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Abstract. This article reviews the use of RAP in Lithuania and other countries. It describes major laboratory tests that are 
necessary when using RAP in hot asphalt mixtures. The article also presents a detailed scheme for calculating an optimal 
RAP content in new asphalt mixtures. Requirements for asphalt mixtures with RAP that apply in the Republic of 
Lithuania may also be found therein. Moreover, the article analyzes the experience of Lithuanian road construction 
companies in applying RAP for hot asphalt mixtures. The article ends with conclusions.  
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1. Introduction 
 
RAP (reclaimed asphalt pavement) is old asphalt 

pavement milled up or ripped off the roadway. This 
material can be reused in new asphalt mixtures since the 
components of the mix − the asphalt binder and aggregate 
still have value. The use of RAP in new mixtures can 
reduce the amount of new material to be added and thus 
save money and natural resources. Moreover, hot-mix 
asphalt mixtures with RAP can perform as well as 
mixtures made with all new material. When RAP is 
reused in a new mixture, it is necessary to properly 
account for the old material in the new design. The 
aggregate from the RAP has to be included with the new 
aggregate, and that blend of aggregate has to meet certain 
physical properties. The old binder from the RAP may 
need to be tested and analyzed, too. By putting the old 
binder it is possible to reduce the need for new binder. 
During the construction and service life of the roadway 
from which the RAP was obtained, the asphalt binder in 
the roadway became aged or hardened by reacting with 
oxygen in the air. If the old asphalt is very hard or if there 
is a considerable amount of it, blending the old asphalt 
with the new binder may make the blend act like a much 
harder binder. To avoid such binder hardening, a softer 
binder can be added to the mix and the RAP binder will 
stiffen the softer binder. Sometimes, recycling agents also 
are used to soften the hardened RAP binder.  
 
The substances present in old asphalt pavements may 
retain value, even when the pavements have reached the 
end of their service lives. Recognizing the value of those 
existing aggregate and asphalt resources, states and 

contractors have made extensive use of RAP in the past 
when producing new asphalt pavements. Use of RAP has 
proven to be economical and environmentally sound. It is 
also noteworthy that mixtures containing RAP generally 
have been found to perform in the same way as virgin 
mixtures. Old asphalt pavements are milled up and 
recycled into new mixtures for the same project or are 
stockpiled for later use. The value of the RAP needs to be 
adjusted to take into account the costs of transportation, 
stockpiling, processing (if any), handling, and testing. 
Testing is important to determine the characteristics of 
RAP as a component of the HMA. Some state 
specifications allow the use of a higher percentage of 
RAP when it is reused on the same project because the 
RAP may be more consistent than stockpiled materials 
from mixed sources. 
 
2. Experimental RAP tests.  
2.1. RAP aggregate uniformity tests 
 

The RAP aggregate may be tested to determine its 
consensus properties, as is the case with virgin aggregates 
for asphalt mixtures. The asphalt consensus properties 
apply to the total blend of aggregates (RAP plus virgin, in 
this case), not to the individual aggregate components. 
Again, knowledge of how locally available aggregates are 
changed by ignition ovens may help to determine if an 
ignition oven is a viable technique for obtaining bare RAP 
aggregate for testing [1].  

The percentage of particles that are flat and 
elongated must also be determined. Some aggregates tend 
to crush into flat, elongated particles. Some types of 
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crushers also tend to produce more particles of this 
undesirable shape.  

The sand equivalent test determines the percentage 
of fine clay particles contained in the fine aggregate 
compared with the amount of sand in the aggregate. The 
percentage is an indication of how clean the fine 
aggregate is and how well the binder can coat the fine 
aggregate [1]. 

