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1 | INTRODUCTION 
With the aim to ensure an adequate level of service on road networks, in a fast and economical way, 

road administrations and local authorities need appropriate materials to carry out emergency repairs. 

Is in this context, that new road pavement maintenance materials are available, such as, asphalt for cold 

and quick repair, which can be applied in any area of the network, under any climatic conditions, and 

with minimum requirements concerning construction equipment’s. Nowadays, there is a wide diversity 

of these mixtures on the market, composed of different constituents, with various characteristics, and 

consequently various levels of durability and performance. Due to this situation, together with the 

limited availability of information and the lack of specifications to enable its quality control, it’s difficult 

for road authorities to select the product with better quality. The main objectives of this dissertation are 

to establish the most appropriate test methods for the performance evaluation of asphalt for cold and 

quick repair, and to define the acceptance/rejection criteria for quality assurance of the mixtures in 

question. 

The experimental campaign carried out comprises two phases; the first one consisted in the evaluation 

of the properties required for the fast repair mixtures, and consequent analysis of its constituents 

depending on the laboratory tests. In a second phase, the application of asphalt for cold and quick repair 

was monitored in situ and its performance was evaluated over eight months after its application. 

2 | MAINTENANCE OF ROAD PAVEMENTS 
Pavement deterioration can be superficial or structural. The first type affects the behavior of the surface 

of the pavement, thus reducing the safety and comfort of road users (Branco et al, 2006). Structural 

deterioration arises in depth, due to the lack of bearing capacity of the subgrade soil, or the structural 

inadequacy of the constituent materials that make up the pavement structure. Any deterioration in the 

pavement have repercussions on the surface layer, for this reason it is fundamental to ensure that a 

rapid intervention occurs, in order to restore the functional characteristics of the pavement and thus 

guarantee an adequate level of safety and comfort to the traffic circulation. 

The most adequate technique and materials for asphalt pavement maintenance and repair selected 

according to the type of degradation and its extension. This dissertation addresses the application of 

asphalt for cold and quick repair, mainly used for pothole repair in emergency situations. 

The appearance of this type of deterioration is often associated with the presence of cracking in the 

pavement, which allows the ingress of water which, together with the action of the traffic, accelerates 

the whole process of degradation, originating potholes (Figure 1). 

In general, asphalt for cold and quick repair are mostly applied in emergency maintenance (that is the 

evidence that the preventive and corrective actions of maintenance were not carried out in time by the 

responsible entities, leading to the aggravation of the pathologies initially existents), and punctual 

interventions (that are carried out in order to restore the functional quality of the pavement) especially 

in situations where it is difficult to interrupt the circulation (very high traffic) or in the presence of 

adverse climatic conditions. 
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Figure 1 - Development of potholes associated with cracking (adapted Township of Franklin (2016)) 

From the wide variety of repair techniques that may be used in the application of the asphalt for cold 

and quick repair, and from those commonly used in Portugal by the responsible entities in temporal 

repairs, must be highlighted the throw and roll, used in emergency situations (that is applied in adverse 

weather conditions, carried out quickly, without cleaning of the area to be restored, and compacted 

through the maintenance vehicle) (Kubanek, 2013). The semi-permanent repairs, which are usually 

applied in situations of planned interventions, differs from the temporal ones in the cleaning of the area 

under intervention (that must be without debris and without water) and undergoes a compacting 

vibration through a roller or plate (Nicholls et al, 2014). 

Regarding the cost-benefit between the two methods, the semi-permanent repair is considered the 

most cost-effective solution in the long term, although the higher cost of application presents superior 

durability (Biswas, 2016). 

Asphalt for cold and quick repair for patching consist in a set of materials (aggregates, additives and 

bituminous binder) complying with certain general characteristics, which are essential to obtain a repair 

mixture with a good in situ performance. Among these characteristics stand out: stability, durability, 

resistance to water action, adhesion to existing pavement, workability, compactability, and storage 

stability. 

For this reason, it is necessary to analyze the different constituents of asphalt for patching, and try to 

understand how they contribute to the development of the aforementioned properties. As regards its 

constituents, it has to be highlighted the huge diversity of bituminous binders applied to the products in 

question, with the main objective to ensure the workability that is necessary for the application and 

compactation at low temperatures. The additives have also an important role in obtaining a mixture 

with high durability and more resistance, but many times their presence is not clearly identified in 

technical datasheet. 

