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Abstract  

Nowadays one of the main concerns in the world is the protection of the environment. In fact, 

for over a century man has intensified production activity and increased the use of raw 

materials without thinking about the impact of this behaviour on the environment but thinking 

only of maximising profits. These habits have inexorably led to an exponential increase in 

air pollution with consequent inestimable damage to ecosystems. In recent years, however, 

awareness of these issues has increased and the concepts of eco-sustainability and circular 

economy are gaining more and more importance in almost all production sectors. 

Also in the road sector these last two concepts have entered vigorously. In fact, nowadays 

roads are being built with techniques capable of reducing the environmental impact and using 

waste materials as much as possible. One of the techniques that allows achieving both 

objectives is that of cold recycling. With this technology it is possible to produce asphalt 

concrete using up to 100% of RAP and without the aid of heat. However, despite the 

innumerable advantages they bring, these materials also have disadvantages, including the 

lower performance compared to hot bituminous mixtures. 

Italy has always had a special attention for these materials, since the 90s, above all by using 

the bituminous emulsion as a stabilising agent. In the first applications, these materials were 

produced using unmodified bitumen emulsions and then, with technological development, it 

was possible to produce modified emulsions. Nowadays, cold-recycled asphalt mixes with 

bitumen emulsion are mainly made using modified emulsions, as it is believed that they 

significantly improve the performance of the material. 

In this context, the PhD activity had the aim to study and analyse the rheological, mechanical 

and performance properties of cold recycled asphalt mixtures as the type of bituminous 

binder varied. To achieve this, the different bituminous binders (unmodified emulsion, latex 

modified bitumen emulsion and SBS-modified bitumen emulsion) were compared at the 

scale of the binder, that of the mastic (bitumen and filler) and that of the mixture. The next 

step was instead to evaluate the properties of the cold mixtures where reinforcing synthetic 

fibres were added. 

On the basis of the evidence obtained, it can be stated that, despite the different typology of 

binder involving differences on the scale of the binder and the mastic, this does not happen 

on the scale of the mixtures. This result is mainly due to the low content of binder present 

within these materials (2.4% on the final mix) but also to the numerous variables that come 

into play in defining the performance of a cold mixture. The use of unmodified bitumen 

emulsions to replace the modified ones would represent an important result both in economic 

terms but also in environmental terms. However, these results will have to be verified with 

full -scale applications. To this end, a test field was created where the type of binder used to 

create the base layer was varied. This road section will be monitored over time through non-

destructive tests and laboratory tests on cores extracted from the pavement. 
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The second part of the research confirmed that the inclusion of synthetic fibres allows to 

improve the performance of cold mixtures, especially in terms of fatigue resistance, when 

they are added with a quantity equal to 0.05% of the total weight of the aggregates. 
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Sommario 

Al giorno dôoggi una delle principali preoccupazioni al livello mondiale ¯ la salvaguardia 

dellôambiente. Infatti, per oltre un secolo lôuomo ha intensificato lôattivit¨ produttiva ed 

aumentato lôutilizzo di materie prime senza pensare allôimpatto sullôambiente di tale 

comportamento, ma pensando solo alla massimizzazione dei profitti. Tali abitudini hanno 

portato inesorabilmente allôincremento esponenziale dellôinquinamento atmosferico con 

conseguenti danni inestimabili sugli ecosistemi. Negli ultimi anni, tuttavia, è aumentata la 

consapevolezza riguardo queste problematiche ed i concetti di ecosostenibilità ed economia 

circolare stanno prendendo piede in quasi tutti i settori produttivi.  

Anche nel settore stradale questi due ultimi concetti sono entrati in maniera vigorosa. Infatti 

al giorno dôoggi si cerca di realizzare le strade con tecniche in grado di ridurre lôimpatto 

ambientale ed impiegando quanto più possibile materiali di scarto. Una delle tecniche che 

permette di raggiungere entrambi gli obiettivi è quella del riciclaggio a freddo. Con tale 

tecnologia è possibile produrre conglomerati bituminosi impiegando fino al 100% di fresato 

e senza lôausilio del calore. Tali materiali, tuttavia, nonostante gli innumerevoli vantaggi che 

portano, hanno anche degli svantaggi, tra i quali le minori prestazioni rispetto ai conglomerati 

bituminosi caldi. 

