mixor? 

7 .  H o w  can arphalt rubkr mix08 bo u t i l i z e   t o  a  greater 
degroa in your rtato? 
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8 .  Haa your s ta te  published any art ic le8  or reaearch  atudie8 
on the we and/or performance of aaphalt rubber mixtures? If 
so, pleare  attach a copy or  reference if they are readily 
available.  

Project Data: 

9 .  Project locations and- point8 of contact. 

1 0 .  General data,  including pavement de8ign and traffic 
data. 

11. R u b b e r  and aaphalt  content. 

12. Conmtruction data and  problem8 encountered. 
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13. Overall performance. 

14. Reason8 for using asphalt rubber. 

15 .  Pre8ent condition and age. 

4 N-8 

Title a 

Phon. a 
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State  Department of Transportation 
Asphalt Rubber Paving  Mixture  Survey 

The  following  questinaire  applies  to  the use of  ground 
rubber  in  asphalt  paving  mixture8. 

1. Are you  now  uaing ox have  you  used  ground rubber in 
asphalt  mixes? 

We  have  used P1 us  Ride in a mi le  section  of  two-1  ane  pavement. 

2. Was the ground rubber blended  with the aaphalt ccrmsnt or 
was it used to replace some of the fine aggregate? 

Used  to  replace  some  of  the  fine  aggregate. 

3. Are there any specific  construction requirements or 
specifications  necessary for this  particular mix? 

We  followed  the  manufacturer's  specifications  and  procedures. 



4. Are  there  any  specific  production,  handling, or equipment 
requirements  for  this  mix? 

Mix has t o  be hotter  than  normal.  The voids i n   p l a c e  have t o  be 
c o n t r o l l e d   a t  a low  leve l .  

5. Have  there  been  any  problema  in  production,  construction, 
or performance with  this  mix? 

Performance t o   d a t e   i s   s a t i s f a c t o r y   t o   r e d u c e   r a v e l l i n g  and  cracking. 

6. What is your estimated  cost  difference  between  asphalt 
rubber mixes  and  conventional  mixes? 

Mix   w i th   rubber  i s  about   tw ice  the  cost   o f   convent ional   mix .  

7. How can asphalt rubber mixes be utilize to a  greater 
degree in your state? 

Not u n t i l   a d d i t i o n a l   s e r v i c e   l i f e   j u s t i f i e s   t h e   c o s t   i n c r e a s e .  



8. Has your  state  published  any  articles or  research  studies 
on the  use  and/or  performance of asphalt rubber  mixtures? If 
so, please  attach  a  copy or reference if they are readily 
available. 

We monitor each year,   but  no fo rmal   repor ts   wr i t ten .  

Project  Data8 

9. Project  locations  and  points of  contact. 

McDonald  Pass, 20 mi les  west o f  Helena, Montana. 

10. General  data,  including  pavement  derign and traffic 
data . 
2000+ ADT, 10% t rucks  

0.2' t h i c k   s e c t i o n  
.- 

11. Rubber and  asphalt  content. 

Rubber was blended  wi th  f ine  aggregate.   Don' t  have q u a n t i t i e s ,  - +6% asphalt.  

12. Construction  data  and  problems  encountered. 

The mix has t o  remain  hot i n  order  to  remain  workable.  



13. Overall performance. 

Good to   da te   (abou t  5 years   o ld ) .  

14. Reasons for  using asphalt rubber. 

To prevent   the   ear ly   b reak ing  up o f   i c e   l e n s e s  on the  surface o f  the  
pavement. 

15. Present  condition  and age. 

Same as #13. 

Name: Robert T. Rask 

Title: Chief ,   Mater ia ls  Bureau 

Phone: 406-444-6297 



State  Department of Transportation 
Asphalt  Rubber  Paving  Mixture  Survey 

The  following  questinaire  applies  to the  use  of  ground 
rubber  in  asphalt  paving  mixtures. 

1. Are you  now  using or have  you  used  ground  rubber  in 
asphalt  mixes? 

Yes,  we  have  used  ground  rubber  in  asphalt  concrete 

at  one  location. 

2. Was the ground rubber blended  with the asphalt  cement or 
was it used to replace some of the fine  aggregate? 

It  was  used  to  replace  the  fine  aggregate. 

3. Are there  any  specific  construction  requirements or 
specifications  necessary  for  this  particular mix? 

We  added  the  recommend  amount of ground  rubber  to 

our  regular  mix.  The  only  other  variable  was  the 

bitumen  content. 



4. Are there  any  specific  production,  handling, or equipment 
requirements for this mix? 

We  added  the  ground  rubber  to  the  pugmill  in  pre- 

weighed  bags. 

5. Have there  been  any  problems  in  production,  construction, 
or  performance  with  this  mix? 

No 

6. What is your  estimated  cost  difference  between asphalt 
rubber  mixes  and  conventional mixes? 

Approximately  $lO.OO/ton. 

7. How can asphalt  rubber  mixes be utilize to a greater 
degree in your state? 

Need  more  test  sections to evaulate. 



8 .  Has your s ta te  published any ar t i c l e s  or research  studies 
on the  use and/or performance of  asphalt rubber mixtures? I f  
so, please  attach a copy or reference i f  they are  readily 
available.  

No 

Project Data: 

9 .  Project locations and point8 of  contact. 

Logan  County,  USR 33, 10.12 to 10.69. 

10.  General data,  including pavement deaign and traffic 
data 

1 1/4 to 1 1/2  inches  thick 

5720 ADT 

11. Rubber and asphalt  content. 
Rubber 1.5% 

Bitumen 6 . 3 %  and 7.0% 

12 .  Construction  data and  problem8 encountered. 

Normal  Construction 

- Better  workability 

No problems 

r 



13. Overall performance. 

Normal  performance,  no  different  from  conventional 

asphalt  concrete. 

14. Reasons for using asphalt rubber. 

Good  performance  reported by Canada. 

15.  Present  condition and age. 

8 years old, performing  the  same  as  a  conventional 

asphalt  concrete  mix. 

Name: S. William  Dudley 

T i t l e t  Maintenance  Staff  Engineer 

phones 6 1 4 - 6 4 4 - 7 1 5 3  



State Department of Transportation 
Asphalt Rubber Paving  Mixture Survey 

The following questinaire  applies to the use  of  ground 
rubber in asphalt  paving  mixtures. 

1. Are you now using or have you used  ground rubber in 
asphalt mixes? 

PlusRide was used  on  one  project.  That is the  only  project in 
which  ground  rubber was used  in an asphalt mix. 

2. Was the ground  rubber  blended with the asphalt cement or 
was -it used to replace some of the fine  aggregate? 

It replaced sane of  the  fine  aggregate. 

3. Are there any specific  construction  requirements or 
specifications  necessary for this  particular mix? 

A copy  of  the  specification used is  attached. 



4 .  Are there  any  specific product ion,  handling, or equipment 
requirements f o r  this  mix? 

See the attached  specification. 

5. Have there been any  problems  in  production, construction, 
or performance w i t h  thia mix? 

The mix was hard to  w r k  with,  but no out of the  ordinary problems 
were encountered. 

6. What is your estimated cost difference between asphalt 
rubber mixes and conventional mixes? 

The PlusRide mix cos t  was about twice that of a conventional mix. 

