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Kort sammanfattning 

Porös asfalt (dränerande asfalt) är en lämplig beläggning för att minska vägtrafikbuller men är ofta 

förknippad med minskad hållbarhet, särskilt i kalla länder. Denna studie undersöker de kombinerade 

effekterna av bindemedelstyp, aggregatmineralogi, mix-design och miljökonditionering på den 

akustiska prestandan och hållbarheten hos porösa asfaltblandningar avsedda för svenska förhållanden.  

Åtta porösa asfaltblandningar producerades i laboratoriet med tre olika polymermodifierade 

bindemedel och två aggregattyper, ett granit- och ett diabas-kvartsitaggregat. Blandningarnas 

akustiska prestanda utvärderades sedan med hjälp av impedansrörsmätningar före och efter frys-tö-

konditionering, medan deras hållbarhet utvärderades genom prall, cantabro och 

vattenkänslighetstester.  

Resultaten indikerade att frys-tö-konditionering inte resulterade i någon signifikant förändring av de 

testade blandningarnas akustiska prestanda. Däremot påverkades hållbarheten och akustiska 

prestandan hos de testade blandningarna i hög grad av deras mix-design och materialval. 

Rangordningen, som gjordes bland de testade blandningarna i denna studie, hjälpte till att identifiera 

omfattningen av påverkan från bindemedel-aggregatkompatibilitet samt förändringar i mix-design i 

både hållbarhet och akustisk förmåga hos de porösa asfaltblandningarna. 

Resultaten av denna studie visade att ingen enskild blandning resulterade i både optimal akustisk 

prestanda och optimal hållbarhet. Detta bekräftar komplexiteten hos de porösa asfaltblandningarna och 

att en avvägning mellan bullerreducerande och mekanisk prestanda behövs. Denna laboratoriestudie 

kan användas som grund för vidareutveckling av porös asfalt för kalla klimatförhållanden. 

Nyckelord 

Porös asfalt, bullerreducerande beläggningar, kallt klimat, laboratorieutvärdering, prestandabaserad 

analys, beständighet 
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Abstract 

Porous asphalt is used for reducing road traffic noise but is often associated with reduced durability, 

especially in cold regions. This study investigates the combined effects of binder type, aggregate 

mineralogy, mixture design, and environmental conditioning on the acoustic and durability 

performance of porous asphalt mixtures intended for Swedish roads.  

Eight porous asphalt mixtures were produced in the laboratory using three recipes, three different 

polymer-modified binders, and two mineralogically different aggregate types. The acoustic 

performance of the produced mixtures was then evaluated using impedance tube measurements before 

and after freeze-thaw conditioning, while their durability was evaluated through Prall abrasion, 

Cantabro particle loss, and indirect tensile strength ratio (ITSR) testing.  

The results indicated that freeze-thaw cycling did not result in a significant change in the acoustic 

performance of the tested mixtures. However, the durability and acoustic performance of the tested 

mixtures were highly affected by their mix design and material selection. The ranking, made among 

the tested mixtures in this study, helped recognize the extent of impact coming from binder-aggregate 

compatibility as well as the mix-design changes in both durability and acoustic capability of the 

porous asphalt mixtures.    

The results of this study demonstrated that no single mixture provided the best acoustic and durability 

performance. This confirms the complexity of the porous asphalt mixtures and a trade-off between the 

noise-reducing and mechanical performances. The laboratory results provide knowledge as a basis for 

further development of porous asphalt under cold-climate conditions. 

Keywords 

Porous asphalt, noise-reducing pavements, cold climate, laboratory evaluation, performance-based 

analysis 
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Sammanfattning 

Buller och särskilt trafikbuller är en av orsakerna till hälsoproblem. Att använda porösa 

asfaltbeläggningar är ett känt sätt för att effektivt minska det trafikbuller som uppkommer från 

samspelet mellan däck och beläggning. Denna lösning har dock inte varit lika effektiv i kalla länder 

som Sverige på grund av dess hållbarhetsproblem under extrema väderförhållanden. Defekter som 

uppkommer genom nötning, vattenkänslighet och accelererad åldring är de vanligaste faktorerna som 

utlöser tidiga underhållsåtgärder för porösa asfaltbeläggningar. Denna studie syftade till att öka 

förståelsen för hur materialval och mix-design påverkar den akustiska prestandan och hållbarheten hos 

porösa asfaltblandningar under simulerade förhållanden i kalla länder. 

Åtta porösa asfaltblandningar producerades i laboratoriet med två olika typer av ballast, dvs. granit 

och diabas-kvartsit, och tre polymermodifierade bindemedel. Utöver ett svenskt standardrecept 

undersöktes en blandning med ökat bindemedelsinnehåll och ett recept med mindre hålrum, speciellt 

utvecklat för kalla områden. Alla prover packades med Marshall-hammare för att säkerställa 

reproducerbarhet. 

Akustisk prestanda utvärderades med hjälp av ett impedansrör före och efter frys- och 

tökonditionering. Blandningarnas hållbarhet utvärderades med hjälp av prall-, cantabro- och 

vattenkänslighetstester. En övergripande rangordning utvecklades sedan för att jämföra blandningarna 

med avseende på både akustisk och mekanisk prestanda. 

