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INTRODUCTION: The United States is home to nearly 3.7 million kilometers of paved 

roads, and 94% of these roads are surfaced with asphalt materials.  It is estimated that 

approximately 4,000 asphalt contractors are producing approximately 500 million tons of hot 

mix asphalt (HMA) valued at nearly 20 billion dollars each year.  The demand on highways has 

increased many times.  For instance, since 1970, the population of the United States has 

increased 34%, but licensed drivers by 68%, registered vehicles by 94%, and vehicle miles 

traveled by 143%.  However, the highway departments, due to many factors (e.g., lack of 

funding, etc.), around the country have added only 6% of roads for these increases.  In addition, 

each year approximately $13 billion is spent on highway construction and repairs.  Moreover, the 

Federal Highway Administration (FHWA) estimates that the cost to bring our nation’s roads up 

to minimum engineering standards over the next 20 years will be over $550 billion.  

 

Simultaneously, many municipalities are also facing a serious issue regarding scrap tire 

generation and disposal.  A typical passenger-car tire weighs about 9.1 Kg and consists of 60 

percent rubber, 20 percent steel, and 20 percent fiber and other by-products.  The U.S. generates 

approximately 303 million scrap tires each year, which translates into a rate of one tire per 

person per year.  Nearly all states have some form of scrap tire legislation or regulations on the 

books.  Many states ban the landfilling of whole tires, and several states ban all scrap tires from 

landfills.  In addition, many states charge a minimal scrap tire fee to consumers who are 

replacing old tires with new tires.  These states apply funds collected in this manner towards the 

handling and disposal of scrap tires.  Figure 1 shows the breakdown of the scrap tire distribution 

in USA. 

 

Rubber-modified asphalt, however, may be able to help both of these situations.  By 

producing pavements that exhibit increased pavement life, resistance to cracking, decreased 

traffic noise, reduced maintenance costs and resistance to rutting, rubber-modified asphalt 

presents a compelling alternative to traditional asphalt mixtures.  In addition, since it utilizes 

crumb rubber made from scrap tires, it provides a beneficial outlet for a portion of the millions of 

scrap tires generated each year in the country.  However, state agencies must consider a number 

of mitigating factors when considering the use of rubber-modified asphalt.  Such considerations 

include up-front costs, what equipment will be required, the expertise of available contractors, 

the availability of specifications, and the potential recyclability of the pavement materials in the 

future.  This article presents the new developments in this area and report on the current usage of 

rubber-modified asphalt and the various types of rubber-modified applications. 



 

Figure 1. Distribution of Scrap Tires in USA 

 

There are currently many states in the U.S. that use some form of rubber-modified asphalt 

application on a regular basis, and there are several additional states that are currently testing 

either wet-process or dry-process rubberized asphalt sections.  The states using rubberized 

asphalt regularly all use some form of wet process.  Although all of the states that frequently use 

rubberized asphalt utilize a wet process and similar types of applications, they vary in terms of 

rubber content and particle size.  Generally, if a larger particle size is used, a higher percentage 

of rubber must be used to achieve the desired results.  Table 1 lists the various applications, 

rubber contents, and particle sizes utilized in some of the states.   

 

TYPES OF APPLICATIONS:  There are three main types of rubberized asphalt 

applications being used in the U.S. on a regular basis, including Rubber-Modified Surface 

Course (R-M SC), Rubber-Modified Open Graded Friction Course (R-M OGFC), and Stress 

Absorbing Membrane Interlayer (SAMI).  R-M SC is the standard wearing course for most 

asphalt pavements, and it consists of roughly 92 to 95 percent crushed stone and 8 to 5 percent 

asphalt binder, respectively.  It may be either Dense Graded Friction Course (DGFC) or Gap 

Graded Friction Course (GGFC), depending upon the selected aggregate gradation for the mix.  

Various states use anywhere from 5% to 10% rubber by weight of the virgin liquid asphalt binder 

for DGFC and 18% to 20% rubber for GGFC.  In the cases that 10% crumb rubber is used, 

approximately 1.2 scrap tires are used in each ton of hot mix asphalt (HMA) surface course, and 

about 1,000 tires can be utilized when paving a one-kilometer section of a typical two-lane road.  

