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Preface 

The recycling of old asphalt pavements has become increasingly common in recent 

years and a variety of methods has been developed in this area. Consequently, this 

report is related to Re-Road project which has received funding through the European 

Community’s Seventh Framework Programme (FP7/2007-2013) and directed by Dr. 

Björn Kalman, VTI. The overall purpose of Re-Road project has been to develop 

knowledge and innovative technologies for enhanced end of life strategies for asphalt 

road infrastructures.  

The main purpose of this report is to disseminate to a wider audience the Swedish 

experience in cold asphalt recycling at a central plant and give more details, in English, 

about the performance and the corresponding follow up process of test roads in the 

counties Halland, Södermanland and Gävleborg. 

Here, it is worth to mention that this report is not intended to replace the excellent 

reference works and reports available on the subject but it is a translation from Swedish 

to English of research already done and published as referred to in the given references.  

Hopefully, the outlined text and summaries will give the international readers a good 

understanding of the Swedish experience in cold recycling of asphalt at a central plant 

as well as the corresponding follow up process of the test roads. 

 

Linköping, October 2013 

 

 

Dina Kuttah 
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Summary 

Cold recycling of asphalt is a resource-saving technology because the materials do 

not need to be warmed up. Moreover, by using this technique, up to 100 per cent RA 

could be recycled. However, in order to achieve good results, the old RA should be 

processed in a proper manner. The properties of the cold recycled mixtures as well as 

their performance depend significantly up on the available binder content and the 

amount of the new binder added.  

This report presents a translation from Swedish to English of published reports 

(given in the references list) on cold recycling of asphalt in Sweden.  

Correspondingly, the report presents results of tests carried out on road N-714, part 

Vessigebro–Ätrafors and road N 530, part Såghuset–Skönhult in Halland in addition 

to road D-976, Strängnäs and road D-957, Vansö in Södermanland. Moreover, this 

report presents also results of tests performed on road X-583, part Ljusne–Sandarne 

in Gävleborg. The mechanical properties have been investigated by indirect tensile 

strength and stiffness modulus for RA mixtures and drill cores. The tests results 

showed that part of the damage that may be encountered when using cold recycled 

asphalt coatings can be in the form of loss of surface materials, mechanical damage 

due to relatively soft road surfaces and unevenness of the road surface. 
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Kall återvinning av asfalt i verk. Uppföljning av provvägar och kontrollsträckor 

i Hallands, Södermanlands och Gävleborgs län 

av Dina Kuttah 

VTI 

581 95 Linköping 

 

 

Sammanfattning 

Kall återvinning av asfaltbeläggning är en resurssnål teknik eftersom materialet 

endast behöver värmas upp måttligt eller inte alls. Vid dessa tekniker kan upp mot 

100 % gammal asfalt återvinnas, men för ett bra resultat är det viktigt att de gamla 

asfaltmassorna förbehandlas på ett riktigt sätt. 

Rapporten ger en bakgrund till kall återvinning av asfalt. Utförliga utvärderingar av 

tekniken har gjorts bland annat genom uppföljning av provvägar och kontroll-

sträckor. 

I rapporten redovisas provvägsförsök på väg N-714, delen Vessigebro–Ätrafors och 

väg N 530, delen Såghuset–Skönhult i Halland plus väg D-976, Strängnäs och väg 

D-957, Vansö i Södermanland. Dessutom redovisar rapporten resultat av provvägs-

försök på väg X-583, delen Ljusne–Sandarne i Gävleborgs län. De mekaniska 

egenskaperna har undersökts genom pressdraghållfasthet och styvhetsmodul för både 

massaprov och borrkärnor. De skador som förekommit på kalla återvinningsbelägg-

ningar kan sammanfattas är i huvudsak sten- och materiallossning (stensläpp), 

mekaniska skador på grund av mjuk vägyta (deformation och sprickor) samt 

ojämnheter på grund av tröglagd massa.
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List of abbreviations 
 

AADT Annual Average Daily Traffic 

ABT Asphalt Concrete Wearing Courses, Dens-Graded Asphaltic 

Concrete 

AG Asphalt concrete base course 

ATB Road General Technical Description, Road specification 

BE 60M/2000 Bitumen emulsion 60%, medium setting time, viscosity base 

bitumen 2000 cs 

BWT Between the wheel tracks 

GC roads Cycle ways/pathways 

IRI  International Roughness Index 

IWT In the wheel track 

RA Reclaimed asphalt concrete 

RST Road Surface Tester 
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1 Introduction 

It is well known that the main purpose of recycling is to reuse the existing pavement 

materials for rehabilitation of pavements.  

Cold-mix recycling is one of the various recycling methods available today and it is 

an energy-saving technology since the material does not need to be heated. 

Nowadays, during the cold recycling, 100% incorporation of RA can be reached, but 

to get good results it is important to treat the recycled materials in a proper way. As 

an indication of success, the cold-mix asphalt recycling technology has become 

increasingly common in recent years and has also undergone a rapid development. 

The unique features of cold recycled mixes are time – temperature effects (curing) 

due to the presence of the water and/or volatiles. In general, proper considerations 

should be given to the changes in mixture properties with time and changes of aged 

binder properties in the mix design. 
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2 The Swedish Experience in Plant Cold Asphalt Recycling 

2.1 General Applications 

Commentary on this chapter: The content of this chapter is a translation from 

Swedish to English of selected parts of Handbook for Recycling of Asphalt (2004). 

