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Förord

Detta diplomarbete uppstod genom ett samarbete mellan Hochschule für Technik Stuttgart

och Väg och transportforskningsinstitutet VTI i Linköping. Temat behandlar återvinning av
asfalt genom kallteknik vilket är en ekonomisk och miljövänlig byggmetod för vägar med låg
trafikfrekvens. Det här temat utvecklade och formulerade jag tillsammans med Torbjörn

Jacobson som under de senaste tio åren arbetat med FoU-projekt inom asfaltåtervinning.
Anledningen till att jag valde just det här området, är att man i Sverige genom åren har fått bra
erfarenheter av det aktuella materialet och en rad olika produktionsmetoder har utvecklats.
Med valet av tema kom naturligtvis frågan upp, om hur utbredd kall asfalt återvinning är i
Tyskland och om den här metoden inte kunde vara ett billigt och bra alternativ till byggande
och underhåll av vägar med låg trafikfrekvens även i Tyskland. Under arbetets gång har det
visat sig att man i Sverige använder sig av mjuka bitumenemulsioner med låg viskositet och
just detta faktum gör att materialet inte skulle kunna användas i Tyskland där situationen är
annorlunda. Med anledning av detta började vi ett försöksprogram för att se hur materlialets
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1. Introduction

Today our modern society faces various environmental and economical problems. Ongoing
debates over budget shortages, scarce natural resources, bursting landfill sites, energy savings
as well as our changed perception of the environment, means a stronger demand for the reuse
of waste materials. Never before in the history of mankind were such huge amounts of natural
resources, within a considerably short time-span, converted into residual products. From an
ecological perspective, these residual products should be reused rather than disposed.

Old asphalt pavement is one of many different types of residual products. About 42 0/0 of all
waste products in Germany originate from construction and construction related businesses
[Ref 6]. lncluded in this is a large amount of reclaimed old asphalt pavement (RAP) which
are high in content of mineral aggregates.
One portion of this material originates from the maintenance and the replacement of the
existing road system. Highways and roads in general, tend to deteriorate after 12 to 20 years in
service due to the high strain caused by the increase in traffic volume. Higher single-axial
loads and a greater amount of heavy vehicles (> 7,5 tons), are the prime cause for greater
deformation and rutting. Hence, it follows that the original designed technical service life for
the road structure is reduced, Therefore the depreciation costs rise, whereby the Highway
Authority has to reserve money for the reconstruction of a road much earlier. Research done
on American highways shows that they are now deteriorating twice as fast as they are being
repaired or replaced, and undoubtedly the same problems are faced by many other countries

[Ref 8].
The other portion of this huge amount of RAP originates from the many different repair
works, for example, the exchange of sewage pipes, burst water pipes or the laying of a new
telephone cable. In all cases the road structure has to be dug up and clods or milled RAP are
recovered which at that stage automatically turn into a waste product.

Present figures from different countries show, that the amount of RAP is steadily increasing
year by year. In Germany for example some 41,5 million tons of old asphalt pavements are is
reclaimed each year, of which only 6 million tons are actually reused for bituminous asphalt
pavements. Approximately another 6 million tons are used as crushed material in unbound
layers or frost protection layers [Ref 24]. The rest of this valuable and recyclable waste
product is dumped or used for backfilling.

The awareness that large amounts of recyclable materials are dumped, increases the demands
for an effective recycling system as shown infigure 1.1. The basic idea of this system is that
products and materials can be reused in the same function as often as possible. Since this
research work focuses mainly on reclaimed asphalt pavement, recycling would have to be
defined as the reuse of distressed bituminous or tar bound materials in the same manner that
they have previously been used.

In this way cost effective production methods could save enormous amounts of money and
secure precious resources. The Swedish Highway 2000" study has already proven, that a
increase in the technical service life of a road and the reduction in the maintenance of one per
cent would result in an annual saving of about 200 million SEK which is equivalent to some

46,5 million DM [Ref 9].
The purpose of this study is to explore emulsion-bound mix pavement design procedures that
incorporate the recycling of reclaimed pavements into new road construction. Further will be
shown that recycling can be a cost effective and compatible technique against the use of virgin
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material for the construction of low volume roads also in Germany based on Swedish
experience.

Figure 1.1 Basic schema for an effective recycling system ofdeteriorated pavements
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2. Definitions

Aggregate - A hard granular material of mineral composition such as sand, gravel, slag or

crushed stone, used for mixing in graduated amounts in a pavement

Air-voids - Empty spaces in a compacted pavement mix surrounded by asphalt-coated
particles.

Asphalt - A dark brown to black cementitious material in which the predominant constituent
are bitumen which occurs naturally in or is obtained in petroleum processing.

Asphalt concrete -- High quality, thoroughly controlled hot mixture of asphalt cement and
well-graded, high quality aggregate, thoroughly compacted into a uniform dense mass as a
pavement.

Asphalt granulate - Is the term used for reclaimed asphalt that has been crushed and broken
into different sizes. It is a conglomerate of rock particles and binder

Base course - The layer of material immediately beneath the wearing course or binder
course. It may be composed of crushed stone, crushed slag, crushed or uncrushed gravel and
sand, or combinations of these materials. It also may be bound with asphalt.

Binder course - Layer used to reduce cracking and provide a smooth supporting surface for

the surface layer above it.

Bitumen - A class of black or dark-colored (solid, semisolid, or viscous) cementitious

substances, natural or manufactured, composed principally of high molecular weight
hydrocarbons, of which asphalts, tars, pitches and asphaltics are typical.

Bleeding or flushing - The upward movement of asphalt in an asphalt pavement results in
the formation of a film of asphalt on the surface. The most common cause is too much binder
in one or more of the pavement courses, resulting from a too rich in-plant mix. Other causes
include an improperly constructed seal coat, too heavy traffic strains, causing after compaction
after placement, or a high amount of solvents in the mixture. Bleeding or flushing usually
occurs in hot weather.

Course-guided granulate - One having a continuous gradation size grading from coarse
through fine, but with a predominance of coarse sizes.

Cold asphalt recycling - A construction method where all. building components are

reclaimed, stored, mixed, transported, laid and compacted without any heat supply.

Cold mix - Cold-mixes consist of four materials in different states of aggregation.

Air ( gaseous )

Water ( fluid )

Emulsion ( fluid-viscous )

Aggregates ( solid )
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Cutback asphalt - Asphalt cement that has been liquefied by blending with petroleum
solvents, also called diluents. Upon exposure to atmospheric conditions these diluents
evaporate, leaving the asphalt cement to perform its function.

Dense-graded granulate - An granulate that has a particle size distribution such that when it
is compacted, the resulting voids between the aggregate particles, expressed as a percentage of
the total space occupied by the material.

Density -- The degree of solidity that can be achieved during pavement compaction in a given
mixture which will be limited only by the total elimination of air-voids between the particles
in the mass.

Durability - The property of an asphalt paving mixture that describes its ability to resist
disintegration by weathering and traffic. Included under weathering are changes in the
Characteristics of the asphalt, such as oxidation and volatilization, and changes in the
pavement and aggregate due to the action of water, including freezing and thawing.

Emulsified asphalt - An emulsion of asphalt cement and water that contains a small amount
of an emulsifying agent, a heterogeneous system containing two normally immiscrible phases
(bitumen and water) in which the water forms a continuous phase of the emulsion, and minute
globules of bitumen form the discontinuous phase. Emulsified asphalt may be of either
anionic, or electronegatively charged bitumen globules, or cationic, or electropositively

charged asphalt globules, depending upon the emulsifying agent.

Fatigue resistance -- The ability of the an emulsion-bound asphalt pavement to withstand
repeated flexing or slight bending caused by the passage of axle loads. As a rule, the higher
the asphalt content, the greater the fatigue resistance.

Fines content -- Content of fine-grained soil (material finer that 0,063 mm) in percentage by
weight of fine soil plus coarse aggregates

Flexibility - The ability of an asphalt pavement structure to conform to settlement of the
foundation or more specifically the base layers and the sub base. Generally, flexibility of the
asphalt paving mixture is enhanced by the amount of binder in the mix.

Green-stability - The stability of an asphalt pavement after it has been laid. The green-
stability is a value to determine the stability of the material after the placement until it has
fully cured. Especially in the construction of emulsion bound pavements this value is a
helpful measurement for the stiffness and strain resistance to the traffic.

Mastic asphalt -- asphalt in which mineral matter is graded to form an impermeable solid at
normal temperatures but sufficient fluid for laying; usually by hand float; when heated.

Open-graded granulate - One containing little or no mineral filler in which the void spaces
in the compacted granulate are relatively large.

Optimum moisture content - Moisture content of a soil or a cold mix asphalt at which a
specified amount of compression will produce the greatest dry density.
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Raveling - The progressive separation of aggregate particles in a pavement from the surface

downward or from the edges inward. A lack of compression, construction of thin lifts, dirty
or disintegrating aggregate, or just too litle binder in the mix can cause raveling.

Reclaimed asphalt pavement - This is the term used to describe reclaimed asphalt that has
been milled of the road layer by layer or large asphalt clods that have been reclaimed with
ordinary excavators.

Ruts - Grooves that may develop in the wheel tracks of a pavement. Channels or ruts may
result from consolidation or lateral movement under traffic in one or more of the underlying

courses, or by displacement in the asphalt surface layer itself. They may develop under traffic
in new asphalt pavements that had too little compaction during construction or from plastic
movement in a mix that does not have enough stability to support the traffic.

Scarifying - Systematic disruption and loosening of the road layers or of natural ground.

Skid resistance -- The ability of an asphalt paving surface, particularly when wet, to offer
resistance to slipping or skidding. The factors for obtaining high skid resistance are generally
the same as those for obtaining high stability. Proper binder content and aggregate or
granulate with a rough surface texture are the greatest contributors. The aggregate must not
only have a rough surface texture, but also resist polishing. Aggregates containing non-
polishing minerals with different wear or abrasion Characteristics provide continuous renewal
of the pavement s texture, maintaining a skid resistant surface.

Solubility - The equilibrium concentration of a solute in a solution saturated with respect to
that solute at a given temperature and pressure.

Stability -- The ability of asphalt paving mixture to resist deformation from imposed loads.
Stability is dependent upon both internal friction and cohesion.

Sub-base _ The course in the asphalt pavement structure immediately below the base course
is called the sub-base course. If the subgrade soil is of adequate quality, it may serve as the
sub-base.

Tar - Viscous liquid, black in color, that has adhesives properties and is obtained by the
destructive distillation of coal, wood, shale, etc.

Viscosity - Is a measurement of the resistance to flow. It is one method of measuring the
consistency of asphalt. The kinematic viscosity is a method which uses the Stoke as the basic
measurement unit.

Well-graded granulate - Granulate graded from the maximum size down to filler with the
object of obtaining an asphalt mix with a controlled air-void content and high stability.

Wearing course _ Road with a cement- or bitumen- bound roadbase. Does not include

gravel wearing courses with a bitumen-bound dust binding layer.

Workability -- The ease with which paving mixtures may be placed and compacted.
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3. The various asphalt recycling techniques

Recycling or reuse of existing pavement materials for pavement rehabilitation, reconstruction
and maintenance is not a new concept. The roots of recycling asphalt pavement date back as
far as 1915 [Ref 41] and since then, there have been several attempts to recycle asphalt.

The denotation of the different procedures, is depends on the temperature of the recycling
method and the location where the actual recycling takes place. Thus they are categorized into
the following methods.

Dependent on the temperature:

1. Hot recycling ( Temperatures higher than 1200 C )

2. Semi-warm recycling ( Temperatures between 500 C and 1200 C )

3. Cold-recycling ( Temperatures below 500 C )

Dependent on the recycling location:

l. ln-place / in-situ means the work is performed directly in-place on the
roadway

2. In central plant means that the RAP material is first to be
transported from the site to a central plant where it is
mixed with a binder and event some new aggregates
before it is then again transported to the site for
laying.

3. 1 The hot recycling process

In this process a certain percentage of deteriorated reclaimed pavement is mixed with virgin

mineral aggregates and bitumen binder at temperatures above 1200 C. As shown in figure

3.1, two different types of heat transfer techniques are primarily involved in processing RAP
in hot mix facilities. These are: Convective Heat Transfer and Conductive Heat Transfer.

Convective heat transfer occurs when the aggregates and the asphalt granulate are exposed to
a hot gas stream. Conventional aggregate dryers use convective heat transfer to heat and dry
aggregates before the bituminous binder is added. Facilities equipped with traditional parallel
flow drum mixers primarily use this technique.

Conductive heat transfer occurs when two objects of different temperatures touch one another.
This type of heat transfer technique is used when RAP is introduced in counterflow dryers,

such as counterflow drum mixers. Since the recycling of RAP in hot mix plants first began in
the 1970s, several approaches have beendeveloped and are in use. At first the main concern
was wheather RAP could be processed practically, and if the resulting hot mix product quality
would be sufficient to be used in structural pavements. Once this was proven, the concern
was shifted to the environmental process. Various approaches exhibited different levels of
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hydrocarbon and dust emissions. This led to the development of counterflow drum mixers, in
an effort to process high percentages of RAP without negative impact on air emissions.

Figure 3.1 Schematic overview of convective ana' conductive heat transfer in hot-recycling
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As mentioned above, test series with reclaimed material have proven to work well during the

past. Nevertheless the amount of added RAP is limited, due to the requirements and
specifications for the several road layers. Secondly, hot mix facilities can not recycle tar
bound materials. This problem will be discussed and examined in chapter five.

3.1.1 The RAP material is heated byhot aggregates

In this process cold and wet asphalt granulate is added to super heated Virgin aggregate
(Figure 3.2). This production method requires much higher temperatures of the virgin
aggregates based on the different moisture contents of the asphalt granulate, compared to the
conventional mixing technique. The heat transfer from the hot aggregates to the asphalt
granulate takes place within a very short time-span, so that water vapor is generated.
Therefore these plants have to be equipped with certain devices to withdraw the water vapor
and dust.
To prevent the bitumen binder from hardening in this process, tests have shown that it is
advisable to mix the cold asphalt granulate together with the hot aggregates before the binder
is added.

Figure 3.2 Schemutic overview ofa facility, where the Rap is heated with the aggregates
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3.1.2 The RAP material is heated separater from the aggregates

In this process the asphalt granulate is heated separately in a counter flow dryer (Figure 3.3).

In the counter flow principle, aggregate travels against the gas flow. This ensures that the mix
is homogeneous and that the risk of water evaporation is reduced, otherwise the quality of the
bitumen coating of the aggregates can be strongly affected. About 40 % of reclaimed
material can be added to the mix this way. However it can not be used for wearing courses.

Figure 3.3 Schematic overview ofa facility, where the RAP is heated separaterfrom the aggregates
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3.1.3 The RAP material is heated together With the aggregates, but at a later stage

This process introduces RAP material into the dryer approximately mid-way through for
heating and mixing with the Virgin aggregates (Figure 3.4). The mid-entry design is used to

heat the granulate carefully to 1300 C in order to reduce the emissions and protect the

bituminous binder from aging. Using this method for drying and mixing, mixtures consisting

of 80 0/0 reclaimed material can be produced.

Figure 3.4 Schematic overview of a facility, where the RAP is heated together with the aggregates at a later
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3.1.4 RAP material mixed together With aggregates in a continuous mixing plant

With this method aggregate is dried and heated convectively with the aggregate being fed in
the end where the burner is located (Figure 3.5 ). The RAP can either be added together with
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the Virgin material or in the middle of the heating process at the same stage the bitumen is
sprayed in.
As per a recent publication of the Asphalt Journal 6/97 [Ref 6], mixes with 60 0/0 of reclaimed
material for base courses and with approximately 20 0/0 for wearing courses proved similar
results as those mixes consisting only of new materials.

Figure 3.5 Overview ofa continuous mixing-drum, where the RAP is mixed together with the aggregates
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3.1.5 RAP is heated individually before being added into the continuous process

Using this method the asphalt granulate is carefully heated in a bound-drum to a temperature

of 1300 C before it is added into the continuous mixing procedure in the kiln (Figure 3.6).

This way the air emissions can be reduced and the bituminous binder will be protected from
aging. Tests prove that with this method all aggregates are uniforme coated with a thin film
of bitumen which allows an addition of some 80 % of reclaimed material for base course
mixes.

Figure 3.6 Schematic overview of a production facility, where the RAP is heated individually before it is

applied into the continuous mixing process
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The hot mixing technique is so sophisticated, and complex that further discussion is not
possible in this report.

VTI Notat 71-1997



15

3.2 The semi-hot recycling process

Semi-hot mixes are not yet very common. Therefore this technique is rather undeveloped at
the moment, compared to the hot or cold asphalt recycling processes. Nevertheless there have
been test sections and test series in some of the Scandinavian countries. Semi-hot-mixes can
be produced in plant or in-place. At the present Sweden is mainly using the in plant
production whereas Finland has developed a technique to produce semi-hot recycling
pavements in-place [Ref 3l].

Semi-hot mixes are mainly used during early spring and late fall instead of the cold-recycling
method is used during the summer. In both production methods screened granulate is heated
up with steam under pressure (approximately 0.6 bar), in an aggregate bin and mixed in a
batch mixer (capacity 1-3 tons), adding about 1 to 3 per cent of soft bitumen, or 2 to 4 per cent
bitumen emulsion based on soft bitumen. The viscosity of the soft bitumen used ranges
between 2.000 to 10.000 mmZ/s. Further the added emulsions does not contain any water or
solvents.

These semi-hot mixes have a temperature of 500-600 C and can be laid with standard laying

machines. The compaction work can also be performed with conventional steel wheel and
rubber wheel rollers.

Increased research is needed to improve this technique especially in design, mixing and laying
in order to be able to recycle pavements so that they can meet the requirements for hot-mixes.
At the moment test roads constructed with 100 0/0 semi-hot asphalt recycling material have
worked well and can be regarded acceptable compared to hot mix pavements of the same
thickness, but with cost reductions of approximately 30-35 per cent.

3.3 The cold-recycling process

In cold-mix asphalt recycling, 100 0/0 of reclaimed roadway materials can be mixed without
heat before they are again laid and compacted with conventional road building machines. The
reclaimed materials may consist of RAP, reclaimed aggregate materials (RAM), untreated
foundation materials or even tar bound mineral aggregates. New aggregates, modifiers
(asphalt and recycling agents) and stabilizers ( lime, fly ash and Portland cement) can also be
added. High viscosity emulsions are mostly used as binder material. The mixing can occur
either in-place or in a central mixing plant as shown in the pattern below.

 

ln-Place Recycling I

  

l Cold-recycling

  

Central Plant Recycling I

 

3.3.1 Cold mix in-place

This technique can be applied to roads where there is no change of the route selection. With
the cold-recycling method unbound and bound layers are constructed in the pavement of the
road structure. Since the requirements and the field applications for cold-recycling material
produced in in-situ recycling and in plant recycling are basically the same, this report will only
give a short overlook of these techniques.

VTI Notat 71-1997



16

Depending on the equipment used, the working depths are generally between lO to 30 cm.
For the reclamation of the old asphalt pavement, milling drums are used which are mill the
asphalt upwards so that the base layers underneath are not damaged.

The working depth depends on the road structure required. In general, the entire deteriorated
asphalt course including the unbound base course is recycled. In figure 3.7, a pattern is

shown how the in-place technique works and how it can be applied when a road is seriously
deteriorated.

Figure 3.7 Schematic overview ofthe cold in -place recycling technique
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processing cold-recyoled layer

In tests performed prior to the work, should it be indicated that a particular grain fraction is
missing, adjustments can easily be made by spreading the missing grain fraction in the right
proportion on top of the roadway before milling.

In order to optimally meet the wide range of applications optimally, most machines used can
either add bitumen emulsions, cement or a combination of the two. The decision on which

binder is to be applied depends on the composition of the existing road structure and the
desired properties of the new base course.

After milling, the material is homogeneously mixed with binder and water in a multi-shaft
mixer. From there the cold mix is Spread by a distributor auger and pre compacted by a vario
high compaction screed. The distribution and the pre-compaction are equivalent to those
known from conventional finishers. The course laid with the high vario screed is
subsequently compacted in the same way, as in case of conventional methods. That means it
is compacted with rubber tire rollers, smooth-wheeled rollers or a combined tandem vibratory

roller with an appropriate high service weight (> 10 to.).
In fact, the equipment used when cold-recycling in-place is similar to that used for in place
stabilization operations. Hence the cold mix in-place recycling of bituminous pavement
layers can be combined with the stabilization of the underlying unbound layers [Ref 26].

To achieve a homogenous quality standard, qualification tests prior to the work have to be
performed. These qualification tests require that samples from the field are taken and
examined so that a correct mix design can be established. Some of these tests are gradation
test, Proctor test, indirect tensile test, stiffness modulus, Marshall stability and freeze-thaw

tests. The results of the several tests are then taken into account to set up the mix design for
each single project.
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This technique has been applied throughout the whole world with great success for the last 15

to 20 years. One of the main advantages this method has, compared to others, is that several
working steps can be omitted. Therefore the costs for the excavation of the existing road
structure and the removal of the excavated material can be saved, which means that the

construction costs are about 30 to 40 per cent less than compared with conventional methods
[Ref 7]. Especially in areas where the laying of hot mixed material presents innumerable
problems owning to long transport distances and the lack of an asphalt plant this technique
will certainly gain more and more widespread use.

3.3.2 Cold-recycling in-plant

Cold mix facilities are not as sophisticated as hot mix plants. However they have the ability
to recycle 100 0/0 RAP- material since no heat is applied. Their advantages include better
quality control, easier proportioning and blending of new aggregate. Also the production rate
is much higher compared to the mix in-place technique. Nevertheless, there are additional
hauling costs and the potential for increased traffic disruption.

Cold mix plant setups may vary depending on the quality and type of the mixes they produce.
At the very least they should consist of a continuous mixer, storage tanks for the asphalt

granulate, metering devices for the cement and emulsion addition, equipment for feeding
water, conveyor belts and a power source. They may also include one or more aggregate
loading devices and a surge bin or storage silo. This very simple production facility setup as
shown in figure 3.8 will be the basis for this report. On the following pages this paper will
mainly focus on cold-recycling asphalt produced in plant.

Figure 3.8 Schematic overview of a cold-mix production plant
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4. Why cold asphalt recycling?

The benefits of using cold asphalt recycling must be presented in detail to show the relative
advantages compared to the many other recycling techniques.

One of the first questions to arise, concerns the application field. In general cold mix is
recommended for rough pavements, cracked and broken pavements and pavements that have
reveled because of age. It is also recommended for the rehabilitation of deteriorated low and
medium volume roads, since the material can achieve structural properties similar to those of
hot asphalt pavements [ReflO]. Today cold mix is a very efficient construction method. It
meets the high demands for re-usability, placement and performance. Therefore, bitumen
emulsion bound mixes can offer an economical solution for many projects and potentially
help solve difficulties our modern society is facing.

For example the cold mix technique renders the possibility to process lOO % old reclaimed
asphalt pavement of all kinds of distress. Compared with the percentage ratios of RAP added
in hot recycling facilities, this is about two to three times more. This way the scarce landfills
are not unnecessarily burdened with large amounts of reclaimed old asphalt pavement. It
would be a waste of money and resources to dump this valuable material, since it has already
met the requirements for impact, hardness, gradation, polishing resistance, etc. Hence, this
material must be considered to be an economical production material rather than a waste
material [Ref 22].

Through the application of the cold-recycling technique, it is possible to reuse lOO % tar
bound pavements which would otherwise have to be specially disposed of, since the noxious
matters form this material tend to ooze through the soil stratification s into the groundwater.
The reduction of the eluation can be technically achieved by using a suitable bitumen
emulsion together with a tar granulate. The emulsion completely coats the milled material
and thus prevents leaking of the polluted material by plugging the pores [Ref 4 and l7].

Amongst the benefits of using emulsions in cold-mixes as compared with hot mixed asphalt
are the reduction of energy costs, the absence of costs for the maintenance of the facility, and
the increase in production time. The setups for cold-recycling are less sophisticated and
asphalt batch plants are can operationally functional. Energy costs to dry the aggregates and

the granulate, prior to the addition of the emulsion, do not arise with cold mixtures. From an

environmental point of view this production procedure combines many environmentally
beneficial aspects. The risk of overheating and the possibility of the release of potentially
harmful solvents or other toxic substances into the atmosphere is out of question.