Advantages of R-M SC are increased resistance to rutting, increased resistance to cracking, 
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longer pavement service life, reduced frequency of required maintenance, and lower lifecycle 

costs than conventional HMA surface course.   

 

Table 1:  Examples of Types of Rubber-Modified Asphalt Usage around the Country 
 

State Applications Used % Rubber by 
Weight of Binder 

Crumb Rubber 
Particle Size 

Arizona GGFC and OGFC 20% 2.0 mm (#10 mesh) 

California 3-Layer System 
(OGFC, SAMI, 
OGFC) 

 

14% to 23% 

 

- 

Florida ARMI (SAMI), 
DGFC, and OGFC 

 

5% to 20% 

850 μm (#20 mesh) 
to 425 μm (#40 

mesh) 

South Carolina DGFC, SAMI, and 
OGFC 

10% to 20% 425 μm (#40 mesh) 

Texas GGFC and OGFC 15% to 20% 2.0 mm (#10 mesh) 
to 1.18 mm (#16 

mesh) 

Key: 

GGFC = Gap Graded Friction Course  

OGFC = Open Graded Friction Course  

SAMI = Stress Absorbing Membrane Interlayer  

ARMI = Asphalt Rubber Membrane Interlayer  

DGFC = Dense Graded Friction Course 

 

 OGFC is a type of wearing course with a higher amount of air voids than a regular 

surface course, typically is used on high-traffic roadways to decrease traffic noise, increase 

surface friction, aid surface water drainage and decrease water spray from the pavement during 

rainy weather.  It consists of roughly 92 percent crushed stone and 8 percent modified asphalt 

binder and there is no need for the stabilizing fibers.  Various states use anywhere from 12% to 

20% rubber by weight of the virgin liquid asphalt binder for R-M OGFC.  For example, each ton 

of R-M OGFC, made using 12% CRM, contains approximately 1.3 scrap tires, which equates to 

about 500 tires being used for a one-kilometer segment of a typical two-lane road.  Advantages 

of R-M OGFC are decreased highway noise, increased visibility in wet weather due to decreased 



surface water, safer driving conditions in wet weather due to increased skid-resistance, and lower 

cost than polymer-modified OGFC.   

 

 SAMI, also known as Asphalt Rubber Membrane Interlayer (ARMI), is a maintenance 

application used to prevent cracks in an old pavement from causing cracks in the overlying new 

pavement surface.  SAMI consists of a layer of rubber-modified asphalt binder applied to an 

existing, cracked pavement, which is then covered with a layer of crushed stone (Figure 2).  The 

SAMI is compacted and swept clean before being immediately covered with a new layer of 

HMA surface course.  Various states use anywhere from 20% to 23% rubber by weight of the 

virgin liquid asphalt binder for R-M OGFC.  When constructing a SAMI on a one-km section of 

a two-lane road, approximately 1,500 scrap tires can be utilized.  Advantages of SAMI are 

prevention of reflective cracking, increased pavement lifespan, reduced maintenance 

requirements, and lower lifecycle costs than conventional asphalt overlays without a SAMI.   

 

 

Figure 2: Applying Crushed Stone Layer to SAMI 

 

  DEVELOPMENT OF PELLETS:  Many agencies around the country are having a 

difficult time, due to budget restrictions; to manage their pavement preservation programs 

including having a cost effective patching repair materials.  The Federal Highway 

Administration and Strategic Highway Research Program (SHRP) conducted several very 

comprehensive testing programs in this area many years ago.  The results indicated that, in 

general, many of the materials used (e.g., cold mix) to fix the pot holes do not last long and 

in many locations (e.g., colder climate states) and the same pot hole must be fixed several 

times each year. 



The number of pot holes and utility cuts depends on many factors (e.g., environment, 

traffic, etc.).  For example, cities such as San Diego have over 30,000 pot holes compared to 

Chicago with over 350,000 pot holes and over 60,000 utility cuts.  There is a major need to 

develop new products for maintenance of asphalt pavements that are cost effective and at 

the same time environmentally sustainable.  With the recent advent of various technologies 

for the Pelletization of asphalt, it is now possible to utilize modified binders for pavement 

preservation applications (e.g., pot hole repairs).  These pellets are basically a polymerized 

mix with a different delivery system where there is no need for an asphalt tank and lime silo. 

