
       Eurasphalt & Eurobitume Congress 1996 1
         E&E.4.066

DESIGN AND PERFORMANCE OF POROUS ASPHALT MIXES IN IRELAND

RONAN CLIFFORD, SEAN DILLON, GERALDINE WALSH and IAN JAMIESON

National Roads Authority

IRELAND

Summary

The exposure of a large surface area of binder in porous asphalt mixtures suggests that design

methods should include an evaluation of the durability of the mixture.  In Ireland a 20 year design

life is usually achieved with traditional wearing courses and agencies have to take the service life of

any alternative into account along with the advantages of the material.  Current practice is often

confined to the identification of a target binder content based on a binder drainage test.  Generally,

no aging resistance property is specified.

The results are presented of some investigations in which mixtures which have been subjected to

simulated aging have subsequently been subjected to Cantabro tests and stiffness measurements.

Cantabro tests on mixtures subjected to simulated aging (SHRP M-007) demonstrated the effect of

the binder type and air voids content of mixtures.  However, it is uncertain whether the aging

technique is appropriate for porous asphalts.

Results are given of moisture damage susceptibility tests: Cantabro tests on soaked specimens and

Duriez tests, according to the French specification.  At a preliminary stage the influence of various

compaction procedures on the amount of aggregate crushing that occurs in preparing mixture

specimens for testing was observed.  An aggregate (ACV 18) crushed more during Duriez

compaction and testing than during Marshall compaction.  The Duriez test gave anomalous results

when assessing the effects of antistripping agents on the dry and wet strengths and the strength

ratio.
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Résumé

L'exposition du'une large zone superficielle de liant dans les mélanges d'asphalte poreux suggére

que les méthodes de conception devraient inclure une évaluation de la durabilité du mélange.  En

Irlande, une durée de vie calculée de vinqt ans est généralement obtenue par des couches de

roulement classiques et les organismes doivent prendre en compte la durée de vie en service de

toute autre solution, ainsi que les avantages du matériau.  La pratique actuelle se limite

généralement à l'identification d'un contenu de liant cible, basé sur un essai de drainage de liant.

En général, aucune propriété de résistance au vieillissement n'est spécifiée.

Présentation des résultats de certaines études sur des mélanges qui, aprés avoir été soumis à un

vieillissement simulé, ont ensuite été soumis à des essais de Cantabro et des mesures de rigidité.

Les essais du Cantabro sur les mélanges soumis à un vieillissement simulé (SHRP M-007) ont mis

en évidence l'effet du type de liant et le contenu en cavités des mélanges.  Toutefois, il n'est pas

certain que la technique de vieillissement soit appropriée aux asphaltes poreux.

Fourniture de résultats d'essais portant sur la prédisposition aux dommages dûs à l'humidité : essais

de Cantabro sur des éprouvettes imbibées et essais de Duriez, conformément au cahier des charges

francais.  Au stade préliminaire, on a constaté l'influence des diverses procédures de compactage

sur l'écrasement de l'ahrégat qui se produit au cours de la préparation des éprouvettes de mélanges

pour les essais.  Un certain agrégat (ACV 18) s'écrasait plus pendant le compactage et l'essai de

Duriez que pendant le compactage Marshall.  L'essai de Duriez a donné des résultats irréguliers au

niveau de l'évaluation des effets des agents activants sur la résistance à l'état sec et humide et le

rapport de résistance.
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Zusammenfassung

Das Aussetzen von großen Flächen Bindemitteln in porösen Asphaltmischungen erfordert, daß die

Methoden für die Zusammensetzung auch eine Bewertung der Haltbarkeit der Mischungen

inkludiert.  In Irland wird normalerweise eine Lebensdauer von 20 Jahren mit traditionellen

Verschleißdecken und die jeweiligen Bohörden müssen neben den Vorteilen auch die Lebensdauer

aller Alternativen berücksichtigen. Derzeit ist dies häufig beschränkt auf die Feststellung des Soll-

Gehalts an Bindemitteln im Rahmen eines Bindemittel-Drainagetest.  Im allgemeinen werden nicht

die Eigenschaften in bezug auf die Alterungsbeständigkeit spezifiziert.

