
Case Studies in Construction Materials 17 (2022) e01479

Available online 15 September 2022
2214-5095/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Investigation of color pigment incorporated roller compacted high 
performance concrete as a mitigation tool against urban 
heat island 

Gokhan Calis a,*, Sadik Alper Yildizel a, Ulku Sultan Keskin b 

a Karamanoglu Mehmetbey University, Karaman, Turkey 
b Konya Technical University, Konya, Turkey   

A R T I C L E  I N F O   

Keywords: 
Urban heat island 
Roller compacted high performance concrete 
Cool pavement 
Colored concrete 
Pigment 
Reflective pavement 

A B S T R A C T   

Traditional asphalt pavement is one of the causes of urban heat island due to its low albedo. 
Although the use of various pavement materials is widely preferred method to mitigate urban 
heat island effect, the use of color pigment added roller compacted high performance concrete as 
road pavement is a new approach. Within the scope of this research color pigment incorporated 
roller compacted high performance concrete (CIP-RCHPC) was produced to mitigate urban heat 
island. Color pigment was used at the rate of 0.25 % 0.5 % 0.75 % and 1 % of cement by weight. 
Vebe, compressive strength, splitting tensile strength and albedo determination tests were per-
formed on the samples. Highest albedo was obtained as 0.69 on the RCHPC sample that con-
taining color pigment 0.75 % of cement by weight. A selected area was modeled in ENVI-met 
software with two configurations. In the base configuration road pavement material was set to be 
asphalt and in roller compacted concrete (RCC) configuration pavement material was set to be 
RCHPC with 0.69 albedo value. Air temperature, relative humidity, surface temperature and 
reflected sort wave radiation results were obtained from the both simulations. In the asphalt 
configuration the highest air temperature was determined to be 33.72 ◦C while it was determined 
to be 32.55 ◦C RCC configuration. Utilization of color incorporated RCHPC as a pavement ma-
terial results in 1.63 ◦C decrease on air temperature, 9.69 ◦C reduce on surface temperature, 8 % 
increase on relative humidity and 56 % on sort wave reflectance, in the model area which is an 
ordinary urban area containing residential buildings and streets where speed limit is 50 km/h.   

1. Introduction 

There is a reciprocal relationship between city and climate. The climate has a direct effect on the way of city development, and the 
development of city affects the climate [1]. The climate is a determinant of what kind of building is needed within a city, amount of 
energy consumption, and type of material used in those buildings. The temperature in the city centers is generally higher than the near 
rural areas. This can be considered as a result of urbanization, diminishing of great area, low wind velocity due to the high density of 
building and covering the areas with non-natural materials such as asphalt, curbstone concrete. This situation is defined as Urban Heat 
Island (UHI) effect [2]. The urban heat island creates several urban microclimates that are characterized by high temperatures and 
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density become more pronounced in the center of the city, densely populated and industrial areas [3,4]. World’s population live in 
urban areas is expected to reach 68% by 2050. Urbanization can be seen one of the main and most triggering reason for UHI. The 
increase in the building stock brought about by urbanization and road coverings lead reduction of natural vegetation, and the 
placement of materials that absorb heat causes less reflection than natural vegetation [5]. The summary of how urban heat island forms 
can be seen in Fig. 1. 

Causes of UHI can be seen as result of; increase of building stocks and heat emitting surfaces and decrease of vegetation [6–12], 
road pavement materials [13–15], urban sprawl [16–18], increase of population [19–22]. 

The heat island density can be determined as the difference between urban heat and rural heat, and this value can be considerably 
large.In a study conducted in a small town in Greece, it was found that the average UHI density in August reached 3.8 ◦C during the 
night while immediate temperature was 5.6 ◦C [23]. In another study conducted in Italy, it was observed that the temperature raise in 
winter is 2 ◦C and 5.2 ◦C in summer [24]. The intensity of heat difference caused by the UHI effect was also measured in Lisbon, 
Portugal. It was [25] determined that the temperature difference varied between 0.5 ◦C and 4 ◦C as a result of the UHI effect in Lisbon. 
The heat island effect of temperature raise might be up to 7.5 ◦C even in a small city located on the coastal area of Portuguese [26]. 

The size of city population affects urban heat island formation and the heat difference between the city center and the near rural 

Fig. 1. Urban heat island formation.  

Table 1 
Color Pigment % by weight of cement.  

Color Pigment % by weight of cement Reference 

3–6 % [80] 
2.5–5 % [81] 
1 %, 2 %, 3 %, 4 %, 5 %, 6 % [82] 
1 %, 5 %, 10 % [83]  

Table 2 
Mix Design of RCHPC.  

Sample Water 
(kg) 

Cement 
(kg) 

Agg. (0–5 mm) 
(kg) 

Agg. (5–15 mm) 
(kg) 

Agg. (15–25 mm) 
(kg) 

Air 
(kg) 

Curing Additive 
(kg) 