7. How can asphalt rubber mixes  be  utilize to a greater 
degree i n  your state?' 

Irowr cost,and h n s t r a t i o n  of better performance. 



8 .  H a s  your s t a t e  published any ar t ic les  or   research  s tud ie s  
on the  use and/or  performance of a s p h a l t  rubber mixtures? If 
so, please  a t tach a copy o r  reference i f  they are readi ly  
available.  

No. 

Project  Data: 

9 .  Project   locat ions and points of contact. 

Route 2, East Greenwich, fran Frenchtm Road to  Route 4 

10. General data, including pavement design  and t r a f f i c  
data  Pavement Design: 1%" Plusfide 

1% I' Modified binder  course 
4"  Modified  base course 

12" Gravel  borrow subbase 
Traffic Data: March 1987 AADT: 6600 

11. Rubber and asphalt   content.  

3.5% Plus  Ride 
8.2% asphalt cement 

12. Construction  data and  problems encountered. 

Detergent was added to  the water used by the rollers. No problems 
were encountered. 



I 

13. Overall performance. 

Satisfactory 

14. Reasons for using asphalt rubber. 

PlusRide w a s  used  because it is supposed t o  prevent the adhesion of ice to the 
surf  ace. 

15. Present condition and  age. 

The paveltlent is 2 years old and is in good condition. 

Name : Francis Manning 

Title: Sr. Civil mgineer 

Phone: (401) 277-2524 



State  Department of Transportation 
Asphalt  Rubber  Paving  Mixture  Survey 

The following  questinaire  applies  to  the  use  of  ground 
rubber  in  asphalt  paving  mixtures. 

1. Axe you now  using  or  have you used  ground rubber in 
asphalt  mixes? 

Two short 1,000 f t .   s e c t i o n s  of plus-ride were placed  in 1985 for  evaluation  only. 

2. Was  the ground rubber blended with the asphalt  cement or 
was it  used to replace some of the fine aggregate? 

Used to   replace some o f  the  aggregate. 

3. Are there any  specific  construction  requirements or 
specifications  necessary  for  this  particular mix? 

Yes, in  gradation and mixing, e tc .  



4. Are there any specific  production,  handling, or equipment 
requirements f o r  this  mix? 

None o f  any magnitude. 

5. Have there been  any  problems  in  production,  construction, 
or performance with this  mix? 

No. 

6. What is your estimated  cost  difference between asphalt 
rubber  mixes  and  conventional  mixes? 

75% increase i n  to ta l   cos t  o f  t h e  rubber  mixes. 

7. How can asphalt  rubber  mixes be utilize to a greater 
degree in your state? 

By decreasing  the  cost .  



8 .  Has your s t a t e  published any a r t i c l e s  o r  research studies 
on the  use  and/or  performance of asphalt rubber mixtures? If 
so, please at tach a copy or  reference i f  they  are  readily 
available. 

No. 

Project Data: 2 locations - approximately  1000'  long  each. 

9.  Project  locations and points of contact. 

1st - north o f  Des Moines just  south of Ankeny on U.S. 69. 
2nd - NW of Des Moines on WB lane  of  1-80. 

10. General data, including pavement design and traffic 
data. 

1st above - 2 lane - 10,000 V.P.D.  - 2'' p 
f r i c t i o n  numbers 1987 were  38 

laced on P . C . C .  - average 

2nd above - 4 lane - 1-80 - WBL - 8,000 V 
Placed  2'' thick  over P.C.C.  - 

11. Rubber ang asphakit conhi%. Aver e f r ' c  ' n num r 1987 

.P.D.  one direct ion - 25% trucks 
now has been overlaid  in 1988. 
were  31. 

3% rubber 
3-3/4% A . C .  

12. Construction  data and problems encountered. 

No probl ems. 



13. Overall.  performance. 

14. Reasons for using asphalt rubber. 

Eva1 u a t  i on. 

15.  Present  condition and age. 

Above. 

N-: Roderick Monroe 

Title: Bituminous  Engineer 

phone: (515) 239-3117 



State  Department of Transportation 
Asphalt  Rubber  Paving  Mixture  Survey 

The following questinaire  applies to the  use  of  ground 
rubber  in  asphalt  paving  mixtures. 

1. Are you now using or have you used  ground rubber in 
asphalt  mixes? 
TWO test  sections in use  since  1985. 

2 .  Has t h e  ground rubber-blended with the asphalt  Cement Or 
was it used to replace some of the fine aggregate? 
Plus  Ride  12  section  used  standard  asphalt  and  rubber  as a replacement 
for  aggregate. 

Arm-R-Shield  section  used  an  asphalt  mixed  with  ground  rubber  and a standard 
rock  gradation. 

3. Are there any  specific  construction  requirements or 
specifications  necessary for this  particular mix? 

Plus  Ride  12 - Rubber  needed  to be added  into  pug  mill. No rubber 
tired  rollers  allowed.  Special  aggregate  specifications  needed. 

Arm-R-Shield - Rubber  and  asphalt  blended  in  special  distributor  truck. 
Special  binder  specifications  needed. 



4. Are there  any specific production,  handling, or equipment 
requirements for  this  mix? 
Plus  Ride  12 - Soap  solution  needed  to  prevent mix from  sticking  to  rollers. 

Arm-R-Shield - Long  diameter  hoses  may  have  helped  reduce  time  needed  to  pump 
modified  asphalt. 

5. Have there been  any  problems  in  production,  construction, 
or performance with this  mix? 
Plus  Ride  12 - Mixture  sensitive  to  over-compaction. 
Arm-R-Shield - Viscous  binder  was  hard  to  pump  between  tanker  and  pug mill. Mix 
was  hard  to  compact.  It  tended  to  stick  to  rollers  and/or  winkle. 
There  were  no  major  problems.  Howeverr a detailed  evaluation  showed 
that  Plus  Ride  12  had  less  cracking  than  the  "control"  but it also  has 
some minor  ravelling. 
The  Arm-R-Shield  section is performing  well.  The  only  difference  from  the  "control" 
is fewer  fatigue  cracks. 
It is still too early  to  form  definite  conclusions  on  their  relative  performance. 

6. What  is your estimated  cost difference between asphalt 
rubber mixes and  conventional  mixes? 
For  test  sections: 

Plus  Ride 12 - $ 46/ton 
Arm-R-Shield - $ 80/ton 
Control - $ 22/ton 

7. How can asphalt  rubber  mixes  be  utilize to a greater 
degree  in your state? 
If  long  term  cost  effectiveness  can be provenr  the  mixes  may  be  used.  Rubber 
modified mixes are  not  in 0.D.O.T specifications  at  present. 



8 .  Has your state published any a r t i c l e s   o r  research studies 
on the  use and/or  perfonnance of asphalt rubber mixtures? If 
8 0 8  please  attach a  copy o r  reference i f  they are readi ly  
available . 
Yes. All "rubberized"  pavements  are  covered  in  the  reports  attach&. ' A 
final  report on the  test  sections  referred  to  in this questionnaire will be 
completed  in  early 1990. 

The 3 reports  attached  are: 
Evaluation  of  Asphalt  Additives:  Lava  Butte  to  Fremont  Junction 
(Interim  Report)  July 1986 

Rubber  Asphalt  Chip  Seals:  The  Dalles - California  Highway 
(interim  Report)  May 1977 and  (Final  Report)  September 1982 

Project Data: 

9.  Project  locations and points  of  contact. 

Overlay  test  sections  in  Bendr  Oregon. 

