
1 
 

USE OF GROUND TIRE RUBBER (GTR) IN ASPHALT 
PAVEMENTS: LITERATURE REVIEW AND DOT SURVEY 

 
FINAL REPORT 

 
 

 
Submitted to: 

 
Ferrella March 

Environmental Programs Manager 
Oklahoma Department of Environmental Quality 

Land Protection Division 
 
 
 

Submitted by: 
 

Rouzbeh Ghabchi, Ph.D. 
Musharraf Zaman, Ph.D., P.E. 

Amir Arshadi, Ph.D. 
 
 
 

School of Civil Engineering and Environmental Science (CEES) 
The University of Oklahoma 

Norman, Oklahoma 
 
 
 
 
 

 
 
 
 

September 2016 
  



2 
 

TABLE OF CONTENTS 

LIST OF ACRONYMS………………………………………………………………………….4 
LIST OF FIGURES AND TABLES …………………………………………………………....7 

ABSTRACT ................................................................................................................................... 7 

BACKGROUND ........................................................................................................................... 9 

PRODUCTION OF GTR-MODIFIED BINDERS AND MIXES .......................................... 12 

Wet Process ............................................................................................................................... 15 

Current Market for the Wet Process/Terminal Blend Rubber ............................................... 19 

Dry Process ............................................................................................................................... 20 

Laboratory and Field Data Supporting the Effectiveness of Dry Process ............................. 22 

Implications for Dry Process CRM Asphalt .......................................................................... 33 

Field Verification of CRM Asphalt ........................................................................................... 33 

Dry Mix Quality Control ....................................................................................................... 35 

Field Application ................................................................................................................... 35 

Comparative Field Performance ............................................................................................ 35 

Performance Comparison between Wet and Dry Process CRM Mixes ................................ 36 

GTR Applications/Field Operations ......................................................................................... 37 

Florida ................................................................................................................................... 37 

Arizona .................................................................................................................................. 39 

California ............................................................................................................................... 41 

New Jersey ............................................................................................................................ 41 

Texas ..................................................................................................................................... 42 

Oregon ................................................................................................................................... 43 

Alaska .................................................................................................................................... 43 

DOTs’ Asphalt Rubber Usage Guide ........................................................................................ 43 

Ground Tire Rubber Size and Gradation ............................................................................... 43 

GTR Binder Properties .......................................................................................................... 44 

GTR-Modified Binder Characterization ............................................................................... 46 

STATE DOT SURVEY ON USE OF GTR IN ASPHALT MIXES ....................................... 47 

Survey Questionnaire ................................................................................................................ 47 

Collected Responses.................................................................................................................. 50 

SUMMARY ................................................................................................................................. 57 

ACKNOWLEDGMENTS .......................................................................................................... 60 

REFERENCES ............................................................................................................................ 61 



3 
 

LIST OF ACRONYMS  
Crumb Rubber (CR) 

Crumb Rubber Modified (CRM) 

Ground Tire Rubber (GTR) 

Department of Transportation (DOT) 

Oklahoma Department of Transportation (ODOT)  

Oklahoma Department of Environmental Quality (ODEQ) 

Transportation Research Information Services (TRIS) 

Transportation Research Board (TRB) 

Federal Highway Administration (FHWA) 

National Cooperative Highway Research Program (NCHRP) 

American Society of Civil Engineers (ASCE) 

Asphalt Institute (AI) 

Western Research Institute (WRI) 

National Center for Asphalt Technology (NCAT) 

Hot Mix Asphalt (HMA) 

Intermodal Surface Transportation Efficiency Act (ISTEA) 

Rubber Pavement Association (RPA) 

Stress Absorbing Membrane Interlayer (SAMI) 

Poly (styrene-butadiene-styrene) (SBS) 

Reclaimed Asphalt Pavement (RAP) 

Porous European Mix (PEM) 

Rolling Thin Film Oven (RTFO) 

Dynamic Shear Rheometer (DSR)  



4 
 

LIST OF ACRONYMS (CONTINUED) 

Pressure Aging Vessel (PAV) 

Dynamic Shear Modulus (DSM) 

Polymer Modified Asphalt (PMA) 

Performance Grade (PG)  

Multiple Stress Creep Recovery (MSCR)  

Equivalent Single Axle Loads (ESAL) 

Stone Mastic Asphalt (SMA) 

Semi-circular Bend (SCB) 

Indirect Tensile Strength Test (IDT) 

Resilient Modulus (Mr) 

Florida Department of Environmental Protection (FDEP) 

Stress Absorbing Membranes (SAMs) 

Conventional Dense-graded Asphalt Concrete (DGAC) 

Rubber Asphalt Concrete (RAC) 

New Mexico Department of Transportation (NMDOT) 

Rubberized Open-graded Friction Course (ROGFC) 

Open-graded Friction Course (OGFC) 

Porous Friction Course (PFC) 

Oregon Department of Transportation (ODOT) 

Rotational Viscometer (RV) 

Bending Beam Rheometer (BBR) 

Direct Tension Tester (DTT) 

Warm Mix Asphalt (WMA)  



5 
 

LIST OF FIGURES AND TABLES 

Figure 1.  One of the massive scrap tire piles (Ohio Environmental Protection Agency, 2008) 

Figure 2.  States where tire rubber is routinely used in asphalt (DOT, Transportation Authority, 
County or City) (Blumenthal, 2013) 

Figure 3.  Types ofCRM  applications used or tried by state DOTs from 2006 to 2011 (Bandini, 
2011) 

Figure 4.  Components of tires (USDOT, 2014) 

Figure 5.  Wet process method (Hassan et al., 2014)   

Figure 6.  Dry process method (Hassan et al., 2014) 

Figure 7.  Production methods currently and/or formerly used or tried by state DOTs (Bandini, 
2011) 

Figure 8.  Progression of the asphalt-rubber interaction at elevated temperature (Abdeirahman, 
2006) 

Figure 8.  Loss of rubberized asphalt market share in Florida (FDOT) 

Figure 10.  CR-Modified Asphalt Market Trends, FL and GA (after Romagosa and Kelly, 2006) 

Figure 11.  Rubber particles distribution within a gap  graded rubberised (Takallou et al., 1988) 

Figure 12.  Improved rutting resistance caused by crumb rubber additions with short-term 
heating and high-shear mixing 

Figure 13.  Improved fatigue performance caused by 14 mesh crumb rubber additions with 
short-term heating and high-shear mixing (Dynamic Shear Rheometer (DSR) results, short term 
aging Pressure Aging Vessel (PAV) binders) 

Figure 14.  S values for different binder/rubber mix designs:  PAV binder, 14-mesh rubber, long 
term aged binder: improved fatigue performance caused by crumb rubber additions with short-
term heating and high-shear mixing 

Figure 9.   DSM testing comparison:  PMA and dry/wet rubber asphalts (after Bennert et al., 
2004) 

Figure 10.   Permanent shear strain for various mix designs (after Bennert et al., 2004) 



6 
 

LIST OF FIGURES AND TABLES (CONTINUED) 

Figure 11.  Percent cracking over a ten-year period with and without asphalt rubber (Way, 1999) 

Figure 12.  Comparison of tire-pavement noise of asphalt pavement courses (ATRC, 1996) 

Table 1.  Wet process, on-site vs. terminal blending 

Table 2.  Dry process rubber projects in service in Georgia 

Table 3.  GTR gradation requirements 

Table 4.  Specifications for terminal-blended CRM binders 

 

 
 
 
 
 
 
 

 

 

 

 

 

 

  



7 
 

ABSTRACT 
According to available statistics at least 275 million scrap tires exist in stockpiles in the 

U.S. The proper disposal/reusing these materials is a challenging task. Common practice of 

dumping scrap tires in landfills has been an environmental concern.  To address this concern, 

national and regional environmental protection agencies have taken major initiatives to recycle 

scrap tires. Developing new markets for the collected scrap tires is an important element of such 

initiatives. Markets now exist for about 80 percent of scrap tires. The existing markets include: 

tire-derived fuel generation, civil engineering applications, and ground rubber applications. 

These applications have helped utilize up to 87% of annually generated scrap tires in the U.S. 

One of the major categories for recycling scrap tires is crumb rubber products. Crumb rubber is 

produced by finely grinding tires that can be used to modify asphalt for roadway applications.  

Modified rubberized asphalt is produced by blending the ground rubber with asphalt to 

beneficially modify its properties in highway construction. The ground tire rubber (GTR) can be 

used either as part of the asphalt rubber binder (also known as, asphalt rubber), seal coat, cap seal 

spray or joint and crack sealant, or as substitute aggregate (rubber modified asphalt concrete). 

Therefore, the largest single market for GTR is asphalt rubber, consuming approximately 12 

million tires. Arizona and Florida Departments of Transportation (DOTs) are the leading state 

DOTs in asphalt rubber utilization. Texas and Nebraska are currently using greater amounts of 

asphalt rubber as well. South Carolina is also working on utilization of asphalt rubber in county 

and state roads. Other states such as New York and New Mexico that have studied this topic are 

in the process of using rubberized asphalt in pavements. Currently, the Oklahoma Department of 

Transportation (ODOT) does not allow using the rubberized asphalt in pavements. This is 

partially due to lack of information, laboratory test data and specifications or special provisions 

on the use of GTR in asphalt pavements.  

The current study was undertaken in order to conduct a comprehensive literature review 

to summarize the available wealth of knowledge, identify research needs, and document the 

major findings of previous pertinent studies.  More specifically, the significant findings 

consisting of laboratory test results, field observations, and common practices were documented.  

The literature review focused on the use of GTR in asphalt mixes, wet process and dry process, 

characterization of hot mix asphalt (HMA) mixes containing GTR and their associated 

performance when combined with virgin materials. Sources of literature included, but was not 
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limited to, Transportation Research Information Services (TRIS), Transportation Research Board 

(TRB), Federal Highway Administration (FHWA), National Cooperative Highway Research 

Program (NCHRP), and DOTs. Other sources such as society journals American Society of Civil 

Engineers (ASCE), Asphalt Institute (AI), Western Research Institute (WRI), and National 

Center for Asphalt Technology (NCAT) were also consulted. Also, national and international 

conferences, symposia and workshops were reviewed. Furthermore, a survey was conducted and 

the results of the survey were summarized and documented.  In order to promote successful use 

of GTR in Oklahoma, it is imperative to help ODOT develop specifications/special provisions 

for utilizing rubberized asphalt by collecting information, common practice and specifications 

followed by other state DOTs.  Therefore, a survey of construction specifications used by 

different DOTs, which allow the use of GTR in asphalt, was conducted. According to research 

team’s experience, since the DOT practices are generally not available in the open literature, this 

survey found to be an effective  tool for gathering data on the current practices including the 

methods, special provisions, and specifications associated with the use of GTR in asphalt 

pavement by DOTs. The survey questionnaire was prepared in close collaboration with ODOT 

and Oklahoma Department of Environmental Quality (ODEQ). The survey was conducted 

through an online data collection website, namely www.surveymonkey.com, to maximize the 

efficiency and productivity of the data collection process. The survey questionnaire was 

distributed among different DOTs with the help of ODOT Materials & Research Division.   
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BACKGROUND 
Annual generation of scrap tires in the United States increased from 200 million in the 

1980s to 300 million in the 2010s and is increasing each year since then because of the projected 

growing number of vehicles (Kandhal et al., 1989; Willis et al., 2012; Bairgi et al., 2015). 

Approximately, 80 percent of the annually generated scrap tires in the United States are recycled 

or reused in fuel industry, agricultural and structural engineering markets (Willis et al., 2012). 

For the past 50 years, when the idea of using 

scrap tire rubber in asphalt pavements arose, it 

seemed that the push to use tire rubber in asphalt 

pavement was primarily a means of getting rid of the 

piles of scrap tires as they were visually offensive 

and a health and fire hazard (Figure 1). In one of the 

earlier efforts, recycled tire rubber was added in 

place of binder using a system called “Plus Ride.”  

Larger-sized recycled rubber (often 1.25” and larger 

material) was added to hot mix asphalt (HMA) much like an aggregate, and the resulting mix 

was placed and compacted much like standard hot mix asphalt.  Early efforts had elevated levels 

of failure because of mix design problems (including insufficient binder, compaction issues, 

material handling issues and non-representative distribution of rubber in aggregate), but when 

finer crumb rubber was combined in hot mix asphalt, researchers found that rubber-modified 

pavements performed at least as well as standard hot mix pavements.  Although the use of 

recycled rubber in pavements was desirable from an environmental sustainability standpoint, the 

cost of rubber modification was typically higher than standard modified asphalt pavements, often 

without evidence of superior performance.  

