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Sustainable Pavement Technologies

Increasing the durability
of asphalt mixtures by hydrated
lime addition: what evidence?

Hydrated lime has been known as an additive for
asphalt mixtures from their very beginning. It
experienced a strong interest during the 1970s in
the USA, when moisture damage and frost
became some of the most pressing pavement fai-
lure modes of the time.

Given its extensive use in the past 40 years in the
USA, hydrated lime has been seen to be more
than a moisture damage additive: hydrated lime
reduces chemical ageing of the bitumen and stif-
fens the mastic more than usual mineral filler
above room temperature, which can in turn
improve the mechanical properties of the mix.
Given that all the above properties impact the
durability of asphalt mixtures, the use of hydrated

lime has a strong influence on asphalt mixture durability. This article reviews the cor-
responding evidence found in the literature.

The field experience from North American State agencies estimate that hydrated lime
increases the durability of asphalt mixtures by 2 to 10 years, that is by 20 to 50%.

The European experience is not yet as developed as in the USA, but the beneficial
effects of hydrated lime on asphalt mixture durability have also been largely reported.
The French experience suggest that hydrated lime modified asphalt mixtures have a
longer durability by 2-3 years (20-25%). Similar observations led the Netherlands to
specify hydrated lime in porous asphalt. As a result, hydrated lime is being increasing-
ly used in asphalt mixtures in most European countries, in particular Austria, France,
the Netherlands, the United Kingdom and Switzerland.

Introduction

Hydrated lime has been known as an additive
for asphalt mixtures from their very beginning

[1 to 3]. It experienced a strong interest
during the 1970s in the USA,

partly as a consequence of a general decrease
in bitumen quality due to the petroleum crisis

meuhopeamrnads review 20 e

Spring 2012 -«

of 1973, when moisture damage and frost
became some of the most pressing pavement
failure modes of the time. Hydrated lime

was observed to be the most effective additive [4]
and as a consequence, it is now specified

in many States and it is estimated

that 10% of the asphalt mixtures produced

in the USA now hold hydrated lime [5].
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Given its extensive use in the past 40 years

in the USA, hydrated lime has been seen

to be more than a moisture damage additive

[3, 6 to 9]. Hydrated lime is known to reduce
chemical ageing of the bitumen [3, 6 to 8].
Furthermore, it stiffens the mastic

more than normal mineral filler [3, 6 to 8],

an effect that is only observed above 10°C [3].
This impacts the mechanical properties

of the asphalt mixture, and if strength and modulus
are seen to be modified by hydrated lime addition
for a little more than half of the mix formulas,

it improves the rutting resistance

in about 75% of the mix formulas [3].

In all cases, most of the studies focus on hydrated
lime contents of 1-1.5%, and these effects

are generally more pronounced for higher hydrated
lime contents. Finally, the few published

studies on fatigue resistance indicate

that hydrated lime improves the fatigue resistance
of asphalt mixtures in 77% of the cases.

In line with the observation that hydrated lime
does not exhibit a higher stiffening effect

than mineral filler at temperature below 0°C,

no negative effect on the thermal cracking resistance
is reported in the literature [3, 6 to 8].

The mechanisms explaining why hydrated lime

is so effective in modifying asphalt mixture

are detailed elsewhere [10].

Given that the mixture properties improved

by lime modification impact the durability

of asphalt mixtures, the use of hydrated lime

has a strong influence on asphalt mixtures durability.
This article reviews the field evidence on this topic.
It starts by a rapid description of the ways

that hydrated lime can be added to the mixture.
Then, the evidence coming from the USA

is presented and finally, the European experience

in terms of durability is described.

Hydrated lime in asphalt
mixtures In practice

How to add hydrated lime
to an asphalt mixture

There exist several ways to add hydrated lime

in an asphalt plant. The hydrated lime content

is generally between 1 and 2.5% of the dry
aggregate, with a strong consensus

around 1-1.5% (Table 1). Most mix formulation
methods consider hydrated lime as a mineral filler.
As a consequence, the filler content is reduced

in the same amount as hydrated lime is added,

so that total filler content is maintained constant.