LôItalia ha avuto sempre un grande occhio di riguardo verso questi materiali, fin dagli anni 

90ô, soprattutto impiegando lôemulsione bituminosa come agente stabilizzante. Nelle prime 

applicazioni tali materiali venivano prodotti impiegando emulsioni non modificate e poi 

successivamente, con lo sviluppo tecnologico, è stato possibile produrre emulsioni 

modificate. Al giorno dôoggi i conglomerati bituminosi riciclati a freddo con emulsione 

bituminosa vengono realizzati principalmente tramite lôimpiego di emulsioni modificate, 

poiché si ritiene che esse migliorino notevolmente le prestazioni del materiale. 

In questo contesto, lôattivit¨ di dottorato ha avuto come scopo quello di studiare ed analizzare 

le proprietà reologiche, meccaniche e prestazionali dei conglomerati bituminosi riciclati a 

freddo al variare della tipologia di legante bituminoso. Per arrivare a questo obiettivo, i 

diversi leganti bituminosi (emulsione non modificata, emulsione modificata con lattice ed 

emulsione modificata con SBS) sono stati confrontati alla scala del legante, a quella del 

mastice (bitume e filler) e quella della miscela. Il passo successivo è stato invece quello di 

valutare le proprietà delle miscele a freddo dove delle fibre sintetiche di rinforzo sono state 

aggiunte.  

Sulla base delle evidenze ottenute si può affermare che, nonostante la diversa tipologia di 

legante comporti delle differenze alla scala del legante e del mastice, questo non accade alla 

scala delle miscele. Tale risultato è dovuto principalmente al basso contenuto di legante 

presente allôinterno di tali materiali (2.4% sulla miscela finale) ma anche alle numerose 

variabili che entrano in gioco nella definizione delle prestazioni di un conglomerato a freddo. 

Lôimpiego di emulsioni non modificate in sostituzione di quelle modificate, rappresenterebbe 

un importante risultato sia in termini economici ma anche in termini ambientali. Tuttavia tali 

risultati andranno verificati con applicazioni in vera scala. A tal fine è stato realizzato un 

campo prova dove è stata variata la tipologia di legante impiegato per la realizzazione dello 
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strato di base. Tale tronco stradale verrà monitorato nel tempo tramite prove non distruttive 

e prove di laboratorio su carote estratte dalla pavimentazione. 

La seconda parte della ricerca ha confermato che lôinserimento di fibre sintetiche permette di 

migliorare le prestazioni di questi materiali, soprattutto in termini di resistenza a fatica, 

quando sono aggiunte con un quantitativo pari allo 0.05% sul peso degli aggregati. 
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Chapter 1.  

Literature review on cold recycling 

asphalt mixtures 

1.1 Cold recycling 

In the last decades, the continuous increase of vehicular traffic in roads led to an intensify 

road pavement damage and therefore to an increase in the reclaimed asphalt pavement (RAP) 

produced and therefore to be disposed of in landfills (Liu et al., 2021; Prosperi et al., 2022; 

Romeo et al., 2019). Furthermore, the increased vehicular traffic has also produced an 

increase in environmental pollution (Fakhri & Hosseini, 2017). It is estimated that 

approximately 30% of global air pollution and a fourth of fossil fuel consumption around the 

world are pertinent to the transportation sector, and more than 7% of these contents is the 

contribution of the pavement industry (Jahanbakhsh et al., 2020). For these reasons 

nowadays, environmental problems in the road sector have become warm topics, and 

therefore research is increasingly moving towards the use of recycled materials and towards 

the construction of low environmental impact roads (Zhang et al., 2021). Among the various 

possible solutions, one of these is the cold recycling. Cold recycling of asphalt pavement is 

an effective way to reduce the use of raw material and fossil fuel, construction cost as well 

as carbon emission in pavement rehabilitation (Lin et al., 2018; Xiao et al., 2018a). Cold 

mixtures for structural layers, not considering the cold mixtures for surface courses and 

pothole repairing, can be classified in four different categories based on their composition 