10. General  data,  including pavement design and traffic 
data. 

In  reports. 

11. R u b b e r  and asphalt  content. 

Plus  Ride 12 - 7.7% asphalt  and 3% rubber by  weight  of mix. 
Arm-R-Shield - 6.4% asphalt  and 1.4% rubber  by  weight  of  mix. 

12. Construction  data and problems encountered. 
See  reports  and  answers  to 4/ and 5 of this reply. 



13. Overall  performance. 
i 
1 See 5 of this  reply. 

14. Reasons for using  asphalt rubber. 
A desire  to  see if it is a cost-effective  pavement  additive. 

15. Present condition  and age. 

See  1  and 5 of this  reply. 

Name: W. J. Quinn 

Title: Engineer of Materials & Research 

Phone : ( 503 1 378-2621 



State  Department of Transportation 
Asphalt  Rubber  Paving  Mixture  Survey 

The  following  questinaire  applies  to the use  of  ground 
rubber in  asphalt  paving  mixtures. 

1. Are you now using or have  you  used  ground rubber in 
asphalt  mixes? 

Ground  rubber  has  been  used  in  asphalt  mixes  in  two  experimental 
projects.  Rubber  was  added  to  asphalt in the  pugmill  and  used  in 
surface  course. 

2. Was  the ground rubber blended with the asphalt cement or 
was it used to replace some of the  fine aggregate? 

Rubber  was  used to replace  some  fine  aggregate. 

3. Are there any specific  construction  requirements or 
specifications  necessary  for  this  particular mix? 

Special  materials  and  construction  specifications  were  developed 
for  the  asphalt  rubber  items  for  the  experimental  projects. 



4. Are  there  any  specific  production,  handling, or equipment 
requirements f o r  this  mix? 

No special  equipments  were  required  for  the  projects  except  for an 
additional  conveyor  belt  at  the  plant  to  hoist  the  rubber  bags  to 
the  pugmill  and  manually  added. 

5. Have there been  any  problems  in  production,  construction, 
or performance with this  mix? 

No problems  encountered  in  production  and  construction.  Some  minor 
fat  spots  were  observed  immediately  after  construction.  Performance - 
too  early  to  evaluate.  Poor  rubber  coating,  minor  ravelling of surface 
rubber. 

6. What  is  your  estimated  cost  difference between asphalt 
rubber mixes and  conventional  mixes? 

Approximately 1.5 times  more  expense  for  rubber  modified  asphalt 
mix on  a  tonnage  basis. 

7. How  can asphalt rubber mixes  be  utilize to a greater 
degree in your  state? 

Use  asphalt  rubber both. in  base  and  surface  construction.  By 
requiring  or  allowing  as  option  pending  favorable  results on 
two  experimental  projects. 



8 .  Has your state published any a r t i c l e s  or research  studies 
on the use and/or  performance of asphalt  rubber  mixtures?  If 
so, please attach a copy or reference  i f   they  are  readily 
avai lable .  

One  report - basically  summarizing  literature.  (attached) 

Project Data: 

9 .  Project locations and points  of contact.  

RT 144 ,  Town of  Bethlehem,  Albany  County, NY 
Rt 1 7 ,  Town of Deposit,  Delaware  County, NY 

10.  General  data,  including pavement design and t r a f f i c  
data. 

Rt 144 - lvl of  surface  course  over 3 /4 "  truing  and  levelling  course. 
App. 5000 vpd. 

Rt 17 - ly' of  surface  course  over 1%" of binder  course  over 2%"  of 
truing  and  levelling  course  over  cracked  and  seated  pavement.  App. 5150 
vpd . 

11. Rubber and asphalt  content. 
Rt 144 - Rubber 1% 2% 3% Plusride 

Rt 17 - Rubber 1% 2% 3% Plusride 
Asphalt  Content 6.4%  6.8%  7.2%  7.2% 

Asphalt  Content  6.2% 6.8%  7.4%  7.4% 

12. Construction  data and problem8 encountered. 

Rt 144 - Constructed on August 30,   31 ,   1989 
2 independent 1000' feet  long  sections  using 1%, 2%, 3 % ,  and  plusride 

paving. 
. Plusride A.C. % reduced,  0.2%due  to  fat  spots  occurring on 1st  day's 

Crushed  limestone  and  AC-20  were  used. 

Rt 17 - Constructed on August 29 ,   30 ,   1989  
2000'  feet  long  sections  using 1%,  2%, 3% and  plusride. 

Crushed  gravel  and AC-20 were  used. 

No problems  encountered. 



1 3 .  Overall  performance. 

Satisfactory  after 1 month  construction.  Minor  ravelling rubber. 

1 4 .  Reasons for using asphalt rubber. 

To get rid of waste tires. 

15. Present   condit ion and age. 

Both  projects  satisfactory  after 1 month of  construction. 

Name: P.K. Gupta 

Title: Senior  Research  Engineer 

phone: 518-457-5826 



State  Department  of  Transportation 
Asphalt  Rubber  Paving  Mixture  Survey 

The following  questinaire  applies to the use  of  ground 
rubber  in  asphalt  paving  mixtures. 

1. Are you now using or have  you  used  ground rubber in 
asphalt  mixes? 
- YES. The primary  use  of  ground  rubber  has  been  on  highway  con- 
struction  contracts  under  the  attached  Special  Specification  Item 
3356, "Hot  Asphalt-Rubber  Seal  Coat." 

Ground  Rubber  in  Hot  Mix  Asphaltic  Concrete  Mixes  has  had  very 
limited  use  on  a  few  experimental  projects  and  is  still  under 
evaluation. 

2. Was the ground rubber blended with the asphalt cement or 
was it used to replace some of the fine  aggregate? 

The ground  rubber  has  been  blended  with  the  asphalt.  (Please  see 
attached  specification). 

3. Are there any  specific  construction  requirements or 
specifications  necessary  for  this  particular mix? 
- YES. The  requirements  that  are  particular  to  this  item  beyond 
the  scope  of  the  standardspecifications  are  contained  in  the 
special  specification.  (Please  see  attached  specification). 



4. Are there any specific  production,  handling, or equipment 
requirements for this  mix? 
- YES. These  requirements  are  contained  in  the  attached  special 
specification. 
Specific  information  on  material  testing  can  be  obtained by 
contacting:  Materials  and  Tests  Division  (D-9) 

P.O. Box 5051 
Austin TX 78763 

5. Have there been  any  problems  in  production,  construction, 
or performance with this  mix? 

A  substantial  number  of  projects  have  been  completed  and  accepted 
containing  this  item  with  satisfactory  results. 

6. What is your estimated  cost difference between asphalt 
rubber mixes  and  conventional  mixes? 
For  use  with  the  attached  special  specification,  Hot  Asphalt- 
Rubber  is  bid  by  the  ton.  Attached  is a copy  of  the  departments' 
"Average Low Bid  Prices"  report.  This  report  indicates an Average 
Bid  Price  of  $369.27/ton.  An  asphalt  used  .for  seal  coat  under  the 
standard  specifications  is  bid  under  item  316,  "Seal  Coat",  by 
the  gallon.  A  copy  of  bid  prices  under  this  item  is  also  attached. 

