
 

 

PROCEEDINGS 2ND INTERNATIONAL CONFERENCE ON GREEN ENERGY AND ENVIRONMENTAL TECHNOLOGY, 27-29 JULY 2022, ROME, ITALY 

RECYCLED FRESH PAVEMENT TO MITIGATE URBAN HEAT ISLAND 

B. Haddad 1*, H. Karaky 1, M.Boutouil 1, B.Boudart 1, N. Sebaibi 1 

1 COMUE Normandie Université, Laboratoire de recherche (LRC) de l’ESITC Caen, 1 rue Pierre et 

Marie Curie, 14610 Epron, France 
2 Normandie Université, UNICAEN, ENSICAEN, CNRS, GREYC, Caen, France 

* Corresponding author. Tel: +33(0) 2 31 46 23 00, E-mail: bechara.haddad@esitc-caen.fr 

 

ABSTRACT. The purpose of this study is to incorporate recycled aggregates into a pervious concrete and 

to improve hygrothermal properties of pavements. This incorporation might be a solution to mitigate urban 

heat island problem. In this paper mechanical, and hygrothermal properties were analyzed for different 

samples. For this purpose, a replacement of natural aggregates by recycled aggregates is made at different 

percentage 20%, 60% and 100%. A decrease in compressive strength was noted only when 100% recycled 

aggregate was incorporated into our mixtures, remaining the same for all other mixtures with a maximum 

of 20 MPa. Thermal and hygroscopic properties were studied. The results show a significant improvement 

of these properties with the increase of the amount of recycled aggregates incorporated in the mixtures, 

especially the thermal conductivity which decreases up to half when going from natural to 100% recycled 

pavements. 
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Introduction 

The use of recycled aggregates (RA) from demolition and construction waste to produce pervious concrete 

represents an ecological and economical sustainable solution [1,2]. The purpose of this study is to 

incorporate recycled aggregates into a pervious concrete without admixtures and to improve hygrothermal 

properties of pavements. Pervious concrete is mainly made from coarse aggregate, with the exclusion or 

only a small amount of fine aggregate, this type of specific concrete is designed with just enough cement to 

ensure an optimal coating surrounding the aggregate [3]. The use of pervious concrete has many 

environmental and operational benefits, including controlling stormwater runoff, improving quality of water, 

reducing water and soil pollution, and restoring groundwater supplies…[4–6]. Moreover, pervious concrete, 

owing to its composition and the presence of a void system in its structure, has a weak compressive 

resistance, which limits its use to parking lots, pervious pavements, walkways, plant beds, permeable 

stormwater facilities, and stone protections [2,7].The main priority is to prepare a pervious concrete based 

on RA with improved hygrothermal properties, which allows to increase the use and the functionality of 

this specific concrete. This incorporation results in eco-friendly pervious pavers that will be an excellent 

solution to mitigate the urban heat island problem, maximizing its environmental benefits and decreasing 

its costs[8–10]. 

Material and Methods 

Materials  

The Portland cement (OPC) CEM I 52.5R was used in this study. According to the literature [4], the cement 

used for ordinary concrete such as CEM I, II...V, is the same used for pervious concrete. Alluvial quartz 

sand (0/2) is used in our study. The presence of alluvial quartz sand with a specific quantity improves the 

mechanical strength and the resistance against freezing/thawing phenomena, but on the other hand its 

presence can reduce the porosity [11–13].Aggregates properties have important consequences on the 

characteristics of the pervious concrete (mechanical strength, water permeability...) [12,14–17].Natural and 

recycled aggregates (NA and RA respectively) were used in this study, all properties are summarized in 

Table I. Concerning mix composition and preparation pervious concrete dosing is a complex operation 

involving the quantities and proportions of each component. Based on previous studies [4,18,19], the 

quantity of cement varies from 270 to 415 kg.m3. Aggregate density in pervious concrete mixtures varies 

in each study. The optimal range for Grace [18] was 1190 to 1600 kg.m3; 1300 to 1800 kg.m3 for Tennis 