Crumb rubber modifier (CRM), or ground tire rubber (GTR), is recycled tire rubber that 

has been grounded into fine particles to be used as an asphalt modifier. In the 1990s, a Federal 

Highway Administration/United States Department of Transportation (FHWA/USDOT) national 

mandate for the use of rubber in asphalt centered on what has been called either the Wet Process 

or Terminal Blend Asphalt. In these methods finer mesh crumb rubber is introduced into liquid 

binder (often with other additives), followed by cooking and “digestion” of the rubber into the 

binder before use in asphalt production.  Using crumb rubber in road construction projects was a 

Figure 13.  One of the massive scrap tire piles 
(Ohio Environmental Protection Agency, 2008) 
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result of the U.S. federal law included in the Intermodal Surface Transportation Efficiency Act 

(ISTEA) of 1991 (Heitzman, 1992). A lack of clear standards and deficient preparation for 

technology deployment (insufficient user training) created a number of problems in the field as 

the mandate was rolled out, ultimately resulting in the cancellation of the rubber use requirement 

by FHWA/USDOT. However, later on, engineers and researchers observed enhancement of mix 

performance, resulted from utilization of scrap tire rubber in asphalt (Heitzman, 1992; Krutz et 

al., 1992; Hicks et al., 1995; Kaloush et al., 2002; Huang et al., 2002; Navarro et al., 2002; Palit 

et al., 2004; Chiu et al, 2007). It was shown that asphalt rubber in dense-graded mixes could 

reduce the asphalt layer thickness by 20-50% without affecting its performance (Kirk, 1991; 

Hicks, 2002). A research project conducted in Brazil found that having 15% rubber in the HMA 

overlay binder reduces the crack development 5-6 times in comparison with conventional asphalt 

binder (Nunez, et al., 2005). Mashaan et al. (2012) presented an overview of use of rubber-

modified binders in HMAs. Their findings indicated that use of crumb rubber modifier not only 

reduces pollution problems but also results in safer and smoother roads. Their study also 

indicated that crumb rubber modifier improves the rutting resistance and produce pavements 

with better durability. In a recent study conducted in India, it was shown that application of 

crumb rubber modifier in HMAs improves the rutting resistance and durability of the pavement 

(Asadi et al., 2016). Crumb rubber modification improves the temperature-susceptibility of the 

asphalt binder and generally bumps up both high and low performance grade temperatures 

(Kaloush, 2014). In terms of pavement performance, wet process CRM mixes have the potential 

to resist crack propagation better than other polymer-modified mixes and conventional mixes 

(Kaloush, 2014). Fraser (2016) showed that modification of asphalt binder with GTR increases 

the stiffness, maximum load capacity, and calculated strength of resulted asphalt mix compared 

to regular HMA. In a recent study, it was indicated that asphalt rubber modification improves the 

binder performance in terms of rutting and fatigue resistance by increasing the complex shear 

modulus and the storage modulus, and decreasing the phase angle (Al-Khateeb et al., 2015). Air 

voids and voids in mineral aggregates are the two key parameters in rutting performance of wet 

processed CRM mixes (Zhang et al., 2014). Laboratory and field studies on a gap graded mix 

with 20% of crumb rubber by weight of binder indicated that use of high content crumb rubber 

reduces the noise emitted by tire/pavement interaction by 2.5 dB(A) for vehicles driving with 

speed of 50 mph (Paje et al., 2013). In another research conducted on a two-lane road located in 
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Spain, it was concluded that wet processed CRM mix (with rubber content of 20% by weight of 

binder) is quieter than reference mix by around 1 dB(A) at 32 mph (Vazuez et al., 2014). Rubber 

Pavements Association (RPA) conducted a noise study and found that use of tire rubber in open-

graded mixtures reduces tire noise by at least 50%. Shirini et al. (2016) investigated the effect of 

crumb rubber modification on porous asphalt performance. They indicated that although crumb 

rubber modification enhances the resilient modulus, skid resistance, moisture susceptibility, and 

rut resistance of the asphalt mix,  it has negative effect on mix permeability. It was concluded 

that crumb rubber content of 10% is the most effective dosage with respect to overall 

performance of CRM mix. 

Charles H. McDonald of the city of Phoenix 

Arizona, known as the inventor of asphalt rubber, 

developed the McDonald process (also called the 

wet process) for production of asphalt rubber 

(Scofield, 1989). Arizona, Florida, California, and 

Texas are the leading states in asphalt rubber 

utilization. Together, these states recycled almost 

36 million scrap tires in asphalt pavement applications from 1995 to 2001 (Willis et al., 2012). In 

a study conducted for California Department of Transportation in 2005, it was reported that the 

number of scrap tires used per ton of HMA in states of Arizona, California, Florida, and Texas, 

are 4.4, 3.3, 1.9, and 4.9, respectively. The number of states where tire rubber is routinely used in 

asphalt pavement applications has increased significantly in past 10 years (Figure 2). 

The primary application of crumb rubber-modified asphalt binder in pavement industry 

includes crack and joint sealants; binders for chip seals, interlayers, HMA, and membranes. Chip 

seals can be placed on the pavement surface or as a Stress Absorbing Membrane Interlayer 

(SAMI) placed between pavement layers. It was shown that the application of GTR-modified 

binders in interlayers and chip seals provides a longer service life in comparison with 

conventional asphalt binders without any GTR (Hicks et al., 2013). The gap-, open-, and dense- 

graded GTR-modified HMA mixes can be successfully placed as surface course (Glover et al., 

2001; Willis et al., 2012). 

History… 

• Arizona constructed its first crumb 
rubber-modified hot-mix asphalt 
(CRM-HMA) pavement in 1975. 

• In 1978, California placed its first 
rubber-modified asphalt pavement. 

• Florida initiated CRM-HMA work 
in 1988. 
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Figure 14. States where tire rubber is routinely used in asphalt (DOT, Transportation Authority, County or City) (Blumenthal, 

2013) 

A survey was conducted among 23 transportation agencies known to use crumb rubber in 

pavement construction to determine the types of applications of CRM in pavement constructions 

between 2006 and 2011 (Figure 3). As shown in Figure 3, the CRM materials were mostly used 

for surface treatments such as chip seal, fog seal and crack sealing, and in thin overlays. 

PRODUCTION OF GTR-MODIFIED 
BINDERS AND MIXES 

Although the make-up of the tires 

varies depending on their type (truck or 

passenger car) and manufacture, the basic 

components of different tires are almost the 

same (Figure 4). The general belief is that 

the slight variations in amount of natural 

and synthetic rubber do not cause 

differences in the performance of GTR-

modified binders (USDOT, 2014).  

 

Figure 15. Types ofCRM  applications used or tried by state DOTs 
from 2006 to 2011 (Bandini, 2011) 
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In order to use tire as a binder modifier or a mix additive, the steel and fiber must be 

removed from its structure. Magnets are usually used to remove the steel. The fiber is also 

removed by aspiration. The remaining tire 

rubber must be reduced in size to be ready for 

being blended with asphalt binder or asphalt 

mix. One of the most important factors that 

can significantly affect the performance of 

GTR-modified binder is the method used for 

grinding the tire rubber (Willis et al., 2012). 

These methods include but are not limited to 

ambient grinding, cryogenic grinding, 

granulation, and shredding (West, 1998). The ambient grinding occurs at or above ordinary room 

temperature by grinding the scrap tire to provide irregularly shaped particles with large surface 

area to promote their interaction with asphalt binder. In the cryogenic process, the liquid nitrogen 

is used to freeze the rubber and increase its brittleness and then a hammer mill is used to shatter 

the frozen rubber into smooth particles with relatively small surface area. The granular process 

uses revolving steel to shred the scrap tire to cubical particles with low surface area. The 

shredding process reduces the scrap tires to pieces smaller than 6 in2 prior to granulation of 

ambient grinding. It should be noted that the two primary grinding methods are ambient and 

cryogenic grinding (USDOT, 2014). 

There are two distinct approaches for incorporating 

the ground tire rubber in asphalt pavements: wet process 

(Figure 5) and dry process (Figure 6). According to the - -

FHWA-the modified binder obtained from the “wet 

process” is termed as “asphalt rubber” and asphalt made by 

using the dry process is called “rubberized asphalt” 

(Chesner, 1997). It should be noted that each of these 

processes produce GTR-modified asphalt mixes with 

different performance. In order to make the right choice on the type of process, understanding 

their differences is very important. In addition, necessary testing and inspections need to be 

conducted on each of these processes to ensure the success. 

Figure 16.  Components of tires (USDOT, 2014) 

Use of Scrap Tire Rubber… 

There are two general 
techniques to produce Ground 
Tire Rubber (GTR) modified 
asphalt pavement: 1- Dissolve 
rubber in binder as modifier, 
known as “wet process”, and 
2- Replace a portion of fine 
aggregate with ground rubber, 
known as “dry process”. 
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Figure 17. Wet process method (Hassan et al., 2014) 

 

A 2011survey polled 23 agencies that have used or tried crumb rubber in pavement 

construction.  Of those agencies polled  17 agencies have used wet process-terminal blending, 

nine (9) agencies use/have used wet process-on-site blending, and six (6) agencies use/have used 

dry process (Figure 7; Bandini, 2011). 

 

 
Figure 19.  Production methods currently and/or formerly used or tried by state DOTs (Bandini, 2011) 

Figure 18.  Dry process method (Hassan et al., 2014) 
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Wet Process 

As noted above, wet process rubberized asphalt involves mixing of recycled tire crumb 

rubber into an asphalt binder in high temperature (176 ºC to 226ºC), followed by a period of 

cooking and digestion (hours or days) and continued agitation in order to keep the crumb rubber 

suspended in the binder (Hicks, 2002).  Unlike polymers, the recycled tire rubber does not 

become a near-integral part of the binder.  The crumb rubber used in the wet process has a higher 

density than the binder, allowing the rubber and binder to separate if not maintained in a 

turbulent environment.  During heating, the crumb rubber will both soften and swell because of 

surface absorption of lighter binder components in the surface pores of the rubber (Artamendi 

and Khalid, 2006; Shen et al., 2012, 2015).  The swelling process is caused by a selective 

removal of asphalt lighter ends from the binder while adding swollen crumb rubber to the mix 

matrix.  This increases the viscosity of the binder, stiffens the mix and increases resistance to 

permanent deformation (rutting).  The presence of softened rubber grains in the mix also makes 

the asphalt more flexible, thus increasing resistance to various forms of cracking (Peralta et al., 

2012). In addition, dissolving rubber in asphalt binder increases its viscosity, allowing higher 

binder content to be used in the mix. Theoretically, this leads to asphalt mixes with improved 

fatigue resistance and durability (Huang et al., 2007). Extended reaction time decreases the 

binder viscosity slightly because of digestion of the rubber in the asphalt binder (Figure 8).  

 

 
Figure 20.  Progression of the asphalt-rubber interaction at elevated temperature (Abdeirahman, 2006) 

 

Although some companies using the wet process have suggested that there might be some 

sort of material chemical exchange between the binder and the crumb rubber  during heating and 
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mixing, the assertion is controversial.  The bulk of vulcanized tire rubber cannot melt at asphalt 

plant temperatures (149 - 205ºC), but it will decompose/oxidize in a higher-temperature (>316 

ºC) environment over time.  Xiao et al. (2006) suggests that there is a modest mass loss from 

crumb rubber over extended cooking periods in an asphalt binder, but Peralta et al. (2012) 

suggest that mass loss is due to splitting of the crumb rubber into finer particles and contribution 

of processing oils from the tire rubber.  It was also observed that the depolymerization potential 

of recycled crumb rubber is quite low, primarily because of the strength of bonding due to 

vulcanization (Peralta et al., 2012). 

An important question to be answered is: if the heated binder does not materially 

polymerize the recycled rubber, then what is the binder modification mechanism for crumb 

rubber in asphalt?  There is ample evidence of some binder light ends (Maltenes) uptake in the 

surface pores of rubber grains while heated (Shen et al., 2015; Peralta et al., 2012).  National 

Center for Asphalt Technology (NCAT) research (Hines, 2014) clearly suggests that for shorter 

cooking times (characteristic of dry process and Arizona Wet Process rubberized asphalt), the 

primary interaction between rubber and binder is mechanical in nature, not chemical.  This 

uptake process causes two physical/mechanical changes in the asphalt binder and mix: an 

increase in binder viscosity and a swelling of the crumb rubber. These changes influence the 

performance of the binder and any produced asphalt mix. The rubber additions and withdrawal 

of light ends increase the G*/sin δ of the binder, which is a surrogate for rutting resistance. 

Therefore, rubberized pavements are more resistant to permanent deformation. The swelling of 

the crumb rubber also adds a larger flexible mass to the asphalt mix matrix, providing an 

increased degree of pavement flexibility (increasing the cracking resistance of the rubberized 

pavement).  Mechanical changes aside, there appears to be little likelihood of any material 

chemical exchanges between the rubber and the binder during blending, transport and mixing for 

hot and warm mix production.  Finally, there is a second change in the character and 

performance related to the physical presence of crumb rubber in the asphalt matrix:  a typical 8 

lb. crumb rubber dose rate in an asphalt mix adds roughly 40 million individual crumbs of rubber 

in a ton of asphalt mix.  In the event that any cracking might begin in the asphalt, each crumb of 

rubber can help to pin cracks before they propagate.  

Also, it should be noted that the properties of asphalt rubber is highly influenced by base 

binder composition, blending time, temperature, amount and size of ground tire rubber, and the 
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grinding method (Bahia et al., 1994; Chesner, 1997; West el al., 1998; Leite et al., 1999; Navarro 

et al., 2004; Xiang et al., 2009; Hung et al., 2014). It is suggested not to use polymer-modified 

binders for asphalt rubber as the polymer-rubber interaction affects the durability of asphalt 

mixes (Airey et al., 2002). There are two methods for preparing asphalt rubber: terminal 

blending and on-site blending (Table 1). 

 Table 5. Wet process, on-site vs. terminal blending 

Method GTR 
Size 

Rubber 
Amount 

Mix 
Gradation 

Type 

On-site 
Blending 

1.4-2 
mm 

15 to 
22% 

Gap-graded 
or Open-
graded 

Terminal 
Blending 

< 0.6 
mm 

5 to 
10% Dense-graded 

       
Terminally blended crumb rubber-modified asphalt is typically produced at an asphalt 

terminal.  Rubber is introduced into binder in a turbulent environment.  The rubber is allowed to 

“cook” for hours to days under continuous agitation, and terminals routinely add chemicals to the 

rubberized binder in order to meet their own performance and quality specifications.  The 

finished product is pumped onto trucks (with or without agitation capabilities on-board).  Like 

polymer-modified asphalts, the suspended rubber/asphalt solution is transported by truck or rail 

to the end-user, where the modified binder is stored in a dedicated tank before use.  Separation of 

rubber and binder during transportation in un-agitated trucks is common and can lead to quality 

issues in the finished mix product.  In addition, asphalt tankers do not always pump all of the 

settled rubber out of the tanker, and rubber clean-outs are necessary before the tanker can be 

used again. 

