
 

 

 
1 INTRODUCTION 

 
The construction sector consumes millions of tons of natural materials, such as aggregates and 

sand, each year, with a significant portion dedicated to road construction. This ongoing trend 
could result in the depletion and scarcity of these essential natural resources. This is why it is 
necessary to look for new alternative building materials. 

Conversely, substantial amounts of demolition waste, in Algeria, inert waste (construction and 
demolition debris) was estimated at approximately 13 million tons in 2020 [1] and dredged sedi-
ment are generated annually, approximately 10 million m3 of sediment must be removed from all 
ports[2], and their disposal is becoming increasingly difficult, which cause a serious a storage 
problem because of saturated landfills.  
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ABSTRACT: The construction and maintenance of road infrastructure requires the use of large 

quantities of materials. Millions of tons of materials are extracted from natural resources every 
year to build roads, and the same applies to the maintenance and rehabilitation of pavements at 
the end of their life. This has a significant impact on the environment. The use of asphalt aggre-
gates in road construction is an alternative that can help reduce this impact.  
In this study, we looked at the recycling of bituminous asphalt spoil from road pavement mainte-
nance work into road pavement base courses. The first stage is devoted to characterizing the ma-
terials used. A formulation study is proposed and then validated by the results of the mechanical 
characteristics obtained. This practice will contribute to better and more sustainable materials 
management, the preservation of natural resources and the reduction of waste, while maintaining 
the quality and performance of road pavements 
 
 
 



 

 

Numerous research studies have been conducted to evaluate the feasibility of recycling asphalt 
millings as alternative materials for base and sub-base courses in road pavements [3,4,5]. The 
findings consistently demonstrate the potential of this approach. Indeed, [6] have explored the 
possibilities of recycling Reclaimed Asphalt pavement (RAP) mixed with soil as unbound gran-
ular layers; the RAP- virgin aggregate mix [7, 8, 9]; Several research projects have focused on 
the recovery and recycling of dredged sediment in the construction of road pavement sub-bases 
[10, 11, 12] 

 
In this context, the study focused on the use of reclaimed asphalt pavement (RAP) in the sub-

grade layer of a road pavement. It involved testing a mixture of RAP with marine dredged sand 
and another with dune sand. Material characterization was conducted, followed by geotechnical 
characterization of the proposed formulations. The results revealed very promising performance 
outcomes and highlighted the potential contribution to waste reduction and environmental pro-
tection.  

2 MATERIALS AND METHODS 

2.1 The Reclaimed Asphalt Pavement (RAP) 

For this study, we used the RAP (Reclaimed Asphalt Pavement) obtained from the Public 
Works Subdivision of the Wilaya of Algiers. The procedures for characterization of RAP materi-
als are quite varied across the world. The only characterization that is common across the various 
standards and procedures is the particle size distribution curves (gradation analysis) [13]. 

Figure 1 shows the particle size curves of the study materials and the particle size range ac-
cording to the specifications. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure1.Particle size distribution of RAP particles 

1.1 Sand  

In this study a marine dedged sand, and dune sand were used. The dredged sand is obtained 
from a material deposit following the construction (rehabilitation) of a port in the Wilaya of 
Tipaza. The Dune sand is a fine sand of 0/1 mm granulometry from Boussaâda, Wilaya of M’sila 
(Algeria). 
The grain size distribution curves for the two-sand used is shown on figure 2. 
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Figure2. Particle size distribution of dredged sand and dune sand.  

 

2.2 Material Characterization 

2.2.1 The physicochemical Characterization 
 
The physicochemical characteristics of dredged sand (DrgS) and dune sand (DS) are summarized 
in table1  
 
Table 1. The physicochemical characteristics of sands. 

 
Materials DrgS DS Testing standard 

Density (g/cm3) 2,66 2,64 NF EN 1097-7 
Sand Equivalent Test (%) 53,5 74,5 NF EN 933-8 

 
Methylene Blue Test  0,25 0,388 NF  P94-068 
Finess modulus 2,48 0,90 NFP 18-540 
Friability test 25.5 17,2  NF EN 1097-1 
Chemical analysis    
CaO 20.82 0,57 - 
CaCO3 47.73 3,8 - 
Loss on Ignition  22.21 0,915 - 
Acid-insoluble residue  
(silica + silicates) 

30.32 88,87 - 

 
Characterization tests were performed on these materials, including gradation analysis and the 

physico-chemical properties of dune and dredged sands. 
 

2.3 Methods 

2.3.1 Mix Design 
In this section of the study, the formulation that is proposed is a reconstituted material that is made 
up of recycled asphalt pavement and sand. This material intended for use in road subbase layers 
and has a particle size distribution according to that of untreated gravel. 