[19], and 1190 to 1480 kg.m3 in ACI 2010 [4]. Following these statements, the cement dosage was 363 
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kg.m3 and the aggregate dosage was 1574 kg.m3 in our study. G/C ratio is 4.3 since, it can vary between 4 

and 4.5 according to tennis et al 2004 and ACI 2010. As to the sand, a dosage of 110 kg.m-3 is used regularly 

as cited by previous study [11,20,21], who usually used a dosage of 100 kg.m3 , remaining below the limit 

of 175 kg.m-3 clarified by Onstenk [11].For the water content in our mixtures, the literature also indicates 

that the amount of water should be precisely adjusted [19,22–24] . W/C ratio must vary between 0.27 and 

0.34 when admixtures are used, however this ratio increases to 0.34 and 0.40 when no admixtures are used 

[4,25,26]. In our study, in which no admixtures were used, a dosage of 129 kg.m-3 of water was employed, 

which led to a W/C ratio of 0.35. Four formulations were considered, where the percentage of replacement 

by mass of natural aggregates by recycled aggregate is the variable element: formulation A which contains 

100% of natural aggregates, formulation A20% (80% natural aggregates and 20% of recycled aggregates), 

formulation A60% (40% natural aggregates and 60% of recycled aggregates) and formulation A100% (100% 

recycled) 

Table I.  Physical properties of recycled aggregates and natural aggregates 

 
Norm RA NA 

Specific gravity (kg/m3) NF EN 1097-6 2270 2600 

Water absorption coefficient (%) NF EN 1097-6 6.6 1.02 

Micro-Deval test (%) NF EN 1097-1 22 11 

Methods 

The compressive tests were carried out on three samples for each formulation after 28 days, with an imposed 

load rate of 0.06 MPa.s-1, as defined in NF EN 12390 standard. 15 x 15 x 15 cm cubic specimens were used 

for this test. 

A ProUmid SPSx-1μ sorption/desorption system is used in the following study. The sorption/desorption test 

of mixtures were determined according to ISO 12571. Using this equipment, sample mass and sorption 

kinetics are accurately measured using a high-precision balance at an accurate temperature and humidity 

control. Samples are first dried to a constant weight (weight variation is less than 0.1%). Afterwards, 

samples are exposed to relative humidity ranging from 10% to 90% in 5 increments, at a temperature of 

23°C [27–30]. 

Concerning the thermal conductivity that defines the capabilities of a material to conduct heat from a hot 

point to a cold point. The method used for determining this property depends on the types, shapes, and sizes 

of the samples to be studied. In our study, thermal conductivity measurements of materials is performed 

using an HFM 436 Lambda machine. In this technique, a temperature gradient is created between two plates 

through the material under evaluation. Using two heat flow sensors in the plates, the heat flow is measured 

entering and leaving the material. Once the equilibrium state is reached and the heat flux is constant, thermal 

conductivity of the material is determined using Fourier's law.[27–29,31]. Thermal measurements were 

performed on 15 × 15× 7.5 cm prismatic samples at 20)°C. The temperature difference between both sides 

of the samples is set to a value of 10 ◦C for each measurement. 

Also, specific heat capacity of materials is mesured using an HFM 446 Lambda Eco-Line machine. The 

principle of this device is to hold the sample between the 2 plates of the device whose temperature can be 

controlled by the user. The average temperature at which the measurement will be calculated in our study 

is set at 20°C. Thus, a difference of 5°C in temperature is set between the two plates (if the desired average 

temperature is 20 °C, then the upper and lower plates are set to 15 and 25 °C). After equilibration, the two 

plates were heated to reach the temperature of the hottest plate. The resulting combined heat flux at the top 

and bottom plates is the total heat required to heat the sample. Based on the integrated peak, the specific 

heat capacity can be determined at the desired mean temperature. Thermal measurements were performed 

on 15 × 15× 4.5 cm prismatic samples at 20 °C.  
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Results and Discussion 