Xiao et al. (2015) investigated the rheological properties of terminally blended and 

laboratory-blended asphalt binders in terms of three aging states: unaged, short-term aged, and 

long-term aged. The results indicated that rheological properties of both of the binders are 

similar. A recent study conducted to evaluate the long-term field performance and life cycle 

costs of pavement sections constructed with terminally-blended GTR and Poly (styrene-

butadiene-styrene) SBS polymer modifier showed that both pavement sections showed good 

performance after 10 years of service (Nazzal et al., 2016). Laboratory studies on field cores 

extracted from the sections indicated similar fatigue resistance for both sections but GTR field 
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cores showed slightly higher resistance to low temperature cracking and moisture induced 

damage. Life cycle costs for the section constructed by using mixes containing GTR was slightly 

higher than the one constructed by using polymer-modified mixes. It was due to higher initial 

cost of GTR mixes. A life cycle cost analysis approach has been developed by FHWA that can 

be used to evaluate the life cycle costs of asphalt pavements. The results indicated that the use of 

asphalt rubber is cost effective in Arizona and California (Hicks, et al., 2000). 

Mix designs with rubber require differing virgin binder amounts than their polymer-

modified counterparts.  Since the rubber does not add binder equivalence, 5 to 10% additions of 

rubber to a mix design actually require the addition of virgin binder to compensate for the 

presence of rubber in the modified binder as well as the limited amounts of binder absorption on 

the rubber surfaces.  In general, 10% by weight of binder (two grade Performance Grade (PG) 

bump equivalent) rubber additions require the addition of 0.2 to 0.4% binder addition in order to 

coat the increased amounts of fine particulate in the mix and to offset the absorption of binder 

light ends into the crumb rubber matrix. Therefore, produced rubberized asphalt mixes can be 

significantly stickier than standard hot and warm mix asphalts depending on the amounts of 

rubber used, and this makes wet process crumb rubber-modified asphalt mixes more difficult to 

produce, transport and place/compact.  This is a key issue in the commercialization of rubberized 

asphalt.  In Florida, the Florida Department of Transportation (FDOT) reports that when 

contractors are given the choice between rubber-modified asphalt and polymers, they choose 

polymers (Figure 9).  There has been a steady erosion in the use of rubber asphalt in Florida over 

the last decade as a result. 
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Figure 21.  Loss of rubberized asphalt market share in Florida (FDOT) 

 
Current Market for the Wet Process/Terminal Blend Rubber  

Once wet process crumb rubber-modified asphalt pavements were demonstrated to be an 

effective alternative to polymer modification, asphalt producers began to focus on the relative 

costs and benefits of rubber versus polymer modification.  Users noted that higher levels of 

rubber addition required the use of special equipment and handling procedures because the 

rubber additions made the hot and warm-mix asphalt stickier during material movement and 

handling.  This required the development of special equipment and workability additives that 

would allow effective and efficient addition of rubber to asphalt.  As wet process adoption began 

to expand, and the technology was written into various state specifications (AZ, FL, CA).  Most 

of the polymer modification of binders already occurred at various oil terminals, and when 

rubber was introduced, DOTs were effectively asking many terminals to introduce a rubberized 

asphalt product.  As a result, the terminals that provided blended rubber did so at prices that were 

equal to or greater than polymer modification.  Therefore, states that mandated or otherwise 

specified rubber use in asphalt did not find it economically as attractive as polymer-modified  

binders. 

With a pricing model that did not offer any performance or competitive advantage, wet 

process or terminal blend rubber-modified asphalt has been somewhat successful, but primarily 

where its use has been mandated or strongly encouraged by state DOTs.  In spite of state 

mandates, the total amounts of rubber going into asphalt have plateaued in the past decade, with 
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primary use focused in a handful of states located in warmer climates (southern and southwestern 

states) where significant attention has been paid to rutting resistance.  However, there are 

industry concerns over the use of rubber in colder climates based on assertions that rubberized 

asphalt will prematurely fail in those environments.  The FHWA notes that some earlier cold 

climate failures have been tied to construction issues, but rubberized pavement designs should be 

effective in colder climates (FHWA, 2014).  Rhode Island, Missouri DOT, the City of Chicago 

and The Illinois Tollway Authority all report significant success in using wet process and/or 

terminal blend rubber-modified asphalt in large quantities over the last decade in colder climates 

(Success reported on I-29, I-88, I-294, I-290, I-355 and I-90) (Gillen, 2015).  The Illinois 

Tollway notes the FHWA requirement to use recycled materials whenever possible to do so 

(FHWA, 2014), but the Tollway also notes that there is little or no economic incentive to use wet 

process rubber in place of polymers in modified asphalt applications (Gillen, 2015). 

Current national growth in demand for wet process and terminal blend rubberized asphalt 

appears to be driven by state-level mandates for rubber use.  Experimentation in other state 

markets continues, but demand growth for the product appears to be flat.  Applications across a 

range of pavement designs and use environments appears to be successful, but absent state 

mandates/market incentives and/or assignment of some sort of premium for the reuse of rubber 

in pavements, significant production growth seems unlikely. 

Dry Process 

Crumb rubber-modified asphalt began to take root in the U.S. asphalt market in the early 

2000s. Testing and commercialization of the “dry mix” process – the introduction of engineered 

crumb rubber at the producer’s site during the production of hot and warm-mix asphalt - was one 

of those efforts.  In the dry process, crumb rubber is added to the hot aggregates similar to 

reclaimed asphalt pavement (RAP) at the plant and then mixed with binder. Typically, larger 

rubber size particles between 0.85 to 6.4 mm are used to substitute for fine aggregates, at a 1-3% 

replacement rate (Huang, 2007).  

Dry process rubber introduction included use of engineered crumb rubber designed to 

reduce mix stickiness, improve workability and ease the introduction of rubber into the asphalt 

production process while producing a high quality, reliable modified asphalt mix. One of the 

most successful of the dry process efforts uses a metered, loss in weight pneumatic feeding 

system to inject fine, engineered crumb rubber into the mill during asphalt production, creating 
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Figure 23. Rubber particles distribution within a gap 
   graded rubberised (Takallou et al., 1988) 

an asphalt rubber composite that performs as well as wet mix and polymer-modified asphalt.  

Depending on the performance criteria for the modified asphalt, these processes typically cost 15 

to 50% less than wet process rubber and polymer-modified  asphalt binders. 

The Georgia DOT was the first state to specify both wet process and dry process 

rubberized asphalt as an alternative to polymer-modified  asphalt.   In the past ten years, the dry 

process has been effective in deeply penetrating the Georgia asphalt marketplace.  The wet 

process has made no headway in Georgia, and polymer modification has lost market share 

(Figure 10).  In Florida where a minimum level of rubber use is mandated in asphalt, the state 

allows contractors to choose between polymer modification and terminally-blended rubber in 

modified asphalt projects.  In that market, rubber has consistently lost market share while 

polymer modification has gained steadily, and that evolution is driven by the fact that wet 

process/terminal blend rubberized asphalt offers a negative economic incentive when used.  As a 

result, rubber has an important place to fill in the asphalt pavement industry, but rubber use in 

asphalt pavements is not likely to grow unless either states mandate rubber use or unless there is 

an economic incentive to use rubber in asphalt. 

 

 
Figure 22.  CR-Modified Asphalt Market Trends, FL and GA (after Romagosa and Kelly, 2006) 

In addition to economic benefits, improvement in pavement performance is also reported 

as a result of using dry process CRM in asphalt mixes. Cao (2007) indicated that addition of 

scrap tire to the asphalt mixes using dry 

process can improve asphalt mix 

performance. It was concluded that the 
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amount of rubber added to the mix significantly affects the high temperature resistance of the 

mix to permanent deformation and low temperature cracking (Cao, 2007). Cryogenic rubber is 

generally used in this process. As the rubber particles are relatively large, this process is 

suggested for gap-graded mixes that provide space for large rubber particles (Figure 11). The 

rubber modification’s potential to improve fatigue resistance and ice control in pavements is 

shown in different studies (Fontes et al., 2010; Wang et al., 2012). These benefits are due to 

elastic behavior of rubber that results in more flexibility of asphalt mix. In addition, a research 

conducted in Italy, indicated that fatigue performance of dry processed CRM mixes, containing 

up to 3.5% crumb rubber by weight of the aggregates, is broadly comparable to conventional 

mixes (Di Mino et al., 2015). Visual inspection of rubberized porous European mix (PEM) 

indicated that rubberized PEM performs similar to polymer-modified asphalt pavement section 

in terms of rutting and cracking (Xie et al., 2015). Field measurements confirmed that rubberized 

asphalt paving reduces the traffic noise from light-duty vehicles (Sacramento County, 1999). 

Although there might be interaction between CRM and asphalt binder during mixing, storage, 

hauling, placement, and compaction the asphalt binder is not assumed as a modified binder in the 

dry process (Caltrans, 2005). This process is generally used for hot mix asphalt.  

In a recent study, Hassan et al. (2014) indicated that critical design factors for designing 

dry processed CRM mixes are aggregate gradation, rubber gradation, binder content, and air 

voids content (Hassan et al., 2014). The following general guidelines for dry process CRM mixes 

were therefore suggested: 

• Gap-graded or coarse densely-graded aggregates are preferred. 

• Same binder grade or higher penetration binder must be used compared to HMA. 

• Higher binder content should be used compared to HMA (1-2%). 

• Combination of coarse and fine rubber is desirable. 

• Low design air voids content is critical (approximately 3%). 

• A higher mixing temperature compared to HMA must be used. 

• Rubber must be added to hot aggregate prior to adding the binder. 

• 1 to 2 hours curing time is needed after mixing. 

Laboratory and Field Data Supporting the Effectiveness of Dry Process 
Despite mixed performance data reported for the asphalt mixes containing dry process 

CRM, the dry process is known to show promising outcomes. After more than a decade of lab 



23 
 

and field work, it is more widely accepted that dry process works as good as wet process.  The 

following sections will try to present blocks of lab and field testing that represent the progressive 

research that led to the development of this process. 

Published and Assembled Lab Work 
There has been a steady stream of work that focused on rubber additions to asphalt, and 

some of that work has directly or indirectly focused on dry mix processes.  A summary of the 

more substantive efforts that helped shape the field use of dry process along with a discussion of 

the salient points from each effort, are presented in this section. 

 Federal Highway Administration SuperPave Binder Modification Research: (D’Angelo,  
2004) 

Under the direction of Terry Arnold and John D’Angelo, the U.S. Federal Highway 

Administration performed evaluations of rubber additions to various asphalt binders.  The testing 

evaluations also included an industrial wax additive used to reduce stickiness in the rubber-

modified binders.  Rubber was added in crumb form (ASTM-compliant 14 to 30 mesh material) 

at a 5% by weight of binder rate, both with and without the workability additive.  The crumb 

rubber was mechanically blended with a shearing mixer and was not “cooked” or otherwise 

digested at high temperatures for extended periods like terminally-blended materials.  All binder 

testing was performed by FHWA, and the source binders were provided by Citgo Oil.  The true 

grade of the test binder (B6225 binder, TFHRC Lab ID) was measured at 67 -25.3ºC.  With or 

without the addition of the workability additive, the rubber-modified binder was graded as PG 

70-22 with a true grade that ranged from 70.3-26.1 ºC to 74.4 -27.1 ºC (with the workability 

additive).  In general, the testing revealed that the addition of approximately 5% rubber by 

weight of the binder would “bump” the PG by one grade, and this effort suggested that the 

addition of rubber could marginally decrease the lower boundary temperatures as well.  The 

viscosity of the binders also increased with the addition of crumb rubber. 

Key Findings 

• Addition of 5% crumb rubber will increase binder viscosity and bump the performance 

grade one level (approximately), depending on the base binder used. 

• Crumb rubber not subjected to extended cooking still had a beneficial effect on the 

modified binder 
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 Heiden Labor Vest Binder Tests of Crumb Rubber-modified Bitumen (Heiden Labor 
Vest, 2005) 

A German asphalt consultant was retained to study the effects of rubber and workability 

agents on asphalt binders.  Two binders were used in the evaluations:  50/70 and 70/100 

Bitumen.  These are rough equivalents of SuperPave PG 64-22 and PG 76-22.  The 50/70 

Bitumen was evaluated with 5, 10 and 15% rubber additions, and the 70/100 Bitumen was 

evaluated with 10 and 15% rubber additions.  In these analyses, a 5% mix equates to 95% binder 

and 5% crumb rubber.   

The modified binders were subjected to the following traditional binder analyses:   

o Needle penetration 

o Ring and ball softening point 

o Ductility 

o Elastic recovery 

o Deformation behavior (thermal stability) with a dynamic shear rheometer (DSR) 

o Low-temperature behavior with the bending beam rheometer (BBR) and 

o Deformation work 

The binder samples were mixed with crumb rubber of undisclosed particle size, and the 

binder, rubber and additive were combined in a paddle mixer (low shear) for 120 minutes before 

testing.  The 50/70 binder mixes (5, 10 and 15% rubber additions) showed expected increases in 

viscosity with more rubber additions.  All samples passed needle penetration and elastic recovery 

tests.  Complex shear modulus, phase angle, m-value and stiffness results were all good to 

excellent, but m-values decreased as the ratio of rubber to binder increased.  The 70/100 10 and 

15% crumb rubber blends were also evaluated, and showed similar results. 