(Grilli et al., 2012; Kuchiishi et al., 2019): 

¶ bitumen stabilised materials (BSM), where the bitumen/cement ratio (B/C) is 

greater than 1 and the bitumen content is lower than 2%; 

¶ cement treated materials (CTM), in which only cement is used; 

¶ cement-bitumen treated materials (CBTM), with a cement dosage higher than 1% 

and bitumen/cement ratio B/CÒ1; 

¶ cold asphalt mixtures (CAM), with a bitumen content higher than 2% and cement 

lower than 2% 

1.1.1 Mixtures production 

Based on the production method, cold mixtures can be classified in cold in-place recycling 

(CIR), cold central-plant recycling (CCPR) and full-depth reclamation (FDR) (National 

Academies of Sciences, Engineering and Medicine, 2017).  

The term CIR is used to identify procedures where only bituminous layers are milled and 

incorporated in the recycled mixtures. It is characterised by all production activities, among 

which, milling, mixing and compaction, realised directly in the field by means of specific 
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equipment (Godenzoni, 2017). First of all, the old pavement surface is usually milled down 

(Figure 1.1a) and stored in a special place on the construction site. Crushing and sieving 

procedures should be conducted during the milling process to obtain the desired size of the 

particles required by RAP (approximately 12-20 cm in diameter) (Liu et al., 2022). 

Afterwards, the RAP, eventually corrected with natural aggregates (inactive filler or sand) 

cement and water (Figure 1.1b), is mixed with the recycler. After that, the construction 

operations continue by coupling supply tankers to the recycler. In particular, the recycler 

pushed or pulls the tankers supplying additives required in the mixture, that are bitumen 

emulsion or foamed bitumen (Figure 1.1c). In the end, compaction process is usually 

performed using both vibratory and pneumatic roller types (Figure 1.1d) (Godenzoni, 

2017). Compared with hot-mix asphalt (HMA) technology, the CIR technique reduces the 

aggregate consumption, greenhouse gas (GHG) emissions, and the release of harmful gases 

by substantial amounts (Alkins et al., 2008). Figure 1.2 shows that the CIR technology, 

compared with traditional HMA overlay, can save 62% aggregate consumption and reduce 

the emissions of 52%, 61% and 54% in terms of greenhouse gas, sulphur dioxide and nitric 

oxide/nitrogen dioxide respectively (Xiao et al., 2018). 

 

 

Figure 1.1 - a) milling stage b) natural aggregates and/or cement addition c) mixing through recycler  

d) compaction stage 
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Figure 1.2 - Environmental benefits of CIR technology over traditional HMA (Xiao et al., 2018) 

The term FDR is instead used to identify procedures in which recycling machines mill the 

entire thickness of the distressed bituminous layers together with a predetermined amount 

of the underlying unbounded or cement-treated courses (Bocci et al., 2010). This procedure 

is mainly used when the pavement has structural weaknesses with serious damage 

(Ghanizadeh et al., 2018). Differently from CIR, the FRD technique is referred to full -depth 

recycling (Xiao et al., 2018). After a first step removal of the existing deteriorated 

bituminous layers, with a depth that is between 20 cm and 30 cm, 1-2% (by mass) of 

cement is spread on the top of the pulverised surface and then mixed (Bemanian et al., 

2006). If it is necessary to correct the grain size distribution, it is also possible to spread 

additional aggregates before spreading the cement (Fedrigo et al., 2020). The treated 

material is compacted with tandem steel and pneumatic tyre rollers to no less than 95% 

maximum relative density (Bemanian et al., 2006). Sometimes, due to the structural 

capabilities of the mixture, it is not necessary to add any stabilising additive, and therefore, 

the compacted material can be the base for a new surface layer. Otherwise, if the obtained 

material does not provide enough structural strength, others stabilised agents can be added 

such as chemical additives (lime, fly ash, etc.) or bitumen additives (bitumen emulsion or 

foamed bitumen). In general, the most employed stabilisers worldwide are bituminous 

emulsions and Portland cement (Gonzalo-Orden et al., 2019).  