3 | EXPERIMENTAL PROGRAM 

3.1 Materials 

The experimental program of the study was developed at LNEC, focused on 5 types of asphalt for cold 

and quick repair (MBF1, MBF2, MBF3, MBF4 and MBF5) of potholes in asphalt pavements. The samples 

tested were provided by Infraestruturas de Portugal (IP) and were selected to be representative of the 

different types of behavior that have been experienced in situ. 

3.2 Tests 

On the basis of the properties required for the mixtures in the phases of manufacturing, storage, 

transport and application, as well as all over its lifetime, the experimental activity was developed in two 

distinct phases. 
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Due to the limited experience on the performance evaluation of asphalt for cold and quick repair, a first 

part of the work consisted in exploratory trials, where the applicability of the methods that are 

commonly used (European EN standards) for the laboratory characterization of asphalt mixtures was 

assessed aiming to identify the various constituents of the mixtures and to evaluate their mechanical 

behavior. 

In order to identify the constituents of the provided mixtures, the soluble binder content was 

determined using the centrifugation method and the binder was recovered afterwards. The physical and 

geometric characterization of the aggregates was carried out through the particle size analysis, flakiness 

index determination, water absorption, micro-deval coefficient and affinity between aggregate-binder, 

based on the procedures described in European standards. As regards the recovered binder, it was 

sought to identify the softening point, the penetration and the presence of polymers in the bitumen. 

In order evaluate this specific type of products the following characteristics were studied: 

• The storage period and its workability (Storage stability); 

• The stability (cohesion) of the mixture at young ages (newly applied); 

• The stability and durability (mechanical behavior) of the mixtures after curing and 

compaction due to traffic. 

However, due to the fact that water is one of the elements that most contribute to the deterioration 

mechanisms in the asphalt layers, and that these are mostly applied in winter (that is the season with 

more rainy days), special attention was given to the impact of it in the mixtures in question, during the 

various stages of the life-cycle (during application, freshly applied mixture and cured mixture). 

Storage Stability 

Because the mixtures in consideration are applied in emergency situations, there is the need for the 

responsible authorities to store them often for some period of time, which can lead to the loss of some 

properties. In this context, cold asphalt for fast repair must have a specified validity period during which 

they can be applied without problems. 

During the experimental campaign, it was observed that some of the mixtures showed drainage of the 

binder after 6 months of storage in the closed package. In this context, several hypotheses were 

evaluated to adapt the binder drainage test methods used for hot mix asphalt like Porous asphalt or 

SMA, for the evaluation of storage stability. The Schellenberg method has been adopted, according to 

EN 12697-18 (2004). 

However, the results obtained were not conclusive and therefore, another option was studied, 

consisting in the evaluation of binder migration inside the package through the determination of the 

residual binder content in samples, taken from the top, center and bottom of the buckets where they 

were stored, according to the standard NP EN 12697-1. 

Cohesion of the newly applied mixture 

The maintenance of the adhesiveness between the binder and the aggregate, in the presence of water, 

is an essential feature to guarantee the durability of this type of materials. Thus, in the present work this 

property has been assessed by visual recording of the level of covering of the aggregate particles by the 

binder after conditioning in water, using various test methods reported in the literature such as VTM13 

(1993) and AASHTO TP41-94 (1995) and also an adaptation of the method described in part A for hot 

bituminous mixtures of the standard EN 12697-11. 
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In the above mentioned method (part A of EN 12697-11) the affinity between the aggregate and the 

binder is determined by the visual recording of the level of covering of the aggregate particles by the 

binder, after the mechanical agitation of the bituminous mixture in the presence of water. The test is 

realized at room temperature, firstly placing water with a temperature of 5°C, to minimize the 

formation of any "lumps", as recommended in the standard. Nevertheless, in the present study the 

method slightly differs with respect to the one recommended by the standard, because the mixtures 

used are already prefabricated, while the standardized method specifies the production of the mixture 

with a pre-determined percentage of bituminous binder. 

   

Figure 2 – Evaluation of the affinity between the aggregate and the binder (VTM and EN 12697-11, part A)  

Performance of the mixtures in the medium term (cured) 

Considering the type of application for which these mixtures are intended, it was fundamental to 

evaluate the mechanical properties of compacted and cured specimens, and the influence of water on 

their behavior. In this context, it was necessary to develop a methodology for compactation and curing 

of test specimens in the laboratory, simulating the real conditions that are present in situ, allowing to 

evaluate the mixtures mainly in the medium term. 

The chosen compactation methodology considers the evolutionary process of the compactation which 

the mixtures normally undergo, due to the traffic action, and the method of application commonly used 

(Throw-and-roll) that provides a low initial compaction. 

