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ABSTRACT. This study presents the results of the research to investigate asphalt rubber 
mixtures produced with asphalt rubber binder obtained from two different processes: (i) 
terminal blend (produced in refinery); (ii) continuous blend (produced in laboratory). The 
experiment included the evaluation of fatigue and permanent deformation resistance of two 
gap graded mixtures (Caltrans ARHM –GG; ADOT AR-AC) and a dense gradation (Asphalt 
Institute (AI) mix type IV). Two asphalt rubbers from terminal blend process were used with 
15% and 20% of crumb rubber content. The asphalt rubber from continuous blend process 
was obtained with 21% of crumb rubber. Each gradation was used to produce mixtures using 
asphalt rubber from both processes (continuous and terminal blend). The results showed that 
asphalt-rubber mixtures with terminal blend process presented best performance for rutting 
and the mixtures from continuous blend presented better fatigue life. 
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1. Introduction 

Scrape tires disposal have been a greater environmental problem that affect the 
world. Tire pile fires can burn for months, sending up toxic chemicals that can be 
seen for kilometres. In addition, tire dumps provide excellent breeding grounds for 
mosquitoes, and elevated incidents of mosquito-borne diseases have been noted near 
large tire piles.  

Alternatives to stockpiling and disposing of scrap tires in landfills include proper 
maintenance and retreading, fuel production reuse in other industries that include 
construction, landscaping, farming, marine, and playground equipment 
manufacturers.  

Scrap tire rubber can be incorporated into asphalt paving mixes using two 
different methods, which are referred to as the wet process and the dry process. In 
the wet process, crumb rubber acts as an asphalt binder modifier, while in the dry 
process, crumb rubber is used as a portion of the fine aggregate. In both cases, 
crumb rubber is sometimes referred to as crumb rubber modifier because its use 
modifies the properties of the resultant hot mix asphalt concrete product (TFHRC, 
2005). 

Asphalt rubber is a binder modified by the incorporation of crumb rubber from 
waste tires at established temperature and blend conditions. There are two most 
common methods to obtain crumb rubber used to produce asphalt rubber: (i) 
ambient grinding; (ii) cryogenic grinding.  

The ASTM D 6114 defines asphalt rubber as “a blend of asphalt cement, 
reclaimed tire rubber, and certain additives in which the rubber component is at least 
15 percent by weight of the total blend and has reacted in the hot asphalt cement 
sufficiently to cause swelling of the rubber particles” (ASTM D 6114, 1997). This 
definition refers a wet process that encloses continuous process. The terminal blend 
process developed recently, do not have yet specific standards specifications.  

It has been showed that increasing the amount of crumb rubber content increases 
the viscosity of the modified asphalt binder at pumping and mixing temperatures. 
The benefit of increased viscosity of asphalt rubber binder is that additional binder 
can be used in the asphalt mix to reduce reflective cracking, stripping, and rutting, 
while improving the binder’s response to temperature change and long-term 
durability, as well as its ability to adhere to the aggregate particles in the mix and to 
resist aging (Loh et al., 2000). 

This study intends to evaluate the asphalt rubber mixtures performance using the 
terminal and continuous blend processes blending, through fatigue and permanent 
deformation tests. In order to compare the performance among asphalt rubber 
mixtures prepared with terminal and continuous blend, three granite aggregates 
gradation and limestone filler were chosen to design dense and gap mixture 
gradations. 



The experimental study was split into four components: (i) characterisation of 
crumb rubbers and asphalt rubber; (ii) characterisation of the aggregates; (iii) 
measurement of the fatigue properties of asphalt rubber mixtures; (iv) measurement 
of the permanent deformation properties of asphalt rubber mixtures. 

To manufacture the continuous blend asphalt rubber, firstly the crumb rubber by 
ambient grinding process was sieved to determine their gradation. This crumb 
rubber was choose because is the same one that was used in terminal blend process. 