Indeed, Figure 1 shows that the particle size distribution curve of the recycled asphalt (RAP) 
0/20 is outside the specification range, which clearly indicates that this material requires a particle 
size adjustment to fit into the range of untreated aggregates according to Algerian standards [14]. 
This adjustment was carried out by adding sand. The two mixtures proposed for this study are: 
(1) 20% DrgS and 80% RAP, (2) 25% DS and 75% RAP. Figures 3 and 4 illustrate the particle 
size distribution of these two mixtures. 
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Figure3. Particle size distribution Mixe 1 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure4. Particle size distribution Mixe 2 

2.3.2 Compaction and stability 
To evaluate if the selected mixes can be used in subgrade construction, the modified proctor 

test, the immediate bearing ratio and California bearing ratio (CBR) tests were conducted based 
on the standards NF EN 13286-47, NF P94-093. The tests were conducted using a mold with a 
diameter of 152 mm and a height of 126 mm. The mixes were compacted in Five equal layers 
with 56 strokes for each layer with a drop height of 457 mm. Then, three samples were taken from 
the compacted soils to determine the optimal water content and dry density. 

Immediate Bearing Index tests were performed in accordance with NF P94–078 using an au-
tomatic loading machine with a capacity of 150 kN. Force was applied to the penetration piston, 
which has a cross-sectional area of 1932 mm², at a penetration rate of approximately 1.27 mm per 
minute.  

The 4-day soaked CBR test was performed on samples compacted according to the optimal 
parameters of the modified Proctor test for the two mixtures studied. 

3 RESULTS AND DISCUSSION  

3.1 Geotechnical Characterization 

The compaction test was carried out on the different blends according to the modified Proctor 
test NF P94-093. Figure 5 show the compaction curves of the two proposed mixtures, there are 
some significant differences between compactness properties. In fact, we can clearly see that mix 
2 that contains dune sand has a higher dry density for a lower moisture content than mix 1 that 
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contains dredged sand. It should be noted that the optimum characteristics depend on the fines 
content in the sand added,  
 
 

 
 
 
 
 
 
 
  
 
 
 
 
 
 

Figure5. Relationship between moisture content and dry density of the different mixes 
 
The CBR test was used to assess the potential strength of the investigated mixtures under uni-

axial load [NF EN 13286-47], IBI was determined for all moisture content used to obtained proc-
tor curves. After that, two samples of the different formula were prepared to their modified Proctor 
optimum, then the ICBR immerged was measured. The results are presented in table2. 

 
Table 2. Optimum compactness characteristics of the proposed mixtures. 
 

Mixture d (g/cm3) opm (%) IBI index ICBR imb Swelling % 

Mix 1 2,06 5,61 101,55 108,6 0,041 
Mix 2 2,15 4,76 117 124,06 0,053 

 
Based on the results presented in Table 2, it is evident that both tested formulations exhibit 

high Immediate Bearing Index (IBI) values > 50. Additionally, the 4-day soaked bearing index 
(CBR) is higher than the IBI, indicating that the material is water-resistant and possesses signifi-
cant bearing capacity [15]. Furthermore, it can be observed that the formulation incorporating 
dune sand (Mix2) outperforms the one using dredged sand (mix1) in terms of bearing capacity. 
Moreover, for the soaked CBR test, the relative linear swellings are very low, indicating that the 
materials are not sensitive to water.  

Previous studies [7, 8] have shown that dry densities increase as the percentage of RAP de-
creases in the formulations studied. This trend may explain the results observed for the formula-
tion containing 75% RAP compared to the one with 80%. Additionally, the type of sand added, 
in terms of its granulometry and physicochemical characteristics, significantly influences the re-
sults obtained. 

 

4 CONCLUSION 

The study investigated the feasibility of using dredged sand and recycled asphalt pavement in 
road subgrade construction. two mixes were prepared one using RAP with dredged sand and the 
second one using RAP with dune sand. The physical, mechanical, and geotechnical properties 
were determined using testing standards. The results showed the potential of using recycled as-
phalt pavement concrete aggregates in the construction of road subgrades. The key findings of 
the study are as follows : 
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- A correction of the grading curve by adding sand alone successfully incorporated the RAP 
curve within the 0/20 UGM (Untreated granular material) specification envelope. The formula-
tions exhibit high bearing values, providing an initial indication of short-term behavior, specifi-
cally good stability for the movement of earthmoving equipment, and remarkable water insensi-
tivity. The results meet the bearing requirements for using UGM in road pavement bases. 
However, it is crucial to continue this study and complement these findings with unconfined com-
pressive strength measurements.  

- The use of dune sand and dredged sand highlights the potential benefits of recycling in various 
regions of the country where these sands are abundantly available, which is undoubtedly of sig-
nificant economic and environmental advantage. This includes reducing the use of natural mate-
rial resources by recycling road reconstruction waste following rehabilitation operations, decreas-
ing the storage areas for marine dredged sands, and lowering costs and CO2 emissions generated 
by transporting materials. 
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