Key Findings 

• Rubber additions enhance rutting resistance in direct relationship to the amounts of 

rubber added. 

• The addition of increasing amounts of rubber appears to have a small negative effect on 

m-values and associated cracking resistance (as more rubber is added, it will bring the 

critical low (PG) temperatures slightly higher). 

 Penn State NECEPT Study – Binder and Mix Studies 
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This study looked at the addition of crumb rubber to asphalt with an industrial wax 

product, and attention was paid to both binder and mix performance changes with the addition of 

rubber.  The study used a PG 58-28 binder from Koch in Wichita, KS along with variable 

addition rates of minus 14 crumb rubber.  The crumb rubber and modified crumb rubber were 

added to the binder and subjected to shear mixing for 30 minutes, which is a fair simulation of 

the violent mixing and hold time associated with dry process CRM asphalt hot-mix designs.  

Their work continued to build on the growing body of research associated with rubber additions 

to asphalt.  Their findings included: 

Key Findings 

• Binder viscosity increased by 75 to 80% with the addition of 10% minus 14 mesh crumb 

rubber as a fraction of binder in the mix design. 

• For the selected binder, one grade bumps were seen with a 5% addition of rubber, and 

three grade bumps were seen with an addition of 10% rubber. 

• When compared to the control binder (58, -28), rutting resistance increased exponentially 

with increased rubber additions up to 10% of binder content (Figure 12). 

• Similar rutting resistance results were seen in Rolling Thin Film Oven (RTFO)-aged 

 binders. 

• Fatigue testing of modified binders showed improvements in performance with the 

addition of 10% rubber with minimal cooking times and high shear mixing for both short-

term and long-term aged binders (Figure 13 and Figure 14). 

• Rubber additions to un-aged binders produced higher-viscosity liquids at 135ºC, but they 

still easily met ASHTO standards (M320-2) for pump-ability. 

• Bending Beam Rheometer testing showed some marginal improvements in low 

temperature performance with the addition of minus 14 crumb rubber (See Figure 7).  

The m-values showed little or no change with the addition of rubber. 

• Preliminary testing of mix designs suggests that rubber additions will be effective in 

rutting prevention. 
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Figure 24.   Improved rutting resistance caused by crumb rubber additions with short-term heating and high-shear 
mixing 

 
Figure 25.   Improved fatigue performance caused by 14 mesh crumb rubber additions with short-term heating and 
high-shear mixing (Dynamic Shear Rheometer (DSR) results, short term aging Pressure Aging Vessel (PAV) binders) 
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Figure 26.   S values for different binder/rubber mix designs:  PAV binder, 14-mesh rubber, long term aged binder: 
improved fatigue performance caused by crumb rubber additions with short-term heating and high-shear mixing 

This study supports the positive effects of rubber-modified binder systems, and it 

demonstrates that significantly shorter cooking or digestion times with shearing mixing do not 

negatively impact CR–modified asphalt pavement performance 

 Rutgers University:  Dry Process Evaluation (Bennert et al., 2004) 

The study compared the performance of unmodified PG 64-22 binder with polymer-

modified  (PG 76-22) binder, wet process modified binder with 20% rubber, and dry process 

modified binder with 20% rubber. Dynamic Shear Modulus (DSM) testing indicated that 

polymer-modified  asphalt was significantly more rut-resistant than unmodified asphalt, but all 

of the rubber-modified asphalt samples were marginally more rut-resistant than polymer-

modified asphalt (Figure 15). Permanent shear strain testing on the range of samples 

demonstrates that all of the modified asphalts performed significantly better than a standard PG 

64,-22 binder, and the wet and dry mix rubbers performed marginally better than Polymer 

Modified Asphalt (PMA) (Figure 16). 
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Figure 27.   DSM testing comparison:  PMA and dry/wet rubber asphalts (after Bennert et al., 2004) 

 
Figure 28.   Permanent shear strain for various mix designs (after Bennert et al., 2004)  

Key Findings 

• Both wet and dry process Crumb Rubber Modified (CRM) mixes performed at least as 

well as PMA, if not better. 

• Dry process CRM mix performance was competitive with wet process mix and better 

than PMR in all key test categories. 

• The CRM pavements were more moisture and fatigue-resistant than PMA. 
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• Wet and dry CRM mixes accumulated approximately 18% less permanent shear strain at 

5000 cycles compared to PMA. 

 NCAT Report (Willis et al., 2012) 

Follow-on research by NCAT focused on three outstanding questions:  (i) Does the 

process of recycling rubber – cryogenic versus ambient – impact the performance of crumb 

rubber in asphalt?   (ii) Does the grain size distribution of the crumb rubber impact the 

performance of rubber-modified asphalt?  (iii) Do lab methods simulating dry process CRM 

asphalt show any loss in pavement performance compared to wet process asphalt modification? 

Samples of rubber were taken from two large recyclers that produced cryogenic and 

ambient recycled crumb rubber.  Eleven different samples of rubber (different production 

processes, different particle size distribution) were collected and used a single binder in order to 

create 13 different modified binders.  Eleven of the samples included 10% crumb rubber 

modification, and two of the eleven were further modified to evaluate the CRM level to 15%.  

The rubber-modified binder samples were prepared using short-term, high-shear mixing.  Each 

sample was evaluated through PG analysis, Multiple Stress Creep Recovery (MSCR) and 

Separation Tube/Softening Point settling evaluation.  Also the source of the recycled rubber 

(auto versus truck tires) was tracked. 

Crumb rubber particle sizes ranged from minus 14 to minus 140 meshes from both cryo 

and ambient sources.  Mean particle sizes ranged from 50 to 600 microns.  The particles were 

substantively the same in chemical makeup, but surface areas exhibited significantly different 

values, ranging from 0.044 to 0.75 square meters per gram of crumb. 

In the mix designs, a PG 70-24 binder was used as the base binder.  Modification with 

10% rubber produced a PG bump of one to two grades, and almost all of the samples were close 

to or over PG 82-22 grade.  This was consistent with earlier observations that a 10% of binder 

rubber addition produced a two-grade bump.  The high temperature mean was 81.5 ºC with a 

10% addition rate for crumb rubber.  Low temperature tests showed that an addition of 10% 

rubber to the binder followed by shear mixing produced rubber-modified binders that averaged a 

low PG temperature of -23.4 ºC.  This was approximately 0.6 degrees higher than the rating of 

the startup binder (-24 ºC) and was consistent with the observation that greater un-engineered 

crumb rubber additions will move both the high and low PG rating temperatures higher.  This 

observation is supported by the fact that both of the 15% crumb rubber-modified binders failed 
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to meet a -22 ºC specification. In general, the grinding method, temperature and particle sizes 

appear to have no impact on PG ratings (both high and low). 

MSCR testing of the various mix designs demonstrated that almost all mixes qualified for 

traffic volumes in excess of 30 Million Equivalent Single Axle Loads (ESALs)-E-rated 

pavements.  Separation tube/DSR analysis demonstrated evidence of significant separation or 

settling in all samples.  Samples from the top and bottom of settling tube samples were subjected 

to a critical high temperature evaluation and found the mean variation between top and bottom 

critical high temperatures to be approximately 21 ºC, with the higher critical temperatures found 

in the bottom samples.  This suggests a mean separation of approximately 20% of the rubber 

additive in this analysis.  Larger particles separated the fastest.  Softening point analysis showed 

that all but one of the samples had a greater than 2 ºC variance between upper and lower level 

modified binder samples, thus reinforcing the risks of separation in CRM binders. 

A final portion of the NCAT study focused on the effects of polymer and workability 

agents on the performance of CRM asphalt binders.  Three materials were evaluated:  straight 

CR was added at 10%, Rubber-modified with a workability additive was added at 10% and a 

proprietary rubber/polymer hybrid was added at 10%.  The true grades of the tested binders were 

all similar.  MSCR testing indicated that the workability additive marginally improved elasticity, 

but softening point testing indicated that the same additive increased the rate and amounts of 

rubber separation in CRM binders. 

Key Findings 

• 10 and 15% addition rates of rubber produced close to a two-grade PG bump 

• Short “cooking” of binder/rubber blends and shearing mixing had no apparent material 

impact on the quality of the binder compared to longer periods of digestion 

• Neither the type of rubber (truck versus auto tires), the type of grinding process nor the 

particle size distribution had a significant impact on the performance of CR-modified 

binders 

• Addition of more CR to binders increased the critical low PG temperatures of the 

modified binders 

• Without properly engineered agitation systems, settling is an issue for wet-blended CR-

modified binders 
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• Use of workability agents or polymer/rubber hybrids did not appear to materially improve 

binder performance (PG, MSCR, Settling) 

Published and Assembled Field Work 
 Georgia Department of Transportation (GDOT) Evaluation of Dry Process Rubber 

Pavements Following Extended Field Service (Shen et al., 2015) 

An extensive investigation of multiple Interstate Highway projects using dry process 

rubberized asphalt in PEM and Stone Mastic Asphalt (SMA) mix designs was conducted in this 

study.  These designs were evaluated after three and five 

years of service, and each project had an adjacent control 

lane constructed with the same mix designs using 

polymer-modified  asphalt in place of dry process 

rubberized asphalt.  The authors used a combination of 

field performance evaluations and core analysis along with 

two extensive laboratory analyses of mix performance.  In the field and coring evaluations, the 

authors found no material evidence of any significant difference between PMA and dry process 

rubber performance.  The authors also evaluated performance of wet process and dry process 

CRM asphalt and rubber and polymer-modified pavements placed side-by-side. No material 

differences were found in field performance between the different modification processes.  

Although the authors did not update their findings in the most recent report, the very first 

interstate section using dry process rubberized asphalt with PMA as a control is showing similar 

life-cycle performance as the project moves into its eleventh service year. 

The laboratory analyses were also far-reaching, but several key conclusions were noted 

as follows. 

Key Findings 

• Both dry process rubber and polymer-modified  binders were similarly rut-resistant. 

• Within 30-60 minutes of mix production, dry process asphalt mimicked the performance 

of wet process asphalt across a wide range of binder and mix tests. 

• Dry process rubber-modified binders exhibited strong similarities to wet process and 

polymer-modified  asphalt binders in their respective master curves. 

• The mixing associated with the turbulence and abrasion found during asphalt production 

acts to accelerate rates of light end segregation with the dry process. 

GDOT Study on CRM-HMA 

In the field and coring 
evaluations, no material 
evidence of any significant 
difference was found between 
PMA and dry process CRM 
asphalt (Shen et al., 2015). 
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• The authors conclude by observing that dry process rubberized asphalt mix designs can 

be used effectively in the field. 

 Illinois Tollway Lab and Field Evaluation 

The Illinois Tollway (Tollway) is a large, quasi-public authority over many of the most 

heavily-traveled interstate highways in Northern Illinois.  Tollway began working with 

rubberized asphalt over seven years ago, and has thousands of tons of rubberized asphalt in their 

system that is performing at or beyond their expectations.  Tollway is using both wet and dry 

asphalt modifications and devised its own system of mix testing in labs that is used to predict the 

expected field performance of various asphalt mix designs.  Based on Tollway suggestions,  

rubberized asphalt should be competitive with PMA in the field. 

Key Finding 

• Extensive field testing of CRM asphalt mix designs and similar mix designs with PMA 

was conducted.  The data presented indicated that the field performance and expected life 

– as measured in the field using a pavement condition rating system – of rubberized 

pavements (GTR sections) have a total expected service life of 17 to 23 years, while 

polymer-modified  sections have a total expected service life of 12 to 18 years. At a 

minimum, the field performance of the tested mix designs with rubber appear to be 

comparable to those sections with PMA. 

Summary of Published and Assembled Lab and Field Work 
A careful reading of the aforementioned laboratory and field research reports leads to a 

series of conclusions that suggest new directions in rubber asphalt paving technology.  Those 

conclusions are presented in a sequence that makes an argument for a more efficient addition of 

rubber in asphalt production. 

1. Crumb rubber additions of approximately 5 and 10% produce one and two PG grade 

bumps in asphalt binders, respectively. 

2. Rubber size, type, and grinding process affect but don’t materially impact binder or mix 

modification. 

3. CRM binders are great for improved rutting resistance.  More rubber results in stiffer 

pavements, but more rubber alone also can elevate critical low temperatures and cracking 

resistance. 



33 
 

4. Cumb rubber cook time in binder beyond 30 to 60 minutes does not materially improve 

binder performance. 

5. With proper mixing, low and no-cook CRM asphalt seems to perform as well as terminal 

blend CRM asphalt, both in the lab and in the field. 

6. Wet and dry process CRM asphalt perform as well or better than PMA (better fatigue and 

moisture resistance, lower permanent strain accumulation with rubber). 

7. Separation of rubber and binder in terminal blends is a real risk. 

To summarize further, wet and dry process rubber additions and polymer additions all 

seem to beneficially modify asphalt binders to a similar degree; and all technologies appear to 

reduce the life cycle cost of road surfaces.   

Implications for Dry Process CRM Asphalt 
These conclusions open the door for a serious look at dry mix asphalt.  Research supports 

the performance of rubber in asphalt, and it appears that there are limited performance 

differences between uncooked (dry process) crumb rubber, cooked or digested crumb rubber and 

polymer-modified asphalts.  In view of the presented information – and both field experience, 

follow-up lab testing and mix performance analyses suggest that they are true – this technology 

offers economic benefits to road owners while stimulating new demand for rubber in road 

construction and the marketplace.   

Field Verification of CRM Asphalt 

Various forms of CRM asphalt pavements using dry process engineered rubber have been 

used in the field for more than a decade, with total pavement placements now exceeding two 

million tons.  Projects have ranged from initial efforts in parking lots and on municipal streets to 

multiple projects on state and interstate highways.  At present, Dry Process Asphalt is in use on 

more than 5,000 lane-miles of pavement in multiple states. 