Basically, cold recycling mixes contain a high proportion of coarse particles, both 

granules and stone materials, and therefore have separation tendency. 

Correspondingly, materials separations occur with respect to coarser grains can roll 

down and careless loading and/or unloading operations of the mixes can lead to 

accumulations of coarser particles in parts of the coating. Therefore, separating risk 

should be taken into account during loading, transporting and unloading of the 

mixes. Cold recycling mixtures are not particularly sensitive to moisture because 

they contain water and they are not subjected to heat treatments. However, the 

coatings need a period of dry and hot weather anytime for the water to evaporate so 

that the coating hardens. For that reason, the cold recycled asphalt coatings should 

not be laid down too late in the year and the temperature should be above +5 ° C 

during the implementation. 

The pavers and rollers used for cold recycled mixes are basically the same as for 

virgin cold mixes. Experience has shown that cold asphalt mixes can be relatively 

stiff to be laid down, especially when stiffer binder is used. Another common 

phenomenon is that during the recycling process, the bitumen may stick to the base 

plate and blades, and it can be difficult to obtain a homogeneous materials’ flow 

between the trough and the screed. The result may be a certain wave formation and / 

or roughness of the coating surface. Subsequently, the suitable layer thicknesses 

could be corresponding to 80-120 kg / m², but even thinner wearing courses have 

been used (50 kg / m² recycled asphalt, 11 mm). 

The compaction should be performed with both a steel roller and a rubber roller in 

separate units. Combined rollers can be used as well. A steel roller gives deeper 

compaction while the rubber wheeled roller provides kneading (sealing) to the road 

surface, which is important to the surface to get a good durability and texture during 

the initial period, as shown in Figure 1.  

The number of passes and the need for compactors can be determined by carrying 

out a trial compaction on the road (at the beginning of the project). Normally 4-6 

overpasses are used for steel roller compaction. Since the mixes can be stiff, 

therefore the steel rollers should have a relatively high line load (total weight over 14 

tons). 

After the completion of compaction, the surface should be cleaned from the sand and 

other unwanted materials, partly to protect the surface from the stone picking but 

also to protect the road users from binder splashes. 
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2.2 Material Testing and Requirements for RA, Mixtures and 
Coatings 

In order for the recycled asphalt coatings to get an acceptable quality and operation, 

it is requires that the RA materials have an appropriate grading and the recycled 

mixes have a suitable composition. The addition of new binder is necessary for the 

mixes to bind together the mix components and sometimes it is also required to add 

new aggregates to obtain the required workability and stability. RA materials grading 

and the water content are important factors for the mix homogeneity and 

compactability. Information on the binder content and the aged binder properties are 

necessary information for positive selection of the type and amount of the new binder 

to be added. 

Because the aged asphalt pavements have varying origin and composition, demands 

on the functionally oriented properties must be set during the proportioning of 

recycled mixtures especially at higher traffic volumes. The mixture properties that 

might be important to be determined are the stiffness modulus, indirect tensile 

strength, stability, consistency and durability. However, during the test, preparation 

of specimens should be carefully controlled in order to obtain relevant comparable 

results.  

When the initial tests are completed, a trial representative sample of the mixture 

should be made according to the working mix design. 

Surly, a trial sample is the best way to find out whether the mixture can be managed 

and laid down. 

Figure 1: Laying and compaction of cold recycled asphalt base course. In this 
case by using a combination of steel roller and rubber roller (Source: 
Handbook for Recycling of Asphalt, 2004). 
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Similarly, according to previous experience in cold asphalt recycling, a certain 

correction of the working mix design may be necessary after the production has 

begun. 
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3 Detailed Description of the Cold Asphalt Testing Procedure 

3.1 Proportioning Conditions 

Commentary on this chapter: The content of this chapter is a translation from 

Swedish to English of selected parts of Handbook for Recycling of Asphalt (2004), 

VTI Notat 1-2001 and 62-1999 by Torbjörn Jacobson and Fredrik Hornwall. 

Depending on the object's characteristics, the requirements are divided into 

categories according to traffic volume and type of road / street / area to be dealt with, 

as reported below: 

 

 For streets and roads with AADT <500 vehicles or AADT/ lane (truck) <50 

vehicles, and GC roads (cycle ways/pathways), yards, etc., requirements 

should be placed on the included materials and RA. 
 

 For streets and roads with AADT between 500-1500 vehicles or AADT/per 

lane (truck) ≥ 50 vehicles, requirements should be placed on the included 

materials and RA. In addition, during the preparation of the working mix 

design as well as the quality control, functional properties should be involved. 

  

For streets and roads with AADT > 1500 vehicles, special investigation 

should be made with higher demands. The following maximum particle sizes 

are recommended:  

 

For wearing course  

Residential Streets---------11 mm 

Roads / plans / surfaces -----------11 or 16 mm. 

 

For base course 

All types of streets / roads / surfaces------ 16 or 22 mm. 