After that, in the digestion process (reaction), the asphalt rubber with better 
performance on: (i) resilience test; (ii) softening point test; (iii) penetration test; (iv) 
Brookfield viscosity test, was selected. 

Then, the mixtures prepared with asphalt rubber from terminal blend process 
were used with two crumb rubber percentages, 15 and 20%. 

Finally, the mixtures were produced with three different gradations from dense 
to gap. For each mixture, the test modulus was done for a range of frequencies. The 
fatigue and the permanent deformation tests were done as well to evaluate the better 
performance among the mixtures. 

2. Asphalt rubber 

2.1. History 

The history of adding recycled tire rubber to HMA material can be traced back to 
the 1940s, when the U.S. Rubber Reclaiming Company of Vicksburg, Mississippi 
began marketing a devulcanized, recycled rubber product as a dry particle additive 
to asphalt mixtures (Baker et al., 2003). 

In the early 1950s, Lewis and Welborn of the Bureau of Public Roads conducted 
an extensive laboratory study to evaluate the effect of rubbers on the properties of 
asphalts. In March 1960, the Asphalt Institute held the first Symposium on Rubber 
in Asphalt in Chicago (IL), which consisted of five paper presentations and 
discussion (Caltrans, 2003). 

Charles H. McDonald of the City of Phoenix, Arizona, worked extensively with 
asphalt and rubber materials in the 1960s and 1970s and was essential in the 
development of the “wet process” (also called the McDonald process) of producing 
asphalt rubber. He was the first to routinely use asphalt rubber in hot mix patching 
and surface treatments for repair and maintenance. Since that, many road agencies of 
the United States developed experiments using asphalt rubber in pavement mixtures. 
Arizona, California, Florida and Texas have led the way in evaluating asphalt rubber 
pavements (Baker et al., 2003). 

In 1975, the California Department of Transportation, Caltrans, tested asphalt 
rubber chip seals in the laboratory and small test patches. The first Caltrans 



rubberized asphalt concrete pavements made with early versions of wet process 
asphalt rubber binder and dense-graded aggregate were constructed in 1980. After 
that, several studies and projects were developed and Caltrans concluded with the 
observation that asphalt rubber materials can perform very well when properly 
designed and constructed. 

The Arizona Department of Transportation, ADOT, became involved with the 
material in the mid sixties, working with McDonald and the City of Phoenix, trying 
different applications of the materials. The ADOT work through the years has led to 
successful routine usage of the process in seal coats, interlayer, membranes, gap-
graded asphalt-rubber concrete and open-graded asphalt rubber concrete surface 
courses (Carlson, 2003). 

In Brazil, the pioneers that studied and applied asphalt rubber mixtures were 
Bertollo et al. (2000), Oda et al. (2000) and Leite et al. (2000). Following these 
researchers, many roads in Brazil have been used asphalt rubber mixtures using 
mainly the terminal blend process, especially in states of São Paulo and Rio Grande 
do Sul. 

2.2. Crumb rubber 

Crumb or ground rubbers differ vastly in their types and properties. There are 
more than a few different grades of granulated rubber; each grade varies in content 
and mesh size. Ground rubber may be sized from particles as large as 2,0 cm to as 
fine as 0,015 cm, depending on the type of size reduction equipment and the 
intended application.  

Processing scrap tires into crumb rubber modifier (CRM) can be accomplished 
by two principal technologies: (i) ambient grinding/granulating; (ii) cryogenic 
grinding. 

In ambient ground-rubber processing, scrap tire rubber is ground or processed at 
or above ordinary room temperature. Ambient processing is typically required to 
provide irregularly shaped, torn particles with relatively large surface areas to 
promote interaction with the paving asphalt (Caltrans, 2003). 

Cryogenic processing uses liquid nitrogen to freeze the scrap tire rubber until it 
becomes brittle and then uses a hammer mill to shatter the frozen rubber into smooth 
particles with relatively small surface area. This method is used to reduce particle 
size prior to grinding at ambient temperatures. Cryogenic grinding is a cleaner, 
slightly faster operation resulting in the production of fine mesh sizes (Caltrans, 
2003). 