The in plant manufacturing assures also a higher quality mix compared to the in-place
technique, since the recipes are more homogeneous [Ref 19]. When using a plant, the

material from different locations can easily be stored and piled up into heaps of 5.000 to
15.000 tons before they are crushed, homogenized and reused. Where as with the in-place
production the sub base may not be the same at all locations along the same project. Thus this
technique can only be applied when old, deteriorated asphalt is to be recycled under the
condition that no other construction works, such as the exchange of several old sewage pipes
or a change in the course, are performed.
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Unlike hot in-place recycling , the cold-recycling technique is not limited to pavements
exhibiting only surface defects, it tends also to be self-healing and therefore helps to retard
reflection cracking and localized roughness [Ref 25].

The asphalt granulate which is pre-coated has improved resistance against water. The other
effect of the pre-coating is that the asphalt granulate behaves more elestically than mixes with

Virgin aggregates.

However, cold recycling has potential problems too. Typically RAP first has to be transported
from the site to the plant, there it is mixed before it is transported back to the site for
placement. From an economical and an environmental point of view the application of this
method compared to the in-situ technique is not advisable, especially for roads in rural areas.
But through the production of higher quality mixes, the costs for additional toppings, binder
layers and wearing courses can be reduced. Another possibility would be to setup a mobile
plant close to the site and minimize the transport costs.

The disadvantage concerning the green-stability and the relatively .long curing time can
meanwhile be controlled by the addition of cement to the mix. The effects and the properties
of bitumen emulsion and cement bound mixes will be examined in chapter 8.

Other handicaps often mentioned are that there are not enough long term performance data
available. However, this is not true, since several countries have been using the cold asphalt

recycling technique successfully for over 10 years now. For example in the US. where 75 0/0
of the projects performed with this method in the US. rated fair or better [Ref l7].
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5. Historical background on cold mix and on cold recycling

During the 1950s, work on paving gravel roads gained a steadily increasing pace. Oil gravel
was the first method of paving a road network remote from permanent delivery points using a
material other than hot mix. Furthermore, large areas were involved, which set considerable

demands on production capacity.

Work started with bindingroad dust with oil in the existing road gravel directly on the road.
However, development continued quickly towards plant mixing and laying with various types
of machines. The first adhesion promoting agents were also developed at that time.
During the 1960s, oil gravel was complemented with cutback plant mix. Instead of using the

cold technique, mineral aggregates were heated to about 1000 C using simple heating

equipment, the technical conditions being generally the same. The intention was to produce a
material resembling hot mix morethan the cold mixed oil gravel used previously.

At the beginning of the 1970s, oil gravel, asphalt cutback plant mix, surface treatments and
grouted macadam were the alternatives that were available for low volume roads. This
tendency did not last very long and soon most of the above mentioned products were replaced
by bitumen emulsions. At the same time the toxicpotential of tar was realized and in 1972
Sweden abolished the use oftar and tar products in road construction.
During the same time bitumen quickly replaced tar since it had similar properties. The use of
bitumen emulsions which have been developed and followed up in the US. during the early
19605, became more common. In 1975 for example, the first test section with emulsion-

bound minerals was constructed at Örkelljunga near Stockholm using a CMS-2 h emulsion
from a Chevron plant in Oregon. The former disadvantages arising from the use of cutbacks
with bleeding and the emissions from solvents were mastered. But problems like the green-
stability, the risk of loose stones etc. were not solved.

Recycling of asphalt pavements was performed as early as 1915 [Ref 30]. However,
widespread attention was not paid to this method until the mid 19705 as a result of the OPEC
oil embargo. This crisis prompted many energy conservation measures world-wide and
encouraged the greater use of emulsions in road construction. Since then, several countries
have continued developing a cold mix that was able to meet the requirements set by the
specifications for bituminous bound layers. In 1977 the first project using emulsion and
granulated hot-mix asphalt pavement was performed in Fresno, California.
Since then, attempts have been made to reuse as much RAP material as possible and only to
mix in the missing fractions in order to reduce the amount of reclaimed asphalt materials.
Especially countries with a large network of roads and a very small population compared to
the total amount of asphalt pavement kilometers per capita have studied this technique more
closely. Australia, Canada, Finland, Norway, South-Africa, Sweden, and also the US. have

realized the advantages of saving costs in production and in reducing large amounts of waste
material, therefore they have gained a lot of experience with this material on low and medium
volume roads. Today this method is absolutely compatible with the hot mix requirements for
the base layers. Some countries are even applying cold recycled mixes for wearing courses
[Ref. 5]. Besides that the cold-recycling technology can be said to be most environmentally
beneficial, since the material does not need heating and is 100% recyclable.
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6. International Comparison between Germany and Sweden

6.1 Development and present situation

To compare the present status of cold mix performed in Germany with other countries, a
single look on the total emulsion consumption per year is sufficient. In 1995 Germany s
emulsion consumption per year was only 5 0/0 of the country°s total bitumen consumption. At
the same time France was already using 30 0/0 of their total bitumen production for the
manufacturing of bitumen emulsions. The main reason for this is that France has requested to
use cold-mixes with or without recycling granulate for the maintenance and the reconstruction
of its secondary road-system [Ref 23].

Mainly countries with a large network of roads and poorly occupied land stretches have

developed the cold mix technique, due to the fact, that they had to be more flexible with the
production of the material. Mostly the infrastructure and the resources were insufficient.
That s why cold-mixes are more established in the Nordic Countries, the US., Australia,

South-Africa and several other countries.

Strong attempts in this field have been made in the US. during the mid and late l970s. There
the interest in an alternative to the conventional asphalt concrete pavement for low volume
roads resulted in the idea to reuse old granulated asphalt in combination with emulsions.
States like Texas, Arizona, New-Mexico and Oregon setup research programs and performed
the first test sections. Since then the implementation efforts have continued and today large
portions of the secondary road network in the US are reconstructed using cold recycling.

In Sweden, where cold-mixes have been in use since the late l940s the application of
recycling materials in mixes during the mid 19605 by using oil gravel resulted from the fact
that at in some areas within Sweden suitable aggregates were scarce. The first test sections
where emulsions were applied together with RAP were performed in the early and mid l980s.
The reason why cold asphalt recycling has been of greater importance to Sweden than to
Germany is found in its climatic conditions and geography. The road network in the small
occupied northern parts of Sweden have to be resistant to the strong winters and the rapidly
changing weather conditions. Cold-mixes have proved to be flexible enough to resist the
multiple freeze-thaw cycles and still be stiff enough to meet the requirements for base layers
and even wearing courses from low volume roads in terms of stability and durafbility
properties. Additionally it was not economical tenable to set up a network of hot mix

facilities throughout the northern parts for the construction and the maintenance of the roads.
Therefore the tendency was to develop easy functioned facility setups that could be easily
moved from one location to another. Production plants consisting of one or two units were
invented and used for the production of cold-mixes. From there the step to produce cold-
mixes with 100 0/0 RAP granulate was not far. Today the equipment and the knowledge from
the past is used to manufacture high quality recycling mixes. The Swedish National Road
Administration Production Division has been very active during the past up until now to
create a cold mix concept not only for low volume roads, but also for medium traffic volumes,

of approximately 3.000 to 4.000 vehicles per day. Much effort has been put into achieving

this target, but at the present most of the other competitors on the Swedish Market have a
hesitant attitude towards the product, partly because of mixed experiences from the l980s
[Ref 9]
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On the contrary the situation in Germany developed differently. The dense population and
Germany s situation as a turn table for goods and general traffic within Europe required a road
structure that was able to handle the high traffic volumes and at the same time provide

durability. Hot-mixes seemed to meet these requirements, Therefore hot mix facilities were

established all over Germany and as the extension and improvement of the road system
continued, the density of hot mix plants did too. Efforts to reuse oldreclaimed asphalt for the
construction of new roads were mainly attempted by trying to add the material into the hot
mix plants. Once the potential of recycling was realized, most of the studies and research in
Germany was focused on hot mix recycling. Cold mix never really was nor is of any great
importance. This was also confirmed to the author by the FGSV in a personal letter.
When the wall between East and West Germany fell in 1989, a huge demand for all kinds of
construction affairs resulted. Most of the road system throughout the former DDR were in a
considerabely bad condition. Large potholes of the size of a football could be frequently
found along highways. It was found impossible to replace or reconstruct most of the roads in
very serious condition within 5 years.

Looking on the budget and financing matters, Germany°s indebtedness grew constantly, so
that in 1995 the budget for the road maintenance and reconstruction was halved within one

year. This situation was not only faced by the German Ministry for Traffic Affairs, it was also
faced by all other executive branches in Germany. Neither the states, the counties,

communities nor the cities were and still are able to maintain, not to mention to rebuild their

roads. Summarized this means that the need for new roads and the maintenance is high, the
deterioration is growing faster and a positive change of the financial situation can not be
expected, therefore cold recycling could be an alternative.

6.2 Comparison of the regulations and specifications in cold recycling

6.2.1 The German situation

Since Germany has not been very active in implementing cold recycling, there are no
specifications on cold asphalt recycling. However there are a lot of other specifications and
regulations which can be used to produce a cold mix. The amount of specifications dealing

with asphalt and other related fields are very broad. For each field and application there have
been various guidelines published which complicates the situation.

The first publication to be mentioned is the TL Min-StB 94. This guideline lays down the

properties the mineral aggregates have to meet when they will be used in mixes for road
surfaces built in accordance with the ZTVT-StB 95 and the ZTV Asphalt StB. These are
Specifications from the German Ministry for Traffic Affairs (BMV), for the construction of
the road bases (ZTVT-StB 95), base layers and wearing courses (ZTV Asphalt-StB). Coming
back to the TL Min-StB 94, the required properties, mainly focus on the minerals used and
comprise frost susceptibility, resistance against impact stress, polish stone value, resistance
against heat, filler, and compressive strength. Generally, this means, that the aggregates and
material mixes used in recycling must have met the demands set by the TL Min-StB 94. If

they have met the requirements once, when used the first time, they can be reused in an other

project without having to be tested in accordance to this specification, Therefore it is
necessary, that the granulate used is not soiled. In the Merkblatt zur Verwendung von
Asphaltgranulat published by the Forschungsgesellschaft für das Strassen- und
Verkehrswesen (FGSV), similar requirements on the use ofrecycling materials for the
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construction process are found. ln chapter 3 of this instructional leaflet a reference to the DIN
18317 figure 2.1.3. is made, which states, that asphalt granulate can be reused in the
construction process of new roads as long as it has met the requirements of the TL Min-StB
94. More specific distinctions of the suitability from asphalt granulate are not made in this
instructional leaflet. For the praxis this means that asphalt granulate can be applied either in
the hot-mix or in the cold-mix technique. lf Virgin aggregates are to be added to the mix a
qualification test will have to be performed. Comparing this statement with the Merkblatt
für die Lieferung von Asphaltgranulat, exactly the same can be concluded. Nevertheless, this
instructional leaflet refers to DIN 18299 figure 3.2, that claims that if asphalt granulate is
applied this will have to be mentioned in written form, as part of the contract between the
parties involved.

However, these regulations deal only with the properties of asphalt granulate, but not with the
mix itself. Contemplating not only the single components, but also the mixture itself, the
additional technical regulations in road construction (ZTVT s) of the BMV will have to be

taken into account. These are for the construction of road bases the ZTVT-StB 95 and for
base layers and wearing courses the ZTV Asphalt-StB. They prescribe the minimum
requirements the mixture has to meet in terms of gradation, binder content, air voids, Marshall

stability, Marshall flow value etc. Table 6.1, indicates the properties dependent on the road
Classification. The choice of the mixture is dependent on the road construction class defined
by the RStO 86 and the predicted type of stress.

Table 6.1 Tabelle 4.2 ZTVT StB 95

                    

Mischgut- Kömung Kömung Kömung gröbste Uberkom Miu-J 4' J ' '0 L '^ Marshall- Marshall- HOhlraumgc-

art > 2 mm im <0,09 mmim Kömung 'höchstens für den Regclfall Stabilität Fliechrt halt ' ') (berech-
Mineralstoff- Mineralstoff- mindestcns bei 60°C net am Marshall-

gemisch gemisch SthCDbanitume" mind. Probe'körper)

- mm Gcw.-°/o Gew.-% Gew.-% Gcw.-% Gew.-% kN mm Vol.-%

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

012 1,5

AO bis 0 his 80 2 bis 20 10 20 _3,3 2,0 bis 4,0 bis 20,0

0/32 4,0

0/2 1,5

A .bis 0 bis 35 4 bis 20 10 10 4,3 3,0 bis 4,0 bis 14,0

0/32 4,0

0/22; 0/32 über 1 ,5

B 0/16*) 35 bis 60 3 bis 12 10 10 3,9 4,0 bis 4,0 bis 12,0

4,0

' 0/22; 0/32 über 1,5

C 0/16 ") 60 bis 80 3 bis 10 10 10 3,6 5,0 bis 4,0 bis 10,0

4,0

0/22;.0/32 über 1 ,5

CS 0/16*) 60bis 80 3 bis 10 10 10 3,6 8,0 bis 5,0 bis 10,0

v 5,0

 

') Nurfür Ausgleichsschichten.
") Werden mchr als 20 Gew.-% kapillarporösc Mineralstoffe mit offenen Poren im Mineralstoffgemisch verwendct, gelten die in Spalte (10) genannten Werte für

die Wasseraufnahme nach DIN 1996 Teil 8.

Special stress as per this regulation is given in the following cases

- dense heavy vehicle traffic

- slowly driving heavy vehicle traffic (cities, mountains)

- frequently acceleration and deceleration processes (intersections)
- standing traffic

These stresses are also higher, when the following climatic situations are given
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- intensive sun exposure (along southern slopes)
A further distinction is made whether the mixture is placed in one layer or in several layers.

One layerplacement:

In the construction class SV (heavy vehicle traffic), and other traffic areas which are exposed

to high stresses, the granulate used must be rated CS (Table 6.2). For the construction classes

I to VI granulate which has been rated either B, C or CS can be used. ln construction class II

to IV granulate of the type B may only be used if the thickness of the topping layer exceeds 8
cm.

Table 6.2 Tabelle 4.1. ZTVT StB 95

       

Bauklasse

E_ b n SVoder 'V _
m aua .

besondere I 11 bis IV v V und VI
Beanspru»

_ chungen _

(I) (2) (3) (4) (5)

einschichtig cs ' B, C, CS B , C, CS' B, C, CS

obere 2, 1) 3) 3).
mkr_ Schicht CS B , C, CS (B , C, CS) (B, C, CS)

mek- C CS A B C CStig untere B, , , , , ' 3)
Schicht (AO, AP) (140) 10' A, B' C' CS)

       

bei einer Dicke der darüberliegenden Decke von mindestens 8 cm
2) nicht vorzusehen, wenn untere Schfcht aus AO oder A besteht t
3) nur bei Asphaltoberbau .

Several layerplacement:

This technique is applied when the thickness of the pavement exceeds 16 cm.
For the upper layer aggregates rated B, C or CS can be used. Type B granulate may only be
applied, if the bottom layer will be performed with AO or A granulate, or when the thickness
of the topping layer (Classification I to IV) is less than 8 cm.
For the road Classification SV and other highly stressed pavements will have to be performed
with CS rated granulate.
For the bottom layer aggregates rated AO, A, B, C and CS can be used. The granulate type
AO can only be used, if topping layers are applied. In this case the thickness is limited to half
of the total road base.

The estimation of the construction class to be applied is embodied in the RStO 86. This
specification regulates the standardization of the pavement of all highways. In accordance to
the daily traffic volume and the type of road, a construction class is ascertained.
An increase or reduction of the frost protection thickness will have to be taken into account
depending on the location. The construction classes are divided into 7 different categories.
Starting with construction class SV, which is used to handle a estimated daily traffic volume
of more than 3200 vehicles down to the construction class VI which is designed to handle
approximately 10 vehicles a day (Table 6.3).
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Zeile StraBentyp Bauklasse Zeile StraBentyp Bauklasse

1 SchnellverkehrsstraBe SV, I 1 SchnellverkehrsstraBe SV, I

2 SchnellverkehrsstraBe, I H 2 SchnellverkehrsstraBe, I H

IndustriesammelstraBe 7 IndustriesammelstraBe '

HauptverkehrsstraBe, HauptverkehrsstraBe,
3 IndustriestraBe, II, III 3 IndustriestraBe, II, III

FuBgängerzone mit schwerem Ladeverkehr FuBgängerzone mit schwcrem Ladcvcrkchr

4 SammelstraBe, IV 4 SammclstraBe, IV
FuBgängerzone mit Ladeverkehr FuBgängerzone mit Ladeverkehr

AnliegerstraBe , AnliegerstraBe ,

5 FuBgängerzone V 5 FuBgängerzone V

AhliegerstraBe , , AnliegerstraBe ,

6 Befahrbarer Wohnwegz) VI * 6 Befahrbarer Wohnwegz) VI

2) Kann auch gemäB Abschnitt 5,9 befestigt werden. 2) Kann auch gemäB Absohnitt 5.9 befestigt werden.

Table 6.3 Tafel 1 RSt0-86 - Different road structures

. Bauklasse SV I N III IV V VI
lena 0200200000030 :2000 0000 3200 0000- 3200 000 . 0000 300 . 900 00 - 300 00- 00 <09

0000000000000000000000 00100100190 50100100100 50100170100 50100100100 50100100100 00100100100 00150100 00

Bituminöse Traguhithl auf Frosluhulzschitht
0200501000101 0.
Wuhxhl 3

bd 1039530513 i
1 20

rrosmmuumm f '

0000020 00000000000000000 2001300100150 . [3001100150 - [3001100150

Biluminöse Tragschichl und Bodenverfcshggg auf Froslschunschichl
020050th 0, . 0
5006205010000! :° I

2 bil 10395010ka 0

806200020125th _lå_

000000000020000000 7
, \'

00002 der hommunsmum 050125 135 1 05 0330123 1331 03 00301 20 1 301 00

Bituminöse lragschitht und Sthotlerfragsrhichl auf Frostschutzschichl L
0:00:0th 0 I» 0 L m 0 -
80006200ch! 8 0 a '150 m L_ .

000 1039501000100 M 03 1150 00, yISO 10 1100
31 Scholltrlragschuhl 1 m f 05 tm Å

' ' 050002007005' L'" '5 'm 15- L' 0» 7' 0'0 33 "40______ p; '0,5- 90 01 -0
0:0000000010000000 LS ' 'o' 45 0 " LS Wo' LS 0" LM \, / /. 0 /. /.

0000020000s0m01000000 - 1291350105 . 1 -120201300 .1 - 13300103 - 1202013700100 - 1300100150 - 1230133103 - l25'll35 05

0200501000101 0 0 0 0 0 550
8000050050th % I 8 0 'm % g '150 6 '150 a '150 20
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In this regulation the minimum requirements for the layer thickness and compaction are set,
aside of the ZTVT-StB 95 and the ZTV Asphalt StB.

In the case, where RAP containing tar is to be reused for road construction, other regulations
have to be followed.

biodegradability and the leakage of noxious matters.

granulate was recycled within the hot mix process, questioned the reuse of RAP in terms of
the environmental compatibility, since the emissions were extremely highly toxic. In the
instructional leaflet concerning the reuse of tar containing recycling material (Merkblatt für
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die Wiederverwendung pechhaltiger Ausbaustoffe im Strassenbau unter Verwendung von
Bitumenemulsion), the requirements originating from these problems are detailed.
Research has shown that the aromatic hydrocarbons like nathan, anthracen and other
polycyclic hydrocarbons, which are contained in tar, are present in high concentrations of
about 2 to 3 % and therefore they endanger the environment [Ref l4]. When the tar granulate
is mixed together with bitumen emulsions the leakage of polycyclic hydrocarbons into the soil
and ground water is reduced by more than 82 % and the phenols by 95% as per various tests
results of the Deutag-Asphalt laboratory in Cologne. However the research studies of the
same laboratory concerning the eluation found that the amount of polycyclic hydrocarbons is
reduced by 99 % and phenols by 96 % if quicklime is added into the mix (Figure 6.1). This is

accomplished through the effect that the pores of the granulate are plugged with emulsion, so
that the maximum limits for noxious matters set by the German environmental compatibility
test (Umweltverträglichkeitsprüfung) are not exceeded.

Figure 6.1 Research Study on the eluation ofphenol andpolycyclic hydrocarbons
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Dependent on the state the maximum ratio for phenol allowed varies between < 0,1 mg/l in
the state of Hessen to 0.02 mg/l in Bayern. Similar variations are found when looking on the
maximum allowed content of polycyclic hydrocarbons. There the values range between <
0,003 to < 0,004 mg/l.
The state of Baden-Württemberg proceeds meanwhile this way, that they allow tar containing
material as long as the leaching test results have proven a reduction in the leakage from the
polycyclic hydrocarbons of more than 90 per cent.
Further this instructional leaflet indicates, that tar bound pavement has to be reclaimed
without mixing it with bitumen bound pavement. This means that tar bound materials should
not at any time be mixed with tar-free material in order to keep the amount of contaminated
material as small as possible and to avoid dilution effects. The same requests have been also
implemented in the Keislaufwirtschafts- und Abfallgesetz , which was passed on October
6th 1996. To assure that tar and bitumen bound materials are not mixed, requests have been
made to seize all tar containing pavements throughout Germany and produce special land
registers [Ref 20].

Another very important regulation set by the Merkblatt für die Wiederverwertung von
pechhaligen Ausbaustoffen im Strassenbau concerns the matter of the ownership of the
reclaimed tar containing asphalt pavement. As per chapter 3 of this technical leaflet, the
employer, generally the state or the municipality owns the reclaimed tar containing material
and therefore has to assure a proper stockpiling and reuse, or in certain cases arrange the
proper disposal of the material. Since in most cases the roads with tar containing material
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belong to the state or other authorities, these tar bound pavements can be collected from
different projects, before they are reused in a suitable way. At the present most of this
material is used for asphalt sub bases [Ref. l3], or for the upper 15 cm of the frost protection
layer [Ref. 20].

Generally, this means that for every road construction project and occasionally for every
section of a project several qualification tests with actual RAP material from the site have to
be performed in order to determine the applicability and qualification.

At the moment, only the state of Sachsen has a .regulation dealing with the problematic of cold
asphalt recycling. This guidelines called Richtlinie für das Komplexrecycling im
Strassenbau were passed in 1995 and focus on the aptitude and the test methods of cold
recycled mixes. Since this specification is merely a state guideline, it is .not valid in other
parts of Germany. However the FGSV has informed that they are working on a national valid

specification for the applicability of cold-mixes similar to the guidelines from Sachsen.

Nevertheless, in order to produce a cold mix for sub bases and base courses, the properties
and minimum requirements laid down by chapter 3.2. of the ZTVT-StB 95 for granular
material bound with water activated binders can be followed, since they also use up to 100 0/0
RAP material bound with cement. The other alternative would be that contracts on the basis
of the guidelines from Sachsen are formulated and carried out.

6.2.2 The Swedish Situation:

6.2.2.1 General Information on the Swedish specifications:

Before explaining the regulation situation on cold-mixes and cold recycling mixes in Sweden
it is necessary to give a general overview on the Swedish Standard and the way this general
technical specification functions.
The pavement design method used in Sweden (VÄG 94) was developed in 1994 and can be
seen as a mixture of empirical and mechanistic design. This means, that the old purely
empirical method, last revised in 1984 (BYA 84), has been developed using both new
experiences and theoretical calculations. A linear, multi-layer elastic model of the pavement
is used to calculate permissible levels of horizontal tensile strain at the bottom of the
bituminous bound bases and vertical compressive strain at the top of the subgrade induced by
a standard axle load of 100 KN. These strains are then used to predict the fatigue life and the
deformation life of the pavement in terms of cumulative number of standard axles. The

theoretical calculations were carried out for different seasons and climatic zones, and the

cumulative damage was obtained by Miner s law.
The design method also contains an empirical / analytical method for frost heave design.
Notable features of the method are that there is a performance requirement for both the
completed pavement and the different layers depending on road category.

6.2.2.2 Detailed information on the Swedish BBL dealing with emalsified mixes:

In 1997, the Väg 94 regulations were completed with a draft paper called the BBL, which will

be fully implemented into the Väg specifications by 1998.
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The BBL is the first technical leaflet within the Swedish Road Specifications, dealing with
cold and semi-warm mixes containing asphalt granulate from old reclaimed asphalt concrete
roads or former oil gravel pavements.

Based on chapter 1.3.4 of Väg 94, the use of residual products .in road construction is

legalized as long as they meet the following requirements after the risk of leaching been
analyzed:

0 Acceptable from an environmental point of view.

0 Not causing problems during the reuse, landfill or destruction.

0 Can be shown to posses at least as good properties as the materials they replace in terms of
bearing capacity and durability.