As noted above, G DOT engaged independent researchers to evaluate the last decade’s 

worth of dry process pavements in the state, with particular attention to interstate highway 

projects on I-20 and I-75.  Test sections of up to 17 miles in length were placed in the 2008 to 

2012 timeframe, and each test section had a polymer-modified  control section of similar mix 

design included in the project design.  Through 2016, dry process and control test sections 

exhibited no significant difference in either rutting or cracking performance. As of the end of 
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2016, Georgia will have more than one million tons of dry process asphalt in service (See Table 

2 for a partial project list) 

Table 6.   Dry process rubber projects in service in Georgia 

 
 

Dry mix products have been used on more than fifty significant projects located all over 

the US; the largest of these projects involved the paving of multiple 15-20 mile sections of 

Interstate Highway in heavy-use transportation corridors.  The process is specified in Georgia 

and permitted in Louisiana, and the process is under various stages of review in a number of 

other states. 

 

 

 

Dense Graded Mixes
Contractor Project # Plant# Mix Type Tonnage Route County
ER Snell CSSTP-M00-00(821) 80 12.5mm SP 22,419 SR140 Gwinnett
ER Snell CSSTP-M00-00(832) 80 12.5mm SP 26,220 SR9 Gwinnett
ER Snell CSSTP-008-00(578) 80 12.5mm SP 18,629 SR124 Gwinnett
The Lions Group CSSTP-M003-00(754) 53 12.5mm SP 17,293 SR8 DeKalb
Reeves/Tugalo CSNHS-M003-00(900) 91 12.5mm SP 10,744 SR17 Habersham
Reeves CSSTP-M003-00(936) 37 12.5mm SP 7,212 SR26 Laurens
Reeves CSSTP-M003-00(494) 46 12.5mm SP 14,736 SR28 Richmond
Reeves M004173 15 12.5mm SP 20,000 SR10 Richmond
Reeves CSNHS-M003-00(932) 12.5mm SP 17,293 SR27 Sumter
Reeves CSSTP-M003-00(765) 4 12.5mm SP 10,971 US441 Baldwin
Reeves CSSTP-M003-00(765) 4 19mm SP 1,071 US441 Baldwin
Reeves 12.5mm SP 2,000 SR26 Houston
Reeves/Baker CSSTP-M003-00(910) 12.5mm SP 8,000 SR307 Chatham
Reeves/Baker MLP00-0307-00(008) 12.5mm SP 6,000 Chatham 
Reeves/Baker 19mm SP 6,200 Chatham
Reeves M004271/72 12.5mm SP 22,000 SR247 Bibb
Baldwin Various 50,000
Southern Various 1,000
Reeves/Baker M004590 12.5mm SP 14,000 US341 Wayne
Reeves/Baker M004590 19mm SP 16,750 US341 Wayne
Reeves NH000-0520-01(017) 12.5mm SP 13,575 US1/I-520 Richmond
Open Graded Mixes
Contractor Project # Plant# Mix Type Tonnage Route County
Scruggs CSNHS-M003-00(998) PEM 28,049 I-75 Lowndes
Reeves NH-IM-520-1(15)01 PEM 19,000 I-20/I-520 Richmond
Reeves M004271/72 OGFC 3,000 SR247 Bibb
Reeves CSNHS-M003-00(890) OGFC 10,000 SR319 Tift 
Reeves CSNHS-M003-00(560) OGFC 562 I-75 Houston/Peach
Reeves NHIMO-0075-02(211) PEM 10,900 I-75 Bibb
Reeves 10868 PEM 22,415 I-75 Turner
Reeves NH000-0520-01(017) PEM 7592 I-520 Richmond
Reeves M004317 PEM 15525 I-520 Richmond
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The following observations were made in the field: 

Dry Mix Quality Control 

• Engineered rubber infeed rates appear to have a narrow range of variation (± 2% 

according to conveyancing machine manufacturers and field measurement).  State 

specifications ±5%. 

• There is no record of any project showing material areal variations in pavement 

performance. 

Field Application 

• All plant-produced dry mix materials meet applicable production specifications. 

• There have been no problems with basic operation of metered feeding systems and 

tracking of inputs. 

• All dry process CRM asphalts exhibit excellent workability, good to excellent 

compaction, good to excellent minimum compaction temperatures, low field emissions 

and minimal stickiness during handling, even for rubber asphalt applications.  This is true 

for breakdown temperatures as low as 113 ºC. 

• With proper workmanship, placed pavements using 7 to 10% rubber as a fraction of 

binder are performing comparably to (if not better than)  polymer-modified PG 64-22 

binders with a true grade of PG 76-22. 

Comparative Field Performance 

• Ongoing comparative evaluations between dry mix CRM asphalts and polymer-modified  

asphalts (3 lbs. of SBS per 100 lbs. of binder, as low as 6.4 lbs. of rubber per 100 lbs. of 

binder) and wet mix rubberized asphalt show no difference in performance on roads 

including heavily travelled interstate highways over periods as long as a decade.  

Rubber Additions 

• Within limits, the size, type, grain size distribution (within a modestly narrow range) and 

processing method for crumb rubber don’t seem to materially impact the quality and 

performance of the paved surfaces. 

• The method for rubber introduction into asphalt (wet or dry) does not have a material 

impact on the quality or the performance of the paved surfaces. 
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• The amounts of rubber added, the ratio of binder to rubber additions and the engineering 

of the rubber appear to be the most important variables influencing pavement 

performance.  

Performance Comparison between Wet and Dry Process CRM Mixes 
Semi-circular Bend (SCB) tests conducted on gap-graded CRM asphalt mixes indicated 

that asphalt mixes produced by wet and dry processes resulted in mixes with better fatigue 

performance (Arabani, 2007; Liu, 2011) compared with unmodified mixes. Similar results were 

obtained by conducting flexural bending beam fatigue tests (Souliman et al., 2016). Losa et al 

(2012) investigated the permanent deformation and fatigue cracking resistance of wet and dry 

processed gap-graded CRM mixes. Similar results were obtained for both wet and dry processed 

mixes from Indirect Tensile Strength Test (IDT). However, the Resilient Modulus (Mr) test data 

indicated that wet processed mixes had higher Mr values compared to the dry processed mixes. 

The indirect tensile fatigue test results indicated that dry processed gap-graded mixes could be 

superior to wet processed mixes in terms of fatigue cracking resistance. In another study, Kim et 

al. (2014) conducted research on CRM asphalt mixes in Korea. In this study, asphalt mixes 

produced using dry and wet process with CR contents of 8%, 10%, and 12% were investigated. 

The laboratory results indicated that fatigue performance of the CRM mixes at 20℃ showed the 

most significant improvement. It was concluded that wet processed CRM mixes are stronger than 

dry mixes in terms of high temperature deformation resistance and tensile strength at ambient 

temperature. It was shown that the moisture resistance of  both dry and wet processed mixes is 

low after freezing-and-thawing cycles. Addition of hydrated lime was found to improve the 

resistance of the CRM mixes to moisture damage. Moreno-Navarro et al. (2016) investigated the 

fatigue cracking potential of four different mixes with the same aggregate gradation but with 

different binder types. It was concluded that fatigue life of mixes containing CR were 

considerably higher than that of conventional HMA. It was also shown that cracks in dry 

processed mix are thinner and less ramified than those in the other mixes. 

Although the dry process has potential to recycle more scrap tires compared to the wet 

process; inconsistency in the performance and lack of standards for this method resulted in 

limiting its use among the asphalt pavement community (Hassan et al., 2014). However there are 

many studies which have shown superior performance of dry process CRM mixes. Most of these 

types of inconsistencies were observed in laboratory studies, due to a significant difference 
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between lab-produced and plant-produced mixes as a result of different mixing procedures, and 

compaction efforts. Therefore, following a widely-accepted mixing and compaction methods 

which can represent the asphalt plant and field conditions, respectively, are needed for laboratory 

testing of CRM mixes.  

GTR Applications/Field Operations 

The literature review indicated that there is variety of applications of CRM materials 

throughout the United States. In this section the experience of different DOTs with CRM asphalt 

is discussed, briefly. 

Florida 
The Florida Department of Transportation (FDOT) is known as one of the agencies 

which conducted extensive research and field experiments on CRM pavements. In a 1996 study, 

FDOT investigated the effect of different grinding processes on the asphalt rubber properties. 

They found that GTR with greater surface areas and more irregular shaped particles produces 

asphalt binders with higher viscosities. It was also concluded that asphalt binders with 

cryogenically GTR have the most settlement and least drain down resistance (West et al., 

1996).Three demonstration projects conducted by FDOT in 1989 and 1990 evaluated the 

constructability and short term performance of asphalt rubber pavements with various amounts 

of GTR in a typical production project.  The first two (2) projects tested stability and 

constructability of mix designs  Each of these projects used different binder content ranging from 

3% to as high as 17% depending on the project objectives.  The third project explored senstivity 

of dense-graded and open-graded mix properties to changes in CR particle size and binder 

content.       

Three test sections and a control section were included in the first project. Three (3) 

GTR-modified binders with 3, 5, and 10% CR by total weight of binder were used in this study. 

All of the mix designs were developed by using Florida DOT Marshall Mix Design procedure. 

The binder content of 7% was selected for the control section. While, the binder contents of the 

sections with 3, 5, and 10% CR were 7.22, 7.37, and 8.25%, respectively. During construction 

and placement of the mixes the problems such as occurrence of mix pickup with the rollers and 

tenderness of the section with 10% CRM were observed. The experimental tests on plant-

produced materials indicated that all the sections except that containing 10% CRM had similar 

Marshall stabilities with the design values. The stability value of the section with 10% CRM was 
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half of the design value. It was hypothesized that the reduced stability is due to high binder 

content and low fine particles (Page, 1992).   

Four (4) test sections and a control section were included in the second project. Four (4) 

GTR-modified binders with 5, 10, 15, and 17% CR by total weight of binder were used in the 

study. The total binder content of 6.3% was selected for the control section and the binder 

contents of the sections with 5, 10, 15, and 17% CRM were 7.16, 8.11, 9.18, and 10%, 

respectively. The construction process indicated that the mixture with 10% CR has the best 

constructability (Page, 1992). 

In the third project conducted by FDOT, four (4) different sections were included in the 

construction. The results of this study indicated that dense-graded mix properties are more 

sensitive to changes in CR particle size and binder content than those of open-graded mixes. This 

sensitivity was attributed to the lower amount of void space available in dense-graded mixes. 

Based on the results of this project, FDOT drafted specifications for using crumb rubber in 

asphalt pavement surface course, validated by other researchers (Choubane, et al., 1999), which 

are still in use. For the dense-graded and open-graded surface courses, the CR amount was 

limited to 5 and 12% by weight of asphalt cement, respectively. The maximum size of ground 

rubber was selected to be 300 mm (No. 50 sieve) for dense-graded mixes and 600 mm (No. 30 

sieve) for open-graded mixes (Page et al., 1992). 

In 1999, a study was conducted on the three above-mentioned projects to evaluate their 

performance. The major finding of this 10-year study was that the application of scrap tires in 

asphalt pavements using the wet process improves the crack resistance of surface mixtures. The 

test sections constructed using CRM mixes showed about 1 to 6% cracked areas, depending on 

the CR amount. However, the test sections constructed using mixes containing  virgin binder or 

dry-mixed sections showed about 30% cracked areas. CR amounts ranging between 10 to 15% 

were suggested as effective optimum rubber content in this study (Choubane, et al., 1999). 

According to the Florida Department of Environmental Protection (FDEP), Florida is the only 

state that uses modified rubber asphalt in the surface course of all state-maintained roads (FDEP, 

2011). 

FDOT started the use of CR asphalt mixes in interlayers and seal coats about 45 years 

ago. FDOT allowed the use of CRM in surface treatments and interlayers based on the finding of 

a project conducted in 1980 (Murphy and Potts, 1980). SAMI binders in Florida include 20% CR 



39 
 

by weight of asphalt in order to achieve a high viscosity material. In the most recent revision of 

FDOT asphalt mixture guidelines, the use of scrap tires in asphalt friction courses and membrane 

layers is approved (Ellis, et al., 2014). 

Arizona 

Arizona Department of Transportation (ADOT) has more than 45 years of experience in 

incorporating asphalt rubber materials in the construction and rehabilitation of pavements. Rather 

than use of crumb rubber in asphalt paving mixes, ADOT has used GTR-modified binders in 

chip seals as stress absorbing membranes (SAMs) and SAMIs. In a 1994 study, ADOT evaluated 

the service life of the various CRM treatment materials using the data available in the ADOT 

pavement management system data base concluding that the average service life of SAMs was 

6.4, 10.3, and 8, 9 years while the SAMIs average service life was 10.7, 9.5, and 10.7 for 

Interstate highways, state routes, and U.S. routes (Flintsch, et al., 1994). 

Although Arizona has a wide range of climate zones from hot (Yuma, Bullhead City) to 

cold (Flagstaff, Grand Canyon); there has been many successful pavement constructions using 

GTR-modified materials throughout the state (Charania, et al., 1992; Flintsch, et al., 1994; Miller 

1996; Way, 2000; Morris et al., 2001; Kaloush, et al., 2002; Caltrans, 2005). 