The crumb rubber gradation is adopted according the agencies specifications. In 
general, each Department of Transportation established the grading requirements.  



2.3. Mixture gradations 

There are three primary asphalt mixtures types used in flexible pavements: (i) 
dense graded; (ii) open graded; (iii) gap graded. 

A dense graded mix is a mixture consisting of aggregates and asphalt binder, 
which has a regular distribution of aggregate particles from course to fine (well-
graded). This type of asphalt mixture is largely used in Brazil. Properly designed 
and constructed mixtures are relatively impermeable. Dense-graded mixes have been 
used in all pavement layers, for all traffic conditions. 

The open graded is a type of asphalt mixture that has a special aggregate size, 
which creates a very open texture in the final pavement surface. The open surface 
texture characteristic of this type of pavement provides benefits under wet 
conditions by decreasing the spray from vehicles. In this study, this mixture was not 
evaluated. 

A gap-graded mixture contains aggregate that is not continuously graded for all 
size fractions, typically missing one or two of the fines sizes. Accordingly to 
Caltrans, gap grading is used to promote stone-to-stone contact in hot-mix asphalt 
concrete. This type of gradation is most frequently used to make rubberized asphalt 
concrete-gap graded paving mixtures (Caltrans, 2003). 

3. The wet process 

Since the 1960s, asphalt rubber has been used in pavement mixtures with binders 
prepared from the wet process or from the dry process, produced with different 
gradations. In this study only the wet process was used with binders produced from: 
(i) terminal blend; (ii) continuous blend. 

Asphalt rubber is also known as asphalt-rubber concrete, rubberized asphalt and 
asphalt-rubber hot-mix. The modified binder has significant different properties than 
the original asphalt binder. There are design differences between some asphalt-
rubber blends, depending on the application and climatic zones (Baker et al., 2003). 

Typically, asphalt binder and crumb rubber reacts at higher temperatures than 
conventional binders, and diluents, aromatic oils, and polymers may be added. The 
resulting binder is commonly referred to as asphalt rubber (Epps, 1994). 

In the wet process, crumb rubber is blended with asphalt cement (usually in the 
range of 18 to 25% of rubber) before the binder is added to the aggregate. When 
asphalt cement and crumb rubber is blended together, the crumb rubber swells and 
softens. This reaction is influenced by the blending temperature, the reaction time, 
the type and amount of mechanical mixing, the size and texture of the crumb rubber, 
and the aromatic component of the asphalt cement (TFHRC, 2005). 



The reaction itself involves the absorption of aromatic oils from the asphalt 
cement into the polymer chains that comprise the major structural components of 
natural and synthetic rubber in CRM. The rate of reaction between crumb rubber and 
asphalt cement can be increased by enlarging the surface area of the crumb rubber 
and increasing the temperature of the reaction. The viscosity of the asphalt-crumb 
rubber blend is the primary parameter that is used to monitor the reaction. The 
specified reaction time should be the minimum time, at a prescribed temperature that 
is required to stabilize the binder viscosity (TFHRC, 2005). 

Blending methods in wet process are in general divided into two categories: 
continuous blend and terminal blend. There are divergences among the researches 
about the concept between the continuous and terminal blend in wet process. Many 
authors consider that the terminal blend is not a wet process, but a different type of 
asphalt rubber. For instance, Greenbook (2006) consider that there are three types of 
asphalt rubber production process: (i) the wet process; (ii) the dry process; (iii) the 
terminal blend process. 

In California Department of Transportation, the wet process continuous blend is 
the most common method used to add crumb rubber to asphalt concrete. This 
process requires special equipment to blend crumb rubber with the asphalt prior to 
mixing it with the aggregate. 

The terminal blend process, which has been used in Texas since 1995, uses about 
half the amount of crumb rubber used in the wet process continuous blend. 

In Brazil it has been used asphalt rubber from terminal blend process with high 
percentage of crumb rubber (15 to 20%). 