Dependent on the traffic class and the type of layer this material is to be used (wearing or base
course) further distinctions in the requirements are made.
The traffic class is dependent on the traffic volume and the amount of heavy vehicles.
Therefore the following model is used to determine the requirements and properties of the
material and the mixture:

Traffic class l: Maximum daily traffic < 500 vehicles.

Traffic class 2: Maximum daily traffic 500 to 1500 vehicles

Traffic class 3: Maximum daily traffic > 1500 vehicles

Dependent on the traffic class the requirements of the ingredients in the mixture are described
more specific.

Traffic class 1

For traffic class 1 the granulate must be within the limits of the gradation line shown infigure
6.2. The distribution of the grain fractions must fit in the bold margins and is only allowed to
cross the thinner margins once. This is to assure asteady gradation.

If the granulate has not been composed of different fractions and does not fulfill the
requirements, the material must be screened and recomposed of different fractions or modified
by mixing in crushed new material. The gradation line shown is valid for both 100 per cent
RAP granulate and modified granulate with new material.
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Figure 6.2 Graduation line requirements for asphalt granulate
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Further, requirements for the residual binder content of the granulate are given. Hence, the
granulate must have a residual binder content of 3 to 6 % weight. If, however, the binder

content exceeds 6,0 %, then additional Virgin aggregate must be applied.
In terms of the emulsion to be used in the mixture, the BBL refers to table 6.8.-5 of Väg 94.
However, the use of emulsions with soft binders and a viscosity below 10.000 are foreseen at

the moment.
In addition to these material properties, the BBL requires the mix design to be within certain
limits dependent on the type of base. These are:

0 Total binder content in base courses 4,5 to 6,5 % by weight

0 Total binder content in wearing courses 5,0 to 7,5 % by weight

0 Liquid content in cold mixes (emulsion+water) 5,5 to 7,5 % by weight

Further it must be mentioned, that if the amount of heavy vehicles exceeds more than 15 % of
the total amount of vehicles on that road, the regulations of traffic class 2 in addition to those
of traffic class 2 must be observed.

Traffic class 2

For traffic class 2 the granulate used must fulfill the same requirements as the granulate
applied in a class l road. But in addition to those requirements the material has to consist
completely of crushed material and not of river material and sand, which is in accordance with
the tables 6.6-5 and 6.6-6 of Väg 94. Other than that the pavement mixtures of a class 2 road
are based on performance related properties. Therefore samples of different mix compositions
are prepared. The results of these aptitude tests are then compared with each other and the
material composition that has met the requirements of the BBL best will then be used in the
production process.
For the qualification test a total of 4 series with a minimum difference in the total binder
content of 0,3 % by weight must be prepared. Each series embraces a total of 2 samples, so
that the test results can be cross-checked.
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After the samples are prepared they are left for 7 days at 400 C for curing before the

mechanical and material properties are determined. The same process can be speeded up if

the samples are stored at 600 C for only 4 days. After the curing the specimens are tested in

accordance with the following Swedish Standard test methods for bituminous materials:

1) Air-void content, FAS -methods 448-87, 425-91, 413-93

2) Indirect tensile strength at +100 C, FAS-method 449-95

3) Resilient modulus at +100 C, FAS-method 454-95

4) Marshall stability at +250 C, ASTM D1559-76

5) Water sensitivity, by dividing the dry tensile strength through the wet tensile strength FAS-
method 455-89

The minimum requirements the mixture has to met are shown in table 6.4. If these
requirements can not be met, a change in the mix composition is recommended. In addition to
that the modification with cement is also foreseen.

Table 6.4 Requirements of cold recycling mixtares as per Swedish Specificatiøns

          

Test-method Base course Wearing course

Air-void content, in Vol. 0/0 6-14 4-12

Indirect tensile strength, in KPa >7 >5

Resilient modulus, in MPa 2000-5000 None

Marshall stability, in KN None >300

Water sensitivity, in % >50 >60

Traffic class 3

If the daily traffic volume exceeds a number of more than 1500 vehicles per day, aspecial
investigation will be necessary. Hence the following additional requirements must be
evaluated, besides the already mentioned aptitude tests which are necessary for traffic class 2
roads.

0 Number of heavy vehicles

0 Judgment of the hearing capacity of the road

0 Use of studded tires

0 Road category and road width

0 Risk for frost heave

0 Improvement of cold recycling (Better properties by modification of the material with new
aggregates , cement or harder binder)
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7. Possibilities for the operation of cold recycled asphalt

7. 1 The German road structure

In order to present the many possibilities for the operation of reclaimed old asphalt pavement,

it is necessary to first explain a typical road structure as it is used in Germany in accordance

with the RStO-86 and as it is also similarly used in Sweden (Figure 7.] and 7.2),. The

thickness of the several bases are estimated dependent from the type of road and the traffic

volume expected within the next 20 years in service( see also chapter 6).

Figure 7.1 Typical road structure as per the German RStO-86
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Figure 7.2 Detailed road structure for as per the German RStO-86
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Asphalt concrete pavements are made in different layers, because of placement reasons.

These placement reasons also offer some interesting technical and economical possibilities:

0 Through the application of different mixtures in the layers, it is possible to adjust the

material qualities within the specification limits to the requirements of the different bases.

Thus, the quality of the structure improves and costs are reduced [Ref 33].

0 The use of high-class mineral aggregates and asphalt granulate is limited and only applied

in the upper and more stressed bases, whereas for the base and sub base layers average

rated granulate is sufficient.
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0 The different layers within the structure also offer the possibility to adjust the road
structure to the increased traffic volume, by capping it with additional layers, at a later
stage.

0 In case the wearing course is to be rehabilitated, it can easily be reclaimed with a milling
machine without destroying or affecting the function of the other layers within the
structure. This way cost saving repair works can be performed.

Within the road structure shown in figure 7.2, each layer has its own function.

The top or first layer of this layer package must consist of a dense, affording, plain and

wear-resistant surface, in order that the traffic can move smoothly. Traffic safety and
durability of the pavement are also important requirements which the mixture will have to

meet.

The binder course, is only arranged in road structures where higher stresses are expected, in
order to take the high pressures and shear stresses from the horizontal and vertical liveloads.
Binder courses do not have to be applied in low volume roads with a maximum daily traffic of
up to 300 vehicles a day (construction class III and lower). This method has been successfully
in use for the construction of several secondary and provincial roads [Ref 33].

The purpose of the bottom layer, the so called base course, is to spread the life loads and
strains from the upper bases, so that the maximum bearing capacity of the sub soil will not be
transgressed. For lower traffic volumes on secondary roads Asphalttragdeckschichten ° can
be applied. This type of base is a combination between a wearing course and a base course. lt
merely exists of one layer, but combines the functions of the two.

The possibilities for the application of cold recycled asphalt pavements within the German
road construction are various. Specifications or regulations limiting the use of emulsion-
bound asphalt granulate for certain layers or bases do not exist. This means, that cold
recycled asphalt theoretically can be applied in road construction the same way hot-mixes are,
as long as they meet the requirements for the different layers without a loss in quality [Ref l].

During the past, cold-recycling-mixtures in Germany have mainly been used in asphalt
foundation bases (Asphaltfundationsschichten). These are bituminous bound base courses
which are laid underneath the main base course. This method was first used in Switzerland,

with the purpose to substitute the whole or only parts of the frost protection layer and the
unbound base courses. This way a gain in strength and stiffness was achieved. Thus, the road
construction industry and the authorities had a tool to reuse large amounts of unsorted RAP
material throughout their projects. Nevertheless this construction method does not take into
consideration, that high-quality minerals are used for minor structures, which also could have
been applied in base-, binder- or even wearing courses [Ref 33].

The guidelines Komplexrecycling im Strassenbau , assign the use of emulsion-bound asphalt
granulate preferably for the rehabilitation or repair works of

- State owned carrigeways (Landstrassen)

- County roads (Kreisstrassen)

Country roads (Gemeindestrassen)
Provincial roads (Land- und Forststrassen)

dependent from the traffic volume in the following courses as a
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- Base course - Frost protection layer
- Asphalt foundation layer - One layer base-wearing course

capped with one or two surface
treatments

Cold asphalt recycling can be performed in many ways. Figure 7.3 and 7.4 show the
possibilities for the application of emulsion-bound asphalt granulate within a road structure
and the possibility how this cold-mix layer later can be topped, depend from the desired
properties and the amount of daily traffic.

Figure 7.3 Possibilities for the application of emulsion-bound layers
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For low volume and rural roads, where the maximum daily traffic does not exceed the 300

vehicle barrier (construction class IV to VI), they do not require a binder course as per RStO-
86. In this case a road structure with the following thickness would accomplish the demands
set by the specifications.

4 cm Wearing course
10 to 20 cm Base course performed with cold-recycling material
20 to 30 cm Crushed-gravel for frost protection

A qualification an performance test report for the application of cold asphalt requests in the
conclusion to cap the material with at least a 4 cm wearing course to compensate the rough
and partly uneven surface [Ref 35].
Further do most highway agencies in the US. recommend capping of cold recycled layers
with one or two overlays or surface treatments, because of the susceptibility of cold-mixes to
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damage from moisture intrusion and abrasion by traffic and to avoid raveling and potholeing
[Ref 7]. '
Thus the application of the material in the US. also ranges from wearing courses of low
volume and rural roads to bases for high volume freeways [Ref l9].

7.2. The Swedish rod structure

The design method used in Sweden for the construction of road structures is based on the
requirements set by the Väg 94. The way the structure is designed can be compared with the
design method used in the German RStO-86, because of the many similarities between the
Swedish and the German design methods and factors used to estimate the final road structure.

In both cases a multi-layer structure, each with different properties are used to make up the
structure of a road, as shown in figure 7.] and 7.2.

Dependent on the amount of traffic, or more specifically on the equivalent amount of standard
aXles a traffic class is estimated. The amount of standard axles is calculated by the amount of
heavy vehicles, that will use the pavement during a intended technical service life (20 years
for bound layers). Therefore the traffic flow in one lane per day and the percentage of heavy
vehicles as well as the assumed change in the traffic per year need to be taken into account.
On the basis of this calculated figure, the Väg 94 distinguishes the traffic volume into 7
different traffic classes.
When designing the road structure several other considerations need to be undertaken,
concerning the frost susceptibility of the material used for the construction and the required
properties of the road to be build to suite the requirements of the traffic volume such as
eveness, friction and bearing capacity.
This is achieved by the design method and the selection of the materials or material
combinations used in accordance with the technical specifications. Thus it can be assured that
the pavement and the materials retain their properties during the estimated service life without
breaking, decomposing or changing their properties under the influence of the climate or other
environmental factors. In addition to this the Väg 94 also uses climatic zones to determine the
thickness of the frost protection base similar to the design method and the factors used in

chapter 3.2 of the German RStO-86. Within Sweden 6 different climatic zones are known

dependent on the mean amount of cold (day times with - CO).

The minimum total pavement thickness of bound layers is than determined with regard to the
traffic class, the type of material and the climatic zone the material is applied. from the 5
different types of pavement structures known in Sweden, is one unbound, two are cement
bound and two are bitumen bound. These last two mentioned pavement structures are gravel-
bitumen (GBÖ) and rock-bitumen (BBÖ). Further, chapter 6 of Väg 94 defines the design
conditions for the suitability of these pavement structures. Therefore the annual traffic flow in
one lane is multiplied with several adjustment factors, such as one for the use of studded tires,
the reference speed, lane width and even a factor for the type of predicted winter maintenance
of the road. Dependent on this figure the type of mix design for the wearing and the bitumen
bound binder and base courses are determined.
However, the minimum pavement thickness for gravel-bitumen .roads (GBÖ) which are
normally used for minor and medium sized roads or roads where the availability of natural
rock material is limited, vary strongly because of the susceptibility class of the subgrade
material and the requirements of the eveness, which is dependent on the greatest allowable

frost heave during a mean winter.
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Based on the many similarities in the design method of the road structure in Sweden and in
Germany, it can be said, that the possibilities for the application of emulsion-bound bases
within the road structure used for traffic class 1 to 3 roads are the same. Therefore the
scenarios shown in figure 7.3 are also possible ways for the reconstruction for roads in
Sweden by using RAP granulate. Further the scenarios shown in figure 7.4 might be applied
for the construction of roads, which are of a higher traffic class, by replacing parts of the
conventional road structure with emulsion-bound layers.
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8. Reclamation screening and stockpiling of RAP material

8. 1 The reclamation procedure

The properties of asphalt pavements are not the same and the quality of the material to be
recycled are of a broad variety. Therefor will the pavements prior to the reclamation process
have to be inspected, evaluated and their further reuse possibilities predicted. Especially
when a road has had several local maintenance works and pavement rehabilitation works
during the service life, the quality of the asphalt is spread, so that in most cases a application
of RAP is only possible in foundation layers. These foundation layers are located between the
top of the frost protection layer and the bottom of the base course or in some cases they can be
used as a substitute and therefore are part of the base course.

The reclamation of deteriorated asphalt pavements can occur either by scarifying and ripping
or milling. The scarification or ripping is performed with either a dozer or an excavator. At
this stage, the reclaimed asphalt clods and pieces are a conglomerate of all the different
asphalt bases along with coarse gravel sticking on the underneath of the last bound layer of the
layer package. Extreme care during the removal process to avoid contamination with dirt, soil
or other material is an important part when reclaiming, to assure the quality of the asphalt
granulate. This technique is mostly used when the road is to be re-shaped, or when minor
construction works are performed, therefor the roads normally have to be closed during

operation. Besides, is the risk that the sub-base has to be re-profiled and re-compacted after
the scarification or ripping much higher than when milling the pavement.
Drainage systems or other supply structures like water pipes and electricity wires could also
be damaged [Ref 26].

Granulate from different projects can then be stockpiled together before crushing if needed.
However by using this methods for the reclamation, a selection of high quality material is

impossible to be achieved. Thus the material has to be stockpiled before it can be dressed in a
crushing plant for further use. Since asphalt pavement can not be reclaimed selectively, the
ripping and scarification of the pavement does not allow an optimal reuse strategy, therefore
this method will not be acceptable for the reclamation of large amounts of RAP in the future
[Ref 36].

A ingenious and more suitable technique to reclaim deteriorated pavement is to mill the
material off layer by layer. There are several reasons to be mentioned to explain why, milled
off asphalt is of higher quality.

0 The pavement can be reclaimed layer by layer, therefor the quality of the RAP material is
higher, since different materials are used for the production of the different bases.

0 In the case where a road is not to be completely to be rebuilt, just the deteriorated layers
can be milled off. This way the remaining bases are not destroyed. Thus the traffic can
continue to use the road, whereas when applying the ripping and scarification method, the
traffic would be interrupted.

0 The material is already broken into small bits and pieces, so that in most cases the material
does not have to be crushed. However the material should undertake a gradation process,
in order to divide the granulate into different fractions [Ref 36].
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0 For the proper reclamation of tar bound materials in accordance with the German technical
leaflet Merkblatt für die Wiederverwendung pechhaliger Ausbaustoffe im Strassenbau
unter Verwendung von Bitumenemulsion , milling is the only acceptable procedure. By
reclaiming the pavement layer by layer, the possibility of mixing tar bound pavement with

bitumen bound asphalt is extremely high, therefore ripping and scarification as reclamation
methods are forbidden [Ref l9].

Milling can be categorized into the following two techniques: Cold Milling and Warm
Milling .

In both methods automated profilers consisting of a heavy steel machine body whichslides up
or down on hydraulically operated legs mounted on either steel crawler tracks or solid rubber
tires, are used. Also the hollow steel cutting drum with a diameter between 30 cm and 100 cm
attached directly underneath the frame of the machine is also the same. The cutter drum fitted
with replaceable tungsten tipped teeth rotates in an anti clockwise-direction at lOO to 200 rpm
and provides an upward cutting action as it travels into the face of the material to be cut. The
cutter drum can either be lowered parallel or under a certain angle. Cutting widths range from
25 cm to 220 cm and the depths from 5 mm to 300 mm, in a single pass. Both the depth and
the width can beincreased by multiple passes [Ref 37].

The difference between warm milling and cold milling is that in the warm milling process the
base to be reclaimed is heated with infra-red radiation beforehand. This pre-plastification is
used to reduce the resistance of the asphalt pavement and to preserve the cutting tools,
therefore the cutting tools used when hot milling are more massive than the cutting chisels

used when cold milling (Figure 8.1).

However, this more carefully reclaimed granulate has
Figure 8'1 Redamation "Dals the negative behavior to agglomerate. To avoid this

side effect, sand or filler materials have to be added.

Hence, the reclaimed asphalt granulate originating
from a hot milling process is difficult to grade and
stockpile. Most of the times this material has to be
costly dressed, before it can be reused in a cold mix

plant. Furthermore the artificial aging of the binder
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Nowadays, cold milling is more popular than hot milling [Ref 36]. Using the cold milling
technique greater amounts of pavement can be reclaimed, plus the ability to influence the
grain size, shape and the maximum size in the reclaimed granulate, by variation of the milling

speed, the rotation of the cutter and the different types and amounts of cutting devices.

In all milling procedures the original gradation of the mineralvs, which were used in the first
place, are altered. In most cases the gradation line received from the milled material are
missing the more coarse fractions and is rich with. more smaller fractions, therefor screening

should be performed to guarantee good reuse quality.
Dependent on the requirements of the course, the granulate for the mixture can be composed
by the different fractions similar to the virgin material mix production in a production facility.
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8.2 Redressing

The redressing of RAP material by crushing and screening is necessary, when the material has
been reclaimed by scarification or ripping. In this case the material consists of huge pieces
and asphalt clods. The best way to redress this type of material is to crush it, because in this
production the material is homogenized in a very good way. Experience has shown, that the
crushing of bituminous pavement does not present special problems it can also be undertaken
in hot weather conditions, and does not specifically require heavy duty units. In fact, crushing
today is performed in many different ways. In order that the crushing process is not
interrupted, a wise setup of the crushing devices is required, therefore the big pieces have to
be pre-crushed in lump breakers (small roll crushers) or more commonly jaw breakers. The
smaller and more handy parts are then crushed in hammermills [Ref. 26].

After the crushing process the material should be screened before stockpiling it in heaps of the
same fraction for further use. The screening unit includes a set of several different sized
vibrating screens. The first in the series of screens is a scalping screen which rejects and
carries off oversized aggregates. This is followed by several standard sized screens decreasing
in size from the top to the bottom. At the bottom of the stack is a sand screen. This setup can

be used to separate the granulate into the most commonly used sizes in the road construction
process [Ref. 33].

Material reclaimed by cold milling is already reduced in size and provided, that it is not stored
for unduly long periods, it is suitable for central plant recycling without further reduction
except the possible scalping-off, of oversized chunks. To date the main problems experienced
with cold milling originated from the generation of fines in the mix [Ref. 36].

8.3 Stockpiling

8.3.1 Stockpiling of reclaimed old bituminous pavement

That stockpiling is of major importance is easy to understand, if the properties of all the
different pavements which have been reclaimed are taken into consideration. The key to
producing a quality recycled pavement is in knowing what kind of aggregate and asphalt
properties exist in the reclaimed asphalt. Therefore the quality of the material which will be
reclaimed, and later stored before re-using it in a new mixture, has to be examined as early as

possible. Cores from the roads to be re-constructed must be taken to predict their further use
and suitability of the method prior to the reclamation. This way RAP material of similar
quality can be stored together. Another advantage of this preliminary investigation is that the
most suitable reclamation method for the pavement to be replaced can be determined.
Depending on the properties of the material needed either milling or scarifcation can be
applied. Especially when tar bound layers are found within the layer package, milling is the
only acceptable technique. Whereas if the material is of minor or bad quality ripping or
scarification can be more efficient and economical.
In general, milling off the deteriorated asphalt, as discussed in chapter 8.1 produces a higher
quality and more homogeneous granulate than crushing pavement clods consisting of several
different layers.

No matter whether the pavement was reclaimed using a milling machine or with an excavator,
usually the material will have to be stored before being reused. Very often large amounts of
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old pavement are reclaimed within a short time-span. At the same time requests for further
use of the material are not given, because suitable projects for the application are missing
[Ref 3]. Hence, stockpiling of large and small amounts of RAP frem different sources is

unavoidable. It is therefore advisable to keep stockpiles separated and identified by source
and properties [Ref 35].

The stockpiling of bituminous RAP material rises still many questions concerning the
environmental risks, especially the leakage of noxious matters into the ground water. Concern

is mostly based on the fact, that the reclaimed pavement after it is milled or crushed consists
of much more fines. These again have a much higher aerial size than before, and therefore a
higher solubility of the material is expected. Similar to the leakage problem of polycyclic

hydrocarbons from tar bound material a leakage of familiar connections has been presumed by
some Specialists, because of heavy-metal-connections from oil and leaded gasoline as well as
other toxic matters which are emitted into the environment, or by accident are accidently
dropped on the pavement. In addition, bitumen bound pavements and tar bound pavements
have almost the same appearance and are of similar consistency, which can cause problems
with distinguhishing between them.

Bitumen are components of mineral oil. It is destilled from the mineral oil at 4500 C.

Bitumen is not a product of pyrolyse and therefore it is a aliphatic chain-hydrocarbon with
only small vestiges, within the nannogramm range of the aromatic polycyclic hydrocarbon, are
found in products from mineral oil, such as bitumen. This content can be considered harmless

[Ref 15].

Tar on the other hand, is gained by cokeing mineral coal at temperatures around 10000 C

under a vacuum, therefor tar consists mainly of aromatic polycyclic hydrocarbons, which have
a high potential on causing cancer [Ref l4].

Concerns that the solubility of reclaimed bituminous asphalt pavement, that has been in touch
with oil, diesel oil, or other substances also originating from mineral oil, have been proven
unjustified during research work of the working commission Drinking Water Interests
appointed by the German Public Health Office (BGA). The solubility of bitumen and other
matters contained in bitumen have been found to be around 0,001 per cent. Further, it was

proven that in case of a contaminated asphalt pavement, by oil, gasoline or other liquids
containing heavy-metal-connections, the second part of the colloidal system of the bitumen is
activated. This part consists mainly of alkanes, naphthenen and naphthen aromatics and is
called maltenes. The contaminating drip oils are bound by these composites and are
converted back into harmless elements of the mineral oil. Hence drip oils are more soluble in
the maltenes than in water therefore, these oils are more hydrophorbous and oil consuming.

Similar results have been reported by Neumann und Rössler which purposly contaminated
bitumen B-80 with phenol, chlorphenol, anilin, acidamide, acid mixture of several nathens,

calciumnathen etc. in order to try to regain them during extraction. All added polar matters

were found to be fit in colloidal associates. So no Phenol remains were found after the
polluted bitumen had been exposed to water for more than two days.
These tests have therefore clearly furnished the proof that once oils have been fitted in are
bound into the bitumen structure and can not be eluated any more [Ref l4].

Nevertheless this does not apply to pavements which were contaminated with large amounts
of gasoline due to an accident or for pavements around a gas station, since the process of
activating the second part of the colloidal system and converting these matters, is dependent
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on the amount of the contaminating matter and the time this affect took palce. In these cases
the pavement has to be disposed specially [Ref l4].

In general the storage of bituminous RAP around the production facility does not endanger the
environment, therefore the same regulations as for the storage of Virgin minerals apply. This
means that it is not necessary to cover or protect the RAP granulate from rainwater or sun

exposure, other than for quality reasons of the later mixture. Nevertheless it is advisable to
seal the storage area with one layer of asphalt or concrete pavement and to collect the

rainwater, which should be investigated twice a year just for safety reasons [Ref 6].

A substantial perspective when dressing RAP clods and chunks is to obtain a sufficient steady
asphalt granulate. This can best be achieved when the reclaimed material is stockpiled in
large deposits, ranging from 5.000 to 15.000 tons, before the whole pile is crushed.
Material from different job sites must be placed in horizontal layers when building the
stockpile to avoid heterogeneity and changes in quality [Ref 3]. Further homogeneity of the
material will be achieved through transplanting the crushed material with loaders. In addition,
it is advisable to screen the material after crushing into different sizes, to assure a

homogenous, high quality granulate and a correct sieving line in the mixture [Ref l].

In consequence of the possibility, that if stockpiles are too high RAP agglomerates, due to
weight, will self compact, stockpiles should not exceed more than 3 m in height for crushed
RAP and not more than 6 m for milled asphalt granulate [Ref 3]. Hence the binder content,

the type of binder, the outside temperatures, locality, sun exposure etc. also an impact on the
tendency of RAP to compact [Ref 36]. Besides that all vehicles should be kept off the
granulate stockpile to prevent further compaction.