 

 

3.2 Preliminary Investigation of RA Materials 

In order to characterize and evaluate the asphalt materials to be recycled, a detailed 

investigation should be made. The results of this investigation will form the basis for 

the selection of the method, type and amount of new binder as well as assess the need 

of aggregates. As previously stated, representative samples are taken from storage 

and/or core samples from the existing road, (e.g.  in accordance with the Swedish 

Transport Administration method description VVMB 620:2000). After carrying out 

the aforementioned tests described under 2.2, it is important to notice that the water 

content may vary in the RA materials, which should be considered during the 

proportioning and manufacturing of the recycled asphalt mixtures. However, if the 

binder content or the grain size distribution varies too much in the stockpile, 

wherever possible the materials should be homogenized during storage and feeding 

into the plant. This can be achieved by mixing the materials layer by layer and 

storing the materials in between the stockpiles. Correspondingly, a sound procedure 

is when the RA materials are unloaded into the cold dosing units. The standard 
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deviation of binder content and grain size distribution (extracted materials such as 

filler content and the material passing the 4 mm sieve) can form the basis for 

assessing homogeneity of the material.  

 

3.3 Proportioning Directed towards the Functional Properties 

Functionally directed proportioning means that the mix design for cold recycling of 

reclaimed asphalt materials are produced by relative and comparative tests on 

specimens of RA materials, binder and water in various proportions. In principle, 

after the test specimens have been stored / cured, they are tested for mechanical 

properties and durability as described by Jacobson and Hornwall (1999), see Figure 

2. The mix that best meets the requirements (e.g. regarding ATB ROAD) will be 

selected. 

Usually, the tests are carried out on duplicate samples and, for example, four 

different binder contents. The binder content levels are selected on the basis of the 

binder content and the particle size distribution curve of the RA materials as well as 

to which extent the old binder is aged. 

This means that, among the other things, a higher binder quantity should be added if 

the binder is relatively stiff and outdated. Conversely,   a minor amount of new 

binder should be added when the binder is softer and fresher. 

The difference in binder content (residual bitumen content) should be 0.4 percent 

between the test samples. A pooled sample of RA materials from the stockpile can be 

the basis for the apportionment. For the tests to be comparable, the test procedure 

should be guided as given in the following paragraphs. 
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3.4 Samples Preparations 

Specimen manufacturing for functional testing and testing procedures for the testing 

of water sensitivity is described in the Swedish Transport Administration method 

description VVMB 701. Nevertheless, this section describes the various steps 

included in the samples preparation, (see also Figures 3 and 4). 

 

Mixing 
• Kneading machines or compulsory mixer. 

 

Manufacturing of test specimens 

• Static compaction at room temperature or, 

• Gyratory compaction at room temperature. 

Kneading 
machines or 
compulsory 

mixer 

(4 recipes) 

Gyratory or 
static 

compaction 

Preparation Storage Mechanical 

Properties 

Durability 

Hardening 
for 7 days 

at 40°C 

Dynamic 
creep test 

at 25°C 

Water 
Sensitivity 

 Vacuum 

saturating 

Water 
Sensitivity 

 Vacuum 

saturating 

Stability, 
Marshal at 

25°C 

Tensile 
strength at 

10°C 

Stiffness 
modulus at 

25°C 

Voids ratio 

Recycled 
binder 

Figure 2: Example of proportioning systems directed towards the functional properties of 
cold asphalt materials. 
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Curing/hardening of the specimens 

• 7 days at +40 ° C or 

• 4 days at an elevated temperature +60 ° C. 

 

Before the sample is compacted using the static pressure, the material should be pre-

compact with a rod (20 blows along the edges and 20 blows in the center of the 

mold). In this way, the particles orient themselves in the mold before the application 

of the static load. 

 

Figure 3: Preparation of test specimens by mixing in Hobart (Kneading machines) and static 
compaction (Source: VTI report 1-2001 by Jacobson, T. and Hornwall, F.) 
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Figure 4: Pre-compaction of the materials under preparations (Source: VTI report 1-2001 by 
Jacobson, T. and Hornwall, F.) 
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4 Swedish Case Studies 

Commentary on this chapter: The content of this chapter is a translation of selected 

case studies presented in VTI notat 28-2001 by Torbjörn Jacobson. 

 

4.1 Case Study 1 (Hallands County) 

4.1.1 Road N-714, Vessigebro-Ätrafors 

With respect to this case study, a continuous mixing plant was used to prepare the 

asphalt mixtures. The RA materials were divided into two groups of 0-6 and 6-16 

mm grading. New aggregates of grading between 8-16 mm were added to the RA 

materials. Hence, water has also been added to the mixture during the mixing 

process. Consequently, the mixtures nominal thickness was 90 kg/m2 and the 

emulsion content was about 4.0 % by weight. More facts about the recycled mixture 

used are reported in Table 1. 

 

Table 1: Facts about the recycled cold asphalt mixture used as a wearing course for 
road N-714, Vessigebro–Ätrafors (Source: VTI report 28-2001 by Jacobson, T.) 

 

OBJECT ACTION 

The follow-up period 5 years 

AADT total 1000 vehicles 

Road width 6 m 

Salting No 

Type of recycling Cold asphalt recycling at a central plant 

Type of the binder BE 60M/2000 

Type of RA materials 
 
ABT, AG 

Aggreggate mixing  Yes 

 

The follow-up section is located on road N714, part Vessigebro–Ätrafors next to 

Askome church, about one mile north of Falkenberg. The section is 400 m long and 

the surface course was laid down during 1994. 

 

RST measurements 

RST-measurements were carried out in autumn 1994 until 1997. The results are 

reported in Table 2 and indicate the average values over the entire section. 

 



 

VTI notat 32A-2014 21 

Table 2: RST measurements on the road N714, Vessigebro–Ätrafors (Source: VTI 
report 28-2001 by Jacobson, T.) 