The National Lime Association published a review
of the methods currently used in the United States
of America in order to put the hydrated lime

into the mixes [11]. To these US methods,

the mixed filler method in use in Europe

must be added (Table 1). As a result, many studies
exist that compare the several ways to add lime,
with diverging conclusions as the best way [12 to 18].
Interestingly, all methods were found to be

equally valid in order to benefit from the addition

of hydrated lime [11, 19].

Therefore, the main factors affecting
the selection of a given method are the choice
of the plant manager and the local specifications.

Pure hydrated lime at the asphalt plant
Hydrated lime can be added to the asphalt plant
by a dedicated silo with direct access to the mixer
(Photo 1). In terms of capacity, it must be reminded
that hydrated lime has a lower apparent density
(0.35-0.8Mg/m?) than mineral filler

and that a minimum capacity must therefore be

at least 60m? in order to unload a full truck.

The silo has an aeration system with dehumidifier,
with the air inlet system typically 1m above the cone
of the silo. The silo is also equipped

with a small filter baghouse on top [11].

Photo 1
Asphalt plant in Georgia with two silos: one for mineral filler
and the other for hydrated lime (from [11])

In the case of a batch plant, the most common
method consists in having the hydrated lime
weighted in the same device that weighs

the mineral filler. The installation therefore consists in
connecting the hydrated lime silo to the existing
system by means of a screw conveyor.

In the case of a continuous plant, the most common
method consists in having a weigh pot dispensing
hydrated lime through a rotary vane feeder.

The hydrated lime is then injected into the drum
through a screw conveyor. The entry point

is typically 1m before the binder injection point [11].
This is a method in use in Europe

(Austria, France, Germany, UK) and in Florida,

Georgia, Montana and Texas (Table 1). >>>
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Increasing the durability of asphalt mixtures
by hydrated lime addition: what evidence?

Ways to add hydrated lime
Country/State Hzg:,at’;(: I(.j/:r;e Hvd Ptur(;:‘ Li . . Dry to Dry | DrytoWet | Lime slurry .
ydrated Lime | \ixed Filler Marination
Aggregate Aggregate | to Aggregate
Europe
Austria 1.5-3.5 X
France 1-1.5
Germany 15-3
Netherlands 2
Switzerland 1.5 X
UK 1-2 X
Arizona 1 X
California 0.7-1.2 X Required
Colorado 1 X X Optional
Florida X
Georgia 1 X X
Mississippi 1 X
Montana 1.4 X
Nevada 1-2.5 X Required
New Mexico X
Oregon 1 X Optional
South Carolina 1 X
South Dakota X
Texas 1-1.5 X X
Utah 1-1.5 X Optional
Wyoming 1-1.5 X
Table 1

Methods currently used to add hydrated lime to asphalt mixtures. Data for the USA are from [11]. Detailed data for Europe are given in Table 5. Here, the focus
is on these European countries for which the use of hydrated lime is close to 1% or more (estimates in terms of percentage of HMA modified with hydrated lime

compared to the total HMA production)

Note that initial implementation of this technology

in continuous plants led to poor incorporation
of hydrated lime into the mix because of losses
as dust [2]. This could be solved by a proper
modification of the hydrated lime feed,

for example using donut-shaped baffles

at the point of lime injection [2].

Hydrated lime as a mixed filler

Hydrated lime can be added to the asphalt plant
using the same silo as the one already existing
for mineral filler. In this case, hydrated lime
must be mixed with the filler prior to the plant,
and most companies supply mixed filler.

Mixed filler is a standard product in Europe
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and several categories are described in the specifications
for aggregates in asphalt mixtures (EN 13043 [29]).
They are named “Kayy" where yy stands for numbers
or text as summarized in Table 2.

Most European countries have experience

with the mixed filler. Since the target hydrated lime
content is 1-1.5% in all countries, the hydrated lime
content inside the mix filler must be adjusted.