Resultaten av de akustiska testerna visade att frys-tö-konditioneringen inte verkade göra någon 

signifikant förändring av ljudabsorptionen hos de testade blandningarna före och efter 

konditioneringen. För asfaltblandningen med den tätare strukturen var dock förändringarna något 

högre. Blandningarna med diabas-kvartsitballast uppvisade generellt relativt högre akustisk förmåga 

än de med granitballast. 

I denna studie gjordes en rangordning utifrån prestanda, vilket möjliggjorde en bedömning av 

omfattningen av hur materialval och förändringar i blandningsdesignen inverkar på kvaliteten och 

funktionaliteten hos de testade porösa blandningarna. Medan den tätare blandningen uppvisade den 

högsta hållbarheten, var dess akustiska prestanda den lägsta bland alla testade blandningar. Den med 

extra bindemedelsinnehåll hade relativt lägre akustisk prestanda och hållbarhet än den med 

standardreceptet. Kompatibilitet mellan bindemedel och aggregat verkade spela en betydande roll i 

blandningarnas motståndskraft mot slitage, nötning och fukt. 

De övergripande resultaten av denna studie visar att det inte fanns någon enskild blandning med både 

bäst prestanda utifrån alla akustiska och hållbarhetskriterier. Detta indikerar att det finns en avvägning 

mellan akustisk och mekanisk stabilitet. Resultaten bekräftar att en akustiskt funktionell, hållbar 

bullerreducerande beläggning kräver en kombination av korrekt materialval, hög kompatibilitet mellan 

bindemedel och ballast och optimerad porstruktur. Laboratorieresultaten ger kunskap som grund för 

vidareutveckling av porös asfalt under kalla klimatförhållanden. 
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Summary 

Noise, especially traffic noise, may result in health issues. The use of porous asphalt pavements is 

known to be an effective way to reduce the traffic noise coming from the interaction between the tires 

and the pavement. However, this solution has not been as effective in cold regions like Sweden due to 

its lower durability under extreme weather conditions. Defects such as ravelling, abrasion, moisture 

sensitivity, and high accelerated aging are the most common factors that trigger premature failure in 

porous asphalt pavements. This study aimed to better understand how material selection and mix 

design affect the acoustic performance and durability of porous asphalt mixtures under simulated cold-

region conditions. 

Eight porous asphalt mixtures were produced in the laboratory using two different aggregate types, i.e. 

granite and diabase-quartzite, and three polymer-modified binders with considerable differences in 

their characteristics. In addition to a standard Swedish porous asphalt design, a mixture with an 

increased binder content and a reduced air-void cold-region recipe was examined. All specimens were 

compacted using Marshall hammer compaction to ensure reproducibility. 

Acoustic performance was evaluated using an impedance tube before and after freeze-thaw 

conditioning. Durability of the mixtures was evaluated using Prall abrasion testing, Cantabro particle 

loss measurements, and moisture sensitivity evaluation. An overall ranking was then developed to 

compare the mixtures for both acoustic and mechanical performances. 

The acoustic test results showed that the freeze-thaw conditioning did not seem to make a significant 

change in the sound absorption of the tested mixtures before and after the conditioning. However, for 

the asphalt recipe with the denser structure, the changes were a bit higher than the highly porous ones. 

The mixtures with diabase-quartzite aggregate generally showed relatively higher acoustic capability 

than those with granite aggregate. 

A performance ranking was made in this study, which enabled recognizing the extent of impact of 

material selection and mix design changes on the quality and functionality of the tested porous 

mixtures. While the denser mixture showed the highest durability, its acoustic performance was the 

lowest among all tested mixtures. The one with extra binder content had relatively lower acoustic and 

durability than the one with the standard recipe. Binder-aggregate compatibility appeared to play a 

significant role in the ravelling, abrasion, and moisture resistance of the mixtures.   

The overall results of this study show that there was no single mixture with the best performance 

across all acoustic and durability criteria. This indicates that there is a trade-off between acoustic and 

mechanical stability. The findings confirm that an acoustically functional, durable noise-reducing 

pavement requires a combination of proper material selection, with high binder-aggregate 

compatibility and optimized pore structure. The laboratory results provide knowledge as a basis for 

further development of porous asphalt under cold-climate conditions. 
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1. Introduction and Background 

Noise is considered one of the most important factors threatening human health. Exposure to noise, 

such as traffic noise, is expected to result in health-related issues such as sleep disturbances, 

annoyance, and cardiovascular diseases [1]. The main traffic-induced noise normally comes from the 

interaction between the vehicle tires and pavements, especially on highways where the speed of the 

vehicles is relatively high. [2-4]. 

The important parameters that have an impact on the acoustic response of a pavement are the 

aggregate size distribution, air void content, layer thickness, and surface texture. [2,5,6]. Pavements 

with negative surface texture and interconnected pores, such as porous asphalt and/or surface-grinded 

pavements, tend to contribute to the reduction of the tire-pavement interaction noise [5]. In an ideal 

situation, porous asphalt pavements are expected to have a noise reduction of 3-6 dB(A) as compared 

with the conventional dense-graded pavements such as asphalt concrete. However, this level of noise 

reduction depends on the pavement design, traffic conditions and method of measurements. [7]. 