ADOT designed and constructed a large scale project in 1990 to evaluate the effect of 

asphalt rubber on reflective cracking occurrence in thin overlays. The project was located in 

Flagstaff, AZ on Interstate 40. The overlay project was constructed on a badly-cracked concrete 

pavement which was originally built in 1969 with a thickness of 8 inches and total width of 38 

feet (Way, 1991). The asphalt rubber for the project was produced with 20% GTR using the wet 

process. No other additives or modifiers were used in this project.  ADOT reported that the 

performance of the asphalt rubber overlay was beyond the original expectation (Way, 2000). It 

was indicated that after nine years of service the overlay is still virtually crack-free with no 

rutting. Results of this project have led to significant increase in asphalt rubber application 

throughout Arizona. 

Over 2,000 miles of asphalt pavements containing GTR have been built in Arizona, 

between 1990 and 2000. ADOT tracked all the asphalt rubber overlay projects in the state and 

reported that the percent cracking in asphalt rubber overlays is significantly lower than that in 

conventional overlays without any rubber (Figure 17). There are many gap-graded CRM mixes 

placed in the State of Arizona. Kaloush et al. (2007) conducted flexural fatigue test on the field 
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specimens extracted from the gap-graded Arizona pavements and showed that crumb rubber 

modification results in higher pavement fatigue life. In a more recent study, point bending tests 

were conducted on Arizona mixes indicating that CRM mixes have longer fatigue lives 

compared to traditional HMAs which are consistent with field observations over a 16-year period 

(Way et al., 2015). 

 
Figure 29.  Percent cracking over a ten-year period with and without asphalt rubber (Way, 1999) 

 

Arizona Transportation Research Center study also reported the noise reduction as an 

additional benefit as a result of using CRM asphalt in pavement construction (ARTR, 1996). It 

was indicated that an Asphalt Rubber Open Graded Friction Course (AR-ACFC) reduces the 

noise by 5.7 decibels (Figure 18). 

 
Figure 30.  Comparison of tire-pavement noise of asphalt pavement courses (ATRC, 1996) 
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Studies of ADOT on use of scrap tire in pavements revealed that thickness of CRM 

pavements is half of that in conventional pavements. Furthermore, the percent cracking of CRM 

mixes is approximately one-fourth of a conventional mix in a similar period of time, making 

them an appropriate choice for the state (Way, 2000). In the state of Arizona, all high volume 

highways have been surfaced with asphalt rubber open-graded friction course (Shu, et al., 2014). 

California 
The California Department of Transportation (Caltrans) has been using scrap tires in chip 

seals since 1970s and has started using them in rubberized HMA since 1980s (Zhou et al., 2014). 

Approximately, 31% of all HMA mixes placed in California by the end of 2010, was rubberized 

HMA (Zhou et al., 2014).  As mentioned earlier, the first Caltrans dry process CRM HMA 

pavement was constructed in 1978. The first Caltrans Rubber Asphalt Concrete (RAC) pavement 

by using wet process was constructed in 1980. The successful Caltrans experience with use of 

CRM asphalt changed Caltrans approach to the use of high viscosity CRM binders. The 

constructed pavements were monitored over time and the overall performance of the CRM mixes 

were rated excellent by Caltrans (DeLaubenfels 1985). Caltrans built more RAC projects and 

continued studying the RAC performance. It was clear in 1987 that thin RAC pavements perform 

better than thicker Conventional Dense-graded Asphalt Concrete (DGAC) (Caltrans, 2005). 

Caltrans engineers reviewed the performance of over 100 RAC projects in California and 

41 Arizona DOT projects (Hildebrand and Van Kirk, 1996). It was concluded that performance 

of RAC materials becomes excellent when properly designed and constructed. A very important 

finding of the study was that the progress of distresses in RAC pavements is much slower than 

that of a structurally equivalent DGAC pavement.  Two hundred ten RAC projects were 

constructed by Caltrans by mid-2001 (Caltrans, 2005). Caltrans also included SAMIs in the 

pavement construction for a project in Ravendale, CA. The results of this study significantly 

changed Caltrans approach to the use of CRM materials (Doty, 1988). 

New Jersey 

The New Jersey Department of Transportation (NJDOT) conducted a study on seven 

experimental field projects, including a control section, constructed in 1991 through 1994, to 

evaluate the use of wet and dry processes. The results of this study indicated that the wet process 

DGAC mixes preform similar to DGAC mixes without GTR. The dry process CRM mixes  

performed inconsistency. In this study the emissions of six (6) CRM mixes were assessed. It was 
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concluded that emissions levels of CRM mixes are generally higher than those of non-CRM 

mixes (Baker and Connolly, 1995). 

New Mexico 

The New Mexico Department of Transportation’s (NMDOT) first experience with dry 

process CRM HMA was in 1984. The performance of the pavement was monitored for duration 

of nine (9) months and it was indicated that the pavement structure performed well during winter 

months. However, during the hot weather the pavement lost structural capacity and failed. As 

stated by the report the pavement “literally came apart”. In 1985, NMDOT constructed the first 

wet process CRM pavement. Within the first year of service, the pavement surface showed 

excessive premature cracking. After these two unsuccessful projects NMDOT stopped using 

crumb rubber in asphalt pavements for ten years (Tenison, 2005). In 1994, six (6) Rubberized 

Open-graded Friction Course (ROGFC) projects were constructed by NMDOT. Monitoring the 

performance of the sections indicated that these mixes performed better than conventional Open-

graded Friction Course (OGFC) pavements in New Mexico. It was also reported that cost of 

ROGFC was 33% higher than that of conventional OGFC (Tenison, 2005). 

Texas 

Texas Department of Transportation (TxDOT) has 40 years of experience in utilizing 

asphalt rubber in construction and rehabilitation of pavements. In Texas, CR has been used in 

four different types of pavement constructions: chip seal coat, underseal, HMA, and Porous 

Friction Course (PFC) (Estakhri et al., 1992). In a study conducted in 1982, researchers 

evaluated the performance of nearly 800 miles of Texas seal coat and underseal projects 

constructed from 1976 to 1981. The results indicated that using asphalt rubber binder in seal coat 

construction reduces alligator cracks and raveling compared to seal coat coats constructed by 

using conventional HMA (Shuler, et al., 1982). In a latter study conducted in 2002, it was 

concluded that asphalt rubber chip seals are good treatment option for Texas pavements 

(Freeman, et al., 2002). Pavement evaluation results indicated that CRM HMA projects have 

significantly better cracking resistance in comparison with conventional HMA. Good rutting 

resistance was also reported from CRM HMA projects (Tahmoressi, 2001). In a study conducted 

for TxDOT in 2001, it was stated that “All asphalt rubber Porous Friction Course (PFC) projects 

are exhibiting excellent performance properties. Resistance to cracking and raveling in asphalt 
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rubber PFC is particularly impressive. From cost and benefits stand point, PFC represents the 

best application for asphalt rubber.” (Tahmoressi, 2001). 

Oregon 
Seventeen test sections were constructed by Oregon Department of Transportation 

(ODOT) from 1985 to 1994 throughout the state. These sections were evaluated through visual 

condition ratings (based on ODOT’s modified SHRP method) and ride values as measured by a 

South Dakota-type profilometer. The results indicated that performance of the dense-graded wet 

process and dry process CRM mixes was noticeably worse than the control sections. However, 

the open-graded mix with 12% CRM passing a 180-µm sieve (No. 80 sieve) performed slightly 

better than the control section. No construction issue was encountered with gap-graded dry 

process mixes, but raveling occurred shortly after construction. It was concluded that among the 

tested sections, the dry process mixes exhibited the worst performance. It was also indicated that 

higher temperatures are needed in field operations for mixes with high-viscosity CRM binders 

compared to unmodified control mixes (Hunt, 2002). 

Alaska 
Dry CRM process was used in several projects by Alaska Department of Transportation 

and Public Facilities (AKDOT&PF). Although good performance was reported for some sections 

in resisting low-temperature, fatigue cracking, and in improving ice control characteristics; in 

some cases there was no significant difference between the performance of dry process and 

control mixes (Raad and Saboundjian, 1998; Esch, 1984). 

DOTs’ Asphalt Rubber Usage Guide 

Development of standard specifications is vital to control the design, production, and 

placement of CRM materials. A few state DOTs have developed and modified guidelines for use 

of CRM materials as their experience has grown. In the following sub-sections specification 

parameters for the four leading states in asphalt rubber utilization, i.e. Arizona, Texas, Florida, 

and California, are summarized. 

Ground Tire Rubber Size and Gradation 
Table 3 summarizes the gradation 

requirements for four leading states in use of GTR 

in HMA. The specified GTR gradation is for use in 

GTR Size and Gradation… 

Larger GTR sizes are allowed to be 
used in the inter layers and chip seals 
compared to asphalt mix layers. 
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GTR-modified binders of asphalt mixes, chip seals, and inter layers (for both terminal- and field-

blending wet processes). The GTR shall be free of wire.  

GTR Binder Properties 
Table 4 summarizes the present specifications for terminal-blended CRM binders (with 

maximum viscosity of 1.5 pa.sec) in Arizona, Florida, and Texas. Texas DOT requires complete 

digestion of CRM. 
 

Table 7.  GTR gradation requirements 

 
 

Sieve 
Number

Sieve 
Size

ADOT- Type A 
(Chip seals and 

SAMIs)

ADOT- Type B 
(Gap-graded and 

open-graded HMAs)

TxDOT- 
Grade A

TxDOT- 
Grade B 
(SAMIs)

TxDOT- 
Grade C 
(HMAs)

FDOT- 
Type A 
(HMAs)

FDOT- 
Type B 
(HMAs)

FDOT- 
Type C 
(SAMIs)

Caltrans

8 2.36 mm 100 - 100 - - - - - 100
10 2.00 mm 95-100 100 95-100 100 - - - - 98-100
16 1.18 mm 0-10 75-95 - 70-100 100 - - 100 45-75
30 600 µm - 30-60 - 25-60 90-100 - 100 70-100 2-20
40 425 µm - - - - 45-100 - - - -
50 300 µm - 5-30 0-10 - - 100 40-60 20-40 0-6

100 150 µm - - - - - 50-80 - - 0-2
200 75 µm - 0-5 - 0-5 - - - - 0
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Table 8.   Specifications for terminal-blended CRM binders

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

State DOT ADOT- PG 76-
22 TR+

TxDOT- AC-
20-5TR

FDOT- ARB 
5

FDOT- ARB 
12

Base asphalt cement grade PG 76-22 AC-20 PG 67-22 PG 67-22

Minimum CRM by total weight of binder, % - 5 - -

Minimum CRM by weight of asphalt cement, % 9 - 5 12
Minimum Rotational Viscosity- Pascal·seconds - - 0.4 at 150 1.0 at 150 

Viscosity AASHTO 202, poise at 60ºC/ 135ºC - Min 2000/ 
Max 10.0 - -

Minimum interaction temperature, Maximum 
interaction temperature - - 150 , 170 150 , 175

Minimum Interaction Time - - 10 minutes 15 minutes
G*/sin δ @ 76ºC @ 10 rad/sec Min 1.0 kPa - - -
G*/sin δ @ 64ºC @ 10 rad/sec - Min 1.0 kPa - -

Phase angle, δ Max 75° - - -
Needle Penetration @ 25 /77°F, 100g, 5 sec, 0.1 

mm - 75-115 - -

Softening Point, ºC, min 60 49 - -
Elastic Recovery, 10ºC, %, min 55% 55% - -

Retained penetration ratio @25ºC, % of original - 60-100 - -

G*/sin δ @ 76ºC @ 10 rad/sec Min 2.2 kPa - - -

G*/sin δ @ 31ºC @ 10 rad/sec Min 5000 kPa - - -
Creep Stiffness, S @ -12ºC, 60 sec Max 300 Mpa - - -

Creep Stiffness, S @ -18ºC - Max 300 Mpa - -
m-value @ -12ºC, 60 sec Min 0.300 - - -

m-value @ -18ºC - Min 0.300 - -

Tests on un-aged binder

Tests on RTFO-aged binder

Tests on PAV-aged binder
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Table 5 summarizes the existing specifications for on-site-blended CRM binders (with 
minimum viscosity of 1.5 pa.sec) in Arizona, Florida, California, and Texas. 
 

Table 9.  Specifications for on-site-blended CRM binders 

 
 
GTR-Modified Binder Characterization 

The Superpave® PG grading system was designed to characterize the asphalt binder based 

on the pavement performance parameters, namely rutting, fatigue, and low-temperature cracking. 