As a result, the Netherlands specify hydrated lime
in the form of Ka,s with 25% hydrated lime

for all their porous asphalts [20].

Germany has also a strong experience with Ka,s,
but more categories can be found

on the market [21].




Category Calcium hydroxide content (wt.%)
Kays 225
Kayg 220
Kaso >10
Kageclared <10
Kayg No Requirement
Table 2

Mixed filler categories as described in EN 13043 [29]

Photo 2

Pugmill used

to mix hydrated lime
with the wet

aggregate |

in South Carolina
(from [11])

In both countries, the quantity of filler used

in most of the surface mixes is high (5-10%)

thanks to the use of washed sand. On the contrary,
France uses mixed fillers with a higher quantity

of hydrated lime. The trend there is to supply

mixed filler with up to 75% hydrated lime,

given the low quantities of added filler (typically 2%)
as a consequence of using unwashed sand.

Other forms to add hydrated lime

Other methods exist in order to add hydrated lime
to an asphalt mixture. All of these additional
methods are not currently used in Europe

but are well developed in the USA (Table 1).

Most of these methods use a pugmill in order to mix
the hydrated lime with the aggregate (Photo 2).
Still, it can also be sprayed directly on the aggregate
on the belt conveyor, but this is not a preferred
solution because of the loss of material

by dusting [2].

The most common method consists in adding

the hydrated lime in dry form (hence the need

for a dedicated silo) to the wet aggregate

using a pugmill (Photo 2). Still, some Georgia plants
prefer to treat the dry aggregate (Table 1).

Also, other States like California or Utah specify

the use of a lime slurry instead of dry hydrated lime.
This necessitates the presence of a lime slurry
installation. The lime slurry method is also used in
some plants in Colorado, Florida and Texas (Table 1).
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Finally, some States also specify a marination
period of typically 24-48 hours.

The aggregate can then be treated and stockpiled
for marination directly in the quarry

and the treated marinated aggregate

can then be processed at the asphalt plant [11].

The marination process is thought to allow

for a better treatment of clayey aggregates.

Also, the quality control is simplified

because the hydrated lime content can be measured
directly on the stockpiled material.

The marination period must not be extended

for too long, because of a risk of hydrated lime
recarbonation. Therefore, some States

specify a maximum marination time. For example,
Nevada says no more than 45 days [11].

Still, it was shown that recarbonation

even after 6 months is only present in the top

8cm of the stockpile [8], which would be of limited
consequence for stockpiles higher than 2 meters.

Observed increase in durability
in the USA

The use of hydrated lime in asphalt mixtures

has become widespread in the USA.

As already mentioned in the introduction,

we estimate that 10% of the asphalt mixtures
manufactured in the USA now hold hydrated lime.
However, the situation is not homogeneous

and Figure 1 shows the repartition

on a State by State basis.

Interestingly, States experiencing tough climates,
like those in the Rocky Mountains (severe winter)
or those on the Gulf of Mexico

(high humidity combined with high temperature),
are favouring the use of hydrated lime. >>>

Hydrated Lime
in Asphalt Mixtures

W all mixes

B some mixes

[ nolime / unknown

Lhoist North America

Figure 1
Current use of hydrated lime in the USA (courtesy of E. Berger)
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Reasons why those States now require
hydrated lime were made clear

in the 1991 survey of the existing additives
used for treating moisture damage [4]:

State agencies reported that hydrated lime
was the most effective additive used

so far (Figure 2). Moreover, no agency reported
that hydrated lime was only slightly effective,
whereas all other additives were considered
so by some agencies.
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+ one standard deviation (S)
X -a— Average efficiency (X)
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Figure 2

Comparison of the effectiveness of several additives in order to treat moisture damage
as evaluated by North American State agencies experience (adapted from [4])

Table 3

Reasons why to use
hydrated lime

as evaluated

by USA State agencies
experience

(adapted from [5])
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In a more recent survey performed in 2003,

the State agencies reported that the first reason
why they use hydrated lime is because of moisture
damage (Table 3 - [5]).

