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TESTING AND INTERPRETATION
OF THE PERMEABILITY OF ASPHALT MIXES

Zsuzsanna lgazvolgyi, Zoltan Soés, Csaba Toth, Réka Nadasi
Budapest University of Technology and Economics, Budapest, Hungary

Abstract

The effect of waterin and between asphalt pavement layers has been noticed and tested since
the 1960-s, and the idea that asphalt pavements are not impermeable has been shortly pro-
ven. However, similarly to various countries, road pavements in Hungary are still considered
impermeable on the level of national regulations regarding design and certification. Despite
a high number of literature in this matter, and the existence of a European Norm and proven
methods and equipment to measure permeability of asphalt pavements in the laboratory
and in-situ as well, there is typically little or no requirement referring to the testing and requ-
ired values that indicate the presence and flow of water either in the mix, or the pavement
structural design stage, or regarding the requirements for built layers. Although the effect
of water can be severe over time, affecting the performance of the layers and the pavement
structure. The paper presents field study showing the effect of water on the state of in-service
layers, the standard European method and equipment to test permeability of asphalt layers,
and laboratory permeability tests conducted on core samples and laboratory samples. After
a high number of permeability tests, void content vas determined for tested specimens. The
effect of asphalt mix void content on the permeability are shown, depicting that void contents
otherwise acceptable by current standards and also international practice may lead to, in fact,
permeable layers.

Keywords: asphalt permeability, pavement moisture, air void content
1 Introduction

The presence of water in road pavement layers is evident in case of granular layers such as
subgrades and subbase layers, however its presence in and between bound layers, especially
asphalt layers as presented in this paper, despite having been tested and published both in
the field and in laboratory since the 1960-s, still strikes as a novelty to a wider professional
community.

There are several cases of water-inflicted damage in asphalt layers in international and nati-
onal literature as well [1, 2]. Several case studies have also depicted clear relations between
the compaction rate and interlayer bonding of asphalt layers and the presence and movement
of water within and between asphalt layers, respectively since even the 1970-s [3, 4]. In spite
of such findings, in Hungary, similarly to most countries, there are poor or no specifications
at all, with regard to permeability of asphalt layers, besides the specifications regarding air
void content of the built layer. As, besides of research, professional consultancy regarding
pavement rehabilitation and construction, asphalt mix testing and design being main field of
the Asphalt unit at the Tracks Laboratory, Budapest University of Technology and Economics,
the authors have encountered several cases of water permeability issues within asphalt layers
and asphalt pavements. The manager of a highway in Hungary contacted the Laboratory to
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analyse the possible causes of pavement failures, accompanied by symptoms relatable to
water movement. Based on international literature, issues have been investigated and a per-
meability testing device has been also acquired conform the relevant European standard [5].
The paper presents main findings using simple tests and computertomography and attempts
to point out further research goals to assess such problems.

2 Testplan

Ground-penetrating radar (GPR) measurements have been taken on the selected highway
section to assess sections with high chance of water presence. A total of 5 sections have
been selected. According to the test plan core samples have been taken in all lanes and the
emergency lane as well (two samples each lane), thus a total of 30 samples have been taken.
Almost all samples showed the presence of water at first sight as parts of the samples were
wet after several hours or being on the surface, showing a relatively higher void content —
filled with bore water as seen on Fig. 1as example.

Figure1 Examples of wet core samples

According to the international literature permeability of asphalt pavements is strongly relata-
ble to air void content (rate of compaction) of the layers, accordingly the test plan consisted
of not only permeability measurements but air void content determination as well, for all
samples. As a novelty — in Hungary — computer tomography (CT) has also been applied as an
experimental technique. CT results will be analysed in the future.

3 Asphalt permeability tests

Several known test methods of permeability of laboratory asphalt samples as well as in-ser-
vice layers are available. The results of field tests are convincing, in these cases the permea-
bility of pavement cracks is also taken into account besides the material permeability of the
pavement layers. Moreover, in this case the permeability of the whole pavement is tested
i.e. the water capable to reach the subgrade is inferred [6-8]. Laboratory tests according to
the according European Norm [5] consist of a water column having constant heightin a cone
making the permeation of the water through the sample possible. Fig. 2 shows the test com-
pilation of the two standard methods, the vertical permeability where the water permeates
into and out of the sample on the horizontal planes, and the horizontal permeability mea-
surement, whereas water permeates into the sample on the horizontal plane, but permeates
out on the vertical cylinder.
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Figure 2 Test method of horizontal (right) and vertical permeability (left)

In both cases, water column is kept at constant height resulting in a constant water pressure,
and the mass of water exfiltrating the sample is measured, by time. Permeability is given as
seenin Eq. (1) and Eq. (2).