 
2.2. RAP moisture test 

 
When conducting a mix design in the lab, RAP is 

normally heated to proper temperature for mixing and 
compaction. The heating also helps to dry any moisture 
that may be present in the RAP. When using RAP in the 
field, however, moisture may still be present in the RAP. 
It is important to determine the amount of moisture in the 
RAP. When determining batch weights for the RAP at the 
plant, the weight of the moisture in the RAP must be 
accounted for, just as it is for virgin aggregates. If the 
weight of the moisture is not taken into account, the 
actual weight of RAP added will be lower than required 
because of moisture. 

The RAP moisture content can also be a limiting 
factor for plant production. High moisture contents take a 
long time and a lot of energy to dry; this can severely 
affect production. The virgin aggregates need to be 
heated to higher temperatures to transfer enough heat to 
the RAP to dry it. Also, in batch plants, high moisture 
contents can produce steam clouds in the pug mill that 
need to be vented. The moisture content in the RAP is 
determined similarly as the moisture content of a sample 
of stockpiled aggregates: the RAP is sampled; weighed; 
dried to constant mass in an ignition oven and weighed 
again. The moisture content is then expressed as the 
weight of water, indicated by the change in mass from 
before and after drying, divided by the dry weight of the 
RAP (see Equation 1) [1,2]. 
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Where: Mw − mass of wet RAP 
       Md − mass of dry RAP 
 

2.3. Test of binder properties  
 
When a small amount of RAP is used – from 10 to 

20 %, there is no need to analyze the properties of RAP 
binder [2]. The old RAP binder is harder and a small 
amount of it would not significantly affect a new asphalt 
mixture. The penetration grade of binder in a new asphalt 
mixture will drop.  

However, the asphalt pavements milled up in 
Lithuania often are considerably old, 15 years and more. 
In some sites the pavement underwent some treatment 
with bitumen emulsions. These emulsions distinguish by 
high generation and the amount of emulsion used is 
relatively huge. Therefore, it is likely that the binder in 
old asphalt mixtures will be notably softer.   

The binder is produced by extracting milled asphalt 
and distilling the solution of solvent and binder.  

The following tests are then carried with the binder:  
1. determination of binder penetration, 
2. determination of softening binder temperature,  
3. determination brittleness temperature,  
4. determination of tensility.  
It is recommended to determine the critical 

temperature of bitumen as well when designing new 
asphalt mixtures with RAP [2,3].  

Tc: critical temperature; the temperature at which a 
binder just meets the performance grading specification 
limit. 

 
3. Principles for design of asphalt with RAP 

 
When producing a design of asphalt mixtures 

containing RAP, the following factors should be taken into 
account:  

1. Specification limits for mix type and plant 
type;  

2. Gradation;  
3. Aggregate consensus properties;  
4. Binder properties;  
5. Moisture content of the RAP and virgin 

aggregates;  
6. Temperature to which the virgin aggregate 

must be superheated;  
7. Ambient temperature of the RAP and virgin 

aggregate.  
There are two major methods for mixture design 

used in practice:  
1. when RAP content in a new asphalt mix is 

known.  
2. when binder requirements in a new asphalt mix 

are known.  
 

3.1. Blending at a known RAP percentage 
 
In some cases, certain RAP content may be desired. 

For example, use of a certain percentage of RAP may 
allow use of all of the millings generated on a given 
project, or recycling may be most economical if a certain 
range of RAP contents is used. In other cases, gradation 
or mix properties may limit the amount of RAP that can 
be used. If the desired RAP content is known and falls in 
the third tier, the appropriate binder grade needed to blend 
with the RAP to get a particular grade for the blend of old 
and new binder is determined from the blending charts 
[4].  
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Where:  
TVirgin − critical temperature of the virgin asphalt binder; 
TBl −  critical temperature of the blended asphalt binder; 
RAP% −  percentage of RAP expressed as a decimal  
TRAP − critical temperature of recovered RAP binder. 
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3.2. Blending with a known virgin binder grade 
 

There may be cases in which use of a particular virgin 
binder in a RAP mixture is desired. The binder grade may 
be fixed, based on economics and availability or on the 
specifications for a given project. In these cases, the 
amount of RAP that can be used with that specific virgin 
binder grade and still meet the final blended binder 
properties can be determined from the blending charts. If 
the final blended binder grade, virgin asphalt binder 
grade, and recovered RAP properties are known, then the 
appropriate amount of RAP to use can be determined [4]. 
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Where:  
TVirgin − critical temperature of the virgin asphalt 

binder; 
TBl − critical temperature of the blended asphalt 

binder; 
RAP% − percentage of RAP expressed as a decimal;  
TRAP − critical temperature of recovered RAP binder. 
 