Despite the better acoustic performance that porous asphalt provides as compared with the 

conventional dense graded pavement surfaces, its vulnerability to mechanical and environmental 

degradation prevents it from being widely used as a pavement surface layer on roads. Their highly 

porous structure makes them susceptible to the aging effect as the moisture and oxygen exposure of 

the binder in such pavements are relatively high, and as a result, weakens the bond between the binder 

and aggregates [8]. The reduction of the porous asphalt service life, especially in cold regions, takes 

place through moisture-induced damage and freeze-thaw deterioration leading to severe particle loss 

[9]. Thus, the low durability of highly porous asphalt pavements remains the major reason for the 

limited use of this type of pavement in countries with cold winters, such as Sweden. 

Porous asphalt was initially developed to improve the surface drainage and skid resistance of the 

roads. Later, it gained more attention when its noise-reducing capabilities were discovered. A porous 

asphalt structure containing 17-24% with interconnected air voids can significantly contribute to sound 

absorption; however, its aggregate interlock and binder film thickness are significantly lower than 

those of conventional dense asphalt pavements [10]. Such a pore structure and lack of support make 

porous asphalt highly susceptible to ravelling, which is considered as the dominant distress mechanism 

in such pavements, especially under excessive freeze and thaw conditions [11-12]. As a result, the 

favourable acoustic performance of this kind of pavement is achieved with a significant durability 

compromise. However, porous pavements cannot maintain their acoustic characteristics for a long 

time as they are susceptible to clogging [13].  

Other noise-reducing pavement concepts such as thin pavement top layer with low nominal maximum 

aggregate size (NMAS), ≥8mm, has also shown moderate noise reduction [14]; however, they lack 

proper wear resistance under cold conditions where studded tires are frequently used during winter.  

In Sweden, the most successful use of noise-reducing pavement consists of a double-layer porous 

asphalt, a finer upper layer with NMAS of 11 mm over a coarser layer with NMAS of 16 mm, in 

southern Sweden [15, 16]. Follow-up measurements of the mentioned project have shown that this 

type of noise-reducing pavement can reach a favourable acoustic performance; however, due to the 

durability problem, the top layer had to be replaced after seven years [17]. In addition, several other 

projects around Sweden, particularly on high-traffic roads allowing the use of studded tires, have 

exhibited shorter service lives [18]. The dominant failure mechanism of these projects has been 

reported to be ravelling of the upper porous layer due to the combined effects of significant 

temperature fluctuations, high moisture exposure, binder aging, and severe mechanical abrasion from 

studded tires [18]. These experiences indicate that there may be needs of examining alternative mix 

design recipes for improving the durability of such pavements.  
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1.1. Parameters with high impact on porous asphalt durability 

The mechanism of load transfer is significantly different when comparing porous asphalt and dense 

asphalt mixtures. The load-bearing capacity is provided through an open, stone-on-stone aggregate 

skeleton, whereas the binder has the adhesive role, acting at contact points among the aggregates in a 

continuous load-distributing structure [19, 20]. This causes more localized stresses at aggregate 

contacts higher than those of dense-graded mixtures, which makes porous asphalt highly sensitive not 

only to the mechanical durability of aggregate but also to the binder quality [20]. 

To address these challenges, polymer-modified binders have been used to strengthen the cohesion and 

adhesion in porous asphalt mixtures to avoid premature ravelling failure [21, 22]. High-viscosity 

polymer-modified binders have also been used in porous asphalt mixtures to further increase their 

resistance against aging and mechanical degradation [23]. 

Aggregate mineralogy through the surface chemistry, hardness as well as wear and polishing 

resistance can also have a prominent impact on the durability of asphalt pavements [24]. Acidic, 

siliceous aggregates such as granite generally are expected to show high mechanical strength but lower 

adhesion to bituminous binders [25], whereas other aggregates such as diabase with stronger binder 

adhesion can show lower abrasion resistance [26]. In Sweden, asphalt mixture production is carried 

out using mechanically strong aggregates such as granite, quartzite, diabase and gneiss [27]. Such 

mineralogical diversity provides an opportunity to investigate what binder-aggregate combinations can 

improve ravelling resistance, moisture sensitivity, and long-term durability in porous asphalt mixtures. 

In addition, an increase in binder content as well as improvement of the gradation have been reported 

to have importance on durability of porous asphalt pavements [28-29]. 

1.2. Motivation and Objective of the Present Study 

The limited service life of conventional porous asphalt pavement under Swedish traffic and weather 

conditions calls for a more fundamental approach to assess the feasibility of improving its durability 

for broader use in the future in Sweden. Therefore, understanding the combined impacts of different 

mixture variations such as binder properties, aggregate mineralogy and mix design, seems crucial. 

An earlier limited study, carried out by the author [18], indicated the potential of improving the 

ravelling resistance of the porous asphalt under Swedish conditions which motivated further 

investigation on more mixture variations on both acoustic and mechanical performances. 

The objectives of this research were to: 

• investigate the possible impacts of using alternative binders on the acoustic and durability of 

porous asphalt mixtures 

• evaluate the impact of aggregate mineralogy on their interaction with binders 

• assess how different mix design concepts can affect both acoustic and mechanical 

performance of the produced mixtures. 