Date Rut depth 

(mm) 

IRI 

(mm/m) 

Macro-texture 
(between the wheel 

tracks) 

(mm) 

Macro-texture 

(in the wheel track) 

(mm) 

Autumn 1994 0.5 1.9 0.4 0.4 

Autumn 1995 1.0 1.9 0.4 0.4 

Autumn 1996 1.2 1.9 0.3 0.3 

Autumn 1997 1.5 1.9 0.3 0.3 

 

With respect to Table 2, the annual rut growth was about 0.5 mm per year and 

uniformly distributed over time. Moreover, the IRI values had remained unchanged 

with time and the surface roughness was relatively low (values are in consistence 

with ABT). 

 

Drill cores 

Sampling took place on three sampling occasions and the results of the analyses of 

are reported in Table 3. 

Table 3: Drill cores from road N714, Vessigebro–Ätrafors (Source: VTI report 28-
2001 by Jacobson, T.) 

The test 

point 

number 

 

Time Position 

 

 

Voids 

content 

% by 

volume 

Stiffness 

modulus 

 

(MPa) 

Indirect 

tensile 

strength 

(kPa) 

Flow 

range 

(mm) 

Indirect 

tensile 

ratio 

(%) 

1 1994 IWT 10.5 - 400 2.2 76 

  BWT 11.1 - 360 2.2 - 

2  IWT 8.7 - 425 2.0 - 

  BWT 7.5 - 405 2.3 - 

        

1 1995 IWT 9.5 - 597 2.7 69 

  BWT 8.1 - 571 1.9 - 

2  IWT 9.2 - 677 2.1 - 

  BWT 8.2 - 640 2.1 - 

        

1 1997 IWT 5.9 1076 504 2.1 88 

  BWT 10.1 - 531 - - 

2  IWT 4.1 1240 521 1.9 - 

  BWT 6.0 - 448 - - 

BWT= between the wheel tracks 

IWT= in the wheel track 
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Regarding the measurements in the wheel tracks, the voids contents were 

approximately reduced to the half for the period between 1994 and 1997. As 

expected, higher voids levels were encountered for samples collected from the 

distance between the wheel tracks as compared to those collected from the position 

exactly in the wheel track, indicating that the asphalt coating had been compacted by 

traffic load. The indirect tensile strength increased at first but appears to have 

declined somewhat in the latest testing. The indirect tensile ratios were relatively 

good, although the results varied depending on the measurement occasion. The 

increase in the indirect tensile ratios in 1997 may be due to the effects of additional 

traffic compaction resulting in lower levels of voids in the asphalt coating. 

 

Visual inspection 

Autumn 1994 

The coating looked very good. No trace or bleeding after the hot summer, suggesting 

that the binder content was not too high. However, small black spot were noticed. 

Autumn 1995 

The coating still looked very good. No trace or bleeding after two warm summers 

was observed. 

Autumn 1996-99 

The coating was undamaged and largely unchanged since the first summer. No 

substantial stone release had been observed during this time, see Figures 5 and 6. 

 

 

Figure 5: Visual inspection in autumn 1999, Vessigebro, five years old 
asphalt coating (Source: VTI report 28-2001 by Jacobson, T.) 
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4.1.2 N-530, Såghuset–Skönhult 

The follow-up section is located on road N530, the portion between Såghuset– 

Skönhult, about 5-10 km southeast of Laholm. The two sections are 600 m long each. 

The coating, surface course and adjustment of RA mixtures were implemented in 

September 1994.  

Regarding this case study, the capacity of the continuous cold mixing plant was just 

over 100 tons / hour. Correspondingly, the RA materials were divided into two sorts, 

0-6 and 6-16 mm. Moreover, new aggregate, sorting 8-16 mm, and water were also 

added to the mixtures. The materials were mixed in two stages so that the emulsion 

was added to the coarser fractions (stone material and coarser RA materials) before 

the fine fractions were mixed.  

Furthermore, the emulsion content in the mix was 4.1 % by weight and the binder 

content in the RA materials were 4.1 and 2.9% for the two fractions. Nevertheless, 

the recycled mixture received a binder content of 5.7%. In addition, the tests showed 

that the mixture has low penetration of 16 and a softening point of 89, i.e. the old 

binder was significantly aged. For more facts about the recycled cold asphalt mixture 

used as a wearing course for road N-530, Såghuset–Skönhult, see Table 4. 

Figure 6: Visual inspection in autumn 1999, Såghuset–Skönhult (Source: 
VTI report 28-2001 by Jacobson, T.) 
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Table 4: Facts about the recycled cold asphalt mixture used as a wearing course for 
road N-530, Såghuset–Skönhult (Source: VTI report 28-2001 by Jacobson, T.) 

 

OBJECT ACTION 

The follow-up period 5 years 

AADT total 1000 vehicles 

Road width 5- 5.5 m 

Salting No 

Type of recycling Cold asphalt recycling at a central plant 

Type of the binder BE 60M/2000 

Type of RA materials 
 
ABT, AG 

Aggreggate mixing Yes 

 

During the laying down process, an asphalt paver of model DYNAPAC 1011 was 

used and the mixtures were rolled over using a steel roller compactor from BOMAG. 

The weather was cloudy at that time; having a temperature of 15 ° C. The newly laid 

asphalt surface has been covered with a thin sand layer after lying down. The layer 

nominal thickness was 100 kg/m2 including adjustment. 

 

RST measurements 

RST-measurements were carried out in autumn 1994 until 1997 and the results are 

presented in Table 5. However, the values given in Table 5 refer to the average 

values over the entire section (both directions). 