7. How can asphalt  rubber  mixes  be  utilize to a greater 
degree in  your state? 

Evaluation  of  performance  data  is  continuing. If this  data  in- 
dicates  that  cost  effective  benefits  can  be  attained,  the  usage 
of  this  material  will  most  likely  increase. 



8. Has  your  state  published  any  articles or research studies 
on the use and/or  performance of asphalt rubber mixtures? If 
so, please  attach a copy or reference if they are readily' 
available . 
I n f o r m a t i o n   i n   t h i s  area can   be   a t t a ined  by contac t ing :  

Transportat ion  Planning  Divis ion (D-10) 
P.O. Box 5051 
Austin TX 78763-5051 
Attn :   E l izabe th  Humphrey 
( 5 1 2 )  465-7644 

Project Data: 

9 .  Project  locations and-points of  contact. 

(See  question No. 1 2 )  

10. General  data,  including  pavement  design and traffic 
data . 

(See  quest ion No. 1 2 )  

11. R u b b e r  and  asphalt  content. 

This  i s  i n c l u d e d   i n   t h e   a t t a c h e d   s p e c i a l   s p e c i f i c a t i o n .  

12. Construction  data  and  problems  encountered. 
The Texas  State  Department of Highways  and Pub l i c   T ranspor t a t ion  
d i v i d e s   t h e  state i n t o  24 d i s t r i c t s .   T h e s e   d i s t r i c t s   c o n t r o l  
ma in tenance   and   cons t ruc t ion   ac t iv i ty   w i th in   t he   d i s t r i c t .  A 
l a rge   percentage  of t h e  work d o n e   u n d e r   t h i s   s p e c i a l   s p e c i f i -  
c a t i o n  was done i n   t h e  E l  P a s o   d i s t r i c t   ( D i s t r i c t  2 4 ) .  S p e c i f i c  
pro jec t   in format ionm  can   be   a t ta ined  by contac t ing :  

Texas  State  Department of Hwy. & Pub l i c  
T ranspor t a t ion  
P.O. Box 10278 
E l  Paso TX 79994 
Attn:  Richard R. E l l i s o n ,  P.E. 
(915)   778-4254 



13. Overall  performance. 

(Please  see  question No. 12 )  

14. Reasons for using asphalt rubber. 

(Please  see  question No. 12) 

15. Preaent condition  and age. 

(Please see question No. 1 2 )  



SPECIAL  SPECIFICATION 

ITEM 3356 

HOT  ASPHALT-RUBBER  SEAL  COAT 

DESCRIPTION. This item  shall consist  of a  surface  treatment com - 
Dosed of  one  or  two  applications as shown  on  the  plans,  of  a hot 
asphalt-rubber  material  covered  with  aggregate for  sealing of  new 
bases or  existing  pavement in accordance  with  these  specifica- 
tions. 

This  process  may be proprietary and bidders  are  given  general 
notification  that the Department makes no representations  as  to 
rights or ownership  of  processes  or  methods  required in any  speci- 
fication, and that  the  bidder is solely  responsible  for  making 
appropriate  inquiries,  securing  permission,  paying  royalties, etc., 
for their use. 

MATERIALS. 

a. Asphaltic  Materials.  The  asphaltic  materials  used  shall be one 
or  more  of  the  materials prescribed in the Item,  "Asphalts, Oils 
and Emulsions",  whichever.are called for  on  the-plans. 

b. Rubber. The  rubber shall  be one o f  the  following types: 

Type I - Ground  tire  rubber,  to be used in a  mixture  of asphalt, 
rubber and diluent. 

Type I1 - Mixture  of  ground  tire  rubber and high  natural 
reclaimed  scrap  rubber,  to be used in a  mixture  of asphalt, 
extender oil  and  rubber. The  natural  rubber  content,  deter- 
mined by ASTM C 297, shall  be a minimum of 25 percent. 

The  ground rubber shall comply  with the  following  gradation 
requirements  when  tested by Test  Method Tex-200 F, Part I: 

U.S. Std Sieve  Size 

No. 8 
No. 10 
No. 30 
No. 50 
No. 100 

Percent  Retained 
Type I Type I 1  

0 0 

90- 100 50- 70 
95- 100 70-95 

0-5 - 

- 95-100 

The  ground rubber shall  be free  from  fabric,  wire,  cord or  other 
contaminating  materials,  except  that up to  four  percent  of  a 
dusting  material  such  as  calcium  carbonate  may be included  to 
prevent the  particles from  sticking  together.  The 

1-8 3356.000 
8-85 



rubber,  irrespective of diameter, shall  not be greater  than 1/4 
inch in length and shall  not  have a moisture  content in excess 
of two  percent by weight. 

c. Diluent. The  diluent shall be a hydrocarbon  distillate 
complying  with  the  following  requirements  when  tested in 
accordance  with ASTM Test  Method D 86: 

Initial Boiling  Point, F,  Minimum - - - 340 
End Point, F, Maximum - - - - - - - - - 600 

d. Extender Oil. The  extender oil  shall  be a high-flash,  resinous 
aromatic  type  which  when  blended  with  the  asphaltic  material 
will result in a  mixture  with an absolute  viscosity  of  600-2000 
poises at 140 F. 

e. Aggregate. The  aggregate used  shall  be  of the  type and grade  or 
types and grades  as noted on the plans and selected  from  those 
prescribed in the Items, "Aggregate  for  Surface  Treatments", 
"Aggregate  for  Surface  Treatments (Precoated)" or in the Item, 
"Aggregate  for  Surface  Treatments  (Lightweight) 'I. 

3. EQUIPMENT. 

a. Diitributor.  The  distributor shall  be self-propelled  pressure 
type  equipped  with a  separate  power unit, distributing pump 
capable of pumping the specifi-ed material at the  specified  rate 
through  the  distributor tips,  and equipment for heating the 
bituminous  material.  The  distribution bar on  the  distributor 
shall  be fully  circulating  with  nipples and valves so 
constructed  that  they  are  bathed in the  circulating  asphalt  to 
the  extent  that the nipples will  not become  partially  plugged 
with  congealing  asphalt  upon  standing,  thereby  causing  preli- 
minary  streaked or irregular  distribution  of asphalt. 
Distributor  equipment shall include a tachometer,  pressure 
gauges,  volume  measuring  devices, and a  thermometer  for  reading 
temperature of tank contents. The  spray  bars on  the  distributor 
shall  be controlled by a bootman  riding at the  rear of the 
distributor in such a position  that  operation of all sprays is 
in full view and accessible  to him for  controlling  spray widths. 
The  distributor shall  be capable  of  adequately  mixing  the 
asphalt,  rubber and diluent or oil  and keeping the  rubber in 
uniform  suspension.  The  distributor may  be equipped  with  an  on 
board scale  system  capable  of  weighing its  load within an 
accuracy  of 0.4% of the load being weighed. 

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 o f  the  two 
materials  being  incorporated  into the mixture. 

2-8 3356.000 
8-85 



b. Aggreqate  Spreader. A self-propelled  continuous-feed  aggre- 
gate  spreader will be used which will uniformly  spread  aggre- 
gate at the  rate  specified by the Engineer. 

c. Rollers. Rolling  equipment shall meet  the  governing  specifi- 
cations  for  the Item, "Rolling". 