Given the more than 30 years of experience

with hydrated lime in the USA, its effect

on pavement durability is well documented.

by hydrated lime addition: what evidence?

In the National Lime Association survey of 2003,
precise numbers on the changes in asphalt mixtures
durability thanks to the treatment by hydrated lime
were given [5]. The survey was performed

by sending a questionnaire to all the agencies

that are experienced in the use of hydrated lime.
The full results are reproduced in Table 4.

From these data, it can be seen that, according to
the North American State Agencies,

the life expectancy for all types of roads

is increased by 2 to 10 years when hydrated lime
is added. Given that the life expectancy

of untreated roads ranges from 5 to 20 years,

the relative improvement goes

from 20 up to 50% higher durability.

Observed increase in durability
in Europe

The use of hydrated lime in asphalt mixtures

is growing in Europe. Table 5 summarizes

this current situation. All data were gathered by
the European Lime Association (EULA)

Asphalt task force.

Even if the situation in Europe is not

as fully documented as in the USA,

the local experiences show that

the beneficial effect of hydrated lime allows
for an increased durability of typically 20-25%
in terms of pavement life expectancy.

Agency Resist Stripping

Arizona

California

Colorado

FHWA

Georgia

Mississippi

Nevada

Oregon

South Carolina

Texas

Utah

1: Very important

Level of importance: | %20\ lon S = AT eel g

3: Less important

. Stiffen Binder
Resistance

Improve Fracture
Toughness

Alter Properties
of Fines

(when appropriate)

3

N N N W W N W W

3
3
1
3
2
2
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Lime Treated Non-Lime Treated
Agency
10% Average 90% 10% Average 90%
Interstate Highways

Arizona 13 15 17 10 12 14
California 8 10 12 8 10
Colorado 8 10 12 8 10
Georgia 7 10 15 N/A

Mississippi 7 10 15 N/A

Nevada* 7 8 9 4 7
Oregon 10 15 20 8 12 15
South Carolina 10 12 15 N/A

Texas 8 12 15 7 10 12
Utah 15 20 25 7 10 15

State and U.S. Highways

Arizona 18 20 22 15 17 20
California 8 10 12 6 8 10
Colorado* 8 10 12 8

FHWA 15 20 25 N/A

Georgia 8 10 14 N/A

Mississippi 12 15 17 N/A

Nevada 10 12 14 8 10
Oregon 15 17 20 12 15
South Carolina 8 10 12 N/A

Texas 10 12 15 8 10 12
Utah 15 20 25 10 15

Low Volume Roads

Arizona 20 25 30 15 20 25
California N/A N/A

Colorado* 10 12 15 8 10 12
FHWA 15 20 25 N/A

Georgia 8 10 15 8 10 15
Mississippi 12 15 17 N/A

Nevada 18 20 22 12 15 18
Oregon 15 20 25 10 15
South Carolina 10 15 20 N/A

Texas 8 12 15 10 15
Utah 7 10 15 5 7

* pavement preservation, N/A = not applicable

EulA

The French motorway network SANEF
commented that hydrated lime increases

the durability of its wearing courses

by 20-25% [27]. For example, one the very first
application of porous asphalt in France

was in 1984 on the A1 motorway from Paris to Lille.

This highway is part of the SANEF network,
one of the busiest highway in France,

then with 35,000 vehicles per day
with 27% heavy trucks. 10km of porous asphalt
between Ressons and Compiégne

(Lille-Paris direction) with a hydrated lime

and crumb-rubber modified asphalt mixture [22, 23]

were laid down and lasted over 16 years.
A more recent application, in 1992, of porous asphalt
with polymer-modified bitumen and hydrated lime

Table 4

Life expectancy

of hydrated lime treated
and untreated mixes

in the USA

(adapted from [5])
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on the A4 motorway in Reims gave a similar of the observed increase in durability,
duration of 17 years. Experience with untreated i the lack of hydrated lime is known to be
porous asphalt gave expectancies of order 12 years, one of the major reasons for premature failure [26].

validating the increased durability.
In addition, it is also interesting to note

The Danish experience also reports increases i that the Fédération Internationale de I’Automobile
in durability of order of 20% for hydrated lime (FIA) specifies hydrated lime in the wearing courses
treated mixtures [24]. i of the race tracks (Table 6).