With respect to Table 5, it can be noticed that the annual rut development was under 

or about 1 mm per year (i.e. relatively low). In principle, the IRI values ranged 

between 1.5 and 1.8 mm/m, which is not so bad for cold recycled asphalt mixtures. 

In connection with RST measurements, the results showed that the surface roughness 

was between 0.4-0.5 mm and the road surface managed the corresponding traffic and 

weather very well on the two control sections that had the same mix design.  
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Table 5: RST measurements on the road N530, Såghuset–Skönhult (Source: VTI 
report 28-2001 by Jacobson, T.) 

 

Section 

number 

Date Rut depth 

(mm) 

IRI 

(mm/m) 

Macro-texture 
(between the 
wheel tracks) 

(mm) 

Macro-texture 
(in the wheel track) 

(mm) 

1:1 1994 1.3 1.8 0.4 0.4 

1:1 1995 2.5 1.5 0.5 0.5 

1:1 1996 1.9 1.5 0.4 0.4 

1:1 1997 2.0 1.6 0.4 0.4 

2:1 1996 2.9 1.5 0.4 0.5 

2:1 1997 3.1 1.7 0.4 0.4 
 

 

Drill cores 

Samplings were implemented in 1995 and 1997 and the results from laboratory 

analyses of drill samples are shown in Table 6. 

During drilling in 1997, the drill cores showed that the voids content in drill samples 

collected from the wheel tracks were just over the half as compared to two years 

earlier. After three years of service, the difference in voids content is still relatively 

large between the surfaces inside and outside the tracks. Notably, the voids contents 

after one year of service were at high levels, i.e. 11.5 to 14.6% by volume. 

In most cases the indirect tensile strength increased slightly with time but not in a 

significant way. In 1997, the stiffness moduli were between 2000 and 3000 MPa. 

With respect to the two sampling dates, the indirect tensile ratios were between 56 

and 62%. 
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Table 6: Drill cores from road N530, the portion between Såghuset–Skönhult 
(Source: VTI report 28-2001 by Jacobson, T.) 

 

The test 

point 

number 

 

Time Position 

 

 

Voids 

content 

(% by 

volume) 

Stiffness 

modulus 

 

(MPa) 

Indirect 

tensile 

strength 

(kPa) 

Flow 

range 

(mm) 

Indirect 

tensile ratio 

(%) 

1 1995 IWT 11.5 - 872 2.0 62 

  BWT 13.9 - 729 2.2 - 

2  IWT 13.8 - 472 2.1 - 

  BWT 14.6 - 418 2.1 - 

        

1 1997 IWT 5.9 2862 729 2.1 56 

  BWT 11.9 - 865 2.0 - 

2  IWT 6.7 2137 695 2.1 - 

  BWT 9.3 - 819 1.7 - 

BWT= between the wheel tracks 

IWT= in the wheel track 

 

Visual inspection 

Autumn 1994 

In connection with the performance of the coating according to the visual inspection 

of the road, the surface looked really good and homogeneous. 

Autumn 1995 

The area still looks very good and homogenous out. However, there were areas 

outside the control sections (with recycling coating) that locally had been sealed due 

to stone drops. 

Autumn 1996-99  

The coating had managed very well the traffic loading and was virtually unchanged 

compared to the first survey in 1994. Furthermore, no surfaces in the control sections 

had been in need of sealing. In autumn 1999, the surface looked to have a good 

durability and resistance. However, no major rock release could be observed on the 

entire item (over 10 miles), see Figure 7. 
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Figure 7: Visual inspection in autumn 1999, Såghuset-Skönhult (Source: VTI report 
28-2001 by Jacobson, T.) 

 

4.2 Case Study 2 (Södermanlands County) 

4.2.1 Road D-976, Strängnäs 

The two control sections were laid down in July 1996 and located on the road D-976 

near Strängnäs (population area) and had a relatively high traffic volume. Each 

section consists of: 

 

· Reference coating: ABT16/B180 (400 m) 

· Recycled binder: BE60M/2000 (600 m) 

· Recycled binder: BE60M/10000 (200 m) 

 

Table 7 shows more details about the recycled cold asphalt mixture used as a wearing 

course for road D-976, Strängnäs, as given below: 
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Table 7: Facts about the recycled cold asphalt mixture used as a wearing course for 
road D-976, Strängnäs (Source: VTI report 28-2001 by Jacobson, T.) 

 

OBJECT ACTION 

The follow-up period 3 years 

AADT total 2500 vehicles 

Road width 7- 8 m 

Salting Yes 

Type of recycling Cold asphalt recycling at a central plant 

Type of the binder BE 60M/2000 and BE60M/10000 

Type of RA materials 
 
ABT 16 and AG from E20 

Aggreggate mixing Yes 

 

The RA mixtures were produced in a conventional cold mixing Plant. The emulsion 

ratio was 2.7% (relatively low) and about 3% water and 10% aggregate were added 

to the mix. The RA materials had a penetration of 42 and a low binder content of 

4.7%. Since the binder content in the mix was relatively low, the RA mixtures were 

somewhat dry. 

 

RST measurements 

The results of measurements are shown in Table 8. The results refer to the mean 

values from the control sections. 