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

e. Aggregate  Heatinq  System.  The  system  for  heating  the  cover 
aggregate shall  be of  the  type that  continually  agitates  the 
aggregate  during  heating and in which the  temperature  can be so 
controlled  that  the  aggregate will  not  be injured in the 
necessary  heating operations required  to  obtain the specified 
temperature.  The  burner, or  combination  of  burners, and type of 
fuel  used shall  be such  that in the  process  of  heating  the 
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 indicate  the 
temperature  of  the  aggregate  when it leaves the heating system. 

f. Truck  Scales. A set of standard  platform  truck  scales,  con- 
forming  to  the Item,  "Weighing and Measuring Equipment'  shall  be 
placed at the  location  approved by the Engineer. The  Engineer 
may waive  this  requirement if the  distributor  has  adequate  on 
board, calibrated  scale system. 

4. CONSTRUCTION  METHODS. 

Seal coats shall  not  be applied when  the  air  temperature is below 70 
F and i s  falling, but may be applied  when the  air  temperature is 
above 65 F and  is rising the  air  temperature  being  taken in the 
shade and away  from  artificial heat.  Seal coats  shall not  be 
applied when  the  temperature  of  the  surface  on  which  the seal coat 
is to be applied is below 50 F. 

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

The  Contractor  may  use  a  mixture  of  asphalt,  diluent and Type I 
rubber or  of asphalt,  extender oil  and Type 11 rubber. 

a. Mixture of  Asphalt,  Type I Rubber and Diluent (Optional). 

(1) Mixinq. The  proportions  of  the  asphalt and rubber by 
weight  shall be 75 plus or minus 2 percent and 25 plus or 
minus 2 percent,  respectively. 
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The temperature o f  the  asphalt shall  be between 350 F and 
425 F during the  addition of the rubber.  The  asphalt and 
rubber shall be carefully  combined and mixed and reacted 
together. The  reaction period  shall be  at least 30 minu- 
tes  after all rubber has been added.  At the  direction of 
the  Engineer, the reaction  period shall  be extended to 
obtain the desired  properties in the  asphalt-rubber mix- 
ture. The  temperature  of  the  resulting  asphalt-rubber 
mixture shall  not be less than  325 F during the  reaction 
period. 

If a  job  delay  results  after  the full reaction  has 
occurred, the  asphalt-rubber  mixture  may be allowed to 
cool,  but  shall  be slowly  reheated to an acceptable 
spraying  temperature  just  prior  to  application. If, in the 
opinion  of the Engineer, the  asphalt-rubber  mixture  has 
been damaged by excessive  or  prolonged  heating, it shall 
not  be  used. 

Just prior  to  application,  diluent up to  a  maximum  amount 
of 7-1/2 percent by volume of the hot asphalt-rubber mix- 
ture may  be added  as  required  to obtain  optimum  viscosity 
for  spray  application and better  "wetting"  of  the  cover 
aggregate. 

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

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

(3) Tack Coat. When directed by the Engineer,  prior to 
applying the hot asphalt-rubber treatment  on an existing 
wearing  surface, a  tack  coat shall  be  applied. The  tack 
coat, if  used, shall not  be  paid for  separately but shall 
be considered  subsidiary  to  the  various bid items. 

(4) Application. The  temperature of the  asphalt-rubber mix- 
ture  plus  diluent, shall be adjusted to  obtain  the  proper 
application  characteristics, but shall not exceed 350 F. 
The  mixture shall  be applied on  the  approved,  prepared 
surface  with  specified  self-propelled  pressure  distribu- 
tor so operated  as  to  distribute  the  material in the 
quantity  specified,  evenly and smoothly, under  a  pressure 
necessary for  proper  distribution. 
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Hot asphalt-rubber material may  be applied in a  width not 
to exceed 13 feet, or as shown on the plans, but may be 
reduced i f  uniformity of distribution is  not achieved. NO 
traffic  or hauling will  be permitted over freshly  applied 
hot  asphal t-rubber material.  Hot  asphal t-rubber material 
shall  not  be applied until immediate  covering  with 
aggregate at the proper  temperature is  assured. Paper  or 
other  suitable  material shall be  used to prevent 
overlapping of transverse joints. 

Where  specified  on the plans, the  cover  aggregate shall be 
preheated to a  temperature  between  250 and 350 F. Canvas 
or similar  covers  that  completely  cover  each load shall be 
used to  minimize  temperature  drop of the exposed cover 
aggregate, if directed by the Engineer. 

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

1 

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

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

All storage  tanks, piping, retorts,  booster tanks and 
distributors used in storing or handling  asphaltic  material 
shall  be  kept clean and  in good  operating  condition at  all 
times, and they shall be operated in such manner  that  there 
will be no contamination  of  the  asphaltic  materials  with 
foreign materials.  It  shall be the  responsibility  of  the 
Contractor  to  provide and maintain in good  working  order,  a 
recording  thermometer at the  storage heating  unit at all 
times. 

b. Mixture crf Asphalt,  Extender Oil  and Type I1  Rubber. 

(1) Mixing. The  proportions  of  the  asphalt and rubber by 
weight, shall be 78 percent, plus or  minus 2 percent, 
asphalt  (including  extender  oil) and 22 percent,  plus or 
minus 2 percent, rubber. The asphalt and extender oil 
shall  be combined and heated to a  temperature  of not less 
than 400 F. The  proportions o f  the  asphalt and extender 
oil  shall  be that  which will result in a blend of  materials 
with  an  absolute  viscosity o f  600-2000 Poises at 140 F, 
when  sampled and tested in accordance  with  Test  Method 
Tex-528-C. 
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After the asphalt and extender oil have reached the  proper 
consistency,  the  Type I 1  rubber shall  be  added  and thoroughly 
mixed  and reacted together. The  reaction period  shall  be  at 
least 30 minutes  after all rubber has been added. Temperature 
of the material during  the  reaction period shall  be 375  to  425 
F. 

If a  job  delay  results  after  the full reaction has occurred,  the 
asphalt-rubber  mixture may be allowed to cool, but shall be 
slowly  reheated to an  acceptable  spraying  temperature  just  prior 
to application. If,  in the  opinion of the Engineer, the 
asphalt-rubber  mixture  has been damaged by excessive  or 
prolonged heating, it  shall  not  be  used. 

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

Prime Coat. Prior  to applying the hot asphalt-rubber 
treatment  on a base course, the  surface  to be sealed shall 
receive  a  prime coat, unless  otherwise  directed by the 
Engineer, applied and  paid for  as a  separate item 
conforming  to  the Item, "Prime Coat". 

Tack Coat. When  directed-by  the Engineer, prior to 
applying the hot asphalt-rubber  treatment  on  an  existing 
wearing  surface,  a  tack  coat shall  be  applied. The  tack 
coat, if used, shall  not  be  paid for  directly, but shall be 
considered  subsidiary to  the various bid items. 

(4) Application. The  temperature  of  the  asphalt-rubber  mix- 
ture shall be adjusted to  obtain  the proper  application 
characteristics, but shall not exceed 425 F. The  mixture 
shall  be applied  on the approved, prepared surface  with 
specified  self-propelled  pressure  distributor so operated 
as  to  distribute  the material in the quantity  specified, 
evenly and smoothly,  under  a  pressure  necessary for  proper 
distribution. 