Since quality plays a very important part, sacrificed material that has been redressed and
graded should not be used for a wearing course ofa highly frequented road structure like
German construction class SV or I or the Swedish traffic class 6 or 7. This is because, RAP

material from base layers containing round shaped minerals can not be reused in wearing
courses, even if they could meet the requirements of stability, resistance against impact
stresses, filler content etc., because of roughness, reflection and Skid-resistance [Ref 36].

Usually the reclaimed material is dumped and pulverized at the same place the mixing facility
is setup. However in undeveloped areas like Norrland in Sweden, the Outback in Australia or
other similar areas, the hauling costs of RAP to the nearest production plant would be too
high, not to mention the negative effect on the environment. In these cases, the material is to
be collected and stored close to the site and reused in the same project.
If this is not possible a similar network of deposits throughout the country similar to the one
used in Sweden could be established. The Swedish National Road Administration s
Production Departments actually use part of their winter maintenance yards to collect the RAP
material, from surrounding projects within a certain radius (maximum 80 to lOO Km) to
redress and stockpile them there. When a road within this circle is to be rebuild, a mobile
mixing plant can be set up at the same location and the material that has been stockpiled and
deposited there, can be used.
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8.3.2 Stockpiling of tar bound pavement

As already comprehensively discussed in chapter 8.3.1, all pavements to be reclaimed should
be examined ahead of the reclamation process to evaluate the further use of the material.
Laboratory tests on cores from the projects, prior to the construction works, could give an
exact description of the type of binder, the content and at the same time evaluate how badly
the pavement is contaminated with toxic matters can be performed.
However reality is mostly different and in 95 0/0 of all cases the pavement is not examined
until it is to be stockpiled. Since tar is contains several noxious matters in high
concentrations, which are soluble in water, these materials have to be treated differently to

bituminous bound pavement. Therefore the industry has developed the tar identification pistol

and the tar identification lamp to examine the material on site or prior to the stockpiling.
With the help of these two devices more or less qualitative statements on the basis of a
maximum polycyclic hydrocarbon content. The limiting value for polycyclic hydrocarbons in

Germany is500 mg/Kg within the binder and 20 mg/Kg in the whole reclaimed mass.

Tests performed by the FGSV in Germany have recently ascertained, that the results gained
with the tar identification lamp are more exact, cheaper and less susceptible to breakdowns.
In this technique the content of aromatic polycyclic hydrocarbons is estimated by exposing a
fist size asphalt piece to UV rays [Ref 15].
Another very efficient and new technique to examine tar is the sublimate method. As per the
information of Prof Dipl.-Ing. Rainer Rosenberg from the Baustoff- und Bodenprüfstelle in
Kassel this technique consisting of analytical apparatuses which are already able to analyze
very low concentrations of noxious matters [Ref 15].

Several regulations have to be applied when tar bound pavements are to be stockpiled. Hence
in Germany the Bundes Emissionsschutzgesetz (National Emission Law) demands for sealed
storage areas and the protection of the material from rain and water [Ref 19].

In case the material is to be reused on a site within a few days, the material has only to be
protected from the rainwater, whereas the material which can not be used straight away has to
be properly stored on a sealed area and be protected from rain. Besides that the storage area

has to have a separate and sufficient device to collect the seepage water [Ref 20].

In the past, several techniques to protect the material from rainwater have been evaluated

0 To cover the piles with plastic awnings or foils has been the cheapest process, but it has not
proven to be durable, therefore it is susceptible to wind (Figure 8.2). That is why this
method is only recommended for the storage of material on site before further reuse.

0 To coat the heaps by spraying hot bitumen over them as shown in figure 8.3 has been

proven as an awkward and insecure process. Besides the fact that this method is expensive,
the binder content of the material is unnecessarily increased, which has a negative impact
on the stability properties such as stiffness and green-stability of the mix.

0 The best, but also the most expensive method is to store the material under the roof of an
open-sided building, similar to that shown in figure 8.4. This type of construction meets
the requirements and reduces the risk of leakage. It is ideal since it can be reused over and
over and if a continuous supply of tar bound asphalt granulate can be guaranteed the costs
for this type of establishment are not so high anymore [Ref 36].
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Figure 8.2 Heaps covered with plastic awnings

   

Figure 8.4 Storage of the RAP under u roof
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9. Development of a suitable mixture

To reduce the risk of failure, it is recommended that the mix be designed by pre-testing mixes
of reclaimed asphalt granulate, binder and water in different proportions in a laboratory and
modifying the mix according to the conditions found on the road, such as the amount of heavy
traffic, whether the traffic is track bound, the surface is strongly exposed to sunlight etc. [Ref.
12]. This is because there are no regulations nor specifications, dealing with the emulsified-
aggregate mix designs. Hence, there is no universally accepted design method, these detailed
pre-tests are used to optimize the durability and stability properties of a cold-mix pavement,
thus the costs for further maintenance are reduced by increasing the technical service life of a
road.
Therefore it is most certainly necessary to undertake more comprehensive pre-tests, than are
usually performed in road construction [Ref l3]. Especially when RAP granulate is used in
the mixture, it is especially necessary to examine the material and estimate the residual binder
content in order to compose an optimized mixture.

9. 1 The mineral aggregates

A wide variety of aggregates in RAP granulate combinations ranging from well-graded
crushed rockto silty sands, can be cold mixed satisfactorily with bitumen emulsions. Factors
such as the shape of the aggregate particles, type and amount of fines, and differences in the

specific gravities must be taken into account in establishing the controls needed to ensure
successful results.

The suitability of the material does not have to be reproved again, since the material has
already met the requirements in the first place it was used. Only when new material is to be
applied to the mixture, a suitability test is to be performed. Suitable are various chrushed
rocks that are not altered or weathered and thus produce plasitc fines that hinder the breaking
of the emulsion.

Highly basious rocks like limestone and dolomite are not suitable with cationic emulsions.
Hydrophilic aggregates which are rich in Si 02 in most cases work well with cationic
emulsions as the emulsifying agents promote adhesion. Sometimes even an extra amount of
adhesion promoting agent is added.
It is important that the aggregate and emulsion are tailored together.
Gravel may contain aggregates of various mineralogical composition and therefore special
investigation should be carried out prior to the application of the material.

Anionic emulsions can be used with basious rocks, but typically thwese emulsions do not
break rapidely but gain strength by evaporation of the water.

Besides that not all aggregates, especially Virgin aggregates are easy to coat with bitumen
emulsion. Generally these aggregates are hydrophilic, which means, that they are more
attracted to water than to asphalt, and therefore if the aggregates are not dried of all moisture
they will reject the bitumen binder. Prolonging the mixing process in an attempt to coat them
usually is futile, only resulting only in a loss of volatiles and a poor mixture. With such
aggregates, the best way to overcome this phenomenon is to change the electrically charge of
the ions either on the surface of the aggregate or in the asphalt. When using anionic
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emulsified asphalt, coating may be improved by incorporating small amounts of hydrated
lime. The coating may also be improved on certain aggregates by using cationic emulsions as
a binder without the use of hydrated lime [Ref 30].

The composition of the mix with the right amount of grains from each fraction is not so
difficult, if the granulate has been screened into the different fraction sizes before. Thus, an
optimal and most suitable gradation line can be composed. An additional positive effect of

using fractionated RAP material is, that lOO % RAP can be used. That means other than when
using crushed stockpile material that has not been screened and fractionated, where in most
other cases Virgin material needs to be applied to the mix because of gradation reasons.

The use of granulate which is coarse in texture and angular shape is generally beneficial for
resistance to permanent deformation since these properties will enhance, respectively, inter-
particle friction and interlock respectively, which forms a continuous frame work throughout
the mixture. This framework is often referred to as the aggregate skeleton, will provide good
resistance to permanent deformation.
The same requirements as for the composition of a cement concrete in terms of the grain
properties are demanded when roads are to be built. This is because in both cases the main
purpose is to transfer and Spread the load of an impact force evenly to the weaker unbound
layers.

9.2 The emulsion

The emulsion is the binder in the mix. Therefore its function is of major importance when
composing emulsion-bound mixes. This is because, emulsions regulate the curing time, the
workability, the durability and the stiffness of the mixture. The earlier an emulsion starts to
cure after it has been compacted, the higher will be, the green-stability, the resistance against
after traffic compaction and rutting. On the other hand too much binder increases the
workability, but also the possibility of the pavement to bleed. Hence, it is necessary to
determine the optimum binder content by variation of the content and type in the pre-tests.

An emulsion can be described as a dispersion of bitumen in water, that contains only a small
amount of kerosene, emulsifier and very small portions of calcium chloride (Figure 9.1).
Water forms the continuous phase of the emulsion andthe minute globules of asphalt form the
discontinuous phase. Emulsified asphalt may be one of two types depending upon the
emulsifying agent. These are: Anionic Emulsion (negatively charged globules) or Cationic
Emulsion (positive charged globules). Further they are further classified by the rate of
breaking of the emulsion or the type of modification.
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Figure 9.1 Schematic model ofthe emulsion droplets and their size
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The most common bitumen to be used for the production of emulsions is a B-lSO which is

heated to 140-1500 C before it is mixed with 30-50O C warm water in a specially designed

mill. However, tests performed in Germany have shown, that a B-180 is too soft for base
courses, therefore the use of harder bitumen types is recommended [Ref l3].

Basically either cationic or anionic emulsions can be used as binder agent in cold-mixes. The
advantages and disadvantages of the two types are shown in table 9.1. Dependent on the
requirements of the cold recycling mix and the granulate to be used, the most suitable
emulsion can be chosen [Ref. 32].

However, by evaluating the properties of the two types, the cationic emulsions have a distinct
advantage against the anionic emulsions.
Furthermore, the type of aggregate to be used in the mixture determines the application of
either anionic or cationic emulsions. If the mineral is considered to be an acid one like granite
or quartzite, a cationic emulsion is most suitable, since the emulsion breaks immediately by
separating the water, as shown in figure 9.6. When the material is baseous like limestone or
basalt an anionic emulsion is to be used, since in that szenario the stiffness increases after the

water between the emulsion coat and the mineral surface has evapo *ated.

Table 9.1 Requirements andperformance ofemulsions

Anionic Emulsions Cationic Emulsions
-Value >8 i <5 0

of the + ++

Reliable exclusion that the binder can be scoured out rain O / - ++

in terms of environment + +

Permanent of acid minerals like and 0 ++

Permanent of acid minerals like basalt and limestone

behavior from the curve

of the emulsion with RAP

of the emulsion with tar

of the emulsion to be blended with cement

to the emulsion-bound mix with conventional hot mixes

 

Depending on the location and the material found, different types of emulsion are applied in
different countries. Sweden, for example, rich in granite and quartzite deposits,
predominantly applies cationic emulsions, whereas South-Africa mainly uses stable graded
anionic emulsions in their cold mixes [Ref 10].

If cement is to be used together with emulsions, cement stabile cationic emulsions have been

found to perform best since they break by load exchange on the mineral surface. Only this
way can a compact bitumen coating of the granulate can be achieved.
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Anionic emulsions do not break by load exchange, therefore they are only advantageous , if
they are lime-mix stable and if the water is bound by hydraulic setting. In that case it can be
assumed that the bitumen is equally spread within the hydraulic binder matrix [Ref l3].

The emulsions used to coat tar containing RAP granulate need to be cationic, because they

prevent the formation of the in water soluble phenol. Besides that the emulsion must be free
of solvents and flux additives, to prevent the residual binder from being reactivated and mixed
with the emulsion instead of just coating it [Ref 20].

The emulsions are further distinguished by their setting times as follows: Rapid, Medium and
Slow Setting Emulsions. Whereas rapid setting emulsions are only used for coatings and tack
bounds, medium setting emulsions are designed for mixing with coarse aggregates,. because
the grades do not break immediately upon contact with the aggregate [Ref 30]. In addition as
per Swedish experience, it is advisable to add harder binder to the coarser gradation and apply
softer binders to the finer aggregates, due to the coating and mixing qualities [Ref 12]. High-
float medium setting asphalt emulsions may give better aggregate coating and asphalt

retention under extreme temperature conditions.
Slow setting emulsions are grades designed for maximum mixing stability. They are used for
mixes with high fines content or dense-graded aggregates. All slow setting grades have low

viscosities, that can further be reduced by adding water. Their performance is similar to oil
gravel, and are mostly used for the construction of flexible pavements.

Emulsions can also be modified with polymers, so called styrene-butadiene-styrenes. By
doing so, tests performed with cold mixes in New Mexico found , that a high cohesive
strength imported by the polymer means a rapid development of good load bearing capacity,
which prevents the recycled pavement from rutting soon after it has been opened to the traffic
[Ref 16]. Hence, they have been found to allow the use of low viscosity soft asphalt, which
are better able to soften the residual binder in the RAP. The modified bitumen emulsions
reduce the possibility of separation and increase the stability of the cold mixes. The air-void
content ranges between 8 to 15 % [Ref l].

Summerized can be said, that all polymers improve the long-term resistance of the finished
product to moisture damage and are particularly important for preventing raveling, cracking
and potholes [Ref 16].

9.3 The Model of the fife steps when producing cold-recycling asphalt.

Cold asphalt recycling mixes behave completely differently to hot-mixes. Hence the strength
development stages, and properties of the mix at these different levels can be divided into the
following five steps [Ref 28].

Stage one covers the mixing process of RAP granulate with water and emulsion. At this stage
the emulsion is still completely intact, which means that the bitumen drops are still moving
independently within the water (Figure 9.2 Stage 1). Hence the mixture is a pulpy mass.
Within this brown emulsion paste the granulate is floating and the emulsion is Spread
optimally, so that the minerals are all well coated with binder. This can only be guaranteed,
when medium setting or slow setting emulsions are applied.
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Unstable emulsions (UÖOK and U7OK) which are used as dust binders, Tack coats between

the application of two asphalt layers or when in-place cold-recycling is performed, are not to
be used.
For the in-plant production, it is most important, that the length of this stage is only as long as
is necessary to achieve a uniform mixture.

During the second stage the bitumen drops within the water can still be recognized, but they

are already fixed to the negative surfaces of the minerals so that they can not move
independently within the water anymore (Figure 9.2 Stage 2). The breaking process of the
emulsion already started. All mineral surfaces are completely covered with bitumen drops,
whereas the water begins to discard from the hollow spaces
The consistence of the mixture increases and changes from pulpy into a crumbly mass. The

material can be described as an open graded mass, with a good ability to purl. Since, the
possibility to recognize the bitumen drops within the emulsion is still given, the material has
still the brown color. However, the binder can be washed off with water if the material is

strongly shacked. This can be considered to be the perfect time for the mixture to be released
from the mixing process.
The emulsion must start to break while mixing. lf this not correctly safeguarded and the
mixture is released from the mixer on a truck before stage number two is reached, the material
will most certainly glue together. lf this happens, the material cannot be laid anymore, due to
bad workability.

The wide-Spread opinion, that the emulsion shall not break until the material is laid is not
correct. In order to prevent agglomeration it is necessary, that the emulsion starts to break,
before the mixture leaves the mixer. This way the discard water functions as a separation

agent. lf independent emulsion droplets are still available in the mixture, after the mixture is

released from the mixer these binder jumpers tend to connect to the already coated granulates
when they are discarded. Therefore the emulsion must be adjusted that way, that the
properties of stage one and two are completely developed during the holding time of the
mixture inside the mixer [Ref 29].

This is different compared with the in-place technique, where a emulsion is not supposed to
break until the material has been compacted [Ref l3].

In stage three, all bitumen droplets are amalgamated and have formed a complete coating of
the granular surface (Figure 9.2, Stage 3). However, a cohesion to ductile binder has not

taken place, therefore the minerals can still be moved among one another without any effort.
This effect is mainly supported by fact, that the water functions as a separation fluid. This
stage develops spontaneously within the material after it has left the mixer. Stage three can be
recognized by the color of the material, which changes from brown to black.

In stage three the material is still pourable as long as it contains enough water. Thus, the
mixture remains standing spontaneously, but also keep its transportation and laying
capabilities. Immediate compound does not occur, only if the mixture is compacted.

lf step three is developed well and if the water content is kept constant, the mixture can be
stored or stockpiled for weeks.
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Figure 9.2 Schematic representation ofthe different setting breaking stages of emulsion bound mixes
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Step four is only achieved when compaction energy is applied to the mixture. In this step all
emulsion droplets are not anymore detectable. The binder separates itself and forms a
compact coating whereas the water gathers itself in the residual hollows when compression
forces are applied to the mixture from the outside.
Besides, that also the contact surfaces extend themselves constantly by approximation of the
mineral granules, due to the compaction energy. The influence of the water decreases
constantly, with the effect, that it looses its function as a compression aid.

The transition between stage three and four is therefore mainly a matter of compression. This
compression or compaction strength can only be continued for as long, as the water is still

effective as a compression aid.
Further is the efficiency of the compaction work performed very much dependent on the
operation weight of the rollers used. ln general, the following statement is valid: The heavier
the rollers, the more effective is the compaction work. In addition, the number of rolling

transitions have also a great influence. Thus, the mixture is bonded strongly in this step, so
that it forms a permanent connection.

The final stage, where all the desired properties are achieved is step fife. There the binder
develop its full strength and the mineral granules receive the closest by compression,
accessible distance to each other. When finally the water has completely gathered in the
hollows and when it has completely evaporated, the desired final properties are achieved.

A special importance during all stages of the hardening process must be paid to the
development of the binder cohesion and the adhesion of the binder to the mineral surface.

The cohesion forces are mainly dependent from the compaction forces which have been
applied to the mixture. If the connection between the granules are separated, the cohesive
forces can be reactivated by applying compressive strength.
If however the adhesion forces of the binder on the mineral surface are insufficient, the binder

has a strong tendency to peal off the granulate instead of sticking to it, or coating it.
Therefore, the adhesion forces must always be greater than the cohesion forces to guarantee
fully coated minerals, even when they are mixed, transported, laid or compacted. Table 9.2
shows the main Characteristics of each stage.
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Table 9.2 Main characteristics of emulsion bound mixes each stage

   

stock-piling the

material.

opened to for the

traffic.

Stage One Stage Two Stage Three Stage Four Stage Fife
Color Light Brown Brown Brown => Black Black Dark Black

Location Mixer Before the mix is When transporting the When the material is On the site after the

_ released from the mix between the plant laid on site, but before base has been opened

and Time mixer and site. Or when the placed layer is for the traffic

 

Process and 0 Mixing of a

homogenous mass

0 The consistence

increases. The

0 The material stays

immediately in the

o When compaction is

applied the water

0 All the rest water

has gathered in the

        

9.4 The total binder content and amount of emulsion to be added

 

The breaking Process started

 

Compaction energy is applied

COUSlStence of granulate, plumpy mass becomes same form as it was evaporates and hollows.
water emulsion more crumble. placed. gathers in the hollows. o Once all that

and other o Increase of contact remaining water has

additives. 0 The material can be area. Water functions evaporated the mix

o Minerals are stockpiled in this as a compaction aid. has reached its end

floating in the stage for up to one stability.

emulsion. year. o. Toppings of the

base can be applied

afterwards

Plumpy mass Pourable mass Stiff mass Stiff base Hard base

Bitumen They can move They can still be The droplets are The droplets are not Final stage, the full

independently in recognized but they amalgamated. The recognizable anymore. connection strength of

Droplets the water. are already fixed to minerals are The binder is the binder has

the negative surfaces completely coated compact. developed.

of the mineral. with binder.

I 4 I 4

This is probably one of the most difficult steps, when working with emulsions and when

composing emulsion mixes. As discussed in the previous chapters, various emulsions with
several modifications are offered on the market. Therefore it is necessary, to find the most
suitable emulsion during the pre-test session and then produce the mixture in the plant with
the same type and amount of emulsion. Table 9.3 gives an rough overview of the emulsion
content based on a BE 60M emulsion (60% bitumen and 40% water) and the total binder

content, divided into base courses and wearing courses of cold-recycling-mixes as per the
experience of the National Swedish Road and Transportation Research Institute (VTI). These
figures are not yet part of a specification, but laboratory and field tests have performed well
within these limits.

Table 9.3 Practical emulsion and binder contents

Residual Binder Content Added Emulsion Total Amount of Binder

  

Base course

2t06% (4,0 %)
Wearing course

3t06%

* All percentage ratios a based on weight

(4,5 %)

All percentage ratios relate to dry-
density
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Base course

l,0 to 2,5 %

Wearing course

2,0 to 4,0 %

Base course

0,6 to 1,5 %

Wearing course

1,2 to 2,4 %

 

Total emulsion incl. water content

(1,5 %)

(3,0 %)

Only binder content in the emulsion

(0.9 %)

(1,8 (70)

Base course

4,5 to 6,5 %

Wearing course

 

  

(5,5 (70)

5,0 to 7,5 (6,25 %)
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Properties such as stability durability, friction, texture are significantly affected by the quality
of Virgin binder in the mix [Ref 12]. Emulsified mixes with a emulsion content less than 1,0
0/0, tend to ravel, whereas those having emulsion contents of about 4,0 0/0 were found to rut

earlier. Therefore it is recommended to start the pre-tests with a content of 1,2 % and than
increase the content by 0,4 0/0 emulsion by each step [Ref. l7].
Tests performed in Germany recommend similar total binder contents like those listed in table
9.3. Also the German specification on bituminous bound base layers at the present stage
requires in chapter 4.4.3.2 of the ZTVT-STB 95a minimum total binder contend of 5 per cent

of a BE 60M.

It is necessary, to estimate the right binder content on a basis of the best combination of

stability, density and maximum resistance to water and loads in addition to meeting the
desired requirements. This can be best done by testing various samples with different binder
contents and binder types.

9.5 Modification of the mixture with cement

Cold recycling mixes can be modified with different types of cements. Depending on the
pulverization ratio and the type of the cement, the mechanical properties of the cold mix
increase and the curing timecan be reduced [Ref 21].

The setting behavior of only emulsified mixes differ completely from those of only
unmodified mixes. Through the addition of cement, the setting of cement starts as soon as the
matrix of the emulsion becomes unstable. From then on, the setting of the cement dominates
in the mixture. Whereas the emulsion only acts as a lubricant between the cement crystals.
The higher the amount added of cement in the mix is, the higher will be the increase of the

hydraulic properties in the mixture [Ref l3].

A combination of emulsion and cement could therefore be used to develop a mixture with the
maximum properties of both, cement and bitumen emulsion-bound bases. This way the good
mechanical properties originating from the cement can be combined with the good durability
performance from the emulsion, reducing the disadvantages like shrinkage, cracking and
workability of the cement. The result could be an optimized mixture with a maximum in
strength and durability adjusted to the desired properties of the mixture demanded, by the
requirements of the road type, the daily traffic volume and the climatic conditions. Figure 9.3
gives an schematic overview on how cement and emulsion influence the properties of a cold-

recycling mixture.

Figure 9.3 Basic concept of cement modified mixture
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The required amount and type of cement to compose the most suitable mixture, must be
ascertained in the qualification tests. lf cement is used in a cold recycling mixture the
following properties of the mix are influenced:

0 The tendency of cracking compared with only bydraulic bound bases is reduced.

0 Higher compaction ratios, with a less high air void ratio can be achieved.

0 The curing time is reduced and the green-stability of the mix is significantly higher.

Experience and tests performed in Germany have shown that the amount of cement required is
between 2 to 4,5 % by weight [Ref 4]. However the amount can fluctuate dependent on the
amount of fines and the water content within the mix.
If for example the RAP material to be used has been exposed to rain so that the total water
content is above the optimum water content cement can be used to regulate the total water

content. If the mix is rich on fines or even contains small amounts of clay defilement the
amount of cement needed to increase the stability is a bit greater.

Lewe and Witting report in their in-depth study on the problems occurring from tar bound
RAP material, that a amount of 3,5 0/0 cement in the mixture helps to decrease the solubility of
polycyclic hydrocarbons and phenol as shown in figure 6.1. Additional amounts of cement do
not decrease the solubility anymore. Amounts exceeding this ratio, only increase the stability
properties of the mixture [Ref 38].

Besides, through the addition of cement the price of the cold mix can be reduced, when
emulsion is replaced with cement, since the prices for cement are still below that of bitumen

emulsion.

Cement must be added to the RAP granulate before the emulsion and water are added. It is
advisable to first dry mix the cement with the finer fractions to achieve a homogenous spread
of the cement in the mix. Another possibility is to dissolve the cement in the water and then
add this suspension of cement and water to the granulate before the emulsion. By using this
method, the dust development in the mixer can be prevented.