It can be noticed from Table 8 that the rut growth was larger in the cold recycled 

mixtures as compared to the reference. One probable reason behind such an 

observation is the poor resistance of the coatings that result in a progressive loss of 

pavement material from the surface. Even the IRI values were significantly higher 

than the reference section of hot mixture. The negative trend (rising IRI values over 

time) may be due to the loss of surface material that has taken place. Even the 

relatively high macrotexture in 1998 (doubled since 1996) showed that something 

had happened to the road surface. 
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Table 8: RST- measurement on road D-976, Strängnäs (Source: VTI report 28-2001 
by Jacobson, T.) 

Section 

 

Rut depth 

(mm) 

IRI 

(mm/m) 

Macro-texture 
(between the 
wheel tracks) 

(mm) 

Macro-texture 
(in the wheel 

track) 

(mm) 

Ref. ABT16/B180 
    

autumn 96 1.4 1.0 0.4 0.3 

autumn 97 2.3 1.1 0.4 0.3 

autumn 98 2.3 1.1 0.3 0.3 

BE60M/2 000 
    

autumn 96 2.8 2.0 0.4 0.3 

autumn 97 4.3 2.1 0.4 0.4 

autumn 98 6.7 2.3 0.4 0.6 

BE60M/10 000 
    

autumn 96 2.5 2.4 0.3 0.3 

autumn 97 4.6 2.4 0.4 0.5 

autumn 98 7.8 3.0 0.4 0.6 

 

Drill cores 

Sampling of drill core was conducted in autumn 1997 and the results are given in 

Table 9. 

Regarding the drill cores collected from road D-976, the entire samples were 

obtained only from the wheel tracks. The voids contents ranged from 10.7 to 12.5% 

by volume, which was relatively high, considering that the coating was laid down 

just one year prior to sampling. The mixtures were relatively dry to be a cold 

recycled coating, which also could explain the low binder rates, i.e. 28 and 34%. In 

fact, a mixture of just 2.7% was not enough to be used as wearing courses for the 

pavements of relatively highly trafficked roads, as this was the case. However, if the 

aggregates involvement has been taken into account, the overall binder content in the 

wearing course becomes approximately 5.9%. 
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Table 9: Drill cores from road D-976, Strängnäs (Source: VTI report 28-2001 by 
Jacobson, T.) 

Section/ The 

test point 

number 

 

Position 

 

 

Voids 

content 

(% by 

volume) 

Stiffness 

modulus 

 

(MPa) 

Indirect 

tensile 

strength 

(kPa) 

Flow range 

(mm) 

Indirect tensile 

ratio 

(%) 

BE 60 

M/2000 
 

 

 

 

 

 

 

 

 

 

 

 

1 IWT 12.1 2299 557 2.4 28 

 BWT Broken - Broken Broken - 

2 IWT 10.8 2895 763 2.3 - 

 BWT Broken - Broken Broken - 

       

BE 60 

M/10000 

      

1 IWT 10.7 2669 615 2.5 34 

 BWT Broken - Broken Broken - 

2 IWT 12.5 2507 633 3.1 - 

 BWT Broken - Broken Broken - 

BWT= between the wheel tracks 

IWT= in the wheel track 

 

Visual inspection 

The newly laid coatings were homogenous and exhibited good coverage as well as 

relatively smooth surface without rutting. The surface, however, was considered 

initially as relatively soft, see Figures 8 and 9. 
 

Autumn 1997 

Some loss of pavement material was observed in the control sections as well as a 

locally mechanical damage (the turn lane). Locally, there were also potholes and 

some small areas that had been sealed. The surface looked slightly dry out and 

differed significantly from the reference section, see Figure 8. 

 

Autumn 1998 

The two recycled sections showed a significant loss of stones and materials from the 

wearing surface. The road surface was uneven, scratched with some repairs. The 

wearing surfaces in the wheel tracks appeared to have ripped hard by double traffic 

and were rough also. 

 

Autumn 1999 

The recycled sections were unchanged with some stone loss and a relatively open 

and rough surface. Fortunately, there were no cracks. On the section with BE60 

M/10000 there was more extensive stone loss, as shown in Figure 9. However, the 

reference section did not show damage. 
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Figure 8: Visual inspection after one year traffic, Strängnäs (Source: VTI 
report 28-2001 by Jacobson, T.) 

Figure 9: Visual inspection in 1999, Strängnäs. Some extensive material 
release occurred after three years of service. (Source: VTI report 28-
2001 by Jacobson, T.) 
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4.2.2 Road D-957, Vansö 

Regarding this case study, the control section is located on the road D-957 just west 

of Strängnäs. The surface of this control section was laid down in June 1996. More 

details and facts about the aforementioned control section under study are given in 

Table 10 below: 
 

The mixtures were manufactured in the same plant used for preparing the mixtures 

for Strängnäs case study. The types of RA used as well as the mix design were also 

the same, i.e. a relatively low amount of emulsion was involved (2.7%). Notably, in 

this case study, the AADT was relatively low (i.e. about 850 vehicles) compared to 

Strängnäs case study where the AADT was about 2500 vehicles.  

 

Table 10: Facts about the recycled cold asphalt mixture used as a wearing course 
for road D-957, Vansö (Source: VTI report 28-2001 by Jacobson, T) 

 

OBJECT ACTION 

The follow-up period 3 years 

AADT total about  850 vehicles 

Road width 6 m 

Salting Yes 

Type of recycling Cold asphalt recycling at a central plant 

Type of the binder BE 60M/2000  

Type of RA materials 
 
ABT 16 and AG from E20 

Aggreggate mixing Yes 

 

RST measurements 
 

The results of RST measurements are given in Table 11. Here, it is worth noting that 

the results refer to the mean values of the measurements carried out on the control 

sections. 