Die Ergebnisse einiger Untersuchungen werden präsentiert, bei denen Mischungen, die einem

simulierten Alterungsprozeß ausgesetzt wurden, in der Folge auch Cantabro Tests und Messungen

der Steifigkeit unterworfen wurden.  Die Cantabro Tests an Mischungen, die dem simulierten

Alterungsprozeß (SHRP M-007) ausgesetzt wurden, zeigten die Wirkung des Bindemitteltyps und

den Luftporengehalt der Mischungen. Es ist jedoch nicht sicher, ob die Alterungstechnik für poröse

Asphalte geeignet ist.

Ergebnisse von den Tests zur Feststellung von Feuchtigkeitssschäden liegen vor:  Cantabro Tests an

Feuchtigkeitsproben und Duriez Tests gamäß den französischen Speizifikationen.  In der

Vorbereitungsphase wurde der Einfluß der verschiedenen Verdichtungsverfahren für eine

bestimmte Menge zersplitternden Granulats beobachtet, das bei der Vorbereitung von Proben der

Mischungen für das Testen anfällt.  Ein Granulat (ACV 18) zersplitterte stärker während der Duriez

Verdichtung und Testmethode als während der Marshall Verdichtung.  Der Duriez Tst ergab

anomale Ergebnisse bei der Bestimmung der Wirkungen von Haftfestigkeitsverbesserern für die

Trockenfestigkeit und Naßfestigkeit und den Festigkeitsquotienten.
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1. INTRODUCTION

The procedure for the design of porous asphalt mixtures is usually:

• selection of an aggregate grading to provide a desired air voids when fully
compacted, - in Ireland this is 20 percent - to provide adequate  surface water drainage to minimise
vehicle spray and noise; and,

• determination of the maximum ("target") binder content at which negligible binder
drain off will occur at the required handling and transportation temperatures.

Criteria for the materials used in porous asphalts in various European countries are summarised in
Table 1.

TABLE 1
POROUS ASPHALT MIXTURE DESIGN CRITERIA* USED IN EUROPEAN
COUNTRIES(1)

Country Stone Agg. Properties Binder Air
Vds
%

Size
(mm)

Gap
(mm)

Mass
(%)

PSV LAAV FI Content
(%)

Type

Belgium 2/14 2/7 83 >50 <15 -    4-5
5.5-6.5

Unm
 Mod

22

France
2/10
2/14

2/6
2/10

88
82

**
(C) *50
(B) *50

≤25
≤20

≤30
≤20

4.5-5.5 Mod >20

Nether-
lands

2/11
2/16

2/6
2/6

85
85

>53 - - 4.5
4.5-5.5

Unm
Mod

>20

Ireland 2/14 - 82 >60 <26+ <25 4.5-5.2 Mod >20

Spain 2/10
2/12.5

.6/2.5
2.5/5

86
84 40-45 <20 <25 ≥4.5 Mod 20

UK 3.35/10
3.35/20

3/6 90 >60 <18++ <20 Based on
drainage
Test

Unm
Mod

20
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* This table does not include all criteria adopted and, in particular binder drainage tests are 
often used in determining binder contents, and the grade of binder varies from country to 
country and in some countries a range of penetration grades may be used.

** C and B are aggregate categories determined according to their "resistance mechanique"
+ Estimated from ACV (20)     ++ Estimated from ACV (15)

The exposure of a large surface area of binder in porous asphalt mixtures suggests that design
methods should include an evaluation of the durability of the mixture.  In Ireland a 20 year design
life is usually achieved with traditional wearing courses and agencies have to take the service life of
any alternative into account.  Current specifications do not include any measure of aging resistance.