The evaluation of the compactability was performed according to EN 12697-10 (2001), which consists of 

molding Marshall specimens with 5, 10, 15, 30, 40 and 50 blows on each end, attempting to evaluate the 

variation of their compaction with the number of blows, and compare it with the obtained compaction 

of in situ cured samples. 

It was verified after 20 blows on each end, the bulk density tends to stabilize, remaining approximately 

constant for 20, 30, 40 or 50 blows. Given the existing experience, for the laboratory preparation of 

cylindrical specimens it was considered more appropriate to apply 50 blows on each top with the 

Marshall compactor (normally used for the preparation of the hot mixtures sample). 

For the curing process has been adopted, on an initial stage, a process recommended by Batista (Batista 

2004) for cold bituminous mixture. However, the newly molded sample of the studied mixture shown 

low cohesion values easily disintegrates when removed from the molds after two hours of compaction, 

and when remained at temperature higher than 45°C, maybe due to the low softening point displayed. 

Thus, it is concluded that the curing process for test compact specimens of cold asphalt for fast repair 

should be 2 days at 45°C inside the mold, followed by 5 days at 45°C involved in a 2mm opening mesh, 

making a total of 7 days of cure. 
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Once the compaction and accelerated curing methodologies were defined, it was possible to evaluate 

the behavior of the mixtures in the medium and long term, and the following test methods were 

adopted. 

 Cântabro test, for the evaluation of the cohesion of bituminous mixtures using the methods 

recommended in Spanish Standard NLT 362/92 and European Standard EN 12697-17; dry tests 

were carried out, with previous immersion in water at 35°C; 

 Marshall test with water bath temperature of (35 ± 1) °C, instead of 60°C established in EN 

12697-34 + A1; 

 Water sensitivity tests in indirect tensile strength, according to method A of European 

Standard EN 12697-12. 

The second phase of the experimental program comprised the in situ application of the evaluated 

products and sought to establish a methodology to assess the in service performance of the applied 

mixtures, seeking to establish a correlation with the laboratory obtained results. 

Evaluation test in situ 

The application of the considered materials was carried out in the National Road nº4 (EN 4) in the Pk-21 

+ 500 in the North-South direction, in two different periods (Figure 3). The first one was made in the 

presence of adverse climatic conditions (abundant precipitation) on March 30, 2012, the second 

application occurred in dry weather period on April 5, 2012. The method of application of the mixtures 

corresponded to the normal procedure adopted by IP's operational services, throw-and-roll. 

   
Figure 3  - Application of bituminous cold mixtures for rapid repair ("wet" period and "dry" period) - EN 4 (adapted 

Antunes et al, 2013) 

In order to evaluate the behavior of the applied mixtures, the methodology already-existing for asphalt 

for cold and quick repair (Prowell et al, 1995) was adopted, which classifies the performance of the 

applied mixtures through the visual assessment of the various types of deteriorations, frequently 

occurring in those materials (Bleeding, Dishing, Edge Disintegration, Ravelling, Shoving and Missing 

Patch). 

However, an additional, criterion related to the workability of the mixtures was included, since this is a 

fundamental characteristic that has a considerable influence on the correct application of the mixture, 

contributing strongly to the repair durability. 

The weighing factors were established taking into account the importance of the deterioration, with a 

higher weight of (0,20) attributed to Ravelling, Edge disintegration, and Missing Pacth because it is 

considered that these types of phenomena occur frequently in the application of the mixtures in situ, 

and a weighing factor of (0,10) for the others. The sum of all weighing factors (p1 to p7) must be equal 

to one. 
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Table 1 displays the relevant criteria for the in situ performance evaluation, of the cold asphalt for fast 

repair. The intervened zone is divided in 4 quadrants, on which classification is assigned on a scale from 

1 to 4, considering the established criteria for the deterioration. 

In order to obtain the overall performance (D) of each product, expression (1) has been used, which 

corresponds to the weighted average of the evaluation attributed to the various individual indicators, 

each one associated with weighing factors (pi). 

 

The weighing factors were established taking into account the importance of the deterioration, with a 

higher weight of (0,20) attributed to Ravelling, Edge disintegration, and Missing Pacth because it is 

considered that these types of phenomena occur frequently in the application of the mixtures in situ, 

and a weighing factor of (0,10) for the others. The sum of all weighing factors (p1 to p7) must be equal 

to one. 