Instead of identifying an optimal mixture, this study aims to elevate the understanding of how material 

selection and mix design influence the performance in porous asphalt. 
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2. Methodology 

In this study, the most relevant porous asphalt mixtures in terms of binder type and content, aggregate 

and gradation for the Swedish conditions were used to produce different porous asphalt mixtures in the 

laboratory. The produced mixtures were then evaluated for their acoustic and mechanical 

performances. The details of this investigation are presented below.  

2.1. Material Selection 

2.1.1. Binder Properties 

Three different polymer-modified bitumen types (PMBs) were used for producing porous asphalt 

mixtures in this study, as briefly described below. 

• PMB 80/120-75  

This PMB type, conforming to EN 14023 [30] produced by Nynas©, has a high penetration range 

and a minimum softening point of 75 °C. This is a relatively soft polymer-modified bitumen, i.e. 

an update of an earlier Endura D1 [18], which was used in noise-reducing pavements in Sweden.   

• PMB 60/90-70 

This PMB type, also conforming to EN 14023 [30], has relatively lower penetration than the 

Swedish PMB. The binder has been used in the Netherlands for producing highly demanding 

porous asphalt projects. 

• PMB 58/64-97 

This PMB has the lowest penetration and a high softening point as compared with the other two 

and has been used in porous asphalt projects in Japan.  

The selected PMBs have a relatively decent spectrum of rheological behaviour with a prior history of 

being used in porous asphalt applications under extreme weather conditions. This makes it suitable to 

carry out a comparison among them when combined with different Swedish aggregate types. A 

detailed summary of the binder properties is provided in Table 1. Please note that the information 

regarding the crude oil origin of the binders is commercially confidential.  

Table 1. Specifications of the polymer-modified bitumen binders used in the study. 

Property  PMB 80/120‑75 PMB 60/90-70 PMB 58/64-97 

Abbreviations PMB-F PMB-E PMB-T 

Penetration @25°C, 0.1mm 80 –120 60 –90 58–64 

Softening Point, °C 75 ≥ 70 97.5 

Change of mass, % ≤ 0.5 < 0.3 0.04 

Flash Point, °C ≥ 220 > 250 338 

Fraass Breaking Point, °C ≤ -22 ≤ -15 -30 

2.1.2. Aggregate Mineralogy Identification 

The aggregates used in this study were collected from two Swedish quarries, i.e. Ludden and 

Forserum. These two mineralogically different aggregate types were in the form of crushed rock, 

commonly used in the Swedish asphalt industry.   

The aggregate from the Forserum quarry is a mix of a mafic rock with relatively high surface energy, 

i.e. diabase, and a silica-rich rock that is highly resistant to wear, i.e. quartzite. This combination is 
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normally used in asphalt production in Sweden and is expected to have a decent mechanical strength 

and a decent interaction with the binders. 

The main component of the Ludden aggregate, on the other hand, is granite which is an igneous rock 

composed mainly of quartz and feldspar with minor mica. Despite its hardness and wear-resistant 

nature, granite was expected to show a different interaction with the selected binders as compared with 

the other aggregate type. 

These two aggregate types were selected to evaluate how differences in mineralogy influence the 

acoustic performance and durability of porous asphalt mixtures in Sweden. 

2.1.3. Mixture variation and production 

Among several explored recipes, the following variations were considered the most relevant ones for 

obtaining the objective of this study. The selected mixture variations are described below. 

Reference mixtures 

Reference porous asphalt mixtures were produced using the Swedish recipe of highly porous asphalt 

mixtures. Considering the two aggregate types and the three selected polymer-modified binders, for 

each binder, two mixtures were produced resulting in six mixtures. This plan was expected to help 

understand and compare the possible impacts of aggregate and binder types on the mechanical and 

acoustic performance of porous mixtures with the same mix design.  

Binder content variation 

To assess the sensitivity of porous asphalt performance to binder content, an additional mixture was 

produced using the Forserum aggregate combined with the PMB80/120-75 binder, with a binder 

content of 0.5 percent higher than that of the standard mixture. This variation was chosen to evaluate 

the effect of increased film thickness on the acoustic and durability performance of the porous asphalt. 

All other mixture parameters of this mixture were kept the same as the one with the Swedish recipe. 

The PMB80/120-75 binder was selected for this variation as it represents the conventional polymer-

modified binder currently recommended to be used in Swedish porous asphalt applications. 

Japanese porous asphalt recipe (cold region)  

An additional mixture was produced according to a Japanese cold-region porous asphalt recipe with a 

relatively lower air void content compared with the standard Swedish mixtures. This mixture was not 

designed to prioritize acoustic performance, but rather to evaluate the influence of a relatively denser 

porous structure on acoustic and mechanical durability. This selection was carried out with the idea of 

seeking the possibility of achieving a balance between noise reduction capability and durability. 

It is worth mentioning that other alternatives, such as semi-porous asphalt mixtures, were initially 

considered. However, these mixtures with noise-reducing properties normally require a smaller 

nominal maximum aggregate size, e.g. 8 mm, which is not considered suitable for Swedish traffic 

conditions. Therefore, they were not included in this study.  

Mixture additives 

As a common practice in Sweden, three additives, Wetfix BE™, petroleum-based oil to enhance the 

adhesion between the aggregates and bitumen, cellulose fibre and cement were used in all mixtures but 

the Japanese recipe. The details of the mix design can be found in Appendix 1. 