In addition, the permeation of surface water throughout the porous asphalt mix implies that the
aggregate-binder combination must be resistant to stripping although it appears that only the French
specification incorporates any requirement for this property.  This is the Duriez test(2) criterion, in
which a minimum wet/dry strength ratio of 0.8, is  stipulated.
Porous asphalt mixtures have been designed by the National Roads Authority for sections laid on a
number of national primary roads between 1993 and 1995.  The aggregate grading (0-14 mm) was
similar to those used in France and the Netherlands and evaluation procedures(3) were an amalgam
of methods used in France, Spain, Netherlands and the United Kingdom.  In addition, the durability
was assessed by Cantabro wear tests on mixture specimens subjected to the SHRP long term aging
procedure and moisture susceptibility has been assessed by Cantabro tests on soaked specimens as
well as by the Duriez test.

2. SCOPE OF THIS INVESTIGATION

The investigation comprised:

I) an estimate of the aggregate crushing occurring under various compaction 
methods: impaction (Marshall hammer),  and under various static loading 
conditions using the Duriez equipment;

II) an evaluation of the Duriez procedure for assessing the stripping resistance of the 
mixture properties and the effectiveness of antistripping agents;

III) a study of the effect of binder type, and air voids content on the results of wear test 
(Cantabro) measurements on mixtures subjected to the SHRP long term aging 
simulation treatment; and

(IV) stiffness measurements on various mixtures.

3. EXPERIMENTAL

Materials

A number of aggregate types and binders were used.  The aggregate grading was virtually the same
throughout although there were minor differences in the finer sieve sizes:
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Sieve size (mm)         Percent Passing

Grading No.1 Grading No.2

20 100 100

14 98 98

10 65 65

5 22 19

2.36 16 14

0.075 4.5 4.7

Seven aggregates were involved and their properties are summarised below.  Note that  the ACV
ranges from 14 to 19.

Prop. Type PSV ACV AAV

A Rhyolite 61 19 7.1

B Whinstone 63 16 7.0

C Sandstone gravel 63 19 4.7

D Gritstone 62 14 7.1

E Sandstone gravel 64 17 5.2

F Dolerite 62 16 4.2

G Gritstone 66 20.5 5.9

The binders used were an unmodified 100 Pen grade bitumen and polymer (reported to be SBS)
modified bitumens from two sources. In addition a series of mixtures was prepared with
unmodified binder to which glass fibres were added.

The following properties of the binders were determined.

Binder
Penetration
25°C/100g/5s

Softening Point
°C(ring & ball)

Fraass Point
(°C)

PlasticityRange
(°C)

100 Pen unmodified 125 42 -16 58

Polymer modified 1 101 84 -17 101

Polymer modified 2 115 75 -17 92

Mixtures were prepared in a Hobart mixer and the mixing temperatures used were those indicated
by the binder suppliers; namely 140°, 160°, and 160°C respectively.
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Crushing occurring during specimen compaction

The effect of crushing was estimated primarily by measuring the air voids of the specimens: i.e.
from specimen dimensions and weight and from knowledge of the proportions of the constituents
and their specific gravity.

Three methods of compaction by the Duriez equipment were investigated.  These were:

 1. Application of a load of 180 kN to mixture in a 120 mm diameter mold

2. Application of a load of 60 kN to mixture in a 80 mm diameter mold

3. A "manual" procedure in which a load is applied to the mixture in a 150mm 
diameter (CBR) mold until the correct specimen height was achieved, or until 
audible aggregate crushing was observed.

The results of air voids measurements on the resultant specimens and of specimens  prepared by the
Marshall hammer method are given in Table 2.

TABLE 2
SPECIMEN AIR VOIDS: DIFFERENT LOADING PROCEDURES (AGGREGATE A
LAAV 22)

Binder
content
Percentage

Static (Duriez) compaction Impact (Marshall
hammer) 100 mm
diameter.

180 kN load
120 mm diam

60 kN load
80 mm diam.