It can be seen from Table 11 that the initial rut depth was 2.7 mm. Subsequently, the 

annual rut growth was about 1 mm. However, the IRI and the macro-texture values 

were relatively unchanged during 1997and 1998 as compared to the first 

measurement in 1996. 
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Table 11: RST- measurement on road D-957, Vansö (Source: VTI report 28-2001 by 
Jacobson, T.) 

Date 
Rut depth 

(mm) 

IRI 

(mm/m) 

Macro-texture 

(between the wheel 

tracks) 

(mm) 

Macro-texture 

(in the wheel 

track) 

(mm) 

Autumn 96 2.7 1.7 0.4 0.3 

Autumn 97 3.6 1.8 0.4 0.4 

Autumn 98 5.0 1.8 0.4 0.5 

 

Drill cores 

In autumn 1997, a number of drill samples were conducted from control sections and 

the results were reported as given in Table 12. 

 

Table 12: Drill cores from road D-957, Vansö (Source: VTI report 28-2001 by 
Jacobson, T.) 

 

As shown in Table 12, the voids contents were lower than the corresponding values 

observed on the control sections of Strängnäs, since that was around the same time. 

In addition, the indirect tensile ratio was about 42% (i.e. at a low level) confirming 

that the mixture were excessively weak. Nevertheless, the road has also received 

some loss of pavement materials. 

The test 

point 

number 

 

Date 

 

 

Position Voids 

content 

(% by 

volume) 

Stiffness 

modulus 

 

(MPa) 

Indirect 

tensile 

strength 

(kPa) 

Flow range 

(mm) 

Indirect 

tensile ratio 

(%) 

1 1997 IWT 9.0 2241 623 2.7 42 

 BWT 10.3 - 596 2.7 - 

2 IWT 6.3 2379 717 2.1 - 

 BWT 12.2 - 542 2.5 - 

BWT= between the wheel tracks 

IWT= in the wheel track 
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Visual inspection 

The newly laid surface looked fine out but was sensitive to mechanical stresses. 

1997 

Some loss of pavement material and bearing capacity cracks were observed in the 

control sections, otherwise they were unchanged from the year before. The surface 

looked slightly dry out, but otherwise it was in a good condition. 

1998 

Some loss of surface materials had been encountered and the surface looked rough 

out. However, local treatments were taken place. These treatments locally referred to 

as seal coats. The surface was slightly patchy due to the less binder content in the 

coating. Correspondingly, local cracks were observed.  

Autumn 1999 

The control distance exhibited more pavement material loss and was somewhat 

uneven. Some seals were used. However, no more cracking was observed but 

the studded tires have damaged the pavement significantly, as shown in Figures 10 

and 11. 

 

 

Figure 10: Visual inspection of the better part of the section, in autumn 1999, Vansö 
(Source: VTI report 28-2001 by Jacobson, T.). 
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Figure 11: Visual inspection of the worse part of the section, in autumn 1999, Vansö 
(Source: VTI report 28-2001 by Jacobson, T.). 

 

4.3 Case Study 3 (Gävleborgs County) 

In connection with the development of cold recycled coatings, minor tests have been 

carried out on road X-583, between Ljusne–Sandarne just south of Söderhamn 

county. The test road included a reference section with conventional emulsion and 

two test sections with NYREC binder developed by Nynas. The trial coatings, 

consisting of adjustment layers and base courses with cold recycled asphalt materials 

were laid down in July and August 1998. More details and facts about the control 

sections under study are reported in Table 13 below. 

The test sections were part of a series of experiments with emulsion NYREC.  It is 

worth to note that the NYREC emulsions are designed for cold recycling of asphalt 

materials and primarily for coatings where the stiffer characteristics (higher 

standards) are required, i.e. where demands on stability and load distribution 

capability is especially significant. In fact, NYREC concept is based on the fact that 

all the mixtures shall be unbroken during mixing, transporting and placing neither be 

broken immediately when compaction is performed. Therefore, the consistency of 

the mixtures shall be manageable for laying and packing, something which is 

important for emulsion mixtures of harder binders. These types of mixtures are likely 

to be very sluggish during the laying down process if conventional emulsions with 

stiffer base binder are used. 
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 Table 13: Facts about the recycled cold asphalt mixture used as a base course for 
road X-583, Ljusne-Sandarne (Source: VTI report 28-2001 by Jacobson, T.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

The following trial sections were included within the test road 

1. Reference section, BE60M/5000, 654 m, 3.0 % by weight emulsion 

2. Trial section 1, NYREC 630, 1250 m, 2.7 % by weight emulsion 

3. Trial section 2, NYREC 240, 1126 m, 2.7 % by weight emulsion 

A total of about 120-130 kg/m² RA materials were added to the two layers 

(adjustment + binding’s layer). However, significant ruts were noticed on the old 

road (as a result of studded wears and deformations) in addition to the cracks. The 

road is about 6.5 m width and located on a hilly forest terrain. 

 

RST measurements 

A survey was conducted in autumn 1998 and is reported in Table 14. The 

measurement was done 2-3 months after the surface was laid down in a hilly forest 

terrain. 

In fact, NYREC mixtures became more problematically managed than expected, 

which is reflected through the IRI values for these sections that were slightly above 

the IRI value for the reference section. Test sections also had slightly rougher 

surfaces in accordance with the measurement of macro-texture.  