Based on the variations described above, a total of eight different mixture types were produced and 

evaluated. A summary of the mixtures and the abbreviations used throughout this report is provided in 

Table 2. 
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Table 2. Summary of porous asphalt mixtures evaluated in the study. 

Aggregate type Binder type Recipe type Abbreviation 

Granite PMB60/90-70 Swedish standard G-E-SE 

Granite PMB80/120-75 Swedish standard G-F-SE 

Granite PMB58/64-97 Swedish standard G-T-SE 

Diabase + 
Quartzite 

PMB60/90-70 Swedish standard DBQ-E-SE 

Diabase + 
Quartzite 

PMB80/120-75 Swedish standard DBQ-F-SE 

Diabase + 
Quartzite 

PMB80/120-75 Swedish standard+0.5% binder DBQ-F-SE+ 

Diabase + 
Quartzite 

PMB58/64-97 Swedish standard DBQ-T-SE 

Diabase + 
Quartzite 

PMB58/64-97 Japanese standard DBQ-T-JPR 

Specimen Production 

Every mixture was produced in a batch of 15kg and used to compact 10 specimens. Marshall hammer 

compaction method was used as this method provides reasonably reproducible specimens for 

comparative evaluation of asphalt mixtures under controlled conditions. More details about the recipes 

used in this study are presented in the Appendix. 

2.2. Testing  

2.2.1. Impedance tube measurement 

The noise-reducing performance of the produced porous asphalt specimens was evaluated using an 

impedance tube method [31]. This method helped assess the acoustic performance of a cylindrical 

asphalt specimen, with 100mm of diameter, under laboratory conditions by measuring its sound 

absorption coefficient.  

2.2.2. Cantabro test 

The Cantabro test [32] was utilized in this study to assess the cohesion and mechanical durability of 

the produced specimens. This method has already been used quite a lot as a widely accepted method 

for evaluating the mechanical integrity of porous asphalt structures. In this test, compacted specimens 

are subjected to 300 rotation cycles in a Los Angeles drum without using the steel balls with the aim 

of simulating traffic-induced abrasion. The average mass loss of each tested structure in percentage 

was then used for comparing its expected ravelling resistance with other structures. 

2.2.3. Prall test 

In addition to the Cantabro test, the Prall test [33] was also used in this study to evaluate the surface 

abrasion resistance of the porous structures. The Prall test uses small steel balls to provide repeated 

impacts on the specimen surface in a confined configuration simulating the impact of studded tires on 

pavement surfaces. This test gives more insight into the localized surface damage.  
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2.2.4. Moisture sensitivity 

Moisture susceptibility was assessed through the Indirect Tensile Strength Ratio (ITSR) test [34] in 

this study. The interconnected pore structure of the porous asphalt mixtures allows excessive binder-

moisture exposure; therefore, this test is a very helpful method for comparing the expected moisture 

resistance of the produced specimens. To do so, each porous mixture type was tested in both dry and 

wet conditions to quantify its dry tensile strength as well as the strength loss after moisture exposure.  

2.2.5. Specimen conditioning 

To simulate the extreme weather conditions, specimens went through a 20-cycle of fully water-

submerged freeze and thaw of 16 hours of freeze at -20 °C and 8 hours of thaw at 20 °C. 
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3. Results and discussion 

3.1. Acoustic Absorption Properties 

The acoustic measurements were carried out before and after the freeze and thaw conditioning and the 

maximum absorption coefficient and its corresponding frequency for each specimen were recorded 

before and after conditioning. Between 3 to 5 specimens were tested from each mixture type before 

and after conditioning. The detailed results of this evaluation are presented in Table 3. 

Table 3. Sound absorption properties of porous asphalt specimens measured before and after freeze 

and thaw. 

Specimen type Condition Frequency Absorption Freq. Dev. Absor. Dev. 

DBQ-T-JPR 
Unaged 360 0.483 -0.6% 4.6% 

Aged 358 0.505     

DBQ-F-SE+ 
Unaged 477 0.885 -8.4% 0.1% 

Aged 437 0.886     

G-F-SE 
Unaged 501 0.896 -1.4% -2.9% 

Aged 494 0.87     

G-E-SE 
Unaged 509 0.911 4.9% 2.7% 

Aged 534 0.936     

DBQ-T-SE 
Unaged 454 0.943 5.1% 1.8% 

Aged 477 0.96     

DBQ-F-SE 
Unaged 545 0.945 -0.9% 0.6% 

Aged 540 0.951     

G-T-SE 
Unaged 543 0.959 -5.0% -1.0% 

Aged 516 0.949     

DBQ-E-SE 
Unaged 541 0.98 1.7% -0.4% 

Aged 550 0.976     

Based on the results presented in Table 3, changes in the corresponding frequencies to the peak 

absorption coefficients were below 10% after freeze and thaw conditioning. Besides, seven out of 

eight mixtures showed minor changes, below 3%, in their peak absorption coefficients, which suggests 

that the conditioning did not seem to have a substantial impact on the acoustic performance of the 

tested porous structures. On the other hand, the DBQ-T-JPR showed around 5% change in its peak 

absorption coefficient that may be related to its denser structure. This may suggest that the 

interconnected voids of the denser structure can be more sensitive to cyclic freeze and thaw, which can 

result in a relatively slight change in its acoustic performance.  