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

Paper or other  suitable material shall  be used to prevent 
overlapping  of  transverse joints. 
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Where  specified on  the  plans,  the  cover  aggregate shall be 
preheated  to a temperature  between 250 and 350 F. Canvas 
or  similar  covers  that  completely  cover  each load  shall  be 
used to minimize  temperature  drop  of  the  exposed  cover 
aggregate, if directed by the Engineer. 

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

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

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

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

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. 

* dition at  all times, and they shall  be operated in such 

5. MEASUREMENT.  Hot  asphalt-rubber  mixture will  be measured by the  ton 
of 2,000 pounds,  including  asphalt,  rubber and diluent  (or  extender 
oil); weighed  upon  completion  of the mixing and just  prior to 
delivery  to  the  point of application and tared  immediately  after 
application. If the  distributor is equipped  with on board scales 
the  weighing will  be immediately  before and after  each application. 

Aggregate will  be measured by the  cubic yard in vehicles, as applied 
on the road. 

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

1 

Unless  otherwise  shown on the plans, all rolling  performed as 
I required will  be measured and  paid for in accordance  with  the pro- 
/ visions  governing  the Item or Items,  'tRolling't. 

The  prime  coat will  be measured and  paid for in accordance  with  the 
provisions  governing the Item, "Prime Coat". 
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State  Department of Transportation 
Asphalt  Rubber  Paving  Mixture  Survey 

The following  questinaire  applies to the use of ground 
rubber in  asphalt paving mixtures. 

1. Are you now using or have  you  used  ground rubber in 
asphalt  mixes? Experimental  basis only 

2. Was the ground rubber-blended with the a8phalt cement or 
was it used to replace some of the fine aggregate? Blended  with 
the  asphalt  cement 

3. Are there any specific  conatruction  requirements or 
specification8  necessary for this  particular mix? 
No 



4 .  Are there  any specific production,  handling, or equipment 
requirements for t h i s  mix? Special  mixing,  pumping  and  metering  equipment 
has  been  used  to  blend  the  ground  tire  rubber  with  the  asphalt  cement  and t o  
deliver  this  material  to  the  plant  in  the  proper  proportions. 

5. Have there been  any  problems  in  production,  construction, 
or performance with this mix? N ~ .  

6. What is your estimated  cost  difference between asphalt 
rubber mixes and  conventional mixes? Approximately 10% 

7. How can asphalt  rubber mixes be utilize to a  greater 
de” in Y O U  State? Currently  ground  tire  rubber is only  being 
considered  for  use  in  friction  course  mixes. 



8. Has  your  state  published  any  articles or research studies 
on the use  and/or  performance of asphalt  rubber  mixtures? If 
so, please  attach a copy or reference if they are readily 
available. Research  Report FL/DOT/MO-89-366 attached. 

Project Data: Items 9-15 are  answered  in the  attached  report  entitled 
"Florida's Experience  Utilizing  Ground  Tire  Rubber  in  Asphalt  Concrete Mixes". 

9. Project  locations  and  point8  of  contact. 

10. General  data,  including  pavement  de8ign and traffic 
data 

11. R u b b e r  and  asphalt  content. 

12. Construction  data  and  problems  encountered. 



13. Overall  performance. 

14. Reasons for using asphalt rubber. 

15. Present  condition  and age. 

Name: Gale C. Page  or  Ken H. Murphy 

T i t l e :  Bituminous  Materials  Engineer  or  Bituminous  Engineer 

Phone: 1904)   372-5304 x208 or x191 
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State  Department of Transportation 
Asphalt  Rubber  Paving  Mixture  Survey 

The  following  questinaire  applies  to the use  of  ground 
rubber in  asphalt  paving  mixtures. 

1. Are you now  using  or  have  you  used  ground rubber in 
asphalt  mixes? 

Yes, the  mixes  were 35% r e c y c l e d   a s p h a l t  pavement. 

2. Was the ground  rubber  blended with the a8phalt cewnt or 
was it used to replace some of the fine aggregate? 

B l e n d e d   w i t h   t h e  AC 

3. Are there any  specific  construction  requirements or 
specifications  necessary  for  thia  particular mix? 

S p e c i a l   P r o v i s i o n   a t t a c h e d  



4. Are there  any  specific  production,  handling, or equipment 
requirements f o r  this  mix? 

Requires a b l e n d i n g   u n i t ,   a g i t a t o r   t r u c k s   t o   h a n d l e   t h e   a s p h a l t - r u b b e r  
blend, and a separate  meter/pump t o  add t h e   b l e n d  a t  t h e   p l a n t .  

5. Have there been  any  problems  in  production,  construction, 
or performance with this  mix? 

There was  some p rob lem  ob ta in ing   dens i t y   on  one p ro jec t .   T ransve rse  
c r a c k i n g   t h e   f i r s t   w i n t e r  was g r e a t e r   t h a n   i n   t h e   c o n t r o l   s e c t i o n s .  

6. What is your estimated  cost  difference between asphalt 
rubber mixes and  conventional  mixes? 

Asphalt-Rubber  pavement i s  abou t   doub le   t he   cos t   o f   no rma l   recyc led  
pavement. 

7. How CM asphalt  rubber  mixes be utilize to a greater 
degree in  your state? 

Through  bet ter   per formance and l o w e r   p r i c e .  



c 

Report   at tached. 

Project Data: 

9. Project  locations  and pinta of  contact. 

Hwy. 12, Eau C l a i r e  Co. ( S E  o f  Eau C l a i r e )  
Hwy. 35, Vernon Co. ( S .  -o f  Lacrosse) 

10. General  data,  including  pavement  design and traffic 
data . 

Report   a t tached.  

11. Rubber and  asphalt  content. 

Report   at tached. 

12. Construction  data and  problems  encountered. 

Repor t   a t tached.  



13. Overall performance. 

Too soon  to  tell 

14. Reasons for using asphalt rubber. 

Effort  to  utilize a troublesome  waste  product  and  search  for  improved 
paving materi a1 . 

15. Preeent  condition  and age. 

Both 2 years  old 

N-8 Clint  Solbera 

Title: Chief  Methods  Development  Engineer 

Phone: 608-267-7943 



Asphale-Rubber Recpc-& Bituminou  Surface.   This   blend  should be prepared 
a c c o r d i n g   t o   t h e  pr7p-rietary process  marketed by Cra fco   In t e rna t iona l  
Sur fac ing ,   Inc . ,  p k d x ,  Arizona   ( te lephone  800-528-4548) ,  t he   p rop r i e t a ry  
process  marketed by , r a p h a l t  Rubber  Systems  of New England,  Inc. , Warwick, 
R I .  ( t e l ephone   401-7922045) ,   o r   o the r   app roved   equa l .   Spec ia l   t echn ica l  
a s s i s t a n c e  with the d e s i g n  of   t he   r ecyc led   b i tuminous   su r f ace   mix tu re   sha l l  
b e  provided by the sarke ter  of t he   p rocess   s e l ec t ed .  A t echn ica l  
representatffe s h a l l  ge p r e s e n t  when t h i s  material is being  blended  and 
incorporefed  iato t h e  bi tuminous   mix ture .   This   asphal t - rubber   b lend  w i l l  
be   used   for   the  tota> 7avement   th ickness  a t  t he   des igna ted   l oca t ions  on t h e  
p l a m .  

g.. Materials- The  Rubber  Modified  Bituminous  Material   for  plant 
mix s h a l l  b e  uh i fom znd r e a c t e d   m i x t u r e   o f   a s p h a l t  cement  and  granulated 
rec la imed  vu lcanized  rubber .  The p ropor t ion  of r u b b e r   i n   t h e   b l e n d   s h a l l  
be de+emined  by t h e   e n g i n e e r   a n d  i s  expected  to   be  about  20% by t o t a l  
weight of t h e  a s p h a l t - r t l b b e r   b l e n d -  

1 .  B i t w i n m a  Hater ia l .  The bituminous material u s e d   s h a l l  be 
&he same g r z d e  of a s p h a l t  cement   des igna ted   for   use   in   the  
r ecyc led   t p i tuminous   su r f ace  and s h a l l  comply wi th   the  
r e q u i r e m t s  of Sec t ion   401 .3   o f   t he   s t anda rd   spec i f i ca t ions .  