Different then expected have recent test results presented at the emulsion congress at
Bordeaux (Sep. 97), performed by Smid and Hollander in the Netherlands on stockpiling
cement modified cold mixes confirmed, that the storage is not significantly influenced within
24 hours before compaction is applied, as long as the material is prevented from excessive
water evaporation and from rain. This is because the hydration reaction is slowed down by

the encapsulation of the cement particles by the bituminous coating. Hence, the cold mixes
blended with cement can also be produced in central production facilities, without
endangering the workability which is dependent from the pot-life [Ref 2 l ].

9.6 The optimum moisture content in the mixture

The dosing of the water is also extremely important, since cold-mixes like other water
containing mixtures mainly follow geo-technical laws which also have a strong influence on
the compactibility, workability and the mixability of the material. This means in terms of the
compactability, that the water besides the emulsion influences the achieved compaction ratio,
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since the liquids within the cold-mix can be considered to function as compaction aids, similar
to the function of the heat in hot-mixes.
When estimating the right amount of moisture for a mix composition, a Proctor Test will have
to be performed first. A recommended moisture content to start the Proctor Test should be at
least 3 % below the expected optimum moisture content. The peak point of the Proctor curve
is considered to be the optimum moisture content (OMC).
When composing the mixture, it is however advisable to not apply the OMC determined in the

previous Proctor test, but instead to stay 0,5 to 1,0 % behind it on the dry side of the Proctor
curve. This way variations in the moisture content of the granulate can be compensated.
Further, the negative effect of weak compaction on the wet side of the Proctor curve can be
avoided.

Too much water in the mix the effect, that the pavement becomes more susceptible to
deformation under traffic, since the curing takes much more time and the compaction ratio
achieved during the construction process is poor.
Poor compaction ratios achieved on the dry side however, can still be compensated within the
same working step by applying more compaction energy.

Dependent on the emulsion content and the moisture content of the granulate, the amount of
additional water to be added to the mix is determined by using the following formula [Ref
15]:

 

|| w Gm, + w Em + 1/2 B + w Add = Proc 0,, - (a) with a > 0 [I

W Gm., Moisture content of the granulate

W Em Water content within the emulsion

B Em Binder content in the emulsion

W Add Additional water to be added to the mix

Proc om Moisture content in per-cent, at the optimum proctor density

9. 7 Air-void content

The air-void content is a value used to distinguish the permeability of the material for water
and air. Experience from asphalt used in hydraulix engineering for medium sized aggregates (
0/16 and 0/22 mm) in the mixes, are used to classify the permeability depending from on air
void content as follows [Ref 40]:

< 3 Vol. % Asphalt is not permeable
3-5 Vol. 0/0 Asphalt is almost leak-proof
5-8 Vol. % Asphalt is low permeable
> 8 Vol. 0/0 Asphalt is permeable

A low air-void content hinders the water from penetrating into the structure. Thus dust,
oxygen, salt, frost etc. are kept away from destroying or aging the pavement, which means
that, the weather resistance, resistance to abrasion and the flexibility of the material are not

endangered. Pavements which are almost leak-proof are considered to be very durable.
If tar containing granulate is to be used in road construction, the air void content must be
below 4 Vol. % after compaction, to ensure that the pores are plugged securely in the
foundation layers [Ref 22].
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For hot mixes an air-voids ratio of 3-5 Vol. % is recommended, since the after traffic

compaction will not cause the pavement to bleed, which is very common when the air-void
ratio is below l Vol. %.

However, the situation when using cold-mixed asphalts are different. Emulsion-bound
pavements need to have a higher air-void content to allow the emulsion to cure. Contents
between 15 Vol. 0/0 at the maximum and 5 Vol. 0/0 at the minimum are recommended,

especially since the air-void content in the pavement in many cases is again reduced by 2 to 3
Vol. % due to after traffic compaction as shown in figure 9.4.

Figure 9.4 Research resultsfrom the sections 1 to 6 of the cold in plant recycled road 63 in Värmland
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.Besides the type of compaction used to prepare the samples, also the temperature of the cold-
mix material also has an impact on the air-void content.

The 400 C warm material, which is still considered to be a cold-mix and not a semi-warm

mixture, proved to have an air-void content of only 2 Vol. 0/0 during some tests performed by
the Vägverket Production Division in Borlänge. At VTI this impact had been realized before
and therefore is the static compaction for the Marshall specimens in their laboratory
performed at room temperature. This also proved to be more realistic if the results figure 9.4
are taken into consideration. The diagram clearly shows that the air-void content achieved
during the compaction process in the field is similar to the air-void content achieved in the
laboratory at room temperature.

9.8 Rutting of emulsion-bound pavements

Emulsion-bound pavements have a higher potential risk for rutting due to after compaction
(change of air-void content by densification) , since their stiffness and stability is developing
dependent on the curing of the mixture. The permanent deformation occurs, when a load is
applied to a bituminous mixture because then, an element of strain which is induced will
remain after the load has been removed. Especially during the first year, the accumulation of
permanent deformation under repeated loading from channelised vehicular traffic can lead to
the deformation of longitudinal depressions, so called ruts inthe wheeltracks. Such rutting is
one of the principle forms of distress which affects the flexible pavement construction and
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while it does not necessarily constitute a structural failure, it does have a major effect on the
pavement serviceability and maintenance will be required to restore the profile.

While there is a densification as shown in figure 9.4, dependent on the air-voids and the
stability, the permanent deformation is principally due to the shear flow without volume
change. Rutting as shown in figure 9.5, tends to occur, or at least develops at a greater rate,
where the emulsion-bound pavement is subjected to high temperatures and / or high single
axial loads during the first year under traffic until the pavement has cured and the stability has
increased.

 

Under these conditions, the viscous properties
are dominant, increasing the propensity to flow.
Furthermore the granulate particles are not
rigidly restrained in the matrix, facilitating the
development of plastic strain.

Figure 9.5 Principle ofrutting as a matter of
shear deformation
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diplacement of material

Table 9.4 provides a useful summary of the

various factors which may affect the resistance to
permanent deformation. Besides the ingredients
in the mixture, the properties and the
surrounding conditions can affect the rutting. It
is extremely important to keep this in mind when
designing a road using RAP granulate [Ref 29].
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Table 9.4 Factors affecting rutting of emulsion-bound pavements

                 

Factor Change in the factor Effect of the change in the factor on

the rutting resistance

Surface texture smooth to rough Increase

Aggregate Gradation Gap to continuous Increase

Shape rounded to angular Increase

Size Increase in maximum size Increase

Binder Stiffness Increase Increase

Total binder content Increase Decrease

Mixture Air-void content Increase Increase

Compaction degree Increase Decrease

Age of the pavement Increase Increase

Test and field State of stress /strain dependent on the Increase Decrease

conditions single axle loads

Load repetitions, dependent on the Increase Decrease

number of vehicles

Water Dry or wet Decrease if the mix is water sensitive

 

9.9 Comparison between the various compaction methods in the Iaboratory

 

When the question of the most suitable and realistic compaction method of emulsion-bound
mixtures is to be discussed, the fact that the material is mainly reacting like a earthwork

material or soil, has to be kept in mind.

Therefore earthmechanical laws apply which are very strong dependent on the water content
within the mixture.
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At present the following four different ways for compacting bituminous masses in the
laboratory are known in the asphalt concrete technology:

l. Marshall Compaction
2. Static Load Compaction / Duriez Compaction
3. Gyratoric Compaction
4. Proctor Compaction

9.9.1 Marshall Compaction

During the several tests in the past, it was found that the conventional Marshall compaction as
performed when preparing hot-mix specimens in the laboratory, is not suitable for
compressing emulsion-bound mixes. The problem that occurs at this compaction process is
that the impact energy of the blows is insufficient to press out the water, which has gathered in
the hollows. This gives the effect that the impact force only bounces when it hits the sample,

not causing a effective degree of compression [Ref 32].

Additional to that the conventional test procedure for the preparation of Marshall specimens at

60° C is not suitable, since the properties of the mixture are altered. In addition, the cold mix

would have to be considered to be a semi-hot mix, with different properties, making it hard to
compare the results with the reality. Therefore needed the test procedures to be modified by

changing the temperature to 40° C [Ref 32]. However, this did not change the problem that

the compression force caused by the blows was ineffective did not change since the hydro-
static stress was even higher at the lower temperature.

In general it can be said that the Marshall compaction is not of the desired effectiveness and
thus considered to be unsuitable for the compaction of cold-mixes as can also be seen in
figure 9.4.

9.9.2 Static compaction / Duriez compaction

Several research works have been performed during in the past, comparing the several testing
methods with each other. As a result of this different test procedures were developed. ln
Germany and Austria the in French-developed Duriez compaction method whereas Sweden

focused on using unmodified Marshall molds in their static compression procedure. ln both
cases however, a static force is applied to the sample at a certain speed transferred by free
movable punch plate at the top and a fixed one at the bottom, until a given maximum load is
reached. Once reached it is reached, it is held for a defined time. Figure ,9.6 shows

schematically the compression process of the two types.

Due to the earlier mentioned fact, that the water in the mix builds up a hydro-static pressure
when the sample is compressed, the punch plates of the Marshall cylinder mold in the Duriez
compaction were modified. Therefore, a total number of 24 holes, with a diameter of 2 mm

were symmetrically placed around each plate to reduce the pressure and to allow the water to
evaporate.
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Normally a single piston compression (Figure 9.6) is used for the production of Marshall test
specimens. For the higher Duriez specimens, a double piston compression is needed to ensure

that no friction builds up along the mold sides.

Figure 9.6 Static compression in an schematic 0verview[Ref. 22]
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The static compression pattern used at VTI, does not require any modification to be done to

the Marshall mold nor the punch plates [Ref 22].

Once the hydro-static stress is reduced by pressing out the water, the impact of the
compression force is transferred to the mixture and the mineral skeleton, by forcing the
particles very close to each other. This type of densification is very much dependent on the
time, because of the inertia of the water to evaporate.
Therefore, the pressure must be held for a certain time to assure that the compression force
applied overcomes the tenacity of the harder binders at room temperature. This causes the
particles to glue together, so that higher compression forces are needed to shift them into
pos1tlon.

Tests performed at VTI have shown, that the compaction ratio and air-void content of cold-
mix samples compressed with static force correspond with the compression achieved during
the construction process, as can be see in figure 9.4.
Therefore the static compaction method was found to be the most suitable and realistic
method, when compacting cold-mixes.

9.9.3 Gyratoric compression

This rather new technique, to compress test specimens is a main element of the
SUPRERPAVE-Asphalt-Estimation based on the results from the SHRP investigations in the
US. This type of compression was originally designed for hot-mixes, but has also been used
for cold-mixes recently.
Gyratoric compactors are compression devices simulating the kneading compaction of the
rollers in the laboratory by applying a pressure of 600 kPa to the material through a punch
with a ball and socket joint between the loading component and the shaft of the punch. The
mold containing the material to be compressed rotates around the punch at a Gyratoric-angle
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of 1,25O and a speed of 30 rpm a minute. Figure 9.7 shows the schematic cut through a

Gyratoric compactor as it is used for the preparation of hot-mix samples.

Figure 9. 7 Gyratoric compactor
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Recently published test results with cold-mix samples performed by the Norske Silingeniørers
Förening show that the compaction achieved in the laboratory at room temperature were
similar to those in the field after one year. Their approach was to use the density received
after 200 cycles as the maximum density (basis for further calculation). During the second
compression process or the final compression only as many cycles as necessary to achieve
97,3 % of the maximum density are applied to the mixture. This way realistic mechanical
properties of the mixture where obtained. It was further found that the shear resistance
determined during the Gyratoric compression is a useful tool to predict the workability and

also stability of the material.
In general the air-void contents are lower and the density of the specimens are higher.

However these properties depend very much on the amount of cycles and the test temperature.
The higher the temperature is the denser and more stable will be the compressed mix.

For more detailed information more data must be gathered and compared with the field
performance, before further conclusions can be drawn. Nevertheless this type of Compaction
seems to be a realistic way of preparing test specimens, since the compression action of the
field is similar.

9.9.4 Proctor compaction

The Proctor compaction has been used in Germany and in Sweden to produce test specimens.
The main argument for using this kind of compaction method was the earthwork type
behavior of the emulsion-bound material, because of the water content in the mix.

The results of the proctor compaction compressed samples were insufficient in order to
achieve realistic bulk densities and stiffness [Ref 32]. Hence this technique is not anymore
applied so often.
For the estimation of the optimum water content during the mix design pattern however, the
Proctor compaction is a very useful and necessary test method.
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10. The Laboratory tests performed with cement modified cold-mix
asphaH

10. 1 Background and description of the test program

During the past few years, the Swedish National Transportation and Research Institute (VTI)
has set great store into the development and improvement of cold asphalt and cold recycled
asphalt mix designs suitable for the secondary road system in the northern parts of Sweden.
This was necessary to replace the earlier used oil gravel with emulsion-bound pavements.
Both pavement types were found to be most suitable for the climatic conditions of the North,
due to their good performance during the freeze-thaw tests. This flexible behavior and the
frost resistance are very important, because these pavements do not crack during the
movements of the ground and sub-bases in between the seasons.

Since cold asphalt recycling becomes more and more popular throughout Scandinavia,
occupying at the meantime a market share of over 60 % in the reuse of RAP, it is increasingly
necessary to improve the green-stability of the material in accordance to the durability and
flexibility. Hence emulsion-bound pavements have a relatively high tendency to rut under the
first year of traffic, because that the stability develops depending on the curing rate.
Further, there have been several investigations to modify the emulsion-bound pavements with
stabilizing additives or by using harder binders with a lower penetration.

Just recently published results from Nynäs and Skanska at the emulsion congress in Bordeaux
(Sept. 97), show that a conventional B-180 without any softening additives can be used to
improve the stability and the stiffness, without a considerany high loss in the workability of
the material. There approach was to see the cold, hard binder as part of the aggregate.
therefore they added a binder with the same hardness would be used to manufacture the

corresponding quality of new asphalt [Ref 38]. This is in most cases as per Väg 94 a B-180.

Hitherto, only soft bitumen emulsions with a viscosity between 10.000 and sometimes only

2.500 mmz/s at 600 C were used for the production of the cold mixes. However, most

commonly 3 per-cent of a BE 60M/2000 emulsion (viscosity of 2000 mz/S, at 60° C) are used

as a binder in cold recycling mixtures.

With the scope of this diploma thesis, the difference in the properties is to be examined, when
the mixture is modified with different portions of cement CEM I 32,5. Further, the changes in

the behavior and mechanical properties will be investigated when the conventional BE
60M/2000 emulsion is replaced by a stiffer BE 60M/B-180 and in 2 series is applied together
with cement.

The aim of this test program is to find a mix composition with maximum hydraulic (stiffness /
stability), but also bituminous (durability / flexibility) properties similar to the diagram shown

infigure 9.3. This means for the praxis that the mixture must be easy to mix and lay, but also

increase the resistance against rutting.
Hence, the following mix designs have been setup, based on the experience and performance
of various cold-mixes and cold-recycling-mix test programs performed by VTI.
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Table 10.] Test program

        

Series Type of emulsion Amount of emulsion Amount of water Amount of cement in Amount

in weight % in weight % weight % of samples

No. 1 BE 60M/B180 3,0 3,0 0,0 6

No. 2 BE 60M/B 180 2,0 3,0 1,5 6

No. 3 BE 60M/B180 3,0 3,0 2,0 6

No. 4 BE 60M/2000 3,0 3,0 0,0 6

No. 5 BE 60M/2000 2,0 3,0 1,5 6

No. 6 BE 60M/2000 3,0 3,0 2,0 6

        

The extend of the test program to be performed with these six different test series, include
standard tests in accordance with the Swedish Standard Specifications for the Testing of
Bituminous Materials (FAS). Since Sweden is a member of the European Community, most

of these tests are also implemented into the working drafts of the European Standard.

In this test program the following tests will be performed by using the VTI laboratory pattern

shown infigure 10.1.

a) Determination of the bulk density and air void content
b) Determination of the theoretical maximum density using a pycnometer and water
c) Calculation of the air-void content

d) Marshall flow value and Marshall stability test
e) Determination of the resilient modulus of asphalt concrete by indirect tension test
f) Determination of tensile strength from indirect tensile test
g) Determination of water sensitivity of bituminous specimens using the indirect tensile test

Figure 10.1 VTI Laboratory pattern
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Furthermore the intention of VTI is, to gather information on the behavior and the properties
of this and from several other test programs, so that similar guidelines like the BBL for cold
mixes using Virgin aggregates, and maybe in the future even a specification for cold recycling
mixes can be worked out. Other than in the past, these guidelines will focus mainly on the
performance related properties than on the mix properties, just like in this test program.
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10.2 The ingredients of the mixture

10.2.1 The granulate

The granulate used in this test program, originated from a re-construction job performed in
Eskilstuna (southern Sweden). The asphalt material was crushed and stockpiled close to the
location from were it was reclaimed and has been used during the summer of 1997.
It has to be noticed, that the granulate has not been blended with further Virgin aggregates to
change the gradation line of the material. Only the grain sizes exceeding 22 mm have been
separated before using the granulate for the preparation of the samples. .which The gradation
line of the material as shown in figure 10.2. Prior to the selection of the mix designs for the
pre-tests, the residual binder content of 4,3 % in the granulate was determined by extraction.
In addition to that the penetration of the binder was determined to be 28 mm. In this case we
had a relatively low binder content of aged bitumen in the granulate.

To the elucidation of the quality and the usability of the material, the bordering-granulate-
distribution-curves of hydraulic-bound base courses (HGT) produced of granulate, have been
implemented into the figure. These lines are in accordance with the ZTVT-StB 95 regulation.

Figure 10.2 Gradation line from the Eskilsuna RAP material
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The comparison, between the HGT material and the granulate from this test program has been
chosen by the author, because virgin mineral aggregate gradation lines can not be used. This
is because the actual size of the granulate is smaller than the size of the new unbound
material, since the granulate is always covered with a certain amount of more or less aged
binder with fines and other grains sticking to it. ln most cases the crushed rock within a
granulate particle is smaller, than the size of the whole granular particle.
If however RAP is to be compared with the gradation curves of virgin aggregates, a extraction
process will have to be performed prior to the gradation.
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102.2. Emulsions

Two different cationic, medium setting emulsions were used. Both emulsion types were

produced by the Production Division of Vägverket in Orebro. The two types can be
distinguished by their Characteristics as follows:

BE 60M/B-180 B 180 is according to the Swedish Binder specifications (in VÄG

94) a quite soft conventional bitumen (penetration grade 180) with the following most
important Characteristics.

Penetration at 250 C (mm/ 10) 145-210

Softening point (OC ) 38-44

Kinematic viscosity at 1350 C (mmz/s) 2 180

Dynamic viscosity at 600 C (Ns/mZ) 2 45

Fraas breaking point, after TFOT (OC ) S -15

Ductility, after TFOT (cm) 2 100

BE 60M/2000 The bituminous binder in the BE 60M/2000 is a so called soft

bitumen according to the Swedish Binder Specifications, with an average kinematic viscosity

at 600 C of 2000 mm2/s. A flux product is added to the B 180 type bitumen. Here the flux

product used was a destilled oil produced during the production of bitumen from crude oil.

10.3 Production and compaction of the specimens

The dried granulate was mixed in an Horbat mixer. First the cement has been added and was

well mixed with the granulate before the water and later the emulsion were added. The
mixing time was about 3 minutes. lf however, by visual inspection the granulate would have
been found to be not fully coated with an emulsion film additional mixing would have been
necessary. Besides, must the tests be repeated with another type of emulsion (modified or
different electric charged) when large portions of the mineral cannot be coated.
Approximately 7 Kg of cold recycling asphalt were mixed each time, enough for one series of
six specimens. After the mixing in the Horbat mixer was completed, the specimens were

prepared by dividing the mass into 6 equal pieces and filling the Marshall-Test-Cylinder forms
(Diameter 101,6 mm/ Height 90 mm) with approximatelyl,1 Kg mixture.

During the discussion for the most suitable compaction method in chapter 9.8 it has been

explained and proven that the conventional Marshall compaction at 600 C is unsuitable for

emulsion-bound pavements, because the blow compaction is not sufficient to press out the
water gathering in the hollows. Therefore the static compaction method has been found to be

most suitable for this test program.

The compaction is performed at 250 C and has obtained realistic results during the past as can

be seen infigure 9.4. Hence the following procedure has been used:

1) After the molds for the Marshall cylinders have been filled, 20 poking strikes in the outer
parts and 20 in the center of the sample are to be applied to pre-compact the material before
the compaction.
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2) After the Marshall-cylinder hasbeen correctly aligned under the press, a force with a speed
of 1,3 mm/min is applied until a pressure of 56 KN or 7,5 Mpa is reached. At that point
the load is held for 60 sec before the strain is released.

3) The specimen is stripped from the form after it has been stored for 1 to 2 hours at room-
temperature.

4) All samples are stored at 40° C for 7 days, before the test program can be performed.

10.4 Bulk density and air-void content

In order to estimate the bulk density of the specirnens, they needed to be measured and weight
according to the Swedish Standard Specifications FAS 448, which are equivalent to the

European Standard Draft CEN/TC 227 after they have been stored at 40° C for 7 days.

Four measurementswith an accuracy of 0,1 mm evenly spaced around the perimeter of each

specimen, were taken to determine the height of the sample. Each measurement was made
approximately 10 mm in from the edge of the sample.
For the measurement of the diameter two measurements perpendicular to each other at the top
and the bottom of the specimen were taken.
By using the average height and diameter, the volume was calculated. Dividing the weight

through the volume of the specimen, the bulk density was calculated.

In order to be able to calculate the air-void content within the mixture, the maximum density

was determined by crumbling one sample of each series after the Marshall stability test into

small pieces.

Then the small pieces were put into a pycnometer, which was filed with 30°C warm water.

The so prepared samples were then exposed to a vacuum of 4 kPa for a duration of 15
minutes.
At the same time the pycnometers were vibrated to assure that the entrapped air was pr0perly
evacuated and replaced with water. After that the pycnometers were filled up to the very top
and were closed with a glass lid so that no air remained in the pycnometer.
By dividing the dry mass through the wet mass considering the density of the water and the
volume of the pycnometer the maximum density was determined.

The air-void content was then calculated by using the following formula:

 

HAC=Md-Bd/Md =*= 100 (Vol. 0/0) l

 

AC Air-void content

Ma Maximum density

Bd Bulk density

By adding cement to the mixture the air-void content was expected to decrease, since by
increasing the amount of fines the gaps between the larger particles were expected to be filled.
However, the effect was completely different. lnstead of a decrease an increase in air voids
was noticed. The cause for this might be that the cement reduced the workability by binding
the water at an early stage reducing the total liquid content. This conjecture is further backed
by the impact of the cement / emulsion ratio. As per figure 10.3, it can be clearly seen, that
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the air-void content is higher, When the cement content compared to the emulsion content is
increased. This effect is independent from the type of emulsion used.
Further, the impact of the total binder content within the mixture has a great influence on the
air-void content. Since the residual binder content was low, the relatively high air-void
content can be explained.

Figure 10.3 Test results of the air void contentsfrom the testprogram

(BE 60M/B-180 ) §5 GOMNiscosity 2000)
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Therefore, the results lead to the conclusion that the workability is reduced by the addition of
cement, but not by the emulsion type. Additionally will higher compaction energy be needed
to reduce the air voids to the desired target density.

In the future the effect of substituting normal setting cement (CEM I 32,5) with a slower
setting blast furnace slag cement (CEM III A 32,5) on the workability and other properties
needs to be investigated during further test programs with cement modified cold recycling

mixtures.

10.5 The Marshall stability test

The Marshall stability is determined by applying a static compression force to the test

specimen at 25° C. Therefore a conventional Marshall test apparatus with a minimum

capacity of 28 KN is used to apply the load at a constant deformation rate of 50 mm (i 2 mm)

per minute to the specimen, which is maintained throughout the loading application.

At VTI we have been using a graphical plotter to record the deformation and the maximum
load. Afterwards, the Marshall-Stability and the Marshall-Flow we're calculated according to
the European Standard Working Draft CEN/TC 227/WG1.
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Figure 10.4 Test results of the Marshall stability s from the testprogram

(BE 60M/B-180 ) êE 60MNiscosity 2000 )
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The Marshall stability results of this test program can not be compared with those from other
hot-mixes, since these are performed at higher temperatures, whereas the Marshall stability s

for cold-mixes and cold recycled mixes are determined at room temperature (250 C). This

temperature was chosen because, cold mixes usually are composed of soft bitumen emulsions

with high viscosity.