Overall, the results showed that the acoustic performance of the porous asphalt mixtures remained 

highly stable under the freeze and thaw exposure for the porous structures following the Swedish 

standard mix design. This means that the freeze and thaw cycling did not seem to cause acoustic 

degradation for the short-term noise reduction performance.  



VTI rapport 1266A  19 

3.2. Prall abrasion test 

Table 4 shows the mean values of Prall test results obtained from testing two replicas from each 

mixture produced in this study. The results of the tested porous asphalt mixtures can be relatively 

divided into different groups, i.e. good-, moderate- and poor-performing, as explained below.  

Table 4. Mass loss of porous asphalt mixtures determined using the Prall abrasion test. 

PA-type Mass loss % 

DBQ-F-SE 9.5% 

DBQ-T-JPR 9.9% 

G-F-SE 10.5% 

DBQ-T-SE 11.4% 

G-T-SE 11.7% 

G-E-SE 17.1% 

DBQ-F-SE+ 17.4% 

DBQ-E-SE 24.5% 

The good-performing group showed relatively the lowest mass loss of between 9.5 to 11.7 percent. 

These mixtures demonstrated good resistance to surface abrasion which suggests relatively high binder 

cohesion as well as effective stone-to-stone resistance after conditioning. 

The moderate-performing group showed higher mass loss values of about 17 percent. This group 

consisted of G-E-SE and DBQ-F-SE+ mixtures and reflected a lower resistance to surface abrasion as 

compared with the first group. The observed performance is likely associated with higher binder 

content of DBQ-F-SE+; with higher film thickness, the overall stiffness of the mixture as well as its 

aggregate interlock, would be weaker and can result in lower Prall resistance. The lower performance 

of the G-E-SE, however, can be related to less favourable binder-aggregate interaction.   

The DBQ-E-SE mixture is the only member of the third group showing the poorest performance with 

a relatively high mass loss of 24.5 percent. This result indicates highly compromised resistance to 

ravelling and suggests poor mechanical integrity between the aggregate and the binder. 

Since there is a negligible difference between the Prall test results of the DBQ-T-JPR and DBQ-T-SE, 

the mix design in this specific case did not seem to have a significant impact on their ravelling 

resistance. However, the variation in binder content exhibited a noticeable impact on the Prall test 

results.  

Mixtures containing PMB-F and PMB-T binders seem to show relatively higher ravelling resistance as 

compared with those containing the PMB-E binder. The mixture with the PMB-F binder seems to have 

a small superiority over the PMB-T mixture in standard recipes. However, considering its small 

difference, it can be negligible.  

3.3. Cantabro test 

The Cantabro test was carried out on two conditioned specimens to distinguish possible differences in 

structural integrity among the tested porous asphalt mixtures, as the results are presented in Table 5. 

Table 5. Particle mass loss of porous asphalt mixtures determined using the Cantabro test. 

Mixture type Mass loss % 

DBQ-T-JPR 8.5% 

G-T-SE 8.8% 
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Mixture type Mass loss % 

DBQ-T-SE 9.4% 

G-E-SE 10.5% 

DBQ-F-SE+ 11.2% 

DBQ-F-SE 11.2% 

G-F-SE 13.1% 

DBQ-E-SE 76.8% 

Based on the Cantabro test results, the mixtures containing the PMB-T are the most resistant, with the 

mass losses less than 10%. The minor difference between the DBQ-TSE and DBQ-T-JPR in this group 

indicates minor differences in the obtained results for these two recipes.   

The superior performing group is then followed by G-E-SE, DBQ-F-SE+, and DBQ-F-SE mixtures 

with Cantabro mass losses between 10.5 and 11.2 percent. The mixture with higher binder content, 

DBQ-F-SE+, did not seem to show any significant change in Cantabro results over the standard recipe.  

The G-F-SE comes after in the ranking with the Cantabro mass loss of 13.1%, suggesting that among 

granite mixtures, the one containing the PMB-F was the least favourable of the other two binders 

under this test method.  

Finally, the DBQ-E-SE mixture exhibited an extreme Cantabro mass loss of 76.8 percent, suggesting a 

serious incompatibility between the PMB-E binder and the DBQ aggregate under the applied 

conditioning. 

3.4. Moisture Sensitivity test 

The indirect tensile strength ratio (ITSR) results obtained from two dry and three wet specimens for 

each mixture, shown in Table 6, indicate that all mixtures, except for DBQ-E-SE, meet commonly 

applied requirements for moisture sensitivity.  

Table 6. Results obtained from the moisture susceptibility (ITSR) test for the porous asphalt mixtures. 

Name Indirect Tensile Strength 
(wet) (MPa) 

ITSR 

DBQ-F-SE+ 0.24 95% 

DBQ-F-SE 0.28 95% 

DBQ-T-SE 0.33 89% 

G-F-SE 0.35 89% 

G-T-SE 0.44 94% 

DBQ-E-SE 0.44 82% 

G-E-SE 0.55 88% 

DBQ-T-JPR 0.62 92% 

However, for a better evaluation of the mixtures, the moisture sensitivity results can be considered 

along with the dry indirect tensile strength because ITSR values alone do not reflect the structural 

strength of the mixtures. Mixtures like DBQ-T-JPR and G-T-SE showed relatively high wet tensile 

strengths, respectively 0.62 and 0.44 MPa, along with ITSR values of about 92 to 94 percent. This 

suggests a strong structural integrity as well as decent moisture resistance in mixtures containing the 
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PMB-T binder. The higher density of the DBQ-T-JPR can also be an important factor in the observed 

results.  