This grading system’s philosophy is to correlate pertinent properties of the asphalt binder with 

the pavement’s service life under given climate and aging conditions. Accordingly, different test 

methods and devices were introduced to conduct the performance grading of asphalt binders, 

namely RTFO, PAV, Rotational Viscometer (RV), Dynamic Shear Rheometer (DSR), Bending 

State DOT
ADOT- 
Type 1 
Binder

ADOT- 
Type 2 
Binder

ADOT- 
Type 3 
Binder

TxDOT- Type I 
Binder

TxDOT- Type 
II Binder

TxDOT- Type 
III Binder

FDOT- 
ARB 20 Caltrans

Base asphalt cement grade PG 64-16 PG 58-22 PG 52-28 (PG 58-28/PG 
64-22)

(PG 58-28/PG 
64-22)

(PG 58-28/PG 
64-22) PG 64-22 AR-4000

Minimum CRM by total 
weight of binder, % - - - 15 15 15 - -

Minimum CRM by weight of 
asphalt cement, % 20 20 20 - - - 20 18

Modifier content by weight 
of asphalt cement, %

Not 
Allowed

Not 
Allowed

Not 
Allowed Not Used Not Used Not Used Not Used -

Minimum interaction 
temperature, Maximum 
interaction temperature

163 , 
190

℃
163 , 
190

℃
163 , 
190

℃
- - - 170 , 

190

℃
190 , 
226

℃

Minimum Interaction Time 60 minutes 60 minutes 60 minutes - - - 30 minutes 45 minutes

Rotational Viscosity- 
Pascal·seconds

1.5-4.0 at 
177 

℃
1.5-4.0 at 

177 

℃
1.5-4.0 at 

177 

℃
1.5-5.0 at 175 

℃
1.5-5.0 at 175 

℃
1.5-5.0 at 175 

℃
1.5 at 175 

℃
1.5-4.0 at 

190 

℃

Penetration: 4  (39.2 °F), 
200 g, 60 sec. (ASTM D 5); 

0.1 mm, minimum
10 15 25 - - - - -

Cone Penetration @ 
25

℃

/77°F, 150g, 5 sec, 0.1 
mm

- - - - - - - 25-70

Needle Penetration @ 
25

℃

/77°F, 100g, 5 sec, 0.1 
mm

- - - 25-75 25-75 50-100 - -

Softening Point: (AASHTOT 
53); 

℃

, minimum 57 54 52 57 54 52 - 52

Softening Point: (AASHTOT 
53); 

℃

, maximum - - - - - - - 74

Resilience: 25  (77 
°F)(ASTM D 5329); %, 

minimum
30 25 20 25 20 10 - 18

Tests on residue from Thin 
Film Oven Test: Retained 

penetration ratio@ 
4

℃

/39.2°F, % of original

- - - 75 75 75 - -

Flash point, C.O.C. - - - 232 232 232 - -
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Beam Rheometer (BBR), and Direct Tension Tester (DTT). The performance grade 

specifications are presented in AASHTO M 320-10. Although, the PG system was mainly 

developed for unmodified binders; it was believed that the developed specifications are “blind to 

source” and thus are applicable to all the binders, regardless of the source and modification type 

(Tabatabaee, 2009).  

In the current Superpave® PG grading specifications, the high temperature performance 

grade of asphalt binder is determined by utilizing a DSR test conducted on 1.0 mm-thick binder 

specimens. The current gap height may cause issues, such as  interference of large rubber 

particles (larger than 0.25 mm) with the measurements. Bennert, et al. 2015, conducted the PG 

grading tests as well as the MSCR test at a gap height of 2.0 mm in addition to 1.0 mm. They 

showed that the binder test results obtained from the tests on 2.0 mm gap height correlates better 

with the asphalt mix performance. 

STATE DOT SURVEY ON USE OF GTR IN ASPHALT MIXES 
In order to promote successful use of GTR in Oklahoma, it is imperative to help ODOT 

develop specifications/special provisions for utilizing rubberized asphalt by collecting 

information, common practice and specifications followed by other state DOTs.  Therefore, a 

survey of construction specifications used by different DOTs, which allows the use of GTR in 

asphalt, was conducted in this study. Since  DOT practices are generally not available in the open 

literature, this survey was found to be an effective tool for gathering data on the current practices 

including the methods, special provisions, and specifications associated with the use of GTR in 

asphalt pavement by DOTs. The survey questionnaire was prepared in close collaboration with 

ODOT and ODEQ. The survey was conducted through an online data collection website, namely 

www.surveymonkey.com, to maximize the efficiency and productivity of the data collection 

process. The survey questionnaire was distributed among different DOTs with the help of ODOT 

Materials & Research Division. 

Survey Questionnaire 

The survey questions distributed among DOTs is provided below. 
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STATE DOT SURVEY 2016 

USE OF GROUND TIRE RUBBER (GTR) IN ASPHALT PAVEMENTS 

Question 1: Does your agency use Ground Tire Rubber (GTR) in any form such as Crumb 

Rubber (CR) in asphalt mixes? 

a. Yes 

b. No 

Question 2: If the answer to Question 1 is YES skip Question 2 and continue to Question 3. If 

the answer to Question 1 is NO, please specify the reason(s) for not incorporating GTR in 

asphalt mixes (please mark all that apply and write in your answer if applicable) and then skip to 

Question 11. 

a. Unsuccessful experience of using GTR in asphalt mixes in the past (please specify).    

b. Concern over the performance of asphalt mixes containing GTR. 

c. Lack of performance data of asphalt mixes containing GTR.  

d. Using GTR in asphalt is not cost effective. 

e. There is not sufficient incentive to recycling scrap tires in pavement applications. 

f. There is not a crumb rubber producer in the state. 

g. Other (Please specify): _______________________________. 

Question 3: What are the main reasons for using GTR asphalt pavements by your agency? 

(Please mark all that apply and write in your answer if applicable). 

a. It is cost effective. 

b. Better performance compared to conventional materials (Please specify) ___________. 

c. Significant incentives to recycling scrap tires. 

d. Other (Please specify): _______________________________.  

Question 4: Please specify in what type(s) of mixes the GTR is used by your agency (please 

mark all that apply and write in your answer if applicable)?  

a. Hot Mix Asphalt (HMA) 

b. Warm Mix Asphalt (WMA) 

c. Non-Structural Thin-Lift Overlay (<1.5 in.) 

d. Structural Overlays (> 1.5 in.) 

e. Mill-and-Fill Operation  

f. Chip Seal 
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Question 5. Where do you use asphalt mixes containing GTR (multiple answers may be 

selected, if applicable)?   

a. Interstate  

b. City road  

c. State highway  

d. Other (Please specify): _______________________________. 

g. Fog Seal 

e. Other (Please specify): _______________________________. 

Question 6: Please specify the type of process used by your agency in order to incorporate GTR 

or CR in asphalt mixes (please mark all that apply and write in your answer if applicable)?  

a. Dry Process 

b. Wet Process (Terminal Blend) 

c. Wet Process (Field blend) 

d. Other (Please specify): _______________________________. 

Question 7: Please specify if your agency follows a guideline, technical specifications, special 

provision, etc. for incorporating GTR in asphalt mixes? 

a. Yes (Please provide the link to the guideline, technical specifications, special provision, etc.) 

b. No. 

Question 8: What considerations are recommended by your agency to be taken into account in 

design of asphalt mixes containing GTR/CR (please mark all that apply and write in your answer 

if applicable)? 

a. Mix Temperature (Please specify): _______________________________. 

b. Modification to Binder PG Grade (Please specify): _______________________________. 

c. Compaction Effort (Please specify): _______________________________. 

d. Other (Please specify): _______________________________. 

Question 9: Please specify test(s) and criteria used to set the maximum GTR content (%) limit in 

surface course and base course. 

a. Surface Course (Max GTR) ____ %. 

Test(s) (e.g. fatigue, low temperature cracking, etc.)______________________. 

Criteria (e.g. number of cycles to fatigue failure; creep compliance; indirect tensile strength, etc.) 

__________________________. 
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b. Intermediate/Base Course: (Max GTR) ____ %. 

Test(s) (e.g. fatigue, low temperature cracking, etc.)______________________. 

Criteria (e.g. number of cycles to fatigue failure; creep compliance; indirect tensile strength, 

etc.)__________________________. 

Question 10: What laboratory performance tests are conducted on asphalt mixes containing 

GTR (please mark all that apply and write in your answer if applicable)? 

a. Rutting (Asphalt Pavement Analyzer or Hamburg Wheel Tracking) 

b. Fatigue (Four-Point Bending Beam) 

c. Fatigue (Viscoelastic Continuum Damage) 

d. Creep compliance 

e. Moisture damage (Tensile Strength Ratio or Hamburg Wheel Tracking) 

f. Dynamic modulus, Flow Number, Flow Time 

g. Other, (Please specify): _______________________________. 

Question 11: Provide any additional comments or information you wish to share. 

 

Collected Responses 

       reflects state DOTs and transportation agencies that participated in this survey. Based 

on the responses received, 37 state DOTs and agencies from the United States and 1 Canadian 

transportation authority responded to this survey. 74% of state DOTs participated in this survey. 
Table 10.   Transportation Agencies Participated in Survey 

No.  Agency  State 
1 Alabama Department of Transportation (ALDOT) AL 
2 Alaska Department of Transportation & Public Facilities (ADOT &PF) AK 
3 Arizona Department of Transportation (AZDOT) AZ 
4 Arkansas State Highway and Transportation Department (AHTD) AR 
5 California Department of Transportation (CALTRANS) CA 
6 Colorado Department of Transportation (CDOT) CO 
7 Connecticut Advanced Pavement Lab. (CAP LAB) CT 
8 Delaware Department of Transportation (DelDOT) DE 
9 Department of Transportation (DOT) NH 

10 Florida Department of Transportation (FDOT) FL 
11 Georgia Department of Transportation (GDOT) GA 
12 Iowa Department of Transportation (IowaDot) IA 
13 Kansas Department of Transportation (KDOT) KS 
14 Kentucky Transportation Cabinet (KYTC) KY 
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15 Louisiana Department of Transportation & Development (LaDOTD) LA 
16 Maine Department of Transportation (MaineDOT) ME 
17 Maryland State Highway Administration (SHA) MD 
18 Michigan Department of Transportation (MDOT) MI 
19 Minnesota Department of Transportation (MnDOT) MN 
20 Mississippi Department of Transportation (MDOT) MS 
21 Missouri Department of Transportation (MODOT) MO 
22 Montana Department of Transportation (MDT) MT 
23 Nebraska Department of Roads (NDOR) NE 
24 Nevada Department of Transportation (NDOT) NV 
25 New Jersey Department of Transportation (NJDOT) NJ 
26 New Hampshire Department of Transportation (NHDOT) NH 
27 Ohio Department of Transportation (ODOT) OH 
28 Pennsylvania Department of Transportation (PennDOT) PA 
29 Rhode Island Department of Transportation (RIDOT) RI 
30 South Carolina Department of Transportation (SCDOT) SC 
31 Tennessee Department of Transportation (TDOT) TN 
32 Texas Department of Transportation (TxDOT) TX 
33 Utah Department of Transportation (UDOT) UT 
34 West Virginia Division of Highways (WVDOT) WV 
35 Wisconsin Department of Transportation (WisDOT) WI 
36 Washington State Department of Transportation (WsDOT) WA 
37 Vermont Agency of Transportation (VTRANS) VT 
38 Ontario Ministry of Transportation (MTO) Canada 

 

Based on the responses received, more than half of the participating DOTs (54%) allow 

the use of  GTR in asphalt mixes. States which do not allow the use of GTR in their mixes noted 

some technical reasons.  

Table 7 reflects the reasons cited by DOTs for not using GTR in HMA. According to  

Table 7, from the state DOTs which do not allow the use of GTR in asphalt mixes, 61% 

expressed the higher cost of using GTR in asphalt mixes as the main reason for this ban. Forty 

four percent (44%) of the DOTs surveyed mentioned their concern over the performance of 

asphalt mixes containing GTR. The performance concerns consisted of premature reflective 

cracks, concerns over blending quality and settlement in the tanks. However, a number of states 

(AK, PA, and WI) expressed improved performance of asphalt pavement as a result of using 

GTR in HMA.  Thirty nine percent (39%) of the states, which banned using GTR in HMA, 

expressed unsuccessful experience of using GTR in HMA in the past as the main reason for this 
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ban. Lack of sufficient incentives to recycling scrap tires was identified as a reason for 33% of 

the states which do not use GTR in HMA.  . Lack of performance data and  crumb rubber 

producers were reasons for 28% and 22% of the states which do not use GTR in asphalt mixes, 

respectively.  
 

Table 7.   Reasons for Not Using GTR in HMA 

Please specify the reason(s) for not incorporating GTR in asphalt mixes. 

Answer Options Response 
Percent 

Unsuccessful experience of using GTR in asphalt mixes 
in the past. 38.9% 

Concern over the performance of asphalt mixes 
containing GTR. 44.4% 

Lack of performance data of asphalt mixes containing 
GTR. 27.8% 

Using GTR in asphalt is not cost effective. 61.1% 
There is not sufficient incentive to recycling scrap tires in 
pavement applications. 33.3% 

There is not a crumb rubber producer in the state. 22.2% 
 

Table 8 reflects  the reasons cited by DOTs for using GTR in HMA. Sixty seven (67%) of 

the DOTs which allow using GTR in asphalt pavement constructionmentioned improved 

performance of the CRM mixes compared to conventional HMA as the main reason for using 

GTR in HMA. The performance benefits mentioned by DOTs as a result of using GTR include 

better thermal cracking resistance, better durability when used in OGFC pavements, successful 

use in hot rubber chip seal, cost-effective alternative to polymer modification, satisfactory 

performance compared to PMA mixes, improved resistance to moisture-induced damage, 

considerable noise reduction, superior rut and crack resistance, and better overall durability. 

Also, 25% of the agencies allowing the use of GTR in asphalt mixes mentioned the cost-

effectiveness of CRM mixes compared to other options such as polymer modification as a reason 

for using GTR in HMA. Moreover, 21% of the agencies using GTR in HMA, identified the 

incentives offered for using scrap tires in pavement as an important reason for using GTR by 

their agencies. Other reasons for the use of GTR in HMA mentioned by 50% of the agencies 

include environmental benefits and incentives offered by the local departments of health to offset 

the cost of GTR-modified binder. 
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Table 11.   Reasons for Using GTR in HMA 

What are the main reasons for using GTR asphalt pavements by your 
agency?  

Answer Options 
Response 

Percent 

It is cost effective. 25.0% 

Better performance compared to conventional materials  66.7% 

Significant incentives to recycling scrap tires. 20.8% 

Other. 50.0% 

 

Table 9 reflects  different  GTR applications by DOTs. It was found that 87% of the 

DOTs/agencies allowing the use of GTR in asphalt mixes do so in HMA and 57% in Warm Mix 

Asphalt (WMA) mixes. Also, it was observed that while 56% of DOTs use GTR in structural 

overlays, 52% of them use it in non-structural thin-lift overlays. Moreover, 48%, 30% and 22% 

of participating DOTs, use GTR in mill–and–fill operations, chip seals, and fog seal 

construction.  Finally, 26% of the agencies which allow using GTR in pavement, use it for other 

applications such as dense and OGFC, crack sealant, and for modifying asphalt binders to bump 

their PG grade. 
 