The last method to recycle the old road materials at the ambient temperatures is to process it 

in plant (CCPR) (Figure 1.3). In this process the first step is milling the existing asphalt 

section, and then collect it and stockpiled for later use in the plant. Afterwards, the recycled 

materials will be crushed to expectation size and then mixed with new materials (if necessary 

to correct the graduation), additives and water. This process will create a paving material that 

can be placed with conventional asphalt paving equipment (National Academies of Sciences, 

Engineering and Medicine, 2021; Timm et al., 2018). After this operation the conventional 
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asphalt, wearing course will be paved on the recycling pavement (Xiao et al., 2018). These 

processes occur at a mobile plant which can be located at or near the construction site or the 

RAP source stockpile. Additionally, the CCPR process can be used to place multiple lifts for 

thicker applications (Timm et al., 2018). The CCPR method combines almost the same 

environmental advantages as the CIR method but, unlike the latter, plant processing is 

generally the most expensive option, primarily due to the material transportation costs that 

are absent in the case of in-place recycling (Godenzoni, 2017). Figure 1.4 shows the energy 

consumption of the mainly paving technologies, cold and hot, in-site and in the plant. Itôs 

evident how hot technologies have more energy consumption than cold ones since the 

blending energy in the cases of ñhot mix asphaltò and ñcentral plant recycled hot mixò or the 

paving energy in the case of ñhot in place recyclingò are immense. Instead, comparing the 

two cold technologies, the CIR process results in the lowest energy consumption in all paving 

stages.  

 

Figure 1.3 - CMA production plant 

          

Figure 1.4 - Energy consumption of various paving technologies (Xiao et al., 2018) 
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The main technical difference between cold in place recycling and cold central plant 

recycling is the mode of controlling material gradation, which uses the speed of the reclaimer 

in the former and mechanical sieving in the latter. However, in plant the materials from 

existing pavement can be selected and pre-treated, thereby increasing the level of confidence 

that can be achieved in the final product (Apeagyei & Diefenderfer, 2013). 

During the year 2011, the Virginia Department of Transportation (VDOT) realised a research 

project where CIR and CCPR were compared in order to evaluate eventually different 

between these two methods. In particular gradation, binder content, density measurements, 

indirect tensile strength (ITS) measurements, and resilient modulus (MR) were conducted to 

obtain this goal. The results demonstrated that there are not significantly different between 

the two techniques (Apeagyei & Diefenderfer, 2013) 

 

1.1.2 Mixtures composition  

In the present research work, the attention has been paid on the Cold Recycled Asphalt 

Mixtures (CRAM) which are CAM including high RAP content (even 100%). These CRAM 

mixtures contain (Kuchiishi et al., 2019; Orosa et al., 2022; Gabriele Tebaldi et al., 2014): 

¶ bitumen emulsion or foamed bitumen, which are stabilising agents used with the 

purpose of reducing the bitumen viscosity and provide adequate mixing and 

dispersion of the bitumen throughout the mixture; 

¶ water, to facilitate the blending process and ensure the proper moisture mixture 

content; 

¶ active filler, such as Portland cement or hydrated lime, which chemically modify 

the mix properties and can also be used to improve adhesion of the binder to the 

aggregates, enhance dispersion of the bitumen, increase the stiffness of the mixture, 

reduce moisture susceptibility and accelerate the curing of the compacted material 

(Wirtgen, 2012); 

¶ natural aggregates, if necessary, for the correction of the graduation. 

1.1.3 The evolution behaviour of CRAM 

The CRAM behaviour is different from the traditional HMA due to the presence of water, 

emulsion and cement which required a certain time (curing time) to develop their long-term 

properties (Graziani et al., 2018).  