On the other hand, despite exhibiting a relatively high dry indirect strength, the DBQ-E-SE showed 

the lowest ITSR value of 82.1 percent. This result demonstrates a weak structure, which makes it less 

resistant to moisture damage than those with PMB-T and PMB-F binders. This is aligned with the 

poor performances of the PMB-E containing mixtures in the Prall and Cantabro tests.  

Mixtures with the PMB-E binder appear to have the highest dry tensile strengths within the Swedish 

recipe; the granite-based mixture exhibited acceptable ITSR results, whereas the DBQ-E-SE mixture 

showed the lowest ITSR value among all tested mixtures. This result suggests that DBQ aggregates 

are more sensitive to the binder type than the granite.  

PMB-F containing mixtures with acceptable ITSR results showed relatively low indirect tensile 

strengths. Therefore, the damage risk for these mixtures is expected to be relatively higher from the 

traffic loading than from the moisture exposure.   

3.5. Integrated Performance Ranking of Porous Asphalt Mixtures 

To combine the acoustic and mechanical performances for all evaluated porous asphalt mixtures in 

this study, a ranking table was prepared, as shown in Table 7. The rankings were assigned in such a 

way that the test results with negligible differences shared the same rank for each test type. This 

approach was chosen to avoid overinterpretation of the obtained results.  

Table 7. Relative ranking of the tested porous asphalt mixtures based on their acoustic and 

mechanical performances. Higher rank values indicate better performance. 

Mixture types Acoustic  Prall test Cantabro  ITSR IDT wet 

DBQ-T-JPR 3 1 1 1 1 

G-T-SE 1 1 1 1 3 

DBQ-F-SE 1 1 2 1 4 

DBQ-T-SE 1 1 1 2 4 

G-E-SE 2 2 2 2 2 

DBQ-F-SE+ 2 2 2 1 4 

G-F-SE 2 1 3 2 4 

DBQ-E-SE 1 3 4 3 3 

Looking at the overall ranking confirms that the performance of the porous asphalt mixtures is not 

influenced by one parameter, but it is rather a combination of different parameters, i.e., from material 

compatibility to structural design. Based on Table 7, Figure 1 was created, which can help better 

understand the relative performance of the evaluated porous asphalt mixtures. 
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Figure 1 The illustration of the ranked porous mixtures based on their acoustic and durability 

performances; lower ranks indicate better performance. 

Based on Figure 1, the mixtures with DBQ aggregates showed overall higher acoustic performance 

than the granite mixtures, as all DBQ mixtures following the Swedish standard recipe showed the 

highest acoustic performance. However, the one with higher binder content showed lower acoustic 

performance. Among all DBQ mixtures, the one with the Japanese recipe showed the highest 

durability but the lowest acoustic performance. As expected, this suggests the trade-off between 

durability and acoustic performance.  

Among all mixtures regardless of the aggregate type, the PMB-T shows the highest relative acoustic 

and durability performances, indicating the superiority of the binder type on the quality of the porous 

asphalt mixtures. However, depending on the type of aggregate, the ranking for durability and acoustic 

performances varied for the other two binders. For the DBQ mixtures, PMB-F showed a comparable 

performance with PMB-T, while PMB-E showed the lowest overall durability, having the same 

acoustic performance. Although the acoustic performance of the DBQ mixture with higher binder 

content was compromised, its durability was higher than that of the DBQ mixture with PMB-E binder, 

which may suggest the sensitivity of this type of aggregate to this binder type. Among granite 

mixtures, however, the PMB-E showed higher overall durability than the PMB-F mixture, while both 

shared a similar acoustic performance. This indicated the importance of compatibility of the binder 

and aggregate types for porous asphalt mixtures.    

Overall, the prepared ranking confirms the dependency of durable and functional noise-reducing 

asphalt mixtures on the combination of both mix design and material selection. While using binders 

with proper adhesion and cohesion is necessary for the durability of a porous asphalt, the aggregate 

mineralogy has a high impact on its sensitivity to binder type; and finally, the mix design can provide 

a balance between the durability and noise-reducing function. Therefore, a long-term performance of 

porous asphalt is expected to be achieved by a careful selection of all these interacting parameters. 
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4. Conclusions 

In this study, the impact of saturated freeze-thaw exposure on the acoustic performance and durability 

of different porous asphalt mixtures was assessed in the laboratory. Three polymer-modified binders, 

two aggregate types, and three different recipes were used to produce the assessed mixtures. Based on 

the obtained results, the following conclusions were drawn. 

• The results indicated that both material selection and the pore structure have a prominent 

impact on acoustic performance and durability. The higher the porosity and noise-reduction 

capability, the higher the sensitivity to durability assessments. However, this relation was not 

consistent for all tested mixtures.  