2. Rubber, The r u b b e r   u s e d   s h a l l  be produced bv processing 
s c r a p  ,t-bile t ires and s h a l l  comply w i t h   t h e   s p e c i f i c  
requitea#nca of the   marke ter   o f   the   p rocess   se leo ted .  

c * Equipel3t 1. A mechan ica l   b l ende r   sha l l   be   u sed   t o  
proport iof i  end blend the a s p h a l t  cement  and  rubber  together  to  produce  the 
Rubber Modified Bi.g.ainous Material. This   b lender   sha l l   have   bo th   an  
a s p h a l t  totaiizfng m&er and a flow rate meter. 

z 1  A storage t a n k   s h a l l   b e   a v a i l a b l e   t o   m a i n t a i n   t h e  
a s p h a l t - m $ b c r   b l e n d  a t  the  temperature   designated by the  
engineer, This s to rage   t ank   sha l l   be   equ ipped   w i th   padd les   t ha t  

. are adegoate t o  mainta in   the   p roper   mix ture   o f   asphal t  cement  and 
h b b e f  . 
3. An a m u l t - r u b b e r   s u p p l y   s y s t e m   s h a l l   b e   u s e d   t o  add the  
blend to *EM a g g r e g a t e  a t  t he   mix ing   p l an t .  It s h a l l  be equipped 
with a and metering  device  capable   of   measuring  the volume 
w i t h i n  ;he t o l e r a n c e   s p e c i f i e d   f o r   t h e   j o b  mix. 
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Pr io r   t o   p l acemen t  of  the  Asphalt-Rubber  Recycled  Bituminous 
Surface a t a c k   c o a t   s h a l l  be app l i ed   t o   t he   ex i s t ing   su r f ace   acco rd ing   t o  
the   p lans .  

Haul t r u c k   b o x e s   s h a l l   n o t   b e   t r e a t e d   w i t h   f u e l   o i l  when 
hauling  Asphalt-Rubber  Recycled  Bituminous  Surface. A l igh t   spray   of   soapy  
so lu t ion   o r   s i l i cone   emul s ion   can  be appl ied   to   the   t ruck   boxes  if 

~ necessary.  

Only s t e e l   w h e e l   r o l l e r s   s h a l l  be  used for   compact ing  the 
m i x t u r e .   I n i t i a l   r o l l i n g  w i l l  be  completed  before  the  mixture  has  cooled 
t o  a temperature  below 240" F. 

20. Removing Marker Pos t s ,  Item 90310.  A. Descript ion.  The work u n d e r   t h i s  
i t e m   s h a l l   c o n s i s t  of  removing  marker pos ts   in   accordance   wi th   the  
pe r t inen t   p rov i s ions  of Sect ion  204 of the   s t anda rd   spec i f i ca t ions   and  as 
he re ina f t e r   p rov ided .  

The p o s t s   s h a l l   b e  removed i n  such a manner as  t o   a v o i d  damage 
an$ s h a l l   b e   c a r e f u l l y   s t o r e d   i n   n e a t   p i l e s  on   the   r igh t   o f  way f o r  
d i s p o s a l  by t h e  owner.  Immediately a f t e r   t h e  removal   of   the   post ,   the  
r e s u l t i n g   h o l e   s h a l l  be f i l l ed   w i th   su i t ab le   ma te r i a l   and   t ho rough ly  
tamped. 

B .  Method of Measurement. Removing Marker Pos t s  w i l l  be 
measured as u n i t s .  

C .  Basis of Payment.  Subsection 204.4 is supplemented  to 
inc lude   the   fo l lowing:  

- Item' Unit  of  Measure 

Removing Marker Pos t s  Each 

21.  Grading ,   Shaping   and   F in ish ing   In te rsec t ions ,   S ta t ion  600+60 
R t . ,  Item 90338 and S t a t i o n  26+22 R t . ,  Item 90339,  S t a t i o n  317+67 R t . ,  Item 
90340,  S t a t i o n  251+45 L t . ,  Item 90341 and S t a t i o n  252+90 R t . ,  Item 90342.  

A .  Descr ip t ion .   This  work s h a l l   c o n s i s t   o f  all grading ,  
shaping,   compact ion  necessary  to   construct   the   subgrade;   disposing of 
s u r p l u s   m a t e r i a l s ;  and t h e   f i n i s h i n g ,   f e r t i l i z i n g ,   t o p s o i l ,   s e e d i n g  and , 
mulching  of a l l   d i s t u r b e d   a r e a s  and  shoulder   s lopes,   in   accordance  with  the 
plans,   and as hereinaf ter   provided ' .  
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State  Department of Transportation 
Asphalt  Rubber  Paving  Mixture  Survey 

The  following  questinaire  applies  to the use  of  ground 
rubber in  asphalt  paving  mixtures. 

1. Are you now  using or have you used  ground rubber in 
asphalt  mixes? 

Only  four  short  trial  installations  to  evaluate  a  product  called 
Ramflex  manufactured  by  the U. S. Rubber  Reclaiming  Company  of 
Buffalo,  New  York. 

2. Was the ground  rubber  blended with the a8phalt cemant or 
was it used to replace some of the fine  aggregate? 

Ground  rubber  blended  with  the  asphalt  cement. 

3. Are there any  specific  construction  requirements or 
specifications  necessary for thi8 particular mix? 

No. 



4. Are there  any  specific  production,  handling, or equipment 
requirements for this  mix? 
Rubber placed in  mixer prior to  asphalt cement. 

5. Have there been  any  problems  in  production,  construction, 
or performance with this  mix? 

Additive  claimed  to  improve  durability  and  adhesion.  Product  was  no 
more  durable  than  the  control  section  although  adhesion  was  slightly improved. 

6. What is your estimated  cost difference between asphalt 
rubber mixes and  conventional  mixes? 

Asphalt  rubber  mixes  are  estimated  to  cost 15% - 20% more  than 
conventional mixes. 

7. How can asphalt  rubber  mixes be utilize to a  greater 
degree in  your state? 

Develop  mixes  that  will  result in improved performance. 



8. Has your state  published  any  articles or research studies 
on the use and/or performance of asphalt  rubber  mixtures? If 
so, please  attach a copy or reference if they are readily 
available . 

Project Data: 

9. Project  location8  and  points of contact. 

10. General  data,  including  pavement  design and traffic 
data. 

11. Rubber and  asphalt  content. 

12. Construction  data  and problem8 encountered. 



13. Overall  performance. 

14. Reasons for using asphalt rubber. 

15.  Present  condition and age. 

Trial  installations,  made  in  late 60's and early ~O'S, have 
subsequently  been resurfaced. 