4xM 1078 xI

K =t 1
Y hxnxD’ 0
?xlO’(’xl
k., = 2
= TH P+ 0,50 x (mxDX] @
Where:
k,and k- vertical and horizontal permeability [m/s];
m — the mass of the permeated water [g];
t — the test time [s];
l — thickness of the sample [m];
H+P — height of the water column + the height of the sample [m];
D — specimen diametre [m];
h — height of water column [m].

Airvoid content of the samples has been determined using the standard EN 12697-8. The test
method is assumed to be commonly known and will not be presented.

4 Test results

As shown by various previous findings, there is a reliable connection between airvoid content
and permeability. However the permeability of the asphalt samples is not only affected by
void content, maximal particle size, sample dimensions and naturally method of measure-
ment also affect the movement of water (if any) [9] [10]. There are also research suggesting
correlation between normalised particle size and permeability. To understand the foreword
presented values of permeability the values given in Table 1. should be assessed [11].
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Table 1

Suggested permeability categories for asphalt materials

Cat. Permeability [m/s] Air void content [%] Description

Al 0,01-0,1 2,5-3,7 very low permeability

A2 0,11 3,7-5,6 low permeability

B 1-10 5,6-8,5 medium permeability

C 10-100 8,5-13 high permeability

D 100-1000 13-20 almost permeable

E 1000-10000 >20 permeable (drain asphalt)

Regarding newly built layers, of the parameters obviously affecting permeability as well, only

airvoid content of mixes and layers must meet criteria, as seen in Table 2.

Table 2 Airvoids for design, tolerance, reduced quality and rejected cases

Asphalt mix Wearing courses Binder courses Base courses
SMA 8 SMA 11 AC11 AC11 AC16 AC22 AC16 AC22
AC16 AC32
Design Vi 2,0% 2,5% 3,0% 3,0%
Vi 4,0% 4,5% 4,5% 4,5% 5,0% 5,5% 5,0% 6,0%
Tolerance, V., V. +3,0%
Reduced, V., Vi +2,0%
Rejected, V, 9,0% 9,5% 9,5% 9,5% 10,0% 10,5% 10,0% 11,0%

Design and threshold values are determined on technological basis, layers having the presen-
ted airvoid content are assumed to be waterproof. Construction tolerance is +3%, although a
given layer may be accepted within an additional +2% air void content at a discount price. A
given pavement layer is rejected at the air void contents given in the last row.

As previous research has shown, correlation between airvoid content and permeability shows
a third-degree polynomial relation in the form of K= A-exp (B-V). Parameters A and B have
been determined using Solver, for air void-permeability of samples, for each particle size
separately. Coefficient of determination was found high for all separate cases, from 0,85 to
even 0,98, as shown by Fig. 3., 4. and 5. Parameters and regression coefficients are shown
in Table 2.

Table 3 Coefficient of determination in the analysed cases

Vertical permeability Horisontal permeability

A B R? A B R?
SMAS8 (n=11) 4,37x1078 0,59 0,86 4,24 x1078 0,58 0,90
AC11 (n=9) 1,42 X107 0,45 0,97 1,15 x107 0,42 0,98
AC22 (n=24) 1,74 x1077 0,41 0,91 1,47 X107 0,37 0,85

As seen, tight correlation is found between permeability and air void content, taken into
account the aggregate particle size as well. Result are based on 11, 9 and 24 sample results,
respectively, as some samples got damaged at processing or boring.
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Figure 3 Measured and calculated permeability, SMAS layer
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Figure 4 Measured and calculated permeability, AC11 layer
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Figure 5 Measured and calculated permeability, AC22 layer
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As seen, according to current regulations in light of permeability, allowed air void contents
of the analysed mixes, based on core sample test results, may exceed very low permeability
limit and lead to a low-permeability layer.

5 Conclusions

Analyse shave been conducted on a highway, having pavement failures that suspect the
presence and movement of water within and between pavement layers. Samples taken from
sections determined using GPR for water detection have been tested with a straightforward
method according to the European Standards.

Test results of the core samples show a clear relation between the air void content and the
horizontal and vertical permeability of the samples, which coincide with results published in
international literature.

Results show that horizontal permeability is always higher than the vertical permeability,
which shows a difference in the test method, and indicates that the two methods should be
distinguished. It can also be seen, that in case of mixes having smaller particle sizes, given
airvoid contents resultin higher permeability both ways than in cases of bigger particle sizes.
This, also, indicates, that results must be given considering the gradation as well, not only
the air void content.

As seen based on the air void content-permeability relations, asphalt layers with acceptable
air void content may be in fat, permeable, which may lead to a variety of pavement failure
types and deterioration of lower layers as well. Using the methods and based on the results
presented in this paper, a well-established relation may be determined between permeability
and air void content, leading to the possibility of incorporating the waterproofness of the
layers in the standards, which is now poorly addressed. To do this the precision of the test
measurement must be determined as well, which is currently unknown.
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