3.1. Continuous blend 

In California, asphalt rubber is specified to include 18 to 22% CRM by total 
mass of the asphalt rubber blend. The CRM must also include 25 ± 2% by mass of 
high natural rubber content that may come from scrap tires or other sources. Caltrans 
specifications for asphalt rubber physical properties fall within the ranges listed in 
ASTM D 6114 (1997). Caltrans requires use of extender oil as an asphalt modifier in 
asphalt rubber (Caltrans, 2003) 

Caltrans also refers the wet process as a term which describes the method of 
modifying asphalt binder with CRM. The wet process requires thorough mixing of 
the CRM in hot asphalt binder and holding the resulting blend at elevated 
temperatures for a minimum period of time to permit an interaction between the 
CRM and asphalt (Caltrans, 2005). 

 

 



3.2. Terminal blend 

Caltrans defines terminal blend as a form of the wet process where crumb rubber 
is blended with hot asphalt binder at the refinery or at an asphalt binder storage and 
distribution terminal and transported to the asphalt concrete mixing plant or job site 
for use. This type of rubberized binder does not require subsequent agitation to keep 
the crumb rubber particles evenly dispersed in the modified binder (Caltrans, 2003). 

Caltrans advised that terminal blends are made by the wet process, but 
historically have included no more than 10% ground tire rubber along with other 
additives. Such low crumb rubber content does not achieve sufficient viscosity to 
perform in asphalt mixtures in the same manner as the original types of asphalt 
rubber binders. However, new terminal blends with up to 15% crumb rubber have 
reportedly been developed that might perform more like asphalt rubber (Caltrans, 
2003). 

In general, the percentage of crumb rubber utilized in terminal blend is 
significantly lower than the percentage used in traditional asphalt rubber. 

Terminal blending is a wet process with the capability of blending or combining 
asphalt cement and crumb rubber and holding the product for extended periods of 
time (TFHRC, 2005). 

4. Materials characterization 

4.1. Aggregates and mix gradations 

The gradation of the aggregates used in asphalt mixtures is one of the most 
influential aggregates characteristics that will determine the performance as a 
pavement material. Materials used in this study included a coarse aggregate 
(granite), fine aggregate (granite) and mineral filler (limestone). Aggregates 
properties are summarized in Tables 1 and 2 to coarse and fine aggregates, 
respectively. 

The dense and gap gradations for this study were: (i) Asphalt Institute mix type 
IV; (ii) Caltrans ARHM-GG; (iii) ADOT AR-AC. The sieve analyses were done 
followed the method test ASTM C 136 (1996). 

The Asphalt Institute dense mixture was specified accordance mix type IV and 
meets in The Asphalt Handbook Manual Series nº 4 (AI, 1989). 

The Caltrans ARHM-GG mix (asphalt rubber hot mix gap graded) was designed 
according to the Standard Special Provisions, SSP39-400 (Caltrans, 2003). 

The ADOT AR AC (asphalt rubber asphaltic concrete) was performing in 
accordance with ADOT Construction Manual, section 414 (ADOT, 2005). 



Table 1. Coarse aggregates properties  
 

Test Standard aggregate Test results 
6/12 23 % Particle shape 

(flat) 6/12 17 % 
4/10 21 % Particle shape 

(elongated) 

BS 812 

4/10 19 % 
Los Angeles ASTM C 131 6/12 24% 

6/12 0,88 % Water 
absorption 4/10 1,24 % 

6/12 2,66 g/cm3 Specific 
gravity 

NP 581 

4/10 2,65 g/cm3 
 
 
 

Table 2. Fine aggregates properties  
 

Test Standard Test results 
Methylene Blue Test EN 933-9 0,02 % 
Sand Equivalent Test EN 933-8 60% 

Water absorption NP 954 0,41 % 
Specific gravity NP 954 2,61 g/cm3 

 

Table 3 to 5 presents the specifications and the mix design used for dense 
gradation, AI, and gap gradations, ADOT and Caltrans. 