 

One of the newly developed patented patching materials, in pellet format, contain virgin 

binder, crumb rubber, some form of stiffeners (e.g., hydrated lime), and small amount of 

chemicals.  The first step is to produce an Asphalt Rubber (AR) binder before making the 

pellets.  This AR binder meets the ASTM definition D8 and specification D6114.  The 

pelleting processes adds the AR to a stiffener producing the “dry” pellets that are less than 2 

cm (3/4”), in most cases, and are added to the heated aggregate and mixed thoroughly to 

produce a polymerized mix. These pellets could be used for many applications such as 

pavement maintenance, overlay applications (OGFC, SAMI, for instance).  In the United 

States, there is only one plant located in Las Vegas, Nevada producing these pellets (Figure 

3).  The pellets are delivered in super sacks (approximately 1 ton).  There are different 

products for paving (PelletPAVE), patching (PelletPATCH) and use in RAP (PelletRAP) 

applications. 

 

 

 

 

 

 

 

 

 

 

Figure 3. Pellet Production Facility (Phoenix Industries, Las Vegas, Nevada) 



There have been many patches completed around the country (California to New York) 

utilizing the pellets by various City, County and agencies with great success.  Several 

independent laboratories testing of these materials have been conducted and some of the 

results are reported in this article. 

 

LABORATORY AND FIELD TESTING AND EVALUATION:  A portion of several 

independent laboratory testing results are reported in this section in addition to some of the 

field testing and evaluations.  One of the test sections was on I-285 (Atlanta, Georgia) that 

Georgia DOT selected to use the pellets to repair an open graded friction course (OGFC) on 

an Interstate pavement (Figure 4).  This section of the pavement has 250,000 ADT with 30% 

traffic volume.  Some of the materials used in the field were sampled and tested by Georgia 

DOT (GDOT).  The aggregate gradation used for this test section is shown in Table 1.  The 

volumetric properties of this OGFC mixture in addition to rut resistance of the materials 

were determined.  The results indicated that the mixture had over 17% air voids and 

produced a rut depth of 2.84 mm using Asphalt Pavement Analyzer (APA) machine.   

 

 

 

Figure 4. Field Project (Atlanta, Georgia): OGFC Patch Mix Using the Pellets 

 



Table 2. Aggregate Gradation for OGFC Mixture 

 

Sieve Size % Passing 

% Minium % Maximum 

19.0 mm (3/4 in) 100 100 

12.5 mm (1/2 in) 85 100 

9.5 mm (3/8 in) 60 85 

4.76 mm (No. 4) 25 42 

0.074 mm (No. 200) 0 2 

 

In addition, NYC DOT conducted some limited laboratory testing for several Marshall 

samples and the results indicated the following: stability of 995 kg; flow (0.01 in) of 15.8; 

and %VMA of 20.2%.  In another study, a laboratory comparison of moisture susceptibility 

and studded tire wear of pellet pave mixes with different mixtures was conducted in 

Norway.  Several mixtures were evaluated: a) 10% binder containing CRM; b) 20% CRM 

binder; c) mixture containing 1.5% hydrated lime; d) pellet pave materials; and d) the 

control mixture.  Marshall samples were prepared utilizing a local aggregate source 

satisfying the tolerances shown in Figure 5. For this project, a 70/100 binder was used in 

accordance with Norwegian Standards.  The specifications for the binder used in this 

research are shown in Table 3.  The crumb rubber samples were prepared using a high shear 

mixer and blending time of 30 minutes at 170 
o
C.  Table 4 shows the volumetric properties 

of the Marshall specimens for various mixtures. 

 

 

Figure 5: Aggregate Gradations Used for the Norway Study 
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Table 3: Specified Properties of 70/100 Binder Used in Testing  

Test Method Unit Min. Max. 