Compressive strength  

Figure 1 shows the results of the mechanical compression test on the different mixtures. These results were 

measured after 28 days on cubic specimens of 15x15x15cm. 18Mpa was recorded for mixtures A and A 60% 

with an increase of 2Mpa representing 12% for mixture A20% (20Mpa), however a decrease of 55% was 

noted for mixture A100% which recorded 8.6Mpa. This is in a harmonization with other publications [32] 

where the mechanical resistance decreases with the addition of recycled aggregates in the samples.  The 

reason for the reduction in compressive strength can be attributable to poor bonding between the cement 

paste and recycled aggregate. The presence of residues and granular particles on the recycled gravel is 

responsible for this poor cement-aggregate bond [33–36]. This was particularly noticeable in the A100% 

sample, where these accumulations are significantly dense creating preferential zone for microcracking see 

Image 2. By contrast, permeable pavers with a mechanical resistance greater than or equal to 10 MPa can 

be used for parking, precast porous concrete products, and stone protection [36]. On the other the hand, for 

slightly lower mechanical strength, the pavements can be utilized for walkways and pedestrian trials [2]. 

 

Sorption/desorption  

For each studied mixture, the sorption/desorption results reported in Figure 3 show the evolution of the 

water content as a function of the relative humidity of the ambient air at a constant temperature of 23°C. At 

a relative humidity of 95%, the amount of water vapor absorbed from the environment for the different 

mixtures (A, A20%, A60% and A100%) is respectively 2%, 2.5%, 3.5% and 4.2%. It is obvious, that the 

increase in water content is in correlation with the increase in the percentage of recycled aggregate 

incorporated in mixtures. In mixtures A20%, A60% and A100%, the moisture content was 25%, 75% and 

210% higher than in control A at a relative humidity of 95%, Consequently, the presence of recycled 

aggregate improved the pavement's ability to absorb moisture by a significant amount. This improved 

moisture absorption can have a significant positive impact on mitigating urban heat island problems [37,38]. 
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Figure 1. Compressive strength of pavers 15 x15 x 15 cm Figure 2. Cracked specimen after compression test 

Figure 3. Sorption\desorption test for all mixtures 
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Retaining moisture in a greater proportion, might improve the refreshing of the air during the severe summer 

periods, especially if we are in hot and humid weather conditions [8]. 

 

Thermal conductivity and Specific heat capacity  

Figure 4 shows the thermal conductivity for the different mixtures at an ambient temperature of 20 °C. 

Values of 2.15 W/(m.K), 1.7 W/(m.K), 1.33 W/m.K), and 1.02 W/(m.K), were found for each mixture 

A ,A20%, A60% and A100%. As we can ascertain, the thermal conductivity decreases with the increase of 

the recycled aggregate incorporated in the mixtures. This decrease reached 50% in the mixture A100% 

comparing with control A. This decrease in thermal conductivity can reduce heat transfer through the 

foundation layers, resulting in a decrease in heat storage and de-storage, especially during the summer 

period, which reduces the effect of urban heat islands [8,39,40].Figure 5 shows the specific heat capacity of 

the different mixtures at an ambient temperature of 20 °C. The values of 1.48 J/g.k, 1.53 J/g.k, 1.58 J\g.k, 

and 1.80 J/g.k, were found for each mixture A, A20%, A60% and A100%. As we can see, the specific heat 

capacity increases slightly with the increase of the recycled aggregate incorporated in the mixtures. This 

increase reaches 22% in the mixture A100% compared to the control A. Approximately, the same increase 

(7%) was noted when comparing values of mixtures A20% and A60% with the control A. This increase in 

specific heat capacity will increase the time during which the pavement reaches a high temperature, 

especially during the daytime of summer period, which can help to reduce the surface temperature of 

pavements and consequently mitigate the urban heat island phenomenon [8,39]. 

Conclusions 

The main results of this work shows that pervious concrete based on recycles aggregates (A20% and A60%) 

have a mechanical strength comparable to pervious concrete based on natural aggregate (control A). In 

addition, sorption\desorption highlight the effect of recycled aggregates on hygroscopic properties. The 

results of the thermal conductivity test show the importance of recycled aggregates in reducing thermal 

conductivity, which decreases by 21%, 39% and 50% when comparing mixture A to other mixes (A20%, 

A60% and A100% respectively). Finally, the specific heat capacity test shows an increase in values by 

incorporating recycled aggregates into the mixtures.  
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