From figure 10.4 can be seen, that the Marshall stability increased independent from the

amount of air-voids. lt must be noted, that the correlation between the air-void content and

the Marshall stability is different than expected, since case the maximum Marshall stability°s
were achieved at the maximum air-void content. This is very unusual and normally the values
at lower air-void contents are higher. The cause for this might be found in the high quality
and well gradation of the used aggregates. Further the effect that only a relatively small
amount of residual binder (4,3%), which was already aged, improved probably the values of
the Marshall stability s. These conclusions can be drawn due to the relatively high Marshall
stability s which were achieved by using the conventional BE ÖÖM/2000 emulsion.

Both, the type of emulsion and the modification of the mixture with cement had an impact on
the test results. Again the effect of the harder emulsion prompted in 40 % higher stability
values. The addition of the cement at the same amount of emulsion caused only increases of 3
to 10 % in stability. Besides, is the effectiveness of cement higher when used together with

the conventional emulsion than with the harder ones, which is probably dependent on the
higher stiffness of the less viscous emulsion.
Another interesting aspect was that the Marshall stability increased, the higher the cement /
emulsion ratio was. In this case the hydraulic properties dominated the mixture.

In all cases the risk of potholeing and stoneloss can be considered to be very low since the
stiffness of the pavement is high. Thus, the green-stability has increased by using cement and
the harder emulsion in the right portion.
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10.6 Indirect Tensile Test

The Indirect Tensile Test (ITT) has been used at VTI for evaluating the resilient modulus

based on repeated load strains and the indirect tensile strength based on static load stresses of
base course layers from various pavement types. This method has been chosen due to its
convenience for routine measurements. These two methods are used to evaluate the bearing
capacity flexibility and the fatigue properties, which contain fundamental information of the

pavement.
Because of the effectiveness and the aspects of costs, a Marshall test head was modified and is
now used for the testing of emulsion-bound pavements.
Figure 10.5 shows the loading device used with a couple of extensometers mounted on the
test specimen.

Figure 10.5 Specimen with extensiometers in the loading devicefor indirect tensile test

Lnall cell

  
  

Asphalt specimen

Extellsomeier

 

Loading strip

The indirect tensile test involves the loading of a cylindrical Marshall test specimen with a

single or repeated compressive load, which acts parallel to and along the vertical diametrical
plane of the specimen. To distribute the load and maintain a constant loading area, the

compressive load is applied through a stainless steel loading strip (width 13 mm) which is
curved at the interface with the specimen and has a radius equal to that of the specimen.
Along the front and the back face of the specimen, recording devices are adjusted, which are

able to measure the breaking force within 0,05 KN of the applied force.
This loading configuration develops a relatively uniform tensile stress perpendicular to the
direction of the applied load and along the vertical diametrical plane. Ultimately, the
specimen fails by splitting along the vertical diameter due to a single applied load or repeated-
load applications [Ref 27].

10.6.1 Resilient Modulus or Elastic-Stiffness

The same equipment as shown in figure 10.5 was used to measure the resilient moduluses on

the Marshall specimens. Two samples of each series were tested at a temperature of +100 C,

according to the Swedish Standard FAS 454.

During this undestructive test, the specimen is loaded with repeated forces. Different then in
the sinusoidal loading, the impact of the traffic is simulated by loading the specimen with a
force of 200 N for 0,1 sec at a cycle time of '3 sec., wihle the specimen is given the
opportunity to move back into its original undeflected position during the remaining 2,9 sec..
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Similar to the tensile test performed when testing steel, the elasticity of the material, sharply
before reaching the yield point is measured. Until that stage, no permanent deformation is
caused to the specimen.
The ratio between applied stress and resultant strain is called the flexural stiffness modulus or

simply resilient modulus.

Figure 10.6 Test results of the resilient modulus from the testprogram

(BE 60M/B-180 ) §5 60MNiscosity 2000 )

1111:111
In the northern parts of Sweden the former practice was to look for less high indirect tensile
strengths. The reason for this was, that less high indirect tensile strengths are better resistant

to cracks, because the pavements of this sort are more soft and have a so called self-healing

effect . That means, that little cracks are closed by the impact of the traffic and the increased

softness of the pavement, which is dependent on the temperature.
If the deformation values are taken into consideration to compare the flexibility of the material
it must be noted, that they were very much alike, therefore the it can be said that the flexibility

at +100 C is not affected by the addition of cement nor by the substitution of the emulsion.

This however is not completely true, since the resilient modulus must also be taken into
consideration when talking about flexibility. Therefore, the results offigure 10.6 are used to
make statement on the impact of cement and less viscous emulsions to the resilient modulus.
As expected, both the harder emulsion and the cement content in the mixture affected the
elasticity of the material. The effect of the BE 60M/B-18O emulsion was immense. increase
rates between 80 to 115 % were noted. Further the influence of cement in the mixture caused

an additional increase of the results. However, the effect of the cement to the mixes

composed with the soft bitumen emulsion were greater then those of the harder emulsion.
The cause for this is probably found in influence of the higher stiffness at this type of
emulsion.
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A clear statement about the impact of the cement / emulsion factor can not be made, since the

results are not clear. In this case additional test samples would have to be composed to
increase the amount of values which then could be evaluated. Nevertheless, can be seen from

figure 10.6, that the mix series with a reduced amount of emulsion and additional amount of
cement (Series 2 and 4) have a higher resilient modulus. This indicates that the cement
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reduces the flexibility properties of the pavement. Therefore, the first presumption that the
flexibility was not affected by the type of emulsion or the addition of cement is wrong. In
both cases, the flexibility is very strong affected.

In terms of bearing capacity and resistance to the impact stresses of the traffic the samples,

composed with the harder emulsion and the cement modification, are better resistant. The

high values of these mixes series, reach nearly the average resilient modulus values of
conventional hot mixes for base courses. These are dependent on the type of binder used
around 7.000 to 8.000 Mpa.
lf roads of traffic class 2 and 3, with a strong resistance to traffic stress are to be build, the
improvement of the bearing capacity by applying harder emulsions and cement to the mixture
is recommended.

10.6.2 Tensile Strength

The tensile strength is estimated by using the same test apparatus setup as during the previous

test. The specimens are tested at 10° C according to the European Standard Working Draft

CEN/TC 227/WG1 for Bituminous Materials.
This time however, the aim of the test is to determine the maximum tensile strength which
means, that the specimen will be destroyed during the test. Similar to the well known
Marshall-Stability-Test, a load with a speed of 50 mm/min is applied to the sample. The top
peak of the strain curve is the maximum tensile strength.

Figure 10.7 Test results of the indirect tensile strength from the test program
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A strong improvement of the indirect tensile strength was noticed, by using the less viscous
BE 60M/B-l80 emulsion. The performance of the values accessed with the BE 60M/2000
emulsion on the other hand can be considered to be rather average compared with other test
results form the VTI databank.
The increase of all values by 80 0/0 compared to the series composed with the softer binder,
have also a strong effect on the fatigue properties. Especially, when the amount of vehicles
and the portion of heavy traffic increases (traffic class 2 and 3 roads) a high indirect tensile
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strength is recommended. This way the resistance of the pavement to permanent deformation,
due to increased load stresses is higher.

Further, a strong correlation between the air-void content and the indirect tensile strength was
ascertained in this test program. This is because of the before mentioned reduced workability
by the addition of cement to the mixture. Therefore, the indirect tensile strengths of those
samples modified with cement show lower results than the ones were only emulsion was used.
Dependent on the cement / emulsion ratio the impact of more cement compared to the amount
of emulsion prompted in the effect, that the indirect tensile strength decreased which can be
seen by comparing the results of series 2 with those of series 3 as well as when comparing
those of series 5 with those of series 6.

Hence it follows, that the indirect tensile strength increases with the decrease of air-voids and
further, that less viscous emulsions have a great influence on the structural design properties
of a pavement, since the bearing capacity is greater at higher indirect tensile strengths.

10.7 The water sensitivity test

In order to investigate the properties of cold recycling asphalt and its expected performance in
the field, the sensitivity of the material to water, within a test procedure can be considered to

be a very realistic test. Therefore, two samples of each series were placed into a pycnometer,

after they have been stored for curing together with the other samples in a desiccator at 400 C

for 7 days.
The pycnometer was then filled up with room temperature warm distilled water, covering all
samples completely. Then a vacuum of 40 mbars was applied to the samples for one hour.
According with a especially for cold mixes modified version of the modified version of the
FAS method 446 for cold mixes, the specimens were then left in the water bath at room

temperature for another 23 h.
Then the samples were prepared for the indirect tensile test measuring the tensile strength

after the water exposure. Therefore, the specimens were conditioned for another 4 h in + 100

C cold water, to assure the same testing conditions as for the dry specimens.

The tensile strength ratio (TSR) is then calculated by dividing the average tensile strength of
the wet by the average tensile strength of the dry specimen of each series. The following
formula is used:

 

||TSR = 100 - rTsW / ITsD II

The higher this value is, the less sensitive will the mix be to wet conditions.
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Figure 10.8 Test results of the water sensitivity from the testprogram
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The sensitivity of the new laid pavement to water, can not be compared or seen in relation

with any other test results of this test program.

Further, can no influence of the emulsion to the sensitivity of the mixture to water be seen

fromfigure 13.3, since the water sensitivity value is calculated by comparing the dry with the
wet indirect tensile strength. Therefore, the type of emulsion used, is of a secondary
importance when evaluating the water sensitivity.

The test samples which have been modified with cement show higher increased durability.
However, it is hard to draw a precise conclusion on how the cement / emulsion ratio affects
the durability, since the samples composed with the harder emulsion show an increase at a

lower ratio, as the samples with the softer binder.

In order to evaluate the impact of the cement / emulsion ratio with the effect that the BE
60M/B-180 is already stiffer and therefore might have an impact on the durability of the
mixture. Nevertheless it can be said, that by adding cement to the mix the durability
increases. That means that the resistance of the pavement to rutting dependent under the
influence of wet weather conditions can be reduced.

For the evaluation of the durability values from this test program with those of conventional
hot-mixes, the requirements are fulfilled in all cases were cement was added, since the

minimum durability figure is 70 %.

If roads with cold-recycling pavements are to be build in wet regions, mountain ranges or in
areas with a high ground water tables, the addition of cement is most certainly advisable.
Further it is recommended to add cement to the mixture during the construction works
performed during fall, due to the fact, that in many cases the pavement can not cure properly
is very susceptible to the impact of the winter and the winter maintenance.
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10.8 Summary ofthe test program

The research investigations have shown clear improvements in the stability and stiffness as
well as the water sensitivity by applying cement to the emulsion and by substituting soft
bitumen with harder bitumen emulsions. Therefore the test program can be regarded as a

success in the research of improving the quality of cold recycled pavements.
However, the results only refer to one special type of granulate with a low amount of aged
residual binder. Further, only a small test program with only two samples per series was
performed. In order to firm these results additional test series with different type of granulates
and extended tests need to be performed. Nevertheless, this test program was the first step
towards pavements with higher hearing capacity.

Summarizing can be ascertained that from all test series in this test program test series No. 2
composed of 2 0/0 BE ÖOM/B-lSO emulsion and 1,5 0/0 cement has achieved the most
satisfactory results for a durable and traffic resistant pavement.

Generally, the results from the performed test program show that there has been an higher
increase in the stability and stiffness of the mixes composed with less viscous emulsions than
the effect of cement to these properties. Further, the impact of polymer modified emulsions or
other stabilizing additives like cellulose fibers need to be investigated and evaluated by
comparing the results from previous tests and the overall costs.

In areas were wet conditions are very common, high ground water tables are found and in
mountain regions, it is advisable to apply cement into the mix to reduce the sensitivity of the
pavement to the impact of water.
As a result from this test program, it can be said that higher compaction energy will be needed
to achieve the desired target density (around lO Vol. %), since the cement has an strong
impact on the workability of the material shown in figure 10.3.

Further, cement and less viscous emulsions improve the hearing capacity dependent from the
resilient modulus. This effect is very important when cold recycling mixes are to be applied
for roads of the traffic class 2 and 3. Especially, since there is also an noticeable improvement

in the durability of the pavement.

Aside of the Norrland thematic, where in the past oil gravel was substituted with soft bitumen
emulsions and where the flexibility of the pavement was more important than the stability,
these improvements will definitely be reflected in future construction works also in the
northern parts of Sweden.
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11. Production of the mixture in a central plant

An cold asphalt plant is an assembly of mechanical and electronical equipment where Virgin
aggregate and granulate, redressed from RAP, are blended, proportioned and mixed with

bitumen emulsion to produce a cold-mix, meeting the specified requirements.
For the production of cold-mixes any type of plant that can produce an asphalt mixture

conforming to the specifications can be used. Regardless of the type of cold-mix facility. The
purpose to produce a cold mixture containing the desired proportions of bitumen binder and
granulate and meeting all specifications is the same[Ref. 33].

With regard to a uninterrupted production process of cold-mixes and hot-mixes, it is advisable
to setup a separate unit for the production of cold-mixes apart from hot-mix plants [Ref 19].
For the production of the asphalt mixtures conventional mixing facilities can be used.

Though, in most cases continuous mixing facilities are used, but the production of cold-mixes
in batching plants is also possible [Ref 12]. The difference between the two plant types is,
that batch plants combine the granulate with the emulsion one batch at the time, continuous
mix plants on the other hand blend the granulate with the emulsion in a continuous process
[Ref 33].

In poorly developed areas, like the northern parts of Sweden or the Outback in Australia, it is
not economical nor common to setup central plants just for the construction of a few

kilometers. Hence, they mostly use mobile plants (plants that can be easily moved from one
job to the next), existing of one or more transportable units. However, dependent on the
equipment used, the quality can vary.

As minimal fittings an additional silo for cement and one additional tank for the bitumen

emulsion are necessary. Dependent on the size and setting of the plant used, it might even be
possible to use one of the former binder tanks for the emulsion and convert one of the filler
silos into a cement silo [Ref. 19].

The probably most important device of a cold-mix plant is an automatically controlled binder
spray system similar to the schematic one shown in figure 11.1. This type of spray system
assures that, the granulate is properly and sufficient coated with emulsion.
If the total binder content is too high the durability increases and the mix will be softer,

therefore the material has an increased tendency to segregation of binder and deformation.

Figure 11.1 Schematic overview of the spray bar setup
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If the total binder content is however too low the stability properties increase, but the mix has
a bad workability, is hard to be compacted and is highly susceptible to stoneloss. Hence, it is

absolutely necessary that the measuring and dosing devices are well working, to guarantee a
homogenous cold-mix [Ref. 11].

Prior to the production, suitability tests based on the requirements of the new road, have to be
performed. During those tests the sieving line, of the most suitable mixture is estimated. The
same sieving line then, can only be composed, in the plant it is equipped with several bunkers
or large bins with several compartments for the different granulate fractions.
When the mix in-place technique is applied, the material is not very homogenous and the

pulverized pavement has a high content of fines. Sometimes the granulate is even missing
several grain sizes, so that virgin material has to be added to the granulate. However, these

changes in the quality of the cold-mix produced, can be avoided when mixing in-plant is
performed [Ref 7].

The quality of the cold-mix produced can only be as good as the materials going into the
plant. Hence, it is advisable that, the crushed or milled granulate is screened before being
stockpiled in heaps of the same grain fractions, as already comprehensively discussed in
chapter 8. Further it is also recommended to stick with the commonly used grain fractions
like 0/2, 2/5, 5/8, 8/11, 11/16 and 16/22 mm in some cases it might even be sufficient to use

less different grain fractions and only work with 0/5, 5/11 and 8/22 mm. In general it must be
mentioned, that the more exact the sieving line can be composed from different fractions, the
higher will be the quality of the mix.
However in reality the construction companies, mostly use the granulated RAP material
without screening and separating it into the different fractions, due to the costs and the time
this additional works cause. In their production process they usually only apply the missing
fractions to the mixture in accordance to the pre-tests performed prior to the project they
intend to reuse the material.
Therefore, the quality of the material is fluctuating throughout the production since the
proportions of the granulate are not constantly equal. Similar results appear when the in-place
technique is applied. There the amount of binder added to the mix has to be constantly
adjusted during the operation, because of the changes in the sieving line of the mixture [Ref
7].

1 1. 1 Assembling the mix in a pugmill

In this process the different bunkers are filled with the granulate of several grain sizes. From
there the material is added into a weight hopper. The weight hopper is suspended from scale
beams and weights accumulatively the amounts of granulate entering it. The order in which
the bins dump their proportions of granulate into the weight hopper is determined by the

desired properties of the mixture. Usually, coarse granulate (11/22) are drawn first, followed
by the intermediate sized granulate (5/11) and the fine granulate (0/5) at last. This sequence is

designed to place the fine fractions on top of the weight hopper, where they can not leak out
through the gate at the bottom of the weight hopper. This system also allows the most
efficient utilization of the available volume in the weight hopper. Dependent from the pulling
sequence of the bins, the weights to be drawn from them, have to be calculated ahead in

accordance with the water content of the granulate. Figure 11.2 illustrates how the scale
settings are used to control the proportion of granulate pulled from each bin.
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Figure 11.2 Schematic overview ofa cumulative scale setting to control the material amounts to be drawn

  

  
When the scale reading reaches o passet weight,

l . The discharge gate of an aggregate bin is opened, 2.

the discharge gate-is closed .and the aggregate: pour into the weigh box.

  

  
3. The discharge gate of the next aggregate bin is 4. When the scale reading reaches a preset weight,

opened. the discharge gate i: closed .

From the weight hopper, the granulates are deposited into the plant s heart. This is the
pugmill, where they are blended with the proper amount of bitumen emulsion, additional
water if necessary and cement. This mixing Chamber is lined and has two horizontal shafts on

which several paddle Shanks, each with two paddle tips, are mounted. The paddle tips are
adjustable and fairly easily replaced. In general, the paddles must be set so, that there are no
dead areas in the pugmill. A dead area is a place where the material can accumulate out of

reach of the paddles and therefore not be thoroughly mixed. Dead areas can be avoided by
being certain that clearance between the paddle tips and the liner is less than one-half of the
maximum size.

Figure 11.3 illustrates the mixing cycle during which emulsion, granulate and mineral filler
are blended in asphalt cold-mix in the pugmill. The length of time between the owning of the
weight boxgate (hoppet) and the opening of the pugmill discharge gate is referrer as the
mixing time. The batch mixing time must be long enough to produce an homogenous mixture
of evenly distributed and uniformly coated aggregate particles.

Figure 11.3 The typical steps in a batch plant

   

  
1. The gates of the welgh box 2. The asphalt is discha'rged Into

are opened, and the aggregates the pugmill by a spraybar.
empty into the pugmill.

  

  
3. The aggregates and the asphalt 4. The pugmill gate opens. and 5. The pugmill gate closes

are mixed, the Hnlshed mix Is dlscharged. to receive the next batch.

1 1.2 Assembling the mix in a continuous-mix plant

In a continuous-mix plant, mix gradation and uniformity are entirely dependent on the feeding
devices. Hence, stockpiles must be properly graded, and it is recommended that the stockpiles
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are, as already mentioned, divided into piles of different fractions. Without this stockpile
separation it may be difficult to maintain the proper gradation control. The most efficient way
to accomplish this is with a multiple-bin cold feed system equipped with precision belt feeders
for the control of each granulate fraction.

Continuous-mix plants require a continuous weighing system on the cold feed conveyor belts.
In line belt weighers, also called weigh bridges are continuous belt weighing devices, used for
this purpose. Combined granulate passing over the conveyor belt is continuously weighed and

a computer readout indicates, the weight of the floe over the scale at any given instant. The
properties of the granulate used have to be established and controlled ahead, because the
density and the moisture content which may vary dependent on the weather conditions and the
stockpiling facilities. However, no material is to be diverted from the conveyor belt after it
has passed the belt weigher.

The following two types of mixers are used in continuous mixing plants: the Multi-Shaft
Mixer and the Mixing Drum. Both are common techniques used for the production of cold-
mixes. The multi-shaft mixer is more often used in mobile plants, whereas the drum mixer,

which originates in most cases from old rebuild hot-mix plants, is used for permanent setups.

11.2.1 The multi-shaft mixer

The multi-shaft mixer is a 3 meter long shaft to which paddles Shanks, each with two paddle
tips are mounted. This construction is very much alike the mixing devices used in pug mills
with the difference, that the shafts are longer and that mostly two or more shafts are placed
parallel to each other in a slightly upward sloping position. Similar to the mixing in pugmills,
dead areas are to be avoided, while the material is traveling through the mixer from one end to
the other.
Depending on, if the granulate has been divided up into different fractions or not, the material
is added into the mixing process at different places. For example if, the mix consists of coarse
(ll/22), intermediate (5/11) and fine (0/5) fractions, the portion having the greatest particle

size is first mixed with an excess of bitumen emulsion, then the intermediate and fine

fractions are added and mixed with additional emulsion and even water if necessary.

Therefore, two emulsion spray bars and at least one water spray bar with several nozzles are

mounted to the mixer.
If additional water is needed, it is recommended to first mix the water with the granulate

before the emulsion is added. The addition of the emulsion to the coarse granulate during the
first stage of the production process, has the advantage, that the fines adhere to the bigger

granulate sizes and therefore, reduce the possibility of separation.
Most commonly the companies use two bins, one for the granulated RAP material and one for
additional virgin material that is missing in the mix. In this case the virgin material, mostly
coarse material, is added before the RAP granulate is placed into the mixer.

11.2.2 The drum mixer

In this process the granulate is being fed in the end of the drum. While traveling through the
slightly downwards sloping drum, the aggregates are first mixed with water before the
bitumen emulsion is applied. If other additives like cement shall be mixed in, they have to be
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added to the mix before the emulsion, in order to guarantee a uniform mixture. The emulsion
and additional water proportioning is dependent on the properties of the granulate. The actual
mixing process is similar to that of an hot-mix plant were the binder proportioning is
interlocked with the granulate delivery from several feeders.

The only difference is, that when cold-mixtures are produced the Primary Phase or radiation
zone were, the heat from the burner normally dries the aggregates is used to mix and
homogenize the granulate with water and other additives. In the Secondary Phase the
emulsion is added to the granulate. The mass traps the fine material and aids in the coating of
the larger particles while traveling through the drum.
To direct the granulate flow and spread the aggregates into a vial across the cross-section of
the drum, drum mixers are equipped with conveyor flights. The spiral flights at the charging
end of the drum direct the wet granulate into the drum in such a way as to attain an uniform

drum loading. Tapered lifting flights, then pick up the aggregates and drop them in an even
veil first through the water and later through the emulsion nozzles of the spray bar.

A commonly misunderstood aspect of plant-mixed emulsified asphalt is the mixing time.
Emulsion mixes usually require shorter mixing times than asphalt concrete mixes do.
The tendency is to overmix emulsified asphalt mixtures. This has the effect of scrubbing the
emulsion film from the coarse granulate particles. It also may result in the premature breaking
of the emulsified asphalt, causing overly-stiff mixtures.
A less common problem is insufficient coating of the granulate, caused by undermixing.
Mixing times can be varied in a continuous pugmill plant by changing the arrangement of the
paddles, by varying the height of the end gate, or by changing the location of the emulsion
spray bar. In a drum-mix plant can the mixing time be controlled by varying the slope of the
drum or by changing the location of the emulsion inlet pipe within the drum.

11.2.3 Modified multi-shaft mixers

The experiences of the past, have led to some modifications in the production process of cold-
mixes in order to provide a road building material, which is of uniform composition and when
being spread does not cause the forming of lumps during mixing and laying.
This production technique allows the user, tofeed in unscreened RAP granulate into one
hopper, because the material is weighed on belt weighers before it is conveyored to a screen to
be separated into different fractions. The different portions are then supplied to a multi-shaft
mixer in which they are cold-mixed with bitumen emulsion. The portion having the greatest
particle size is first mixed with an excess ofbitumen emulsion.
Each granulate fraction of successively decreasing particle size is then separater mixed with
bitumen emulsion. First the coarse aggregates are added then the intermediate and last the
fine materials are added into the multi-shaft mixer.
Figure 11.4 shows a principle sketch of such a plant. The embodiment comprises of a hopper
(l) whose lower part is provided with a conveyor belt (2). Under the discharge end of the
conveyor belt, a belt weigher (3) is arranged. Adjacent the belt weigher, there is a further

conveyor belt (4). The discharge end of this belt opens into an inlet (5) of a screen (6). Under

the screen, a mulit-shaft mixer (7) is arranged in which three of four agitator blades (12)

propel the material in the direction of arrow (13), whereas the fourth agitator blade propels the
material in the opposite direction.
The particles which pass through the first grading screen (8a) then impinge upon a new
grading screen (8b) and the particles having a greater size that allowed by the grading limit of
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the grading screen, roll along this screen down into the inlet (9b) of the multi-shaft mixer,
while an excess ofbitumen emulsion for this portion is supplied via nozzle (lOb).
The particles that have passed through the two grading screens are supplied to the multi-shaft
mixer over a longer distance and are mixed with the other portions of greater particle size,
which have already been mixed with an excess ofbitumen emulsion. From the nozzle (lOc)
the remaining bitumen is then applied that material is of the desired consistency.