In particular, there are two different stages in the CRAM behaviour, that are the short-term 

ñfreshò state and the long-term ñhardenedò state (Graziani et al., 2018; Orosa et al., 2022). 

The first stage starts some hours after the compaction and its duration depends on several 

elements such as curing temperature, environmental moisture, water content in the mixture, 

cement quantities, presence of fine particles (i.e. filler for graduation correction), air voids in 

the mix, traffic loading and volume, etc. (Graziani et al., 2016; Jain & Singh, 2021). For 

example, the curing time is longer if the climate is cooler or more humid (Serfass et al., 2004), 

instead is shorter adding limestone filler (Singh & Jain, 2021). Moreover, the cement in the 
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mixtures reaction with water and accelerates the curing process by reducing the amount of 

free water (Cudre-mauroux et al., 2011; García et al., 2013). During this curing process, the 

water reacting with the cement leaves more and more free space between the aggregates and 

therefore there is an increase in the air voids of the material. However, thanks to the cement 

and water reaction, the performance of the material increases. 

Several authors tried to estimate the curing duration and among these, Graziani and his team 

concluded that 28 days was sufficient time for a cold mixture to evaporate almost all of its 

water content (Graziani et al., 2018). Instead, other authors have reported a curing time from 

6 to 18 months during which the stiffness continues to increase (Dolzycki et al., 2017; 

Kuchiishi, Antão, et al., 2019). During the second stage, instead, when the total amount of 

water is evaporated, the stiffness reduces due to the aging and the vehicular traffic (L.-J. 

Ebels, 2008; Jenkins et al., 2007). 

1.1.4 Use of CRAM materials 

Cold recycled asphalt mixtures for base and subbase layers have been used for several 

decades to improve the bearing capacity of road pavement, but mainly also for their 

recognised benefits in terms of pavement sustainability (Grilli et al., 2013; Leandri et al., 

2015). In Italy initially, due to the lack of confidence in these materials, CMAs were used 

only for subbase layers and in low traffic road pavements. Instead now more than 500 km of 

the main Italian motorways were made with this technique (Bocci et al., 2010).  

The first applications, almost 50 years ago, saw the use of CTM materials (only cement 

employed), which significantly improved the stiffness and the strength of the pavement 

structure allow a better distribution of the traffic stress at the subgrade layer and a reduction 

of tensile strain at the bottom of bituminous layers (Xuan et al., 2012). However, the 

excessive stiffness and the tendency to shrinkage of these materials could have a negative 

effect on the pavement life. In particular, the high stiffness made the materials inclined to 

brittle behaviour and so to a premature cracking and, moreover, shrinkage cracking could 

appear just some days after the construction causing several issues later, such as propagation 

of cracks up to the surface (Grilli et al., 2013). To improve this behaviour and thus reduce 

the excessive stiffness of these materials then stabilising agents were added, i.e. bitumen 

emulsion or foamed bitumen. These agents allow the reduction of viscosity by conveying the 

bitumen in the mix with water, in the case of bitumen emulsions, or by mixing it in the form 

of foam, in the case of foamed bitumen (Grilli, 2014). However, these materials did not yet 

guarantee the necessary guarantees to be used as base layers within the structural package of 

road pavements (Needham, 1996). Initially , it was no easy to modify bitumen emulsion as 

was done for bitumen instead, due to technological problems in the production process of 

binders used in the road sector, but polymers in latex form could be easily incorporated by 

simply adding the polymer into the emulsion stirrer and thus producing a ñthree-phaseò 

emulsion (Needham, 1996). This process had already been exploited for decades in the 

industrial field (Anderson & Daniels, 2003). There are different types of latex that can be 

used in paving grade emulsions, among which Styrene Butadiene Rubber (SBR), 

polychloroprene, and natural rubber latex. This polymer modification could improve the 
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properties of bitumen in terms of cohesion, resistance to cracking at low temperatures, and 

resistance to flow at high temperatures (Salomon, 2006). It is only with the technological 

development (between the late 90s and early 2000s) that it was possible to directly modify 

the binder inside emulsions, producing modified bitumen emulsions called "double phase", 

in which it was possible to insert various types of polymers like Styrene-Butadiene-Styrene 