The Netherlands specify hydrated lime in their porous i As a consequence, the observed durability

asphalts [20, 25]. Porous asphalts there are made increase in Europe agrees with the data published
exclusively out of unmodified 70/100 penetration grade  :  in the USA. From the extensive field experience
bitumen and covers 70% of the highway network [26]. i  worldwide, the road managers report

The current formulations give a life expectancy that hydrated lime increases the durability

of 11 years [26]. Although no reference without i of asphalt mixtures by at least 20-25%.

hydrated lime allows for a direct evaluation

[Lime
treated %
Country Level of Start HMA] vs hydrate Form Objective Applications
EXREETEE [total HMA] in HMA
(estimate %)

Austria Voluntary 2003 1 1.5t0 3.5 Pure Stripping, rutting AC, SMA, PA
Belgium From compulsory ' : ; - SMA, PA

1o voluntary 80's <1 1.5 Mixed filler Stripping (asphalt rubber)
Czech - : AC, PA
Republic Tests 1996 <1 1.5 Pure Stripping, rutting (asphalt rubber)
Denmark Voluntary Mid 90's <1 1to 1.5 Pure Stripping AC
Finland Voluntary ? <1 1to2 Pure or MF | Stripping, aging, other | AC, SMA, CMA

? - . AC, CMA, PA, PA
France Voluntary > 1'945) 1 1to 1.5 Pure or MF | Stripping, aging, other | (asphalt rubber),
BBTM

Germany Voluntary 2000 <1 1to3 Pure or MF Stripping, aging AC, SMA
Hungary Tests 2009 <1 2 To be defined Stripping, rutting AC
Ireland Voluntary 2001 <1 2 Pure Stripping, rutting PA
Italy Voluntary Mid 90's <1 1to2 MF Stripping SMA, PA
The . - Stripping, Aging,
Netherlands Compulsory Mid 90°s Durability
Poland Voluntary 1998 <1 1to3 MF Stripping AC
Portugal Voluntary B(;%ig(r)\'isng <1 1t02 Pure Stripping PA (asphalt rubber)
Romania Tests 2007 <1 2 MF Stripping, rutting AC, SMA
Slovakia Tests 2009 <1 2 Pure or MF Stripping
Spain Voluntary 2004 <1 1to2 Pure Stripping SMA

Voluntary/ L .
Sweden compulsory 1998 <1 1 Pure Stripping, aging AC
Switzerland Preferred 2006 1 1.5 Pure Stripping, aging, | pp Ac sMA,

durability

UK Voluntary Early 00's 1 1to2 Pure Stripping AC g

AC: Asphalt Concrete ; SMA: Stone Mastic Asphalt; PA: Porous Asphalt; CMA: Cold Mix Asphalt; BBTM: Very Thin Asphalt Layer; MF: Mixed Filler

Note that the values for the percentage of HMA modified with hydrated lime in the total HMA production is a rough estimate used to quantify the level
of “lime awareness” in each country (in blue, more than 5% of the HMA production is modified with hydrated lime and in grey, about 1%)

Table 5
Current use of hydrated lime in asphalt mixtures in Europe (estimates from EuLA Asphalt task force)
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Country Race Track Year Built Binder

Brasil Rio de Janeiro 1999

Portugal Estoril 2001

Italy Fiorano 2002

Bahrein Manama 2003/04 PMB

China Shanghai 2004

Spain Barcelona 2004

Turkey Istanbul 2005 50/70 + TE 3
Table 6

Race tracks built with hydrated lime modified mixtures.
The last column states the type of binder used (PMB = Polymer-modified bitumen,
TE = Trinidad Epure, a natural hard asphalt)

Conclusions

Over the past 40 years, hydrated lime has become

one key additive for asphalt mixtures, with a strong

presence in the USA and a growing use in Europe

[3]. It is now seen as a multifunctional additive

that increases the durability of asphalt mixes

through its improvement of [3, 6 to 9]:

o the resistance to moisture damage and frost,

o the resistance to chemical ageing,

o the mechanical properties, in particular modulus,
strength, rutting resistance, fatigue and thermal
cracking.