It is not always necessary to add any remaining bitumen emulsion via the nozzle (lOc). It may
also happen that the complete necessary amount of bitumen emulsion has been added to the
mix before the fines were added into the mixture. Hence, the fines adhere to the bigger

granulate sizes, which reduces the possibility of separation.

The added quantity of bitumen emulsion in the different nozzles is controlled by the measured

impute weight of the granulate and the size known distribution size of the granulate [Ref 28].

Figure 11.4 Productionfacility with separate granulate addition during the mixing process

 

IOC

                 

11.3 Transport of the material

Once the material has left the mixer and Stage Three is obtained the mixture can either be
stored for several weeks or be directly transported to the site for placement.
However, during the time the mixture has left the mixer and the time it is placed on site, the

material should be protected from heavy rains or other extreme weather conditions. The main
reason for this is, that the mixture should keep its total water content until it is laid and
compacted. Therefore, it is recommended to cover the material with plastic sheets, so that no

changes in the quality and workability occur [Ref 20].

1 1.4 Quality control

Especially if mixtures of a high quality are to be produced, it is necessary to safeguard the
desired properties of the material. Hence, there has been a movement on the international
level to establish a °°Quality-Control-System ° for the construction of roads during the past
years [Ref 30].
Whereas the quality in the past was assured by evaluating the finished bases or surfaces as
well as the several properties like friction, brightness, eveness and so on, the main motto of

the QC-system is to avoid mistakes instead of to discover mistakes. Therefore this system
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demands also to comprise the whole production process into the quality assurance of the
desired properties. This can be most effective achieved with a quality management system.
This system covers all necessary steps for the assurance, protection and the prove showing
procedure of the aspired product quality.
The product pavement as the final-product of a complex road production process, is a
product, that should meet all the aspired and desired qualities. Especially when reclaimed
asphalt pavements are applied within the production process, it is necessary to safeguard the
aspired properties. Hence, a quality control system is recommended to keep track of the mix

components and the mix properties already during the aptitude tests and later during the
production [Ref 30].
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12. Placement of the mixture and equipment used on site

Actually the machinery and the placement procedures for the laying of cold recycled asphalt
pavements are similar, not to say the same, when working with hot-mixes. That means that
conventional equipment can be used to lay and compact cold-mixtures [Ref 7].

12. 1 Underground preparation and tack coating

Before any new bitumen bound bases are to be applied a dry stone or gravel base must have
been build in accordance with the regulations and the minimum required load bearing test
results must have been obtained.

As per the German regulations the unbound sub-base or foundation layer must be build
according to chapter 2 of the ZTVT-StB 95. In terms of compression ratios all construction
classes except for construction class VI, have to reach at least 103 0/0 of the Proctor density.
For the deformation-module or EVZ value, thespecification requires at least a value above 120
MN/m2 for the construction classes SV, 1 to IV, and for the construction classes V and VI a

value above 100 MN/mz.
Besides these requirements the specification has also set some requirements in terms of the
eveness and the maximum layer thickness,which have to be completely fulfilled before the
cold mix will be placed.

If the material is to be placed directly on top of a unbound sub-base or on a bound base layer
the dust and other fine particles on top of the surface have to be withdrawn. These fines will
be trapped and a good compound between the old and the new pavement layers can be
assured, by applying a unstable bitumen emulsion. However it must be noted, that the
emulsions are to be applied the same day the overlay is to be placed. The overlay should then
not be placed until the track coat has cured to the point where it is tacky to the touch.
The application rate of these coats is normally around 0.4 Kg/mz. Too little tack coat will not
provide abound where it is needed, while too much can cause slippage between the old and
the new pavement layer, especially when horizontal forces from stopping cars have to be
distributed. Further could, too much tack coat cause bleeding into the overlay mix and loss of
mixture stability.

12.2 Weather conditions and climate

Besides a proper underground preparation the weather conditions are of major importance.
The climate conditions under which a pavement is laid influence the quality and the
properties. Therefore should cold-recycling not be performed in cold and dump conditions,
because these conditions inhibit the breaking and curing of the emulsion. Furthermore should
cold mixes not be placed in late fall or early winter nor when the weather conditions are foggy
and rainy, since cold recycled pavements require several days and nights of warmer weather
conditions for proper curing [Ref 17].
However, cold-mixes are still less susceptible to rain and frost, than hot-mixes and concrete
pavements. That is because cold-mixes can up to a certain extend be adjusted to the more wet
weather conditions by adding cement to the mix. This way the green-stability and the
workability of the mixture are not endangered. The cement in the mixture binds the excessive
water which otherwise would reduce the stability properties and increase the curing time of
the mixture. Another reason, why cold-mixes are less susceptible is, that cold-mixes contain
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water from the beginning, as part of the emulsion, therefore rain influences the mixture only
in terms of workability, stability and curing as long as the material is not fully compacted.

Once the mix has be laid and compacted most of the additional water is pressed out and the
cohesion forces can develop and increase with the stage of curing, whereas in hot mixes the
rain reduces the compound between the layers and sometimes even between the aggregates
[Ref 25].

For the placement of cold tar bound recycling mixtures the Merkblatt für die Verwendung
von pechhaltigen Ausbaustoffen im Strassenbau unter Verwendung von Bitumenemulsion
demands, that the material is not to be laid when it is raining or when the temperature is below

+5O C. This is in order to reduce the risk of leakage and to assure that the material can gain

enough strength before it is topped with another pavement layer [Ref 20].

12.3 Paving Equipment

The paving operation includes the transportation to the site, placement of the mixture on the
roadway with a finisher and the compaction of the mixture to its target density. For all of
these operations conventional equipment, which is used when working with hot-mixes, can be

used [Ref 7].

12.3.1 Finishers

Finishers are self-propelled machines designed to place the asphalt mixture on the roadway to
a specific depth and to provide initial compaction of the mat.
The cold recycled mixture is laid at the exact depth and correct camber using a vario screed,
which today is used by all modern asphalt finishers. Actually the vario screed is the most
important device of the finisher. The two major functions of this screed are, to strike off the
mix in a manner that meets the specifications for thickness and smoothness plus provides
initial compaction of the mixture. The function of the screed is influenced by the stiffness of
the cold-mix and the flow of material. Figure 12.1, demonstrates the forces appearing on a
screed. If a mixture is too stiff, the horizontal and the vertical forces increase. If these

resistance forces increase to the point where the dynamic and static forces of the vario screed
are not anymore greater, the mixture can not be laid properly anymore. Undulation and poor
pre-compaction are then the result of this bad workability [Ref 33]. Further uneven, very
rough and poor quality pavements may also be caused
The variable width adjustment of the screed, permits accurate adaptation of the edgings or
road barriers. The adjustable tampering and vibration facility guarantees high pre-compaction
of the mixed material, as the screed is pulled forward. The desired laying depth is either set
manually or automatically by a leveling system. A automatic screed control allows the
automatic height adjustment necessary to maintain the proper longitudinal and transverse
grade of the pavement [Ref 4].

In addition, it is advisable to attach edge compactors on the side of the screed to improve the
support strength of the rim zones [Ref l3].
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Figure 12.1 Schematic overview on the type offorces acting on a screed

Weight of screed and dynamic Vibration  Leveling Arm

\

Screed Plate Horizontal Force Pull Force
_--

Vertical Force

 

 

 

  

12.3.2 Rolling and compaction

Compaction is the process of compressing a given volume of cold-mix asphalt into a smaller
volume. This is accomplished by pressing together the asphalt coated aggregate particles,
with the effect , that the stability increases and the air voids are reduced to a ratio between 8 to

15 %. The compaction is then considered successful when the finished base reaches the
optimum air-void content and density.
By pressing the aggregate particles close together into a position in which the asphalt can hold
them, compaction accomplishes two important goals. It develops the strength and the stability
of the mix (mechanical properties). Additionally it closes gaps, through which water and air
would otherwise penetrate and cause faster aging, freeze-thaw damage and stripping.

The mechanics of compaction involve three forces at work during the compaction process.
These are: the compressive force of the rollers, the forces within the mix that resists the force
of the rollers, and the supporting forces of the base beneath the mat.
For compaction to occur, the compressive force of the roller, coupled with the opposing
supporting forces provided by the stable surface under the mat, must overcome the forces in
the base that resists the compaction. The compressive force of the roller comes from either
the weight of the roller or a combination of weight and dynamic energy.
The supporting forces in the mixture to be compacted, result from the sub-base stability and
firmness. Similarly, to the resisting forces within the mix are a result of the friction between
the aggregate particles and the viscosity of the asphalt. In general it can be stated, that the
workability decreases and greater compaction energy is to be applied in order to reach the
target density, if the mixture contains more coarse and broken aggregates [Ref 33].

There are three types of rolling operation, which require different rollers and compression to
assure a properly compacted pavement. These are:

0 Initial rolling The first pass of a roller on a freshly laid base

0 Intermediate rolling All subsequent passes by the rollers to obtain the target density

0 Finish rolling Rolling done merely for the improvement of the surface.

Initial rolling may be accomplished with static or vibratory steel-wheeled rollers. However,
it is recommended to use only static rollers with a high Operating weight (> 10 tons) during
the first two transitions of the rolling process. That is, to achieve a high compression and
resistance force in the mixture, so that the minerals in the freshly laid base are wedged against
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each other. This way the hollows are reduced, the minerals can cut teeth, at the same time the

cohesion forces increase plus the material is getting denser and more resistant to deformation.
Besides that , shear waves in front of the roller and rolling cracks can be avoided [Ref 15].

In case thin lifts are to be compressed pneumatic-tired roller can be used. Through the
kneading action of the tires the material is compressed similar to the gyratoric compaction
performed in the laboratory [Ref 30].

Intermediate rolling following the initial rolling, consist of four or more transitions with a

Vibratory steel roller. Vibratory steel rollers compact the material with a combination of static
weight and dynamic force. The dynamic force is adjustable by the frequency and the
amplitude dependent from the properties of the mixture to be compacted. [Ref 15].
These Vibration forces are used to press the minerals as close as possible to each other, so that
the amount of hollows and gaps in the pavement are reduced.
Nevertheless is the average air-void ratio of the compacted cold mix around 10 to 15 0/0.
Generally, Vibration should not be used for the compaction of thin overlays. This is
particularly true, when the mixture contains a lot of fines, because thin overlays absolutely do
not contain enough material to absorb the energy imparted by the rollers. The energy
therefore passes through the mix being compacted, and rebounds from the surface of the sub-
base. It re-enters the mixture being laid, and de-compacts it. This problem also occurs when
vibration is applied during initial rolling [Ref 33].

Final rolling again is performed with steel rollers to smoothen the surface. High operation
weights of the rollers (> 12 tons) are recommended to roll the surface until its even and dense.
Since emulsion-bound pavements are flexible pavements which are not like hot-mixes
dependent on a certain temperature when being compacted, they can even be compacted

weeks after they have been laid.
That is why some contractors in the US have started to apply a second final rolling one or
two weeks after the material has been laid in order to assure a good surface quality [Ref l7].

After traffic compaction due to the fact, that the pavement has not cured completely, the
impact of the traffic causes a compaction. Especially during the first few weeks after the
material has been laid, the after traffic compaction can have a great negative impact. Rutting
may occur stronger, if the total liquid contend was too high during the compaction process.
However, flexible pavements tend to be deformable to some certain extend, if they are not

modified with cement or harder emulsions.

In the US. pneumatic-tired rollers are applied to the pavement to increase the density and to
reduce the risk of rutting due to after traffic compaction. Besides, does the kneading force of
these rollers reduce the roughness of the surface and increases the smoothness of the covering
[Ref 30]. i

The critical part of the compaction process is very much dependent from the right amount of
fluids in the mixture. Excess fluids lower the stability of the mat during rolling, whereby the
target density is hard to be accessed and the moisture is sealed in. Therefore rolling should be
postponed to allow the mat to cure to a moisture content of about l,5 per cent. This must
especially be kept in mind when, the mixture has not been protected from heavy rain.
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12.4 Curing of cold recycling asphalt

Emulsified asphalts depend on the evaporation of the water for the development of their
curing Characteristics. Water displacement can be fairly rapid under favorable weather
conditions but high humidity, low temperatures, or rainfall soon after application can deter
proper curing [Ref 30]. Although some cold recycled pavements achieve their full strength at
a very early stage, a curing period of up to two years may be required in other cases [Ref lO].

However, as the tests performed in the laboratory have shown cement increases the
mechanical properties of the mixture and reduces the curing time of the mix, since the
excessive water is bound and withdrawn from the mix.

Experience from previous projects has shown that, if no cement is applied in the mixture it is
advisable to place the material and then allow the mat to cure for a certain time, dependent on
the weather conditions, before topping it with a sealing or a 4 cm hot-mix wearing course.

As per the US. Department of Transportation two to fife days are enough for the mat to cure

until the next layer is applied [Ref 7].
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13. Economic considerations and evaluation

It is widely known, that one of the major criteria to determine, whether or not a new

production method will be accepted is dependent from its economical efficiency. Besides the
technical advantages play a major role. If it can be demonstrated, that cold recycled asphalt

pavements are compatible with conventional hot and cold-mixes, the recycling of RAP
material by using the cold technique could be accepted as a viable pavement rehabilitation
method.
Therefore, costs and other economic data from already transacted recycling and asphalt
pavement projects throughout Sweden and Germany were obtained by the author during
various conversations and telephone calls with highway authorities and contractors, during the
previous construction period of 1997.

Further two waysto calculate the depreciation costs of a production facility were used. The
first calculation is based on experience and present valid interest and repair costs. Whereas

the second calculation is based on the German Baugeräteliste 91 . The BGL is the standard
catalogue used in Germany to depreciate all construction machines. Dependent on the
equipment of each machinery, the average purchase costs, depreciation time, repair, interest
and depreciation values are listed there.
Since the BGL 91 merely uses a depreciation time of 8 years and relatively low interest rates,
this method, in the eyes of the author, is not very realistic. Nevertheless the effect of
depreciating both facilities with the same rates shall be also demonstrated.

For the bill of cost of a asphalt production plant the following variable and fixed types of cost

arise during the production process.

Table 13.1 Type of costs at an asphaltproduction facility

Variable Costs Fixed Costs

0 Costs for energy and fuel 0 Depreciation costs and interest

0 Costs for maintenance and repair works 0 Costs for the laboratory and administration

0 Costs for the material 0 Rent for the tract of land and insurance

0 Costs for the operation personal 0 Operation overhead costs

Normally the personal costs, especially for the operation of a asphalt plant are not considered
to be variable cost, but since the personal of such a plant is very often affected by overtime
regulations, due to the high production rates during the summer months, they are here
considered to be a part of the variable costs.

Since it would be to complex to distinguish between all of these different costs, especially the
variable costs, which are very strong dependent on the location, the people working overtime
or a matter of price negotiation, the following efficiency investigation concentrates merely on
those costs which have the greatest impact on the price level per produced ton. Besides, the
costs for the material, the maintenance and repair works but also the costs for energy as well
as the depreciation costs and the interest costs as part of the fixed costs were used.

13. 1 Comparison of the mix design

In order to compare cold-mixtures where RAP granulate was used with hot-mixes and cold-
mixes using Virgin material the same starting positions have to be given. Therefore it was
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estimated, that the location of the facility within Sweden was the same. Further a mixture for
a standard base course was chosen, since cold mixes are not so commonly used for the

construction of wearing courses.

The comparison exists of four different mixtures (Table 13.2). Two cold recycling mixes

(No. 1 and No. 2), one conventional cold-mix (No. 3) and one conventional hot-mix (No. 4).

The hot-mix was composed in accordance with Väg 94, and the cold-mix samples were
composed in accordance with the Technisk Beskrivning Väg (TBVbel), which is a part of the
Swedish Väg 94 standard. Hence, the properties of cold-recycling-mixes differ from each
other, two of the recycling mixes produced where composed differently. Sample No. 1
contained no cement, where as sample No. 2 was modified two per cent of CEM I 32,5.

The cement addition has, as already comprehensiver described in chapter 9, the effect of
increasing the mechanical properties of the mixture. The higher green-stability on the other
hand reduces the curing time and allows the application of the wearing course already after a
short timespan, whereas for mixes where no cement was applied longer curing times have to

be allowed, dependent on the weather situation.

Table 13.2 The different Types ofMixtures

Mixture N0. 2 .Mixture No; 3 Mixture No. 4 i

 

Mixture No. 1
Cold recycled mix Cold recycled mix Conventional cold-mix Conventional hot-mix

 

0 94,0 to 96,0 Weight-%

of RAP granulate, seize
0/22

0 4,0 to 2,0 Weight-% of

bitumen emulsion, Type

BE 60 M, Viscosity 2000

0 96,0 to 98,0 Weight-%
of RAP granulate, seize

0/22

0 4,0 to 2,0 Weight-% of
bitumen emulsion Type

BE 60 M, Viscosity 2000

0 93,0 to 95,0 Weight-%

of virgin minerals, seize

0/22

0 7,0 to 5,0 Weight-% of
bitumen emulsion Type

BE 60 M, Viscosity 10000

0 95,4 to 96,4 Weight-%
of Virgin minerals, seize

0/22

0 4,6 to 3,6 Weight-% of

bitumen binder, type B

80

0 2,0 Weight-% of cement
CEM I 32,5

      

13.2 Costs for the materials

Since the starting point for the four different mixes is the same, all plant setups are predicted
to be in the same region, the prices for fuel personal and material will be the same for all types
of production. Price differences resulting from quantity differences in the material are

considered to be non-existent.
Therefore the price differences, mainly originate from the mix composition, the plant costs
and the energy costs. ln table 13.3 the average prices for the several ingredients in a pavement
are listed.

The material prices per ton were calculated that way, that the costs for the different grain
fractions in between 0 and 22 mm have beenadded together and then dividing the total

amount by the number of fractions used

Table 9.3 also clearly indicates that the price per ton B-80 bitumen is rather high compared to

the price level in Germany, because Nyn'a's as the main bitumen supplier on the Swedish
market dictates the prices. Especially if the price differences between a BE 60M emulsion
and a B-80 bitumen are taken into consideration, the price is rather high, because the
additional production steps when producing emulsions, do not justify the high price, since 40
% binder per ton is replaced with water.
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In order to allow a comparison with prices in Germany the costs, throughout this economical
evaluation, are also shown in DM. The exchange rate between SEK and DM used in this
report was tied-up at 4,35 SEK per one DM.

Table 13.3 Cost-prices for the several mixture components

      

Granulated RAP material 20,-- SEK/ton or 4,60_ DM/ton*

Virgin mineral aggregates 65,-- SEK/ton or 15,--DM/ton

Bitumen emulsion B 60 M, Viscosity 2.000 1950,-- SEK/ton or 448,--DM/ton

Bitumen emulsion B 60 M, Viscosity 10.000 1935 ,-- SEK/ton or 445 ,--DM/ton

Bitumen binder B 80 1655,-- SEK/ton or 380,--DM/ton

Cement CEM I 32,5 700,-- SEK/ton or 161,--DM/ton

    

* This price only includes the costs for Crushing and screening of the asphalt granulate

On the basis of table 13.2 and 13.3 the prices listed in table 13.4 were calculated. Table 13.4
lists always a maximum and a minimum price per one ton of the mixture. This is because of
the slight differences in the mixture composition. The differences between the max. costs and
the min. costs for cold-mixes vary much more than the prices for hot-mixes, due to the greater
price variation found by emulsions.

Table 13.4 Spread of the costs for the different mixtures

  

Mixture No. 1 Mixture No. 2 Mixture No. 3 Mixture No. 4

Min. material 72,2 SEK/ton or 58,60 SEK/ton or 195,90 SEK/ton or 122,24 SEK/ton or

Costs 16,60 DM/ton 13,50 DM/ton 45,-- DM/ton 28,10 DM/ton

 

Max. material 1 10,80 SEK/ton or 97,20 SEK/ton or 212,60 SEK/ton or 138,20 SEK/ton or

Costs 25,50 DM/ton 22,30 DM/ton 48,90 DM/ton 31,75 DM/ton

       

13.3 Energy costs

Hot-mix plants are setups where the mineral aggregates are heated before hot bitumen binder
is added therefore the energy consumption of a hot-mix plant is much higher, than the cold-
mix production. This can also be seen in the energy balance of a hot-mix plant as shown in
figure 13.1 [Ref 31].

The type of energy resource used for the production are mostly dependent on the region and
the prices of the available combustibles. Hence, either liquid gas, fuel oil or pulverized coal
could be used. In Sweden, fuel oil is the most commonly used combustible for the production
of hot-mixes. Therefore a price of 0,234 SElUkWh was used to calculate the average fuel

costs. As per the information of several hot-mix facilities with a capacity of 120 to/h, 70
KWh are necessary to heat up one ton of hot-mix (aggregate and binder). Thus, a combustion
price per one ton hot-mix was calculated to total up 17,--SEK/ton or 3,90 DM/ton.

Since the costs for the electric energy, mainly used for electric motors, conveyors heating of
the pips, illumination and the heating and maintenance of the connected facilities such as
offices and control rooms are very much the same in both in-place and in production plants
(cold and warm), the average amount is around 5,00 SEK or 1,15 DM per one ton of ready

mixed material [Ref 23]. This relatively high price for the electricity originates from the fact,
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that the plat has to pay for a estimated amount of energy consumption, even if they are not
ladling out the their contingent, they have to pay a certain amount for the reservation of the
capacity. Especially during the winter months when the production is interrupted, the plant

still faces these costs. In mobile plants, the electric needs are covered by diesel powered
generators. There the costs are a bit lower.
On this basis the total energy costs for the hot-mixture (mixture No. 4) are 22,-- SEK/ton or
5,-- DM/ton and for cold-mixtures (mixtures No. 1 to No. 3) are 5,00 SEK/ton which is

equivalent to 1,15 DM/ton.

Figure 13.1 Energy balance of hot-mix plants

 

Type of energy source

/\

      

5 to 10 % Electricity 90 to 95 % Combustibles

- Electric motor

- lllumination

                  

90 to 95 % Heating of mineral 5 to 10 % Heating of binders

aggregates including losses

(Drying drum) (Tanks and piping)

30 to 50 % For the 30 to 50 % for the 10 to 20 % Losses (Heat

evaporation of the water heating process convection and Pre-

and moisture heating)

        

13.4 Costs resulting from the depreciation and imputed interest rate

For the ascertain of this cost item, the corporate spending of a new mixing plant must be used
as a basis. At an estimated facility performance of 120 tons per hour, lies the investment
volume for a hot-mix plant at approximately l2.800.000 SEK (2,94 Mio. DM), compared to
3.500.000 SEK (805.000 DM) for a comparable cold-mix facility. The amortization amounts
for such industrial plants depend on the service life to be expected.

As mentioned before, two different depreciation times will be compared with each other to
show the impact of the depreciation time (not equal with the technical service life) on the mix

costs per ton depending on the yearly production as can be seen in figure 13.2.

During the first estimation of the depreciation costs, a depreciation period of 12 years for the
hot-mix plant and 8 years for the cold mix plant were used. Further a present valid
depreciation and interest rate of 6 0/0 was found to be most suitable for this comparison. An
additional 2 % for the repair and maintenance costs were also taken into account. The
implemented interest is calculated in a multiplied manner, dependent on the necessary capital

for the production with the common interest rate.
Compared with the costs of the facility and the average lifetimes of mixing plants the
depreciation time of 8 years as per the BGL-9l is very little. For the depreciation and the
interest rate are 2,8 0/0 estimated. Another 1,4 % for the maintenance and the repair costs

during the operation.
It must be explained, that the repair and maintenance costs increase the longer the
depreciation times are, due to the fact, that the facilities need more spare parts and repair
hours the older they get.
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In both cases a mixed amortization would be the most accurate way for the calculation of the

depreciation costs on account of the variable wear influences of the production process from
performance write down and linear depreciation. However, the linear amortization suffices
for theoretical considerations carried out here, since the depreciation amounts were added
over the entire service life and no considerations from individual periods during the
production, have to be taken into account. Calculation basis is the replacement value for the
facility. Since the capital expenditures are based on estimates, amortization occurs on the
basis of the capital expenditures.