• The acoustic performance of the tested mixtures appeared not to be affected significantly 

when exposed to submerged freeze-thaw cycles. The recorded changes in the maximum 

absorption coefficient for all tested mixtures were lower than 5%. Besides, the changes in 

corresponding frequency for the maximum absorption coefficient for all tested mixtures were 

also lower than 8.5%. This suggests that the acoustic performance of the porous pavements 

may not be highly influenced solely by exposure to extreme weather conditions such as freeze 

and thaw.  Among mixtures with different aggregate types, the mixtures with DBQ aggregate 

generally showed a relatively better acoustic performance for mixtures with the same recipe.   

• Binder type selection appeared to have a dominant impact on the quality of the tested porous 

mixtures. The mixtures containing PMB 58/64-97 were generally among the most durable 

mixtures regardless of the aggregate type. However, the other two binders showed more 

sensitivity depending on the aggregate type they were blended with.  

• The mixtures with PMB 80/120-75 showed comparable performance with the PMB 58/64-97 

mixtures when blended with DBQ aggregates. However, this type of binder had the lowest 

ranking among the other two binders blended with the granite aggregate. On the other hand, 

the binder PMB 60/90-70 showed the lowest performance of all tested mixtures when blended 

with the DBQ aggregate. 

• The increase in the binder content appeared to lower both acoustic and mechanical 

performance of the DBQ porous mixtures.  

• The Japanese recipe with lower air void content showed significantly higher durability and 

outperformed all tested mixtures; however, its acoustic performance was significantly lower 

than the rest. This calls for finding a balance between these two parameters for more durable 

and still highly functional noise-reducing mixtures in the future under Swedish conditions.  



24  VTI rapport 1266A 

5. Future work 

This study was a laboratory-scale evaluation of the acoustic performance and durability of porous 

asphalt mixtures produced using different binders, aggregates, and mix designs. For further 

investigation into the eventual implementation of the findings of this study, the following steps are 

recommended.  

• Further evaluation of the porous asphalt mixtures under the combined influence of freeze-

thaw, chemical exposure, and oxidation for a more realistic simulation of field conditions in 

Sweden.   

• Taking a closer look at the chemical and physicochemical interaction between the Swedish 

aggregates with different mineralogy and both polymer-modified and conventional binders.   

• Additional research to find an optimum balance between the acoustic and durability 

performances of porous asphalt mixtures tailored for the Swedish climate.   

• A scale-up trial on the approved combinations in this study would be recommended to be 

carried out for long-term monitoring. 

• As the freeze-thaw exposure appeared not to have a significant impact on the acoustic 

performance of the tested mixtures, it is recommended to carry out a detailed study on 

clogging to find solutions for enabling the porous asphalt to have a longer effective acoustic 

performance.  

• To provide support for future decision-making on the use of porous asphalt pavement in 

Sweden, a thorough analysis of environmental impact, maintenance frequency, and life cycle 

costs for different material and mix-design selections needs to be done.  
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Appendix 

Detailed information about the evaluated mixtures in this study is presented below, which includes 

aggregate gradation curves (Figure 1), binder contents and additives (Table 8), and measured bulk 

densities (Figure 2). 

• Gradations: 

 

Figure 1. Gradations used in this study. 

• Binder contents and additives: 

Binder and cement contents are reported as percentages by mass of the total mixture. The cellulose 

fibre and Wetfix BE™ additive dosages are expressed as percentages by mass of the binder content in 

Table 8. 

Table 8. Binder contents and additive dosages for the porous asphalt mixtures. 

Type of Binder    Additives   

recipes Content Wetfix BE Cellulose fiber Cement 

SE 6.30% 0.30% 0.60% 1% 

SE+ 6.80% 0.30% 0.60% 1% 

JPR 5.80% - - - 

• Bulk density 

Bulk densities of the compacted mixtures are shown in Figure 2.   

 

Figure 2 Mean values of bulk density for each mixture type tested in this study. 

100
96

73,5

24,5
17,112,5

4,2

95

20

1210630

20

40

60

80

100

0,063

P
as

si
n

g 
(%

)

Sieve size (mm)

JPR

SE

0.5 2 4 8 11.2 16

0

500

1000

1500

2000

B
u

lk
 d

en
si

ty
 (

kg
/m

³)

Mixture types




	VTI rapport 1266A
	Durability and performance of  noise-reducing porous asphalt  for Swedish climate conditions
	Publikationsuppgifter - Publication Information
	Kort sammanfattning
	Abstract
	Table of Contents
	Sammanfattning
	Summary
	Foreword
	1. Introduction and Background
	1.1. Parameters with high impact on porous asphalt durability
	1.2. Motivation and Objective of the Present Study

	2. Methodology
	2.1. Material Selection
	2.1.1. Binder Properties
	2.1.2. Aggregate Mineralogy Identification
	2.1.3. Mixture variation and production
	Reference mixtures
	Binder content variation
	Japanese porous asphalt recipe (cold region)
	Mixture additives

	Specimen Production


	2.2. Testing
	2.2.1. Impedance tube measurement
	2.2.2. Cantabro test
	2.2.3. Prall test
	2.2.4. Moisture sensitivity
	2.2.5. Specimen conditioning


	3. Results and discussion
	3.1. Acoustic Absorption Properties
	3.2. Prall abrasion test
	3.3. Cantabro test
	3.4. Moisture Sensitivity test
	3.5. Integrated Performance Ranking of Porous Asphalt Mixtures

	4. Conclusions
	5. Future work
	References
	Appendix