 
 
 

Table 3. Specifications and mix design for Asphalt Institute dense gradation 
 

Sieve size Operating ranges 
(% passing) 

inch mm min. max. 

Mix Design 
(% passing) 

3/4 19,0 100 100 100 
1/2 12,7 80 100 98 
3/8 9,5 70 90 87 
nº 4 4,8 50 70 60 
nº 8 2,4 35 50 46 
nº 30 0,6 18 29 27 
nº 50 0,3 13 23 19 

nº 100 0,15 8 16 11 
nº 200 0,075 4 10 7 

 
 
 
 



Table 4. Specifications and mix design for Caltrans gap gradation 
 

Sieve size ARHM-GG specifications 
inch mm min. max. % passing 

3/4 19,0 100 100 100 
1/2 12,7 90 100 98 
3/8 9,5 78 92 88 
nº 4 4,8 28 42 36 
nº 8 2,4 15 25 23 
nº 30 0,6 10 20 14 
nº 50 0,3 7 15 10 
nº 100 0,15 5 10 7 
nº 200 0,075 2 7 4 

 
 

Table 5. Specifications and mix design for ADOT gap gradation 
 

Sieve size ADOT AR-AC 
inch mm min. max. % passing 

3/4 19,0 100 100 100 
1/2 12,7 90 100 98 
3/8 9,5 79 89 88 
nº 4 4,8 34 42 36 
nº 10 2,0 15 23 22 
nº 40 0,4 4 14 12 
nº 200 0,075 1 5 4 

4.2. Rubber 

The rubber used to produce asphalt rubber by continuous blend process was 
processed in ambient grinding. The rubber gradation were tested in accordance with 
the requirements of ASTM C136, amended the Greenbook (2000) 
recommendations. The rubber used followed the ADOT requirements type B 
(ADOT A-R Specifications, Section 1009, 2005). The Table 6 shows the gradation 
of the rubber. 

4.3. Asphalts 

In order to obtain the asphalt rubber to produce the continuous blend mixtures 
from conventional asphalt (CAP-20), several percentages of rubber, digestion time 
and temperature were tested using: softening point; penetration; resilience and 
Brookfield viscosity. The digestion time of 90 minutes was chosen due to the high 
initial Brookfield viscosity presented by the modified binder with 21% rubber 
content at 180 ºC. 



Table 6. Rubber gradations 
 

Sieve size % passing (ADOT type B) 
inch mm % passing min. max. 
nº 10 2,00 100 100 100 
nº 16 1,18 99 65 100 
nº 30 0,60 96 20 100 
nº 50 0,38 14 0 45 
nº 200 0,075 4 0 5 

 

In this study, the asphalt rubber produced in a continuous blend process is 
designated as BMB. The terminal blend asphalts are designated as A, which contains 
20% of rubber and as B with 15% of rubber. Table 7 presents the physical properties 
of the modified asphalts used in the asphalt-rubber mixtures. Figure 1 presents the 
asphalt rubber from process continuous and terminal blend. 

 
 

Table 7. Asphalt rubber properties 
 

Test standard BMB A B 
Penetration 0.1 mm (100 g, 25 ºC, 5 s) ASTM D 5 26 42 40 
Softening point (ºC) ASTM D 36 65 68 65 
Resilience (%) ASTM D5329 40 37 30 
Brookfield viscosity 175 ºC (cP) ASTM 2196 2829 2179 1644 
 
 

        
 Continuous blend  Terminal blend 

 
Figure 1. Continuous and terminal blend asphalts 
 
 
 



4.4. Mixtures design 

Marshall Method was used to determine the optimum binder content of the 
mixtures. The Marshall properties and the optimum binder content for each mixture 
are present in Table 8, for continuous blend mixtures, and Table 9 for terminal blend 
mixtures. 

Optimum asphalt content for the six designed mixtures ranged from the 6,0% (AI 
mix type IV, terminal blend process) of 8,0% (Caltrans ARHM-GG, continuous 
blend process). 