(SBS), Ethylene Vinyl Acetate (EVA), etc. However, these polymers could cause several 

problems during the production of the bitumen emulsion, since SBS-modified bitumen 

emulsions require high emulsification temperatures of more than 150 °C and a pressurised 

tank was needed until the emulsion is cooled; instead EVA-modified bitumen emulsions may 

become highly unstable and phase separation could occur before the emulsion forms (Carrera 

et al., 2014). To resolve these problems, Carrera et al. in 2014 proposed to introduce a reactive 

modification with an isocyanate-functionalised polypropylene glycol (a liquid with low 

viscosity) which allowed both mixing bitumen and further emulsification to be carried out 

between 80 °C and 90 °C in an open vessel. This material presented better performance 

against permanent deformation than unmodified bitumen emulsions (Carrera et al., 2014).  

Polymer-modified bitumen emulsions have made it possible to obtain cold mix asphalt 

(CMA) with greater durability, greater resistance to cracking, and lower temperature 

susceptibility imparted by the polymers (Rabiot & Morizur, 1996; Thomas et al., 2000). 

Moreover, by adding the polymer modifier, the high-temperature performance has improved 

significantly (Jiang et al., 2018). Hence, many studies have been done about the use of 

polymers in cold recycling, and the use of them has been seen to lead to an improvement in 

the performance of the CMAs (Cai et al., 2010; Carpani et al., 2021; Chávez-Valencia et al., 

2007; Mengzhuo Guo et al., 2019; Herez, 2019; J. Jiang et al., 2018; Ling et al., 2016; Samor 

& Sarsam, 2021; Sarsam & Samor, 2020; Shafii et al., 2013; Thamer Alenezi, 2019; Usman, 

Hainin, Satar, M Warid, et al., 2020; Ziari et al., 2020). Between the first studies about the 

application of modified bitumen emulsion, Khalid and Eta in 1997 studied the use of SBS 

and EVA polymers in emulsified bitumen macadams and found that the polymers had a 

significant effect on these types of mixtures as they improved their stiffness, reduced 

permanent deformations and also improved the fatigue resistance compared to unmodified 

materials (Khalid & Eta, 1997). Subsequently, in research realised in Mexico, polyvinyl 

acetate was added to a rapid-setting emulsified bitumen to develop the compressive strength 

of CMAs (Chávez-Valencia et al., 2007). Several years later, Xu et al. used an enhanced 

polymer-modified emulsifier in a bituminous mixture finding that the performance of the 

mixture was in agreement with the specification requirements in terms of water damage, 

rutting and cracking resistance (Shanbara et al., 2021; Xu et al., 2014). In the same year, 

Shifa et al. valuated the performance of a CMA produced with a specially developed polymer 

modified emulsified in terms of high temperatures performance, moisture susceptibility and 

low-temperature crack resistance. The results have shown that each performance met the 

specification requirements, especially for rutting resistance performance (Xu et al., 2014). 

More recently numerous studies have been carried out to improve the performance of binders 

used in the field of cold recycling. Between these, Li et al. in 2019 valuated the feasibility of 

using waterborne epoxy modified bitumen emulsion (WEB) as a high-performance cold 

binder through chemical analysis and performance characterisation, among which Fourier 

https://www.sciencedirect.com/topics/engineering/impact-toughness
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transform-infrared spectroscopy (FT-IR), Zetasizer, boiling test and different tests using the 

dynamic shear rheometer (DSR); the results indicated that the incorporation of waterborne 

epoxy resin into bitumen emulsion significantly improved its adhesion performance, 

mechanical strength, and fatigue life, making these materials potential high-performance cold 

binder for cold-mix asphalt paving (Li et al., 2019). Moreover, it is observed that 

incorporation of novel modified binder as asphalt emulsion capsules made with shells of 

calcium-alginate and calcium-alginate resulted in better mechanical properties of mixtures 

and recommended as a suitable alternative for conventional CMA (Dash et al., 2022).  