N-: E. J. Kehl 

T i t l e :  Engineer of Construction 

phone: (217)782-6667 



State  Department of Transportation 
Asphalt  Rubber  Paving  Mixture  Survey 

The  following  questinaire  applies to the use of ground 
rubber in  asphalt  paving  mixtures. 

1. Are you  now  using o r  have  you  used  ground rubber in 
asphalt mixes? 

We  have  used 3 of them as dense graded asphalt mixes. 
Impermeable pavement inner layers and crack sealants, 
also were used. Two types  of seal coats were tried. 

2. Was ‘the  ground  rubber  blended with the asphalt cement or 
was  it  used to replace some of the fine  aggregate? 

Both types. 

3. Are there any  specific  construction  requirements or 
specifications  necessary  for  this  particular mix? 

Gradations are critical. 
Asphalt temperatures are critical, they are higher  than norma 
Asphalt qualities  affect mixtures significantly. 
Accurate trial mixes are mandatory. 
Timely and  quicker rolling is needed for dense graded mixes. 

1. 



4. Are  there  any specific production,  handling,  or  equipment 
requirements f o r  this  mix? 

Yes, particularly for dryer drum plants. Provisions must be. 
made  to keep ashpalt mixed  properly. Becuase, you are usually 
dealing with rubber particles as  well as an additive or  two. 

5. Have there been  any  problems in production,  construction, 
or  performance with this mix? 
We have had problems in production,  construction, and 
performance. 

6. What ia your estimated  cost  difference between asphalt 
rubber mixee and  conventional mixes? 

In  the range of 50-100% higher costs. 

7. How can asphalt  rubber mixee be  utilize to a greater 
degree in your state? 

Some hope for crack  sealants, impermeable layers in soils. 



8. Has  your state published  any  articles  or  research  studies 
on the use  and/or  performance of asphalt  rubber  mixtures? If 
so, please  attach a copy  or  reference if they are readily 
available. 

I have enclosed 4 publications. 

Project Data: 

9.  Project  locations  and  points  of  contact. 

See publications. 

10. General  data,  including  pavement design and traffic 
data . 
See. publications. 

11. Rubber  and  asphalt  content. 

See publications. 

12. Construction  data and  problems  encountered. 

See publications. 



13. Overall  performance. 

See  attachments. 

14. Reasons for using asphalt rubber. 

Experimental purposes only. 

15. Present  condition and age. 
All overlayed  with slurry seal  except  Sahuaro's product, 
which  is doing a fair job. But, it is more cracked and 
rougher than the control section. 

Namex .Curtis J. Hayes 

Title: R & D Branch Manager 

phone: (405) 521-2671 

P.S. Lots of luck! 



State Department  of Transportation 
Asphalt  Rubber Paving Mixture Survey 

The following  questinaire  applies to  the use of  ground 
rubber in  asphalt  ,paving  mixtures. 

1. Are you now using or have you used ground rubber i n  
asphalt mixes? Yes 

2. Was  the ground  rubber  blended with  the asphalt cement or 
was ‘it used to replace some of the  fine aggregate? 

A .  Presently  evaluating  test section of chip seal 
using  ground  rubber  blended with asphalt  cement. 

B. Previously  laid  test  section with ground  rubber 
replacing  fine  aggregate. 

C. Planning to use ground  rubber  blended with asphalt 
cement in plant  mix - target date 1990. 



4 .  Are there any  specific  production,  handling, or equipment 
requirements for t h i s  mix? 

Not  aware of any for  ground  rubber  blended in asphalt. 

5. Have there been  any problem in  production,  construction, 
or performance with this mix? 

The previous  study  (2b.)  did  not  perform  will 
Compaction was difficult  roller  tended to  pick 
up mix  and  air  voids  were  higher  than  desireable 

6. What is your estimated  cost  difference  between  asphalt 
rubber mix08 and  conventional mixes? 

Between 50 and 300%. 
I 

7. How C M  a8phalt  rubber mixes be utilize  to a greater 
dew- in your state? 

Possibly to provide less rutting, greater  strength. 



8. Ha8 your state  publiahed  any  articles or research  studies 
on the use and/or  performance of asphalt rubber mixtures? If 
8 0 ,  please  attach  a  copy or reference if they are readily. 
available . 

SEE ATTACHED 

Project Data: 

9. Project  locations  and  pointr of contact. 

10. General data,  including  pavement  design and traffic 
data 

11. Rubber and  a8phalt  content. 

12. Construction  data and  problem6  encountered. 

t 



13. Overall performance. 

14 .  Rea80118 for using asphalt rubber. 

15. Present  condition and age. 

The product   ment ioned i n  2 b  has h a d  t h e   a s p h a l t / r u b b e r  
sec t ion   removal   because  o f  l ack  o f  per formance .  
2 a  was a p p l i e d  i n  Aug. 89 a n d  i s   p r e s e n t l y  i n  good c o n d i t i o ' n .  



State  Department  of  Transportation 
Asphalt  Rubber  Paving  Mixture  Survey 

The  following  questinaire  applies to the  use of ground 
rubber in  asphalt  paving mixtures. 

1. Are you now  using or have  you  used  ground rubber in 
asphalt  mixes? 

We are m t  using ground rubker in any form at this  time. 

We  have used ground rubber in the  past. 

2. Was  the ground rubber blended  with the asphalt c-nt or 
was it  used to replace some of the fine aggregate? 

We  have used ground rubber in asphalt  cement  for  Chip Seals and we 
used rubber in Slurry Seals 

3. Are there  any  specific  construction  requirements or 
specifications  necessary  for  thia  particular mix? 

The ground rubber us& in the  asphalt  cement was a "chip  Seal" and 
we no longer  use  this  product. 

m e  ground rubber  used  in  the Slurry Seal  is  also no longer used. 

Both products  were used 10 to 15 years ago, so we have m 
specifications  available  at  this  time. 



4. Are there  any  specific  production,  handling, or equipment 
requirements  for  this mix? 

mst asphalt  rubber  mixtures need special  requirements.  Usually 
the  potential  supplier  (if  competent)  would  supply  you  with  this 
type of information  as a means to  promote  his own system. 

5. Have  there  been  any  problems  in  production,  construction, 
or performance  with  this mix? 

As of m, most of the m r k  done  previously has either k e n  mered 
up  or removed. 

6. What is your estimated  cost  difference  between  asphalt 
rubber mixes and  conventional mixes? 

7. How can asphalt  rubber mixes be  utilize to a  greater 
degree in your state? 

I'm not sure that asphalt rubber mixes can survive in this  climate, 
so  don't  anticipate much usage. 



8. Has  your  state  published  any  articles  or  research  studies 
on the use and/or  performance of asphalt  rubber  mixtures? If 
so, please  attach  a  copy or reference if they  are  readily 
available. 

Project Data: N/A 

9. Project  locations  and pinta of  contact. 

10. General  data,  including  pavement  de8ign and traffic 
data . 

11. Rubber  and  asphalt  content. 

12. Construction  data  and  problems  encountered. 



13. Overall  performance. 

14. Reason8 for using asphalt rubber. 

15. Preeent  condition  and age. 

Name: Charles E. Jerd 

Title: Bituminous Concrete Supervisor 

Phone: 1802 1 828-2561 
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