"Manual"
150 mm diam.

100 Pen unmodified binder

4.5 15.8 - - 18.6

5.0 14.7 18.9 24.8 15.1

5.5 13.1 19.4 - 14.5

Polymer modified binder 1

4.5 14.7 20.2 - 20.8

5.0 14.0 19.4 25.4 20.3

5.5 12.9 19.2 - 18.8

Polymer modified binder 2

4.5 - - - 18.5

5.0 15.5 - 23.2 19.5

5.5 14.2 - - 16.6

6.0 - - - 15.1
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The combination of 180 kN load and 120 mm diameter mold resulted in the lowest air voids
content.  (In both standard methods the load is applied at a rate of 2 kN/s until the ultimate
compaction load is achieved after which the pressure is maintained for 5 minutes.)   With the
combination of 60 kN load with 80 mm diameter mold the applied stress (11.9 MN/m²) is lower
than in the former (15.9 MN/m²).  The air voids of specimens prepared with the 60 kN load 80 mm
diameter mold combination were of a similar range to those given by Marshall specimens.
Specimens prepared by the "manual" method had higher air voids than either of the standard Duriez
methods or by the Marshall hammer method.

Specimens were examined to determine the change in fines content caused by aggregate crushing
during their production.  Results given by 80 mm diameter specimens prepared by the Duriez
method and by Gyratory compaction are compared in Table 3.

TABLE 3
EFFECT OF DURIEZ AND GYRATORY COMPACTION ON AGGREGATE (C)
CRUSHING

Sieve size
(mm)

NRA
Aggregate
grading
No.2

Original

(Target)
Percent
passing

Change in percent passing

DURIEZ
60 kN @2kN/s
5 minutes

GYRATORY
300/30 rpm
600 kPa

20 100 100 0 0

14 95-100 100 0 0

10 55- 75 65 +12.2 +7.3

5 15- 23 19 +20.2 +0.8

2.36 10- 18 14 +10.8 +2.5

0.075    4- 5.5 4.8 +0.5 -0.5

Binder Content (Polymer Mod 2) 5.0 5.0

Air Voids 24.2 26.9

Shaded data indicates the change in fines has put the grading out of specification.

Gyratory compaction caused much less crushing than the Duriez compaction which changed the
grading such that it no longer complied with the specified grading envelope.

The effect of aggregate mechanical strength on the amount of crushing during the Duriez procedure
(60 kN load/80 mm diameter mold) is shown in Table 4.
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TABLE 4
EFFECT OF AGGREGATE TYPE ON CRUSHING DURING DURIEZ COMPACTION

Sieve
size
(mm)

Original
(Target)
Percent
passing

Change in Percent passing
(Load 60 kN @ 2kN/s, 5 minutes, 80 mm diameter mold)

Aggregate Source and ACV

D  (14) B (16) E (17) C (19) G (20.5)

10 65 +11.1 +12.1 +13.2 +12.2 +18.4

5 19 +11.2 +17.8 +14.4 +20.2 +14.9

2.36 14 +4.6 +8.9 +8.0 +10.8 +5.1

0.075 4.8 -0.8 +0.7 +1.0 +0.5 +1.2

Shaded data indicates the change in fines has put the grading out of specification.

Significant aggregate crushing has taken place during Duriez compaction even with aggregates
having a relatively high resistance to crushing (ACV 14).  The amount of crushing tends to be
dependent on the aggregate crushing value: the weaker the aggregate the greater the amount of size
reduction.

It may be inferred that significant crushing also occurs during Marshall hammer compaction, as
was evident on breaking open marshall specimens of porous asphalt, and also from the results of air
voids determinations shown in Table 2.

Duriez test results

The crushing of aggregate in the preparation of Duriez specimens raises questions about the
meaning and significance of the Duriez Test.  In addition anomalies in testing have been observed
for which satisfactory explanations have not been found.