 

 

OBJECT ACTION 

The follow-up period 1 year 

AADT total about  1800 vehicles 

Road width 6.5 m 

Salting Yes 

Type of recycling Cold asphalt recycling at a central plant 

Type of the binder BE 60M/5000, Nyrec 630 and Nyrec 240 

Type of RA materials 
 

ABT, AG and ABD 

Aggreggate mixing Yes 

OBJECT ACTION 

The follow-up period 1 year 

AADT total about  1800 vehicles 

Road width 6.5 m 

Salting Yes 

Type of recycling Cold asphalt recycling at a central plant 

Type of the binder BE 60M/5000, Nyrec 630 and Nyrec 240 

Type of RA materials 
 

ABT, AG and ABD 

Aggreggate mixing Yes 
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Table 14: RST- measurement on road X-583, Ljusne- Sandarne (Source: VTI report 
28-2001 by Jacobson, T.) 

Section Rut 
depth 

(mm) 

IRI 

(mm/m) 

Macro-texture 
(between the wheel 

tracks) 

(mm) 

Macro-texture 

(in the wheel 
track) 

(mm) 

BE 60 M/5 000 3.6 1.6 0.5 0.6 

Nyrec 630 3.5 1.7 0.6 0.6 

Nyrec 240 3.8 1.9 0.7 0.7 

 

Drill cores 

In autumn 1998, drill samples were taken from the test road. Several of the cores were 

in poor condition. The results of the analyses are presented in Table 15. 

Table 15: Drill cores from road X-583, Ljusne- Sandarne (Source: VTI report 28-
2001 by Jacobson, T.). 

Section 
Position 

 

 

Voids 
content, (% 
by weight) 

Stiffness 
modulus 

(MPa) 

Indirect 
tensile 

strength 

(kPa) 

Indirect tensile 
ratio 

(%) 

BE 60 M/5 000 IWT 13.4 9.6* 3212 534 - 

Nyrec 630 IWT 16.3 11.2* 4570 615 67 

 BWT 19.6 14.3* - 490 - 

Nyrec 240 IWT 16.0 11.5* 4033 610 - 

BWT= between the wheel tracks 

IWT= in the wheel track 

* Bulk density according to FAS 427. 

 

Unfortunately, broken cores were obtained from the region between the wheel tracks 

in most cases, as shown in Table 15. The cores showed high voids levels suggesting 

that the material was hardly compacted. Relatively, high stiffness modules and 

indirect tensile strengths were obtained from samples that had been accepted for 

testing. NYREC coatings which contain harder binder than the conventional RA 

mixtures resulted in higher stiffness modules and indirect tensile strengths. The 

indirect tensile ratio of the control sections with NYREC 630 reached 67%. Previous 

experience has shown that water saturation in this type of testing have the greatest 

impact when the voids content range between 5-15% by volume. At low voids 

content samples can perform better since the material is tight and prevent water from 

infiltrating further into the center of the samples. Nevertheless, at high voids content, 

the samples may also perform well through the formation of drain channel system. In 

this case, the water retention capacity becomes smaller. 
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Visual inspection 

1998-1999 

Some losses of surface materials were encountered in the winter of 1998-1999, 

particularly during the period of thawing and when the road was salted. It was 

observed that the NYREC-sections received more damage than the reference section. 

The conducted studies showed that NYREC reclaimed mixtures contained lower 

binder content than the reference mixtures with conventional emulsion, which was 

the main reason for the occurrence of the damage. 
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5 Conclusions 

In Sweden, cold recycling of RA has become more common in recent years and 

simultaneously undergone a strong development.  

Nevertheless, in order to achieve good results, the old RA should be processed and 

managed in a proper manner. The properties of the cold recycled mixtures as well as 

their appearance depend significantly upon the available binder content and the 

magnitude of the new binder added. The Swedish experience has shown that it is 

important to asset the amount of new binder, water and aggregates through a proper 

pre-testing in the laboratory so that the asphalt mixture exhibit a good composition 

which result in good asphalt coating performance. According to Jacobson (2001), the 

cold recycled road surface may initially be soft and sensitive to mechanical stresses, 

especially near roadsides and in exposed locations. Examples of stresses which can 

damage the load are the loads from the deck and stabilizers of industrial vehicles as 

well as torque from heavy vehicles. Therefore, cold recycled coatings can be an 

inappropriate means for roads/ streets with large amount of static stresses or shear 

stresses (Jacobson, 2001). 

Moreover, as reported by Jacobson (2001), it is well known that coating hardens over 

time, but it may take a few weeks or, if the action is done in the fall, it may requires 

six months before the surface harden properly. The amount of traffic and temperature 

are factors that affect the curing process. Surly, separated surfaces and poor joints 

should be sealed in an early stage. If the stone loosening or materials release arise 

during the first winter, coating can be better in the following years due to the 

additional compaction by traffic. If the problem persists, the surface should be sealed 

or finished as soon as possible (Jacobson, 2001). 

With respect to Jacobson (2001), cold mixed coatings usually receive an additional 

compaction of 2-4 mm (size is partly dependent on the layer thickness) in the first 

year of its service life, but after the hardening of the, the groove formations reduce to 

moderate levels (one mm per year). 

Among many trial sections tested in Sweden, it was found that the best cold recycled 

sections in many cases equivalent to newly manufactured mixtures after more than 

seven years of service and can manage likely many years of service (10-15 years) 

before they need to be repaved. 
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