Penetration at 25oC NS-EN 1426 Mm/10 70 100 

Ring and ball softening point NS-EN 1427 oC 43 51 

Flashpoint (COC) NS-EN-ISO 2592 oC 230  
Solubility NS-EN 12592 % weight 99.0  

Viscosity at 60oC NS-EN 12596 Pa s 90.0  

Kinematic viscosity at 135 oC NS-EN 12595 mm2/s 230  
Fraas NS-EN 12593 oC  -10 

Resistance to hardening at 163oC     

    Change in mass NS-EN 12607-1 % weight  0.8 
    Retained penetration NS-EN 1426 % 46  

    Softening point after hardening NS-EN 1427 oC  9.0 

 

Table 4: Volumetric Properties of Marshall Samples (25 blows) 

  

Air 

voids VFA VMA 

  

(%) (%) (%) 

10% crumb rubber 
Average 3.98 78.35 18.31 

St. Dev.  0.81 3.49 0.69 

20% crumb rubber 
Average 4.96 76.12 20.70 

St. Dev.  0.78 2.96 0.65 

1.5% hydrated lime 
Average 2.71 83.82 16.72 

St. Dev.  0.49 2.47 0.42 

Pellet pave 
Average 3.99 82.91 23.27 

St. Dev.  0.67 2.51 0.53 

Reference (Control) 
Average 3.20 81.45 17.13 

St. Dev.  0.78 3.73 0.67 

 

The moisture susceptibility of the mixtures was evaluated and the results of indirect 

tensile strength and tensile strength ratio are depicted in Figures 6 and 7; respectively.  The 

results indicated that even though the TSR values of most mixtures were satisfactory and close 

together, the dry and wet ITS values of the mixture made with the PelletPAVE were much 

higher (e.g, over 200%).   

 



 

Figure 6. Dry and Wet Indirect Tensile Strength (ITS) of Various Mixtures 

 

 

Figure 7. Tensile Strength Ratio (TSR) of Various Mixtures 

 

 The patching could be applied in various methods and techniques.  At this point, there are 

two machines, available in the market, which are being used to produce the polymerized 

mixtures and apply the patches on demand.  One of the machines is on a truck chassis and can 

produce approximately 180 Kg of polymerized asphalt as needed and produced on site (Figure 

8a).  The materials are measured automatically and conveyer belts take the aggregate and the 

pellets into a “portable drum” mixed with heated aggregates.  The resulting mix, after 6 minutes 

of mixing, is a polymerized asphalt mixture containing approximately 2% hydrated lime by total 

weight of the mixture.   

 

The other equipment (two models) is much smaller, cheaper, and easier to operate that 

produces from 95 (Figure 8b) to 160 Kg polymerized mix on demand in 10 minutes.  There are 
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pre-batched 15 Kg bags (aggregates and pellets) that are placed in the drum of the blender and 

the indirect heat causes the aggregates to be mixed with pre-determined amount of pellets and 

the mix is discharged into a device to move it to the location of the application.  The mix, at this 

point, is at 160 to 170 
o
C.  It is placed and then properly compacted.  These are permanent 

patches that will stay in place for years. 

 

(a)                                                                  (b) 

Figure 8.  PelletPATCH Pot Hole Patching a) Automated Truck b) Smaller Unit 

 

CONCLUSIONS:  The use of rubberized asphalt materials has many advantages in 

extending the life of asphalt pavements.  This newly developed pellet system has changed the 

delivery system of this concept and allows the municipalities and governmental agencies to use 

an environmentally friendly material to maintain the nation’s infrastructure.  Due to various 

reasons, including financial difficulties, many state DOTs and local governmental agencies are 

investigating a better ways to maintain the highways.  One of the best options is to use a 

permanent patch for utility cuts or pot holes.  The developed PelletPATCH materials will 

accomplish this by providing an environmentally sustainable material that has been engineered to 

last a long time.  In addition, it could be used as needed and it is very cost effective considering 

there will be any waste generated.  It could be applied in very hot (Phoenix, Arizona) or cold 

climates (New York, Chicago, etc.).  It is anticipated that these pellets will be used throughout 

the asphalt community around the world for many applications providing a proven technology at 

a cost effective manner. 