 
 

Table 8. Mixture properties for continuous blend mixtures 
 

Mixture AI mix type IV  Caltrans 
ARHM-GG ADOT AR-AC 

Property Mix design Mix design Mix design 
Air voids (%) 4,0 6,0 6,0 
VMA* (%) 19,0 19,0 18,6 
Stability (N) 9618 12176 13753 
Flow (0,01 cm) 21,8 35,0 37,0 
Density (g/cm3) 2,41 2,39 2.38 
Optimum asphalt content (%) 7,0 8,0 7,5 

*VMA - Voids in Mineral Aggregate 
 
 

Table 9. Mixture properties for terminal blend mixtures 
 

Mixture AI mix type IV Caltrans 
ARHM-GG ADOT AR-AC 

Property Mix design  Mix design  Mix design  
Asphalt Type B A A 
Air voids (%) 4,0 6,0 6,0 
VMA* (%) 17,6 18,8 17,4 
Stability (N) 8026 8372 8780 
Flow (0,01 cm) 39,0 34,0 47,0 
Density (g/cm3) 2,45 2,42 2,41 
Optimum asphalt content (%) 6,0 7,5 7,5 

*VMA - Voids in Mineral Aggregate 
 
After mixtures design, the specimens were prepared. In the laboratory, the 

mixtures were compacted in slabs through the repeated passage of a cylinder with 
vibration over the bituminous mixture to achieve the apparent density of the asphalt 
hot mixes defined in the design. Finally, the slabs of bituminous mixtures were 
sawed to produce cylindrical specimens for permanent deformation tests and 
prismatic specimens for fatigue tests. 



5. Tests results 

5.1. Complex modulus and fatigue 

The test procedure for all mixtures included two tests: (i) frequency sweep; (ii) 
fatigue. Prior the tests, the specimens were placed in an environmental chamber for 
2 hours at least to reach the test temperature. 

Fatigue cracking is one of the major load-related distresses experienced in 
asphalt pavements and occurs when a bituminous layer is subjected to repeated 
loading due the traffic passing. In the laboratory, fatigue life is typically assessed by 
repeated-load bending tests (Artamendi et al., 2004). 

The configuration employed in this study was the four-point bending test in 
controlled strain. In controlled strain mode, the strain was kept constant and the 
stress decreases during the test. In general, controlled strain testing has been 
associated with thin pavements. 

Flexural fatigue tests were conducted according to the AASHTO TP 8-94 
(Standard Test Method for Determining the Fatigue Life of Compacted HMA 
Subjected to Repeated Flexural Bending). All tests were carried out at 20 ºC and at 
10 Hz. The flexural beam device allows testing beam specimens up to dimensions of 
50 mm by 63 mm by 380 mm. Fatigue failure was assumed to occur when the 
flexure stiffness reduces to 50 percent of the initial value. Before the fatigue test, the 
frequency sweep test was conducted in the same machine, using the same specimen. 
The flexural beam device used in these tests is presented in Figure 2. 

 
 

Figure 2. Flexural beam device 



The frequency sweep test measures the stiffness and the phase angle of mixtures 
when subjected to different loading frequencies. In this study, seven frequencies 
were tested (10; 5; 2; 1; 0,5; 0,2; 0,1 Hz) in 100 cycles. The results of frequency 
sweep conducted at 20 ºC tests are shown in Figure 3 for continuous blend mixtures 
and in Figure 4 for terminal blend mixtures. 
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Figure 3. Stiffness as function of load frequency for continuous blend mixtures 
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Figure 4. Stiffness as function of load frequency for terminal blend mixtures  
 



In both cases, for terminal and continuous blend, the dense grade mixture AI 
presented the greater stiffness than the gap grade mixtures, possibly due the lower 
voids content. Despite terminal blend mixtures exhibited superior stiffness when 
compared to the continuous blend mixtures for all gradations, all mixtures presented 
similar values for this parameter. The fatigue tests were done at 20 ºC, for every one 
of mixtures. The results are presented in Figure 5 where the fatigue life 100E-6 
(N100) is presented. 
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Figure 5. Fatigue life (N100) 