Hydrated lime is typically added at a rate of 1-2%
by weight of asphalt mixture. Ways to add it can be:
e In dry form directly in the drum/mixer with

a dedicated silo, as seen in the USA and in Europe;
e As a mixed filler, that is blended

with typically limestone filler, using the existing

silo in the asphalt plant, as seen in Europe only;
 On the aggregate before the dryer,

with or without marination, in dry form

or as a slurry, a method widespread in the USA

but not used in Europe.

The experience of public and private road managers
in North America and Europe converge to the fact
that hydrated lime increases the durability

of asphalt mixtures by more or less 25%.

As a result, hydrated lime is being

increasingly used in asphalt mixtures

in most European countries, in particular Austria,
France, the Netherlands, the United Kingdom

and Switzerland.

Acknowledgment

This work was performed under the supervision of the European Lime
Association (EuLA) Asphalt task force. The authors would like to thank EuLA
for this support.

References

[1] E. Love, Pavements and roads; their construction and maintenance,
New York (New York, USA): Engineering Building Record, 1890

[2] T.W. Kennedy, Use of Hydrated Lime in Asphalt Paving Mixtures, National
Lime Association Bulletin 325, 1984

[3] D. Lesueur, "Hydrated lime: A proven additive for durable asphalt
pavements — Critical literature review", Brussels: European Lime Association
(EuLA) Ed., 2010, available online from www.eula.eu

[4] R. G. Hicks, Moisture Damage in Asphalt Concrete, NCHRP Synthesis of
Highway Practice 175, Washington (District of Columbus, USA): Transportation
Research Board, 1991

[5] R. G. Hicks and T. V. Scholz, Life Cycle Costs for Lime in Hot Mix Asphalt, 3
vol., Arlington (Virginia, USA): National Lime Association, 2003
(http:/Awww.lime.org/LCCA/LCCA_Vol_L.pdf to Vol_III.pdf

[6] D. N. Little and J. A. Epps, The Benefits of Hydrated Lime in Hot
Mix Asphalt, Arlington (Virginia, USA): National Lime Association, 2001
(http:/Awww.lime.org/ABenefit. pdf)

[7] P. E. Sebaaly, D. N. Little and J. A. Epps, The Benefits of Hydrated Lime in
Hot Mix Asphalt, Arlington (Virginia, USA): National Lime Association, 2006
(http:/Awww.lime.org/BENEFITSHYDRATEDLIME2006.pdf)

[8] D. N. Little and J. C. Petersen, “Unique effects of hydrated lime filler on the
performance-related properties of asphalt cements: Physical and chemical
interactions revisited, J. Materials in Civil Engineering 17(2), pp.207-218, 2005
[9] P. E. Sebaaly, Comparison of Lime and Liquid Additives on the Moisture
Damage of Hot Mix Asphalt Mixtures, Arlington (Virginia, USA): National Lime
Association, 2007 (http://www.lime.org/MoistureDamageHotMix.pdf)

[10] D. Lesueur, J. Petit and H. J. Ritter, “Increasing the durability of asphalt
mixtures by hydrated lime addition: What mechanisms?", Proc. Eurasphalt
&Eurobitume Congress, Istanbul, 2012

[11] National Lime Association, How to Add Hydrated Lime to Asphalt —
An Overview of Current Methods, Arlington (Virginia, USA): National Lime
Association, 2003 (http://www.lime.org/howtoadd.pdf)

[12] M. Stroup-Gardiner and J. A. Epps, “Four variables that affect the
Performance of Lime in Asphalt-Aggregate Mixtures”, Transportation
Research Record 1115, pp.12-22, 1987