Table 1- Evaluation criteria established for the performance of repairs (adapted from Prowell et al, 1995) 

 

4 | RESULTS AND DISCUSSION 

4.1 Characteristics of materials 

According to the results from physical, mechanical and geometric characterization, the aggregates of the 

studied mixture shown a uniform grading, with an average maximum dimension of 6,3 mm for the 

mixtures MBF1 and MBF3 and 8 mm for the remaining products. The particle size distribution obtained 

for all the mixtures is outside the grading envelope defined in the Portuguese Road Administration 

standard specifications for open cold mixture in CETO EP (2014) used in maintenance works. The 

obtained values are closer to the envelopes recommended by VTRC (1995) for this type of mixture. In 

relation to the other characteristics (physical and geometrical) of the aggregates, it can be concluded 

that they comply with the specifications defined in the CETO EP (2014), for the cold asphalt mixtures for 

maintenance works in surface layer. 

Table 2 presents the results obtained in the characterization of asphalt mixtures and recovered binders 

concerning water content, void content, binder content, binder penetration and softening point. This 

characterization has been performed in two distinct phases, corresponding to distinct batches of the 

materials (first during the laboratory campaign for the characterization of the mixtures, and secondly 

when the mixtures were applied in situ). The mixture MBF5 is the only one that displays significant 

Indicator/scale 4 3 2 1 

Bleeding (% area) Ex 0% a 10% 10 a 30% 30% a 60% > 60% 

Dishing (depth) As Non measurable < 6,4 mm 6,4 a 12,5 mm > 12,5 mm 

Edge Disintegration 

(% perimeter) Db 
0% a 10% 10 a 30% 30% a 60% > 60% 

Ravelling De Não existente Loss of surface fines 
Large particles 

loose, loss limited to 
surface 

Damage not 
limited to 

surface 

Shoving On  < 12,5 mm 12,5 a 25 mm > 25 mm 

Missing Patch (% area) Pe 0% a 10% 10% a 30% 30% a 60% > 60% 

Workability Tr Good Acceptable Bad 
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differences in the constituents of the two batches, which indicates certain variability in the manufacture 

of the products. 

 

Figure 4 - Particle size distribution of aggregates mixtures recovered from the study materials, and enveloped 

gradings from CETO and VTRC 

Table 2 - Characterization of bituminous mixtures and recovered binder 

Legend: S1 – 1st Sample; S2 – 2nd Sample; nd - not determined 
Note: The water content corresponds to the mass of evaporated material, which may not necessarily be water 

4.2 Storage Stability 

The result obtained from the determination of the residual percentage of binder (from samples taken 

from the top, center and bottom of the package where the mixtures were stored) showed that after 6 

months (minimum validity period advertised for the analyzed products), some drainage of the 

bituminous binder occurs for some of the analyzed mixtures (MBF1 and MBF4). 

Table 3 - Percentage values of bituminous binder of the analyzed mixtures 

Parameters Sample depth 
Identification 

MBF1 MBF2 MBF3 MBF4 MBF5 

Bituminous binder content (%) – without 
storing period  

Top 3,3 5,0 5,0 3,6 5,1 

Center 3,4 5,0 5,1 3,5 5,1 

Bottom 3,4 4,8 5,0 3,8 5,2 

Bituminous binder content (%) – 

6 months storing period  

Top 3,7 4,8 4,5 2,0 4,1* 

Center 3,4 5,0 4,7 2,1 4,0* 

Bottom 4,5 4,9 6,0 3,9 4,3* 

Legend: * Product does not have uniform characteristics between packages 

Parameters 
MBF1 MBF2 MBF3 MBF4 MBF5 

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 

Water content (%) 0,4 0,1 2,0 2,2 0,1 0,3 0,6 0,9 0,4 5,0 

Porosity (%) 24,9 nd 14,3 nd nd nd 18,0 nd 28,0 nd 

Binder content (%) 3,4 3,3 4,8 5,0 5,1 4,9 3,8 3,7 3,8 5,2 

Penetration (10
-1

 mm) 172 nd nd nd nd nd nd nd 151 nd 

Softening point (°C) 41,2 nd 44 nd 16,4 nd 45,6 nd 23,6 nd 
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4.3 Cohesion of the newly applied mixture 

Table 4 presents the results obtained for the different methods that were used for the evaluation of the 

affinity between aggregate and binder. It’s possible to verify that the method AASHTO TP 41-94 did not 

allow to distinguish the behavior of the different mixtures and that the method VTM 13 (1993) results in 

some distinction between different products. However, the representativeness of this method with 

respect to in situ conditions is somewhat questionable, since the mixture MBF3 displayed better results 

in situ and here was one of the mixture showing worst results. The same was verified also for the 

mixture MBF5 that in situ displayed worst result, while in the laboratory test shown one of the betters. 