Mixtures prepared with polymer modified binder 2 consistently gave lower wet and dry strengths
than mixtures made with polymer modified binder 1 and with unmodified binder, as shown in
Table 5.  Note that polymer modified binder 2 had a much higher softening point (75°C) than the
unmodified binder (42°C), see chapter 3 "materials".  (The aggregate type and grading used was the
same for all mixtures.)
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TABLE 5
DURIEZ STRENGTH AND RATIO VALUES FOR MODIFIED AND UNMODIFIED
BINDERS

Binder type Binder
Content

80 mm diameter
specimens

120 mm diameter
specimens

Dry Wet Ratio Dry Wet Ratio

Unmodified bitumen

5.0

15.5 9.5 0.61 40.8 29.0 0.71

Polymer modified 1 17.1 12.3 0.72 49.0 38.5 0.79

Polymer Modified 2 12.8 9.8 0.76 30.0 23.0 0.77

Unmodified bitumen

5.5

16.3 9.6 0.59 42.5 30.3 0.71

Polymer modified 1 16.8 11.5 0.68 45.5 36.5 0.80

Polymer modified 2 12.9 10.1 0.78 34.5 27.5 0.80

Tests carried out to gauge the effectiveness of lime and amine type antistripping agents on the
wet/dry strength ratio have also provided anomalous information, as shown in Table 6.

TABLE 6
EFFECT OF LIME AND ANTISTRIPPING ADDITIVES ON DURIEZ TEST VALUES.

Additive Binder
Duriez Strength (kN)

Ratio Dry Wet

Lime
No lime

Polymer mod 1
Polymer mod 1

0.80
0.82

45.5
39.8

36.5
32.5

Antistrip
No antistrip

Unmodified bitumen
Unmodified bitumen

0.74
0.71

42
40.8

31.8
29

Antistrip
No antistrip

Polymer mod 1
Polymer mod 1

0.89
0.79

43.8
49

39
38.5

The Duriez ratios imply that lime addition has not improved the stripping resistance of the mixture
although both the wet and dry strengths increased. Conversely, the addition of the antistripping
agent improved the strength ratio of the mixture made with the polymer modified binder
significantly, but this was at the expense of reducing the dry strength without improvement in the
wet strength.
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Cantabro Tests
Aged specimens

Cantabro wear tests were performed on a series of mixtures that had been subjected to the simulated
aging procedure adopted by SHRP, 4 hours exposure of loose mixture at 135°C followed by 5 days
exposure of a specimen of the compacted mixture at 85°C.

The results, Figure 1, show that the wear values of the mixes prepared with the unmodified binder
(with and without fibres) were very high, whereas in the case of the polymer modified binders wear
values were low, and indeed were similar to results obtained on the unaged mixtures.

FIGURE 1  BINDER TYPE AND WEAR OF AGED MIXTURE SPECIMENS (CANTABRO
TEST)

Results of Cantabro tests on aged specimens of mixes with a nominal 22 percent and a nominal 30
percent air voids content are shown in Table 7.  (A gap grading   -different from gradings No1 and
No2 -  was employed for the 30 percent air voids mixture.)  These specimens were significantly
more susceptible to wear than mixes prepared to the standard NRA grading.

TABLE 7
EFFECT OF AGING AND SOAKING: MIXTURES WITH 22% AND 30% AIR VOIDS
(CANTABRO TEST)

Mixture Type Voids
Content

Binder
Content

Wear

Unaged/
Unsoaked

Aged Soaked

Percent

Gap grading 30 % Voids 4.5 12.3 73.0 55.1

Grading No. 2 24 % Voids 9.3 20.0 9.6

Gap grading 29 % Voids 5.0 12.7 58.3 44.1

Grading No. 2 23 % Voids 7.2 13.1 14.9

Grading No. 2 25 % Voids 5.5 5.1 9.2 7.5

Soaked specimens
Results of tests on soaked specimens (7 days immersion at 20°C followed by one days drying at
40°C followed by one days drying at 50°C) are shown in Figure 2.