3. The use of RAP in Lithuania  
3.1. Requirements for asphalt mixtures with RAP 

 
In Lithuania, like elsewhere in the world, the 

reclaimed asphalt pavement is widely used in road 
building, including the construction of the base course of 
pavement, reinforcement of road shoulders, production of 
hot and cold asphalt concrete mixtures.  

To be used in the production of hot-mix and cold-
mix asphalt mixtures, the RAP must meet a number of 
requirements. Homogeneity is one of them. RAP used for 
asphalt concrete mixtures must fall within the limits of 
granulometric curve. (Fig. 1) [5] 

 

 
 

 
Fig 1. Requirements for reclaimed asphalt pavement 
granulometry.  

 
Crushed asphalt concrete has to be homogenous. 

This characteristic is assessed by establishing a standard 
deviation of the following properties in five separate 
samples:  

 

1. granulometric composition of mineral material 
after extraction,  

2. bitumen content,  
3. bitumen penetration,  
4. softening temperature of bitumen.  
 
The requirements for RAP homogeneity are 

presented in Table 1.  
The requirements for asphalt concrete mixtures with 

RAP vary according to the type of course of asphalt 
mixtures for which RAP will be used. 

 
Table 1. Homogeneity requirements 
Index Maximum standard 

deviation, n=5 
Amount particles <1 mm, % 6,0 
Amount particles <5 mm, % 5,0 
Amount particles <2 mm, % 4,0 
Amount particles <0,09 mm, % 1,5 
Bitumen content % 0,4 
Bitumen penetration, mm-1 4 
Softening temperature of 
bitumen 

2,0 

1 granulometric composition of mineral material after 
extraction, pre-last sieve results.  

 
The requirements for physical and mechanical 

properties of reclaimed asphalt concrete to be used for 
binder course of asphalt concrete are presented in Table 2 
[5].  

 
Table 2. Requirements for reclaimed asphalt concrete 
mixtures.  

Binder course 
Pavement structure 
class Index 

VI IV-V 
The size of RAP and added 
mineral material particles 0/11, 0/16, 0/221 

Void content % 6-14 6-14 
Stability according to 
Marshall 25°C, kN 

>7 >10 

Stiffness modulus, MPa  2000-5000 
Indirect tensile strength, after 
7 days of curing, kPa 

  

Water sensitivity, % >50 >60 
1 it should meet the requirements set for granulometric 
composition and 90 % (or more) of material should pass 
trough the upper set of sieve 

 
Where the RAP is used for the wearing course 

asphalt concrete mixtures, the mixtures must meet the 
requirements presented in Table 2 [5].  

 
Binder content in mixtures containing RAP must fall 

within the limits presented in Table 3 [5].  
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Table 2. Requirements for reclaimed asphalt concrete 
mixtures.  

Wearing course 
Pavement structure class Index 

VI IV-V 
The size of RAP and added 
mineral material particles 0/11, 0/161 

Void content % 4-12 4-12 
Stability according to Marshall 
25°C, kN 

>5 >8 

Stiffness modulus, MPa   
Indirect tensile strength, after 7 
days of curing, kPa 

 >300 

Water sensitivity, % >50 >70 
1 it should meet the requirements set for granulometric 
composition and 90 % (or more) of material should pass trough 
the upper set of sieve 

 
Table 3. Binder content for wearing and binder 

courses 
Index  Wearing course Binder course 
Binder content % 5,0-7,5 4,4-6,5 

 
3.2. Studies on the use of RAP in Lithuania  

 
A total of 112,000 tons of old asphalt pavement is 

milled in Lithuania a year. This accounts for 
approximately 5,000 tons of RAP per company on the 
average. Fig. 1 reflects the amount of RAP used in 
Lithuania.  