In the last years, the research moved to the use of CMA in binder layers. The highest problems 

regard the use of these materials in binder layers are the lower properties than HMA at early 

time. Dulaimi and his research group tried to improve these properties introducing a binary 

blended filler material produced by high calcium fly ash and a fluid catalytic cracking 

catalyst. They found that this method was very effective for producing cold asphalt concrete 

for binder layers (Dulaimi et al., 2016; Dulaimi, Nageim, et al., 2017). In 2019 a research 

group from the University of the Republic of San Marino and the Polytechnic University of 

Marche described the construction of a pavement trial section where a cold-recycled asphalt 

mixture (CRAM) was placed as a binder course. They evaluated the effect of the curing 

conditions on the stiffness evolution of the cores taken from the trial section and the 

laboratory compacted specimens (Grilli et al., 2019).  

Finally, CMAs can be applied to the airport road, where vehicular loads are much higher than 

in the normal roads. In 2014, a case study of cold recycling in airport pavement was evaluated 

by Hashemian et al. In particular, part of the existing asphalt layers of the road pavements 

were removed and then mixed with foam bitumen and cement slurry, to realise base and 

subbase layers. Quality control testing, carried out after construction, showed great 

improvement in pavement properties among which increased pavement bearing capacity 

(Hashemian et al., 2014). The research of the University of the Sunshine Coast (Australia) 

showed the advantages of the use of cold recycling technologies in airports. In particular, this 

technology was used for the intersection between two major taxiways at an Australian airport, 

using foamed bitumen material to realise the base layer. The project demonstrated the 

advantages of the use of this technology in the airport field (Bajpai, 2017).  

        1.1.4.1 Cold recycling history in Italy  

Italy was one of the first countries in Europe to introduce the cold recycling technique to 

produce road pavements. The first experience was probably conducted for the maintenance 

of the state road (SS) Pontina in the Latina Province (Lazio region) in February 1989 (Figure 

1.5).  
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Figure 1.5 - Maintenance works of the state road (SS) Pontina in the Latina Province 

The following year, the "Pavimental" company built a test field with the cold recycling 

technique (Figure 1.6).  

 

Figure 1.6 - Pavimental test field 

A huge improvement in this field occurred in 1995 with the recycler machine introduction, 

which could mill and mix at the same time, greatly reducing the construction time (Figure 

1.7). 
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Figure 1.7 - Recycler machine 

The following year, a machine capable of injecting foamed bitumen is introduced to the 

market (Figure 1.8). 

 

 

Figure 1.8 - Foamed bitumen machine 

In the same year in the province of Ancona (Marche region), a maintenance intervention was 

carried out on the pavement using this technique, but with completely rudimentary techniques 

compared to the current ones. In particular, a non-overstabilised bitumen emulsion was used 

with a quantity equal to 3.5-3.8%, the integration of 15-20% of aggregates and no addition 

of cement (Figure 1.9). 
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Figure 1.9 - Maintenance work on the SS 76 Val d'Esino (Ancona) 

In 1998 the first cold recycling KMA mobile plant was introduced, with off-site mixing, for 

cold recycling both with bitumen emulsion and with foamed bitumen (Figure 1.10).  

 

Figure 1.10 - Cold recycling KMA mobile plant 

Several years later, in 2004, ñAutostrade per l'Italiaò together with a private company built a 

recycling train to be used for the expansion works of the A14 motorway for the Ancona Sud-

Porto S. Elpidio section (Figure 1.11). ñAutostrade per l'Italiaò has declared that, between 

2004 and 2010 years, recycled around 1 million tons of RAP using this technique and 

following the structural pavement as in Figure 1.12, where the base was realised with 

modified bitumen emulsion and the subbase stabilised with cement and foamed bitumen (M. 

Bocci & E. Bocci, 2014).  




















































































































































































































































































































































