They indicate that the amount of stripping depends on the binder type but that there is little
correlation between wear values of the soaked specimen and the binder content.
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FIGURE 2  BINDER TYPE AND WEAR OF SOAKED MIXTURE SPECIMENS (CANTABRO
TEST)

Stiffness measurements

Stiffness moduli measurements were carried out, in the diametral loading mode (indirect tensile),
using the Nottingham Asphalt Tester.  The 150 mm diameter mixture specimens at the "target"
binder content were prepared by the manual  compaction method.  Four specimens were prepared
for each condition and the average values were reported.

Earlier work(4) had indicated that measurements of stiffness were subject to a very large scatter.
Plots of stiffness versus binder content obtained by the authors on specimens prepared using the
standard grading (No.2 - aggregate C) using alternately  unmodified binder, an unmodified binder
with cellulose fibres, and two polymer modified binder contents are shown in Figure 3.

FIGURE 3 BINDER CONTENT AND ELASTIC STIFFNESS OF POROUS ASPHALT
MIXTURES

The stiffness of mixtures made with the unmodified bitumen is most susceptible to changes in
binder content which is consistent with the scatter noted previously for these mixtures.  The
stiffness of the three modified mixtures were much less affected by change in the binder content.

The behaviour of mixtures prepared with unmodified bitumen suggests that at the lowest binder
content (4 percent) the stiffness is high because of a high level of interparticle friction - as the
binder content is increased to 4.5 percent the interparticle reaction is lowered resulting in a
lowering of stiffness - at 5 percent binder stiffness increases as the voids fill up with binder - at 5.5
percent the voids filled with bitumen reaches a level such that an increased lubricating effect under
shearing forces results and the mixture stiffness is reduced.

The effects of aging and soaking on the stiffness of mixtures prepared with polymer modified
binders (binder contents approximately 4.7%) are shown in Table 7.

TABLE 8
STIFFNESSES (MPa) OF MIXTURES BEFORE AND AFTER SOAKING AND AGING

Binder Type Unaged Aged Soaked

Polymer modified A 2443.5 3627.9 2124.9

Polymer modified B 1677.5 3678.3 1186.9

The stiffness of the unaged and unsoaked specimens of mixture prepared with binder A is
approximately 800 MPa higher than the corresponding specimens of the mixture bound with binder
B.  This is attributed to a higher (2 percent) polymer content in binder B.

The stiffness moduli of the aged mixtures are higher than for the unaged mixtures due to the
hardening of the binder in the oven-aging process.  There is a considerable reduction in stiffness for
the soaked condition, however, the reduction is less in the case of the mixture prepared with the
lower polymer content.
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CONCLUSIONS

1. Crushing of aggregate during Duriez and Marshall compaction of porous asphalt test specimens
is such as to change the aggregate grading significantly.  Specimen preparation by techniques which
more closely resemble compaction in practice, such as roller compaction may be necessary though
gyratory procedures may prove to be satisfactory.

2. Methods for simulating the aging of porous asphalts in service need to be validated.  It is not
known if the SHRP long term oven-aging method is appropriate for this type of mixture though it
does enable mixtures to be ranked in terms of their durability.

3. Polymer modified binders give superior aging resistance and also reduce the susceptibility of
rheological properties of porous asphalts to variations in binder content.

4. The results of elastic stiffness measurements, for the evaluation of the aging in service of porous
asphalts, need to be interpreted with great care because they are susceptible to the effects of binder
type and binder content.
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FIGURE 1:  BINDER TYPE AND WEAR OF AGED MIXTURE SPECIMENS (CANTABRO TEST)

FIGURE 2:  BINDER TYPE AND WEAR OF SOAKED MIXTURE SPECIMENS (CANTABRO TEST)

FIGURE 3:  BINDER CONTENT AND ELASTIC STIFFNESS OF POROUS ASPHALT MIXTURES