Table 12.   Different Applications of GTR in Pavement 

Please specify in what type(s) of mixes the GTR is used by your agency? 

Answer Options 
Response 

Percent 

Hot Mix Asphalt (HMA) 87.0% 
Warm Mix Asphalt (WMA) 56.5% 
Non-Structural Thin-Lift Overlay (<1.5 in.) 52.2% 
Structural Overlays (> 1.5 in.) 56.5% 
Mill-and-Fill Operation 47.8% 
Chip Seal 30.4% 
Fog Seal 21.7% 
Other 26.1% 

 

Table 10 presents the applications of GTR in asphalt mixes with respect to type of 

projects. It was observed that 78%, 74% and 39% of states allowing use of GTR in their mixes 

use it in state highways, inter-state highways, and city roads, respectively. Also, 30% of the 
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participating DOTs noted other types of projects. These applications were projects with a traffic 

level less than 10 million ESALs, state highways if there is high rutting risk, major state routes 

with significant truck traffic (approx. 4000 ADTT or higher), and state routes with frequent stop 

and go traffic or significantly slow traffic on a steep grade. 
 

Table 13.   Application of GTR in Asphalt Mixes Based on the Project Type 

Where do you use asphalt mixes containing GTR (multiple answers may be 
selected, if applicable)? 

Answer Options Response 
Percent 

Interstate Highways 73.9% 
City road 39.1% 
State Highway 78.3% 
Other (please specify) 30.4% 

 
Table 11 reflects types of processes used by state DOTs in order to incorporate GTR or 

CR in asphalt mixes. According to Table 11,  only 14% of the states which allow the use of GTR 

in asphalt mixes have usedthe dry process. However, 77% and 55% of the states have used wet 

process blended terminally and in the field, respectively. Although a majority of the states have 

used wet process, some states have started investigating the benefits of using dry process in lieu 

of wet process and reported success (e.g., MO). 
 

Table 14.  Types of Processes Used by States to Incorporate GTR or CR in Asphalt Mixes 

Please specify the type of process used by your agency in order to 
incorporate GTR or CR in asphalt mixes (please mark all that apply and 
write in your answer if applicable)? 

Answer Options Response 
Percent 

Dry Process 13.6% 
Wet Process (Terminal Blend) 77.3% 
Wet Process (Field Blend) 54.5% 

 
Table 12 reflects the availability of guidelines, technical specifications, or special 

provisions to states which use GTR in asphalt mixes.  From Table 12 it can be observed that 86% 

of the states which use GTR in asphalt mixes follow specific guidelines for this purpose.  
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Table 15.  Availability of Guideline/Specification/Special Provision to States Incorporating GTR in HMA 

Please specify if your agency follows a guideline, technical specifications, 
special provision, etc. for incorporating GTR in asphalt mixes? 

Answer Options Response 
Percent 

No. 13.6% 
Yes (Please provide the link to the guideline, technical 
specifications, special provision, etc.) 86.4% 

 
Table 13 shows technical considerations for asphalt mixes containing GTR recommended 

by DOTs participating in the survey. According to Table 13, 50% of DOTs allowing the use of 

GTR in asphalt mixes require changing the mixing temperature when GTR is used. While a 

number of states (e.g., AZ, CA, ME, and NE) required mixing temperatures to be above 149 ºC, 

some (e.g., NH, and NJ) required temperatures to be maintained below 149 ºC in order to control 

odors. Also, 50% of states require a modification made to binder grade, when GTR is used. 

While some states require the final product to meet PG 76-22 binder specifications, others 

recommend using a lower grade base binder to compensate for two (2) to three (3) PG grade 

bumps as a result of using GTR in HMA mixes. Furthermore, 15% of DOTs require a 

modification in compaction effort when GTR is used. Moreover, use of WMA additives, 

additional binder viscosity testing, and PG grading conducted by contractors are other 

requirements recommended by 30% of the DOTs which allow using GTR in asphalt mixes. 
 

Table 16.  Technical Considerationsfor Asphalt Mixes Containing GTR/CR 

What considerations are recommended by your agency to be taken into 
account in design of asphalt mixes containing GTR/CR (please mark all 
that apply and write in your answer if applicable)? 

Answer Options Response 
Percent 

Mix Temperature (Please specify in the comment field). 50.0% 
Modification to Binder PG Grade (Please specify in the 
comment field). 50.0% 

Compaction Effort (Please specify in the comment field). 15.0% 
Other (Please specify in the comment field). 30.0% 

 
Table 14 and Table 15 reflect the criteria required by DOTs for using GTR in surface 

course and intermediate/base course mixes, respectively. Based on the responses received, while 

almost all of the DOTs using GTR in asphalt mixes try to maximize its use, most of them do not 

have maximum allowable GTR requirements. However, a number of agencies have more 
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specific criteria in this regard. For example, Nebraska Department of Roads (NDOR) uses 

typically 10% GTR by the weight of binder and has 4 separate specifications for incorporating 

GTR in mixes, namely dry, wet terminal, wet plant, and one to meet AASHTO M320 

requirements. New Hampshire Department of Transportation (NHDOT) recommends using 

typically 18% GTR by the weight of binder and suggests a viscosity test be conducted on 

blended binder. Arizona DOT does not specify a maximum allowed GTR in the mix but it 

requires a minimum of 20% GTR by weight of asphalt binder. Arizona DOT also runs rotational 

viscosity, softening point, penetration, and resilience on the crumb rubber asphalt. New 

Hampshire and South Carolina DOTs require a minimum GTR amount of 15% and 7% by the 

weight of asphalt binder, respectively. Georgia DOT did not specify a maximum amount for 

GTR but typically 8% to 10% GTR by the weight of binder is used. A workability additive is 

required when GTR is used in a mix. Other standard performance test requirements, namely 

APA-rutting susceptibility, moisture susceptibility, and permeability should be met by the GTR-

modified mixes. Louisiana Department of Transportation & Development (LaDOTD) typically 

uses 10% GTR by weight of asphalt binder and requires testing the blended binder, wheel 

tracking test and semi-circular bend tests to be conducted on mixes. Although Wisconsin DOT 

does not have a limit for using GTR in mixes, it requires testing asphalt mixes for their 

susceptibility to low-temperature cracking. Caltrans has more specific requirements for using 

GTR in HMA. According to Caltrans, no more than 22% GTR by weight of asphalt binder is 

permitted in wet process. However, no upper limit for using GTR in HMA is specified in 

terminal blending process. In addition, PG tests are required in the terminal blending process. 

Viscosity, resilience and rebound, and softening point tests are other requirements for asphalt 

binders set by Caltrans when wet process is used. Maine DOT requires using a minimum of 15% 

GTR by weight of binder but does not specify a maximum amount.  
 

Table 14.  Criteria used for Surface Course Mixes Containing GTR 

Please specify test(s) and criteria used to set the maximum GTR content 
(%) limit in surface course. 

Answer Options Response 
Percent 

Maximum GTR Allowed (%) 95.0% 
Test(s) (e.g. fatigue, low temperature cracking, etc.) 70.0% 
Criteria (e.g. number of cycles to fatigue failure; creep 
compliance; indirect tensile strength, etc.) 40.0% 
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Table 17.  Criteria used for Base/Intermediate Course Mixes Containing GTR 

Please specify test(s) and criteria used to set the maximum GTR content 
(%) limit in intermediate/base course. 

Answer Options Response 
Percent 

Maximum GTR Allowed (%) 100.0% 
Test(s) (e.g. fatigue, low temperature cracking, etc.) 57.9% 
Criteria (e.g. number of cycles to fatigue failure; creep 
compliance; indirect tensile strength, etc.) 36.8% 

 
Table 16 shows the major tests conducted by DOTs on asphalt mixes containing GTR. 

From Table 16 it was observed that 71% of DOTs using GTR in their mixes conduct rut test (i.e., 

Hamburg wheel tracking and APA rut test) and moisture-induced damage test (Hamburg wheel 

tracking and tensile strength ratio test).  Only 18% of the DOTs indicated that they conduct 

fatigue test on mixes containing GTR. Sixty five percent (65%) of DOTs conduct permeability, 

semi-circular bend (Louisiana method), and abrasion loss of mix tests (Cantabro test). Other tests 

conducted by 12% of DOTs include dynamic modulus, flow number and flow time. 
Table 18.   Laboratory Tests Conducted on Asphalt Mixes Containing GTR 

What laboratory performance tests are conducted on asphalt mixes 
containing GTR (please mark all that apply and write in your answer if 
applicable)? 

Answer Options Response 
Percent 

Rutting (Asphalt Pavement Analyzer or Hamburg Wheel 
Tracking) 70.6% 

Fatigue (Four-Point Bending Beam) 17.6% 
Fatigue (Viscoelastic Continuum Damage) 0.0% 
Creep Compliance 0.0% 
Moisture-Induced Damage (Tensile Strength Ratio or 
Hamburg Wheel Tracking) 70.6% 

Dynamic Modulus, Flow Number, Flow Time 11.8% 
Other (please specify) 64.7% 

 
SUMMARY 

The major outcomes of the comprehensive literature review conducted in this study are 

listed as follows. 

1. Researchers observed enhancement of mix performance resulting from utilization of 

scrap tire rubber in asphalt. The reported benefits include improved rutting resistance, 

thermal reflective crack resistance, resistance to fatigue cracking, reduction in 

maintenance costs, smooth ride, good skid resistance, and noise reduction (Heitzman, 
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1992; Hicks et al., 1995; Kaloush et al., 2002; Huang et al., 2002; Navarro et al., 2002; 

Bennert et al., 2004; Chiu et al, 2007; Willis et al., 2012; Shen et al., 2015). 

2. Some studies showed that wet process CRM mixes resulted in better performance 

compared to dry process CRM mixes (Volle, 2000; Choubane, 1999; Bandini, 2011). 

However, a number of recent studies showed very successful experience with dry process 

CRM mixes (Bennert et al., 2004; Willis et al., 2012; Shen et al., 2015) 

3. Among U.S. DOTs that use/have used CRM materials in pavement construction, 75% 

have never tried the dry-process (Bandini, 2011). 

4. Overall, performance of gap-graded CRM mixes seems to be more desirable and 

consistent than dense-graded CRM mixes. Gap-gradation provides sufficient space to use 

higher CRM contents and larger CRM particles (up to 2 mm) in comparison with dense-

graded mixes. Due to low void space in aggregate structure of dense-graded mixes, they 

can accommodate only limited CRM modification and fine CRM particles (passing 300 

µm sieve size or finer). Properly designed dense-graded CRM mixes perform similar to 

conventional DGAC (Way, 2000; Huang, et al., 2002). 

5. Evaluation and monitoring of the paved roads in Arizona and Florida indicated that 

application of CRM-modified SAMIsimprove the overall pavement performance. 

However, experience of other states including California has been mixed (Flintsch, et al., 

1994). 

 6. Larger GTR sizes are allowed to be used in the interlayers and chip seals compared to 

asphalt mix layers. 

 7. Crumb rubber additions of approximately 5% and 10% produce one and two PG grade 

bumps in asphalt binders, respectively. 

 8. Rubber size, type, and grinding process affect but do not materially impact binder or mix 

modification. 

 9. CRM binders are great for improved rutting resistance.  More rubber results in stiffer 

pavements, but more rubber alone also can elevate critical low temperatures and cracking 

resistance. 

 10. Crumb rubber cook time in binder beyond 30 to 60 minutes does not materially improve 

binder performance. 
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 11. With proper mixing, low and no-cook CRM asphalt seems to perform as well as terminal 

blend CRM asphalt, both in the lab and in the field. 

 12. Wet and dry process CRM asphalt perform as well or better than PMA (better fatigue and 

moisture resistance, lower permanent strain accumulation with rubber). 

 13. Separation of rubber and binder in terminal blends is a real risk. 

The major outcomes of the DOT survey conducted in this study are listed as follows. 

1. Based on the responses received, more than half of the participating DOTs (54%) allow 

using GTR in their asphalt mixes. 

2. The main reasons for not allowing the use of GTR in mixes were higher cost of using 

GTR in wet process (54%) and concerns over the performance of asphalt mixes 

containing GTR (44%). These concerns included premature reflective cracks, blending 

quality, and settlement in the tanks. Other reasons for not using GTR in mixes are 

unsuccessful experience of using GTR in HMA in the past (39%), lack of sufficient 

incentives to recycling scrap tires in the state (33%), lack of performance data (28%) and 

lack of crumb rubber producers in the state (22%).    

3. The main reasons for allowing the use of GTR in mixes were improved performance of 

CRM mixes compared to conventional HMA (67%). The performance benefits 

mentioned by DOTs as a result of using GTR include better thermal cracking resistance, 

better durability when used in OGFC pavements, successful use in hot rubber chip seal, 

cost-effective alternative to polymer modification, satisfactory performance compared to 

polymer-modified asphalt mixes, improved resistance to moisture-induced damage, 

considerable noise reduction, superior rut and crack resistance, and better overall 

durability. The cost-effectiveness of CRM mixes compared to other options (25%) and 

incentives offered for using scrap tires in pavement (21%) were other reasons for using 

GTR in HMA. Other reasons for use of GTR in HMA mentioned by the agencies (50%) 

include environmental benefits and incentives offered by the local departments of health 

to offset cost of GTR-modified binder. 

4. Dry process has been used by only 14% of states for incorporating GTR in the mixes. 

5. Of the states allowing the use of GTR in their mixes, 86% follow specific guidelines for 

this purpose.  
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