As can be seen in figure 13.2, the impact of the yearly production rate and the depreciation
time have a very high impact on the composition of the price per produced ton. During a
estimated production time of 6 month (May until October) some 30.000 to 60.000 tons are

realistic. Only the plants operated by the few very big construction companies in Sweden may
have production rates between 80.000 to 100.000 tons a year. This means, that within the 6

month a 120 ton/h facility would have to be operated for 830 h/a. These 830 h/a end up to a
daily production time of 34,5 h at maximum utilization during on week.
Since such a high production rate is very unrealistic, the further calculations are based on the a
12 year depreciation time for hot-mix and 8 years for cold-mix plants with an average
production rate of 50.000 t/a .

Figure 13.2 Depreciation costs of cold and hot-mix plants dependent on the yearly production rate
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13.5 Decisive mixture costs

Finally in table 13.5 all the cost components based on the earlier made calculation are listed
and the total costs per one ton of each mixture are calculated. Again, these prices show a
variation between a minimum and a maximum price, due to the variation possibilities in the
mixture. If the variable costs arising from the yearly production rate and the various
possibilities of down writing a facility would also be implemented in the price, the fluctuation
would even be higher.
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Table 13.5 Overview of the total mixture costs

          

Mixture No. 1 Mixture No. 2 Mixture No. 3 Mixture No. 4
[SEK/ton] [SEK/ton] [SEK/ton] [SEK/ton]

Costs of the mixture ingredients Min. 72,20 Min. 58,60 Min. 195,90 Min. 122,20
( Binder, Granulate, Cement ) Max. 1 10,80 Max. 97,20 Max. 212,60 Max. 138,20
Production costs 5,-- 5 ,-- 5 23,--
Amortization Costs 9,45 9,45 9,45 23,40
Total costs in SEK/ton Min. 86,65 Min. 73,05 Min. 210,35 Min. 168,60

Max. 125,25 Max. 111,65 Max. 227,05 Max. 184,60
Total costs in DM/ton Min. 19,90 DM Max. 16,80 DM Min. 48,40 DM Min. 38,75 DM

Max. 28,80 DM Min. 25,70 DM Max. 52,20 DM Min. 42,44 DM

   

Figure 13.3 is used to elucidate the results from this economical comparison. Based on these
results the following conclusions can be drawn. In general, both cold recycling mixtures are
cheaper compared to the conventional hot-mix. The slightly higher price of the with cement
modified mixture will be compensated by the higher stability and the probably lower
maintenance costs, since as proved during the test program, the water sensitivity and the
resistance against rutting are higher. Therefore the technical service life of a cold recycled
pavement with cement is higher than the technical service life of a not cement modified
pavement.

The cause for the relative high costs of mixture No. 3, a cold emulsion mix with virgin
aggregates, originate from the high amount of emulsion in that mix.

Figure 13.3 Graphical overview ofthe price comparison

250-

 

200-

 

. Min. at 50.000 tons/a

 

150-

Max. at 50.000 tons/a

äMin. at 30.000 tons/a

100-
IIIII Max. at 30.000 tons/a

   

P
r
i
c
e
n
e
r
t
o
n

in
S
E
K

50-

 

  

 

  
Mixture No. 1 Mixture No. 2 Mixture No. 3 Mixture No. 4

In order to compare the suitability and the economical advantages, the here calculated prices
can not be isolated from other facts which have to be taken into consideration when setting up
a production plant somewhere throughout Sweden. The price level might be similar to the
one shown in figure 13.2, for some parts in the south of Sweden, around the bigger cities, but
to achieve a yearly production rate of some 50.000 ton in the northern parts of Sweden is
fairly unrealistic.
In this case, the production in a central plant would be uneconomical, therefore mobile plants
are most suitable, because then the plant can be moved from job site to job site, covering a
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much larger area. In this case, the total amount of produced tons throughout one year of
production can be increased, which means that the costs for the plant are lower. Cold-mix
plants are more easy to handle and consist of less equipment, than mobile hot-mix plants.
Therefore the costs of the material can be totally different, if besides the material price the
surrounding conditions, the suitability of the type of plant and the construction volume are
taken into consideration.
Further the maintenance and deprecation costs of the pavement dependent on the technical
service life have also a great impact on the price. The performance of a material can not be
considered to be always the same, since this is dependent on the traffic volume, weather
conditions and the properties of the mixture used. If all these factors are to be taken into
consideration, a more exact comparison can be made.

13.6 Transportation costs

Since the basis for this price evaluation between hot-mixes and cold-mixes was a stationary
plant, the costs for the transportation of the mix from the production facility to the site are the
same. However, the delivery radius of a hot-mix plant is limited to 60-80 Km depending on
the weather conditions. This because hot-mixes need to have a certain temperature when they
reach the site, so that the material is still of a good workability and can be properly
compacted. Cold-mix production facilities on the other hand have the possibility to deliver
their material over longer distances, without a loss in quality. Hence, a cold-mix plant could

reduce its production costs per ton, due to the fact, that the permanent or fix costs of the plant
are still the same. Through the greater production volume the utilization increases and the

portion of fix cost per produced ton decrease. However the transport costs do not decrease,
they increase, the further the material has to be delivered. It is therefore absolutely advisable
to invest into a mobile cold-mix production facility to reduce the transportation costs and to
be more flexible. These units are easy to set up and can be operated within one to two hours
after they have been delivered to site. Especially in less strong developed regions, the mobile
plants are very cost effective devices.
Since this report focuses on the advantages of cold-recycling-mixes, especially in terms of the
environmental protection, it is recommended to reduce the transportation costs as much as

possible, by using a mobile facility.
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14. Evaluation of transacted roads within Sweden

Cold-recycling of asphalt pavement is a relatively new technique in Sweden, for which reason
there have been few documented trials so far. ln connection with the oil crises during the
1970s, interest in cold asphalt technology increased, and one of the methods introduced was
emulsion technology. However, the first documented trials with cold-recycling of hot-mix
materials did not begin until the mid 1980s. Since then, VTI has participated in several road
trials and now has a good experience of this type of road pavement.

However, cold technology and cold mix asphalt pavement have a long tradition in Sweden. A

substantial amount of the low volume road network is for example, paved with cold or semi-

hot pavement. This means that we are well-equipped to also handle cold-recycling of old

asphalt pavement, since the appropriate equipment and binders, as well as experiences and

knowledge for this purpose, are already available.

Of the various recyclingtechnologies, it is above all cold-recycling which can be said to be
most environmentally beneficial, since the material does not need heating and it is 100%
recyclable. However, a relevant and fair description of the environmental impact must take
into consideration the performance and longevity of the pavement. Recycled pavement with a
short technical service life cannot be considered to fulfill the requirement for sound
economizing of resources.

14. 1 Road field tests and inspection sections

New types of material and pavement require not only laboratory testing, but also follow-up
through road field tests or inspection sections. Against this background, VTI has been
following up a number of roads with cold recycled pavement from the late 1980s with
ongoing field measurements. The follow-up program contains road surface measurements
such as rut depth, roughness, texture and friction, load capacity measurements with drop
weight, inspection of the asphalt through core samples and regular damage inspections. A
synthesis of these experiences is given in the following section and concerns the following
roads:

0 road 63, Filipstad, Värmland, *ÅDth 1500, road width: 8,0 m, 1992

0 road 0503, Hällesåker, Halland, ÅDTt: 3200, road width: 6,0 m, 1992.

- road N714, Falkenberg, Halland, ÅDTt: 1000, road width: 6,0 m, 1994.
- road N530, Laholm, Halland, ÅDth 1000, road width: 5,5-6,0 m, 1994.
0 road E209, Norrköping, Östergötland, ÅDTt: 1500, road width: 6,0 m, 1994.

- road D976, Strängnäs, Södermanland, ÃDTt: 2000, road width: 6,0 m, 1996.

*ÃDTr is the short term for the total daily traffic volume

In every case, recycled mixes are used for the wearing surface and in one case even as a base
course. The asphalt aggregate consisted primarily of old, milled ABT- and AG-pavements.
Traffic volume on the stretches is in the range of 1000-3000 vehicles per day; that is, roads
with light to moderate traffic.
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14.2 Production methods and mix design

The recycled mixes have been produced at a cold-mix plant. Continuous mixing dominates,

but in one case a batch mixing plant has been used. Asphalt aggregate comes primarily from

planing high-volume roads, but there is a case in which broken pavement which has then been

crushed was found. In all cases the aggregate has been screened (graded) before the recycled

mix was produced grain fractions of 0-20, 0-25, 0-6 and 6-16 mm were found. The Virgin

binder has been composed of emulsion based on viscous bitumen. During mixing at the plant

water has been added (2-3 070) and occasionally even Virgin aggregate with the fraction 8-16

mm. In one case, two binder systems have beenemployed, where (in the mixer) a harder

binder has been added to the coarser gradations, and a softer one to the finer. Conventional

equipment for cold technology has been used during laydown and compaction. Steel roller

compactors have been used most often, but combined steel and rubber tire compactors have

also been tested.

Figure 14.1 List of transacted cold recycling roads in Sweden

               

Road Plant Binder Mix design Aggregate Type of

Emulsion, % Compactor

Road 63, wearing surface Mix batch BE 60M/2200 2,0, 3,0, 4,0 No Comb.

+ base course l) Steel and

rubber tire

Road 63,base course Mix batch BE 60M/2200 1.5, 3.0, 0.0 No Comb. of

Steel and

rubber tire

Road 0503, wearing surf. Cont. mix BE 60M/2200 ca 4.0 Yes Steel roller

Road N7l4, wearing surf. Cont. mix BE 60M/2200 4.0 Yes Steel roller

Road N530, wearing surf. Cont. mix BE 60M/2200 4.1 Yes Steel roller

Road E209, wearing surf. Cont. mix BE 65M/2000 2.7 No Steel roller

Road D976, wearing surf. Cont. mix BE 60M/2000 ca 2.5 No Steel roller

BE 60M/10000

 

1) base course of recycled materials, 1.5 % emulsion

The mix design and above all the content of virgin binder which is added to the aggregate is of

great significance for the performance of the recycled pavement. Properties such as stability,

durability, friction, and texture are significantly affected by the quantity of virgin binder in the

aggregate. Surfaces mixed with an emulsion content of 2.0, 3.0 and 4.0 % attain markedly

different character and properties, and developing the correct proportions for the mix design in

the laboratory is extremely important.

14.3 Rutting and compaction

At first, cold-mix recycled pavement will have a relatively high degree of air voids as
compared to hot-mix pavement since the material does not pack as easily. However, the air
void ratio does decrease over timedue to the packing effect of traffic, primarily in the tire ruts,
resulting in somewhat greater rutting during the first year before the pavement has had a
chance to stabilize. If the air voids ratio is reduced from 15 to 10 Vol. %, theoretically this

involves a volume reduction equivalent to 2 mm for recycled pavement of 100 kg/mz. It is
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important to remember that at least at first, cold-mix asphalt still requires a relatively high air
voids ratio (perhaps 5-15 Vol. %) to permit the water content to evaporate.

VTI s continuous road surface measurements by RST-car demonstrate that rut formation
during the first 1-5 years still remains at a low to moderate level, and suggesting that most test
stretches will manage a technical service life of more than 10 years before reaching the
highest permitted rut depth (according to National Road Administration requirements) of 17
mm. Compaction due to traffic initially gives the road a rut depth of 2-4 mm, and subsequent
annual rutting is about 1-2 mm. Also, there is a tendency for the rut depth tends to increase in
correlation with the amount of Virgin binder in the pavement. A trial road section with a 20 %
emulsion mix had half the rut depth compared with a 4.0 % emulsion mix (other properties
improved, however).

Figure 14.2 Technical service life exceptions ana' rut depths after one year in service

                  

Road (trial stretch) Rut depth after 1 Rut depth after Longevity,

year, mm 3 yrs, mm forecast, years

Road 63, wearing course, 2,0 % 1) 3.6 4.4 >lO

Road 63, wearing course, 3.0 % 1) 4.2 5.2 10

Road 63, wearing course, 4.0 % 1) 3.1 7.2 8

Road 63, base course, 1.5 % 2) 2.8 2.0 >10

Road 63, base course, 3.0 % 2) 2.2 4.2 >10

Road 63, base course, 0.0 % 2) 2.2 3.7 >10

Road 0503, wearing course 2.0 5.4 10

Road N714, wearing course 0.5 1.2 >lO

Road N530, wearing course 1.3 2.4 >10

Road E209, wearing course 2.5 4.9 10

Road D976, wearing course, visc. 2200 2.8 - -

Road D976, wearing course, visc. 10000 2.6 - -

 

l) base course of recycled materials, 1.5 % emulsion

2) wearing course of newly produced material

14.4 Rutting - plastic deformation

In those cases where plastic deformation has occurred, the recycled mix has contained a
quantity of binder which is too high in combination with heavy and trackbound traffic, as well
as sections with highsun exposure. When. the technology was new, sometimes the content of
Virgin binder mixed in was too high, leading to the occurrence of plastic deformations after
the first summer. In later years, the mix design has been better adapted to the composition of
the aggregate; therefore, plastic deformation is seldom seen nowadays. If there is a high level
of binder content in the asphalt aggregate, the material may be unsuitable for use in the
wearing surface or base course (only suitable for gravel roads), particularly with heavy traffic.
However, mixing in gravel or cement may improve the stability properties.
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14.5 Roughness - [RI-value

Pavement of cold-mix asphalt is usually rougher than hot-mix due to the viscosity of the
asphalt during laydown. VTI°s follow-ups show that recycled mixes attain IRI values (average
values) of l.5-2.5 mm/m. Asphalt pavers (screed) cannot really handle spreading out the
asphalt continuously during paving, with the result that the surface becomes somewhat
corrugated. In some cases the asphalt has also been pulled apart when changing loads. The
problem can be eased by using more powerful pavers or more flexible mix, for example by
mixing in water. It should be added that the problems are the same for virgin produced cold
Ian.

14.6 Friction/texture - risk for bleeding

Pavement made from recycled mix has about the same surface roughness as dense asphalt
pavement (ABT). This means that the surface is relatively smooth. The macrotexture,

according to RST-laser (RMS) is between O.3-O.5 mm.

Bleeding has not occurred if the binder content has been within reasonable limits. In one case
bleeding has been observed but it was a case of a recycled pavement mixed with a high
(intentionally) amount of a virgin binder.

Friction when wet is normally at acceptable levels with a friction value of O.6-O.9. The lowest
value refers to a thicker, smooth surface with tendency towards bleeding.

14.7 Stripping/cracking/potha/es

Cracking and potholes have been rare in follow-up field testing but if the road had poor load
capacity the cracks caused by load related conditions have appeared after a couple of years.
Newly laid recycled pavement is relatively soft during the first year and is thus sensitive to
mechanical strain (outriggers from excavators, forestry and agricultural equipment). Surfaces
in which separations occur can also be sensitive for cracking and should therefore be sealed at
an early stage.

Stripping can occur occasionally, particularly if the asphalt aggregate is thin (i.e., if the
aggregate comes from old ABD pavement) or if too little virgin binder is mixed in with the
recycled materials. Stripping appears to occur most frequently during the first winter, and
declines subsequently over time after the surface has cured and has been compacted.

ln summary, durability has been unexpectedly good in the follow-up road sections and there
has not been deterioration over time (quite the reverse). Pavement with somewhat richer

mixes have also proven to be best in this regard. This means that it may be better to mix in too
much rather than too little binder, particularly if there is a moderate amount of heavy traffic.
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14.8 Load-falling weight deflectormeter measurement

The relatively few falling weight deflectometer studies carried out so far demonstrate that cold
recycled mixes obtain about the equivalent load capacity as other cold or semi-hot asphalt
types, such as AEBT, AEBG, MJAB and MJAG. The radius of curvature, R which describes
the strain on the upper layers, is not affected so much by the content of Virgin binder in the
mix. Compared with newly produced hot-mix asphalt such as MAB and AG, cold recycled
pavement demonstrates in equivalent conditions lower radius of curvature, that is, greater
elongation in the base of the pavement. However, it is difficult to compare different types of
pavement and their load bearing properties in a completely relevant manner just on the basis
of falling weight measurements. In order to correctly evaluate the degree of damage of the
strain (that is, load capacity/pavement longevity in reality), it must be placed in relation to the
properties of the pavement. The pavement property which is of decisive significance when
evaluating the risk of cracks at a given level of elongation is flexibility. Test road sections by
the river, Saxån, which among other things have been followed through continuously falling
weight measurements and inspections, will with time (when cracks arise) give the answer to
the load capacity and longevity of the recycled paving, both as a wearing surface and base
course. Before fatigue criteria can be developed on the cold side, falling weight data (degree
of elongation) must be evaluated with a certain degree of caution.. Several test road sections
with cold-mix asphalt as base course are planned during 1997, in which the load capacity will
be illuminated among other things.

14.9 Material properties - core samples

Pavement core samples are usually used to study the condition of the material in the road and
how it changes with time. Follow-ups demonstrate that the pavement properties change over
time (sometimes dramatically), and often in a positive direction - at least during the first years.
Traffic use in combination with the continued curing of the material, both compact and pack
the pavement, with the layer becoming harder as a result. It may be difficult to extract whole,
core samples suitable fortesting from newly laid material. However, after a few months of
traffic, whole samples can usually be obtained. The following experiences are the result of
core sample laboratory testing:

0 Air voids may vary between 1-20 Vol. 0/0 depending on the pavement age, location of the
road, mix and object. In the wheel rut there is marked reduction of the air voids during the
first years due to the compacting effect of traffic. The difference between the wheel rut and
the adjacent pavement is an average of about 5 per cent units, but varies from case to case.
After about one year of traffic, the air voids ratio in the wheel rut is usually between 5-10
Vol. 0/0, but lower and higher values can also be found. Air voids of 1-2 Vol. % may result

in plastic deformations.

0 Tensile strength at 100 C on a sample from dry storage is between 200-1300 kPa. The
result is affected primarily by the age of the pavement and the size of the air voids ratio.
Tensile strength for saturated samples will be lower, often within the range 100-1000 kPa.

ln most cases, however the adhesion value is at an acceptable level.

0 Stiffness coefficient at 100 C is relatively high for recycled mixes, 1000-5000 MPa on a
sample from dry storage. The coefficient is significantly affected by the quantity and type
of virgin binder, and if the sample is tested in wet or dry condition.
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0 Stability and Flow value of core samples have only been determined in a few cases, and
then by dynamic creep test at room temperature. The trial proved to be quite consistent

with field experiences from the road, and the content of the binder in the pavement was
highly influential for the results. During laboratory pre-testing of the mix, stability was also
tested using the Marshall test.

0 Moisture susceptibility test (the correlation in tensile strength between wet and dry stored
samples) usually is acceptable, with anadhesion rate of 70-100 0/0. If too little binder is
mixed in, a lower rate may result and indicate poor durability. The result is also affected by
the degree of water saturation when measured in a vacuum, which in turn affects the void
content in the material. The highest saturation rates are obtained in the void content range
7-14 Vol. %.

0 Freeze-thaw durability (the correlation in tensile strength among samples exposed to
water saturation + freeze-thaw exchange with sample from dry storage) has not yet been
studied on core samples, but only on samples produced in the lab. Resistance against
freeze-thaw cycles normally increases with the increased quantity of virgin binder, and the
method is in some cases more distinct (and stricter) than the adhesion ratio above.

14.10 Conclusions/Recommendations

In summary, VTI follow-Lips demonstrate that cold recycled pavement may obtain good
properties when the correct mix and procedure are employed. lf too much binder is mixed in,
or if the aggregate contains a high bitumen content, the risk of plastic deformation increases,
while too little binder results in poor durability for the pavement with the risk of stripping and

cracking.

In most cases, the road surface demonstrates properties that are approximately equivalent to
other cold-mix paving types, and its properties are reminiscent of dense asphalt concrete. To
reduce the risk of failure, it is recommended that the mix be designed by pre-testing mixes of
asphalt aggregate, binder and water in different proportions in a laboratory, and modifying the
mix according to the conditions found on the road, such as the amount of heavy traffic,

whether or not the traffic is trackbound, sunlit sections, slopes, etc. lf there is significant

heavy traffic, recycling materials should be used with caution, and only after a special study.

In all probability, most of the road field tests and inspection sections followed up by VTI in
recent years will reach an age of at least ten years, and during the first 3-5 years have managed
well thus far. lf surface damage occurs at an early phase the road (surface) should be sealed.
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15. Conclusion and personal evaluation

As a fact to the ongoing discussions about shortages in natural resources and growing amounts
of waste, alternative methods for the reuse of those materials have to be found. The

problematic is not only valid for conventional domestic waste, but also for the permanent
increasing amount of waste material from construction jobs. The amount of more than 40
million tons of old asphalt pavements per year, only in Germany require steps to be taken into
the direction of reusing these materials in the structure of new roads. Therefore, this paper has

been focusing primarily on the cold recycling technique, which is a rather uncommon method
to reuse reclaimed asphalt. Because of the increasing budget shortages the aim of this paper

was, to evaluate the properties, technical service life and performance as well as the
economical advantage of the cold recycling technique for low and medium volume roads (<
1500 vehicles), based on Swedish experience. Whereas the Swedes have started to use
emulsified recycling asphalt much earlier, the cold recycling method is pretty uncommon.
There are several reasons why cold mixes and cold recycling mixes are not stronger applied in
road construction. The main reason why cold recycling is uncommon is, that there are no
specifications around. The only available guideline available is only valid for the

Bundesland Sachsen . The fact that the German road building authorities are part of the

legislative system has also not been helpful for this method, since alternative offers of the
contractors with cold recycling are very often ignored. In addition to that, have the officials
not invited tenders for pavements performed with the cold-recycling technique, except for the

case when tar containing RAP material was to be reused. Further the stability properties have
been found to be unsuitable for the German road system, since cold mixes do not have the
same stability and stiffness like hot-mixes do after they have been laid. Therefore more
investigations and research works were performed in establishing a specification of hydraulic
bound base courses, rather than emulsion bound ones. The third main reason might be found
in the fact, that the density of hot-mix facilities is very high throughout Germany. Therefore
the influence of a certain lobby also hindered the progress in cold recycling.

Disregarding this introductory, this paper is supposed to give a global as well as a detailed and

specific information on certain aspects of the cold recycling technique. During the test
program which was performed along with the literature studies, the author tried to investigate
how the critical stability during the first few months after the placement can be increased by

modifying the mixture with a stiffer emulsion and by adding cement to the mix. In both cases,
were improvements achieved, which show that the behavior and properties of are not known
and especially that the properties are very much dependent on the RAP granulate and the

contents of the binder and water. Further research is therefore necessary to investigate the
influence of several additives on the performance and the properties of the cold recycling
mixes with those of conventional hot-mixes.
However it has been proven during the test program, that high quality emulsion bound mixes
can be produced which in many cases could be used to substitute conventional hot-mixes, due
to the economical advantage. This increase in the price advantage may even increase during
the future dependent on the fees to be paid for the dumping of old deteriorated asphalt

material.

In several projects performed in Sweden in the past was cold recycling material used for the
construction of wearing courses. Nevertheless, the experience and the performance of the
material which were gained by the author during this research work lead to the conclusion,
that the material has achieved satisfactory results but they are not high enough to replace those
of a hot-mix wearing course. Therefore it is recommended to apply a cold recycling mix for
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the construction of the base course and top that after 1 to 2 weeks after the placement with a 4
cm hot-recycling wearing course. This way a dense and resistant surface can be produced by
still reusing 100 % RAP material in the wearing course. By dealing with the material during

the past, the author has realized, that the properties of the material are satisfactory, but under
the circumstances that the pavement will be exposed to increasing traffic stresses it is

recommended to build roads.
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Disclaimer

The content of this repot reflects the view of the author who is responsible for the facts and

the accuracy presented in this diüloma thesis. The content probably contains lacks and does
not necessarily reflect the views nad policies of other research laboratories, nor the opinion of

other authors. Further does this report not claim to have fully discussed the the problems,
advantages and the most suitable use for emulsion-bound pavements. This diploma thesis just
tried to give an overview of the possibilities and properties of cold mixes, as well as a more
detailed information on how the properties of emulsion bound pavements can be modified by
the addition of cement and or harder emulsions. Hence a economical comparison between 4

different mixtures was made.

Typical scene of the author, when writing this diploma thesis
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