 

 
Fig 2. RAP amounts in Lithuania 
 

The largest amount of RAP reaches as many as 
50,000 tons.  

The study was also carried out to establish how long 
RAP is used.  

The longest period for which a company used RAP 
is 22 years.  

Moreover, there was a survey conducted to 
determine the type of course for the construction of which 
RAP was used most frequently. The findings are the 
following:  

1. 4.2% of companies use RAP for construction 
of wearing courses,  

2. 25% of companies use RAP for construction of 
binder courses,  

3. 45.8% of companies use RAP for the 
construction of base courses,  

4. 41.7% of companies use RAP for other 
purposes,  

5. 25% of companies sell RAP. 
 

Both cold and hot asphalt mixtures can be used in 
pavement structures. The practice justifies the use of RAP 
in these mixtures. According to the studies conducted, 
RAP is more often used in hot asphalt mixtures compared 
to cold-mix asphalt mixtures (see Fig. 3).  

 

 
Fig 3. Use of RAP in different mixtures.  

 
Another survey was carried out to establish RAP 

content that companies use in hot asphalt mixtures most 
often. The results are presented in Fig. 5. The smallest 
RAP content used for asphalt mixtures is 10 %. In certain 
cases, the companies might use 100 % RAP. The average 
RAP content in hot asphalt mixtures stands at 25%.  

When selecting RAP content to be placed to new 
asphalt mixture, the analysis of RAP properties is a key 
factor. The data presented in Fig. 6 show that nearly 60 % 
of companies test the properties of RAP before using it in 
hot asphalt mixtures.  

The following properties of RAP are normally 
tested: 

1. granulometric RAP composition: 100 % of 
companies;  

2. binder content: 100 % of companies;  
3. softening temperature of bitumen: 16.7 % of 

companies.  
4. maximum RAP density: 12.5 % of companies.  
 
Proper storage of RAP before producing new hot 

asphalt mixtures is also highly important.  
RAP has to be sorted and stored in individual stacks 

according to sites from which RAP was brought. This 
would ensure a better RAP homogeneity and larger 
amount of RAP used. However, the studies show (see Fig 
7) that in as many as 80 % percent of cases RAP is not 
sorted, i.e., it is stored in a general stack.  
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Fig. 5. RAP content in hot asphalt mixtures.  
 

 
Fig. 6. Number of companies which test the 
properties of RAP before placing it in hot asphalt 
mixtures, in percent. 
 

 
Fig. 7. Attributes for sorting RAP in stacks 
1 − by granulometry, 2 − by extractive place, 3 − not 

sorting, 4 − not store, 5 − by bigness, sort 
 

The survey proves that more than half of respondent 
companies have no asphalt concrete plants adjusted for 
placing RAP in hot asphalt mixtures (see Fig. 8). 

 

 
Fig. 8. Number of plants adjusted for placing RAP in 
a new mixture 
 

Conclusions 
 
1. RAP can be used in hot asphalt mixtures. Its 

use is economically beneficial and helps to save natural 
resources.  

2. As a theoretical research shows, there exists a 
special method created to calculate an optimal RAP 
content in new asphalt mixtures. However, in Lithuania 
the placement of RAP follows no specific methods and is 
merely based on individual experience of the companies 
or other undefined criteria.  

3. The surveys have established that a great 
number of companies in Lithuania use RAP, however, not 
all of them carry out thorough RAP tests. Thus, there is a 
need to develop certain methods and legal framework to 
regulate the use of RAP in hot asphalt mixtures.  
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