For the test methods based on the EN12697-11 part A (modified), it was possible to observe that are 

significant differences in the behavior of the studied mixtures. The product MBF3 is exhibits an excellent 

behavior in both phases, while product MBF5 is the one showing the worst (Figure 5). 

Table 4 - Results of the evaluation of the affinity between the aggregate and the binder using different 

methodologies (% of coated aggregate surface) 

Parameters 
Identification 

MBF1 MBF2 MBF3 MBF4 MBF5 

EN 12697-11 part A (24 hours) – 1st sample 5% 35% 50% 3% 5% 

EN 12697-11 part A (24 hours) – 2nd sample 5% 15% 45% 15% 2,5% 

AASHTO TP 41-94 – 1st sample 98% 100% 100% 100% 100% 

VTM 13 – 1st simple 98% 98% 85% 70% 98% 

 

 

Figure 5 - Results of the evaluation of the affinity between the aggregate and binder based on the EN12697-11 part 

A (modified) 1st Sample (left); 2nd Sample(right) 

Behavior of the mixtures in the medium term (cured) 

None of the utilized test to determine the mechanical behavior of the mixture was conclusive; a wide 

variability of values has been obtained for samples from the same mixture. For the mixture MBF3, which 

is the one showing the best performance in the previous test (and also in the in situ applications), it was 

not possible to produce a sample, because it disintegrates revealing that the curing process might not 

be complete. 

4.4 Evaluation of asphalt for cold and quick repair in situ 

the results from the evaluation of the in situ performance (D) according to the methodology above 

mentioned, for the studied mixtures is shown in Figure 6, which presents the results for the different 

conditions of application (wet and dry). 
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Figure 6 - Evaluation of the overall performance of the mixtures after eight months of application (wet and dry 

application conditions). 

According to the results presented in Figure 6, the mixture MBF3 is the one that displays a better 

performance, both in the application under high precipitation and in the dry one. The mixtures 

displaying the worst performance are MBF1, MBF4 and MBF5. MBF4 and MBF5 have shown big 

differences in the performance values depending on the application conditions (rainy and dry weather), 

showing better results when applied in dry weather. The mixture MBF2 was not evaluated under dry 

conditions due to contamination of the repair during a subsequent intervention in the vicinity. 

These results, when analyzed together with the results from laboratory tests seem to highlight the 

importance of the affinity (aggregate – binder) as an indicator of the mixture durability (MBF3 good 

performance and good affinity, MFB5 poor performance and poor affinity). 

5 | CONCLUSIONS 
The objective of the present work was to define which test methods are the best suited for the 

characterization of the performance of asphalt for cold and quick repair, and the acceptance / rejection 

criteria that should be established for quality control of the purchased materials for the preservation of 

road pavements.  

Considering the results obtained from the extensive laboratory activities and the in situ evaluation of 

the 5 studied mixtures, it is possible to conclude that the best test method for the performance 

characterization of asphalt for cold and quick repair, corresponds to the laboratory test for the 

determination of the affinity between the aggregate and the binder, according to EN 12697-11 part A 

(modified). 

This test allows to evaluate the adhesion capacity between the aggregate and the binder, the cohesion 

of the newly applied mixtures (indirectly) and the resistance of the mixtures to the action of the water 

over time. Is therefore an indicator of the behavior of the mixture with respect to its stability, durability 

and water resistance, defining the criteria to obtain a cold bituminous mixture for fast repair with 

quality. Using the results obtained, a minimum percentage of coated particles is proposed as a criterion 

for acceptance of the mixtures: 70% surface after the first six hours of testing, 30% surface after twenty-

four hours of test. 
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Nevertheless, it is essential to complement these criteria with other aspects, related to the composition 

of the mixtures (aggregates and binder), which contribute considerably to obtaining a quality 

bituminous mixture of fast repair: 

I. Mixture of aggregates with uniform grading and quality requirement equal to the ones 

specified for aggregates used in the manufacture of asphalt mixtures for surface layers; 

II. Percentage of residual binder, greater than or equal to 4,8% (that is the one exhibited by the 

studied mixtures with better performance). 

Concluding, the work carried out represents a contribution to the understanding of the performance of 

the bituminous mixtures under appreciation, and to the definition of the most important aspects to take 

into account for obtaining mixtures with high quality, clearly contributing to improve the durability and 

performance of the repairs, allowing municipalities and road users to make a more appropriate choice 

of cold asphalt for fast repair. 
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