 
According to Figure 5, in general, the continuous blend mixtures exhibit better 

fatigue life when compared to the terminal blend mixtures. This fact happens 
because the continuous blend mixtures in this study were done with greater asphalt 
content then the terminal blend mixtures. The AI continuous blend has more than 
1% of asphalt content than the corresponding terminal blend mixture. Thus, the 
fatigue life was much increased. Another fact from these results is that the AI 
mixtures, for both processes, have the best performance. This was either due the 
lower voids content or due the gradation type. 

5.2. Permanent deformation 

Rutting in asphalt-concrete layers develops gradually as the number of load 
applications increases, usually appearing as longitudinal depressions in the wheel 
paths accompanied by small upheavals to the sides. It is caused by a combination of 
densification (decrease in volume and hence, increase in density) and shear 
deformation (Sousa et al., 1994). 

For properly compacted pavements, shear deformations, caused primarily by 
large shear stresses in the upper portions of the asphalt-aggregate layers are 



dominant (Sousa et al., 1991). Repetitive loading in shear is required in order to 
accurately measure, in the laboratory, the influence of mixture composition on 
permanent deformation resistance. Because the rate at which permanent deformation 
accumulates with higher temperatures, laboratory testing must be conducted at 
temperatures simulating the highest levels expected in the paving mixture in service 
(Sousa et al., 1994). 

The RSST-CH (Repetitive Simple Shear Test at Constant Height) test applies a 
repeated haversine shear stress of 1218 N to test specimens that has the dimensions 
of 150 mm in diameter and 50 mm in height. 

During the test there is no change in volume (height of the specimen is 
maintained constant). The test specimens are glued to aluminium caps, top and 
bottom, using an epoxy resin. This process is made in an independent machine that 
ensures the parallelism between the two caps. 

The applied load has a duration of 0,1 seconds, with an unload time of 0,6 
seconds. A vertical load is applied to the sample during the test to ensure a constant 
height is obtained during the test. The test procedure followed for this test was 
AASHTO TP7-01, Test Procedure C. The shear stress is applied to the sample for 
5000 loading cycles, or until the sample reaches 5% permanent shear strain. 

The RSCH-CH test is carried out until the specimens reaches the maximum 
plastic shear strain of 0,04545, which is equivalent to the limit value of 12,7 mm rut 
depth (Sousa et al., 1994). 

In this test, the asphalt rubber specimens were tested at 60 ºC, which is the 
temperature that corresponds to Brazil pavement temperatures. 

Figure 6 shows the test specimens glued to aluminium caps and the shear testing 
machine. 

 

  
 

Figure 6. RSCH-CH specimen and shear testing machine 



Figure 7 presents the permanent deformation in terms of ESALs (Equivalent 
Single Axes Loads) for studied mixtures. 
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Figure 7. Permanent deformation results 

 
The test data shown in Figure 7 indicate that the terminal blend mixtures ADOT 

A and AI B have better performance than the other with the same gradation, but with 
the asphalt rubber from continuous blend process. Although the Caltrans mixture 
from terminal blend process has lower asphalt content than the continuous blend 
process, it presents lower performance. Inversely, the mixture AI B with low asphalt 
content presents good performance in relation to the AI BMB mixture. 

6. Conclusions 

The asphalt rubber prepared from two processes, terminal and continuous blend, 
presented an interesting performance in fatigue and permanent deformation tests. In 
general, mixtures from the continuous blend process exhibit better fatigue life than 
mixtures from terminal blend. On the other hand, mixtures processed from terminal 
blend process shown a rutting improvement. 

Continuous blend process has been available for many years, whereas terminal 
blend is a new process (in Brazil) that needs to be evaluated with more truthfully. 
Both materials are viable and provide an improvement in relation to permanent 
deformation and fatigue life. Furthermore, the terminal blend process requires to be 
better studied. 
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