[13] L. N. Mohammad, S. Saadeh, M. Kabir and A. Othman, “Mechanistic
properties of hot-mix asphalt mixtures containing hydrated lime”,
Transportation Research Record 2051, pp.49-63, 2008

[14] Y.-R. Kim, J. Sudo Lutif, A. Bhasin and D. N. Little, “Evaluation of moisture
damage mechanisms and effects of hydrated lime in asphalt mixtures through
measurements of mixture component properties and performance testing”,
J. Materials Civil Engineering 20(10), pp.659-667, 2008

[15] J.W. Button, “Maximizing the Beneficial Effects of Lime in Asphalt Paving
Mixtures”, ASTM STP 899 pp.134-146, 1984

[16] M. McCann and P. E. Sebaaly, “Evaluation of Moisture Sensitivity and
Performance of Lime in Hot-Mix Asphalt: Resilient Modulus, Tensile Strength,
and Simple Shear Tests”, Transportation Research Record 1832 pp.9-16, 2003
[17] A. L. Bock, D. Hartmann, J. Budny, L. P. Specht e J. A. P. Ceratti, ,Estudio
laboratorial sobre os efeitos de diferentes formas de adicao de cal a concreto
asfaltico”, Teoria e Pratica na Engenharia Civil 14, pp.59-69, 2009

[18] M. I. Al-Jarallah and K. W. Lee, “Evaluation of hydrated lime as an
antistripping additive for asphalt mixtures”, J. Eng. Sci. King Saud Univ. 13(1)
pp.65-83, 1987

[19] Transportation Research Board, Moisture Sensitivity of Asphalt Pavements -
A National Seminar - San Diego February 2003, Miscellaneous Report,
Washington (District of Columbia, USA): Transportation Research Board, 2003
[20] CROW, Deelhoofdstuk 31.2 Asfaltverhardingen, Ede (The Netherlands):
CROW, 2007

[21] F Micke und F Stolz, ,Madglichkeit zur verbesserung von
Asphalteigenschaften”, Asphalt, Heft 7, 2004

[22] G. Bordonado, « Une expérience d'enrobés drainants sur I'autoroute A1 »,
Revue générale des routes et des aérodromes (RGRA) n® 625, décembre 1985,
pp.47-50

[23] A. Sainton, « Les aspects techniques des enrobés drainants au bitume
caoutchouc Flexochape — Procédé Drainochape », Revue générale des routes
et des aérodromes n°618, pp.67-70, avril 1985

[24] A. Sainton, D. Puiatti et D. Walter, « Modification du bitume et des
enrobés bitumineux par ajout de chaux hydratée », Revue générale des routes
et des aérodromes (RGRA), n°770, février 1999, pp.61-68

[25] J. T. Van der Zwan, T. Goeman, H. J. A. J. Gruis, J. H. Swart and
R. H. Oldenburger, “Porous asphalt wearing courses in the Netherlands: State
of the art review”, Transportation Research Record 1265, pp.95-110, 1990
[26] E. T. Hagos, A. A. A. Molenaar and M. F. C. Van de Ven, "Chemical
characterization of laboratory and field bitumen aging in Porous Asphalt
Concrete”, Proc. 7th Int. RILEM Symposium Advanced Testing and
Characterization of Bituminous Materials, Rhodes, Greece, May 2009

[27] C. Raynaud, “L'ajout de chaux hydratée dans les enrobés bitumineux”,
BTP Matériaux n°22, pp.42-43, oct 2009

[28] J. L. M. Voskuilen and P. N. W. Verhoef, “Causes of premature ravelling
failure in porous asphalt”, Proc. RILEM symposium on Performance Testing
and Evaluation of Bituminous Materials, pp.191-197, 2003

[29] European Committee for Standardization, EN 13043: Aggregates for
Bituminous Mixtures and Surface Treatments for Roads, Airfields and other
Trafficked Areas, Brussels (Belgium): European Committee for Standardization, 2002

europeanroads review 20 ¢ Spring 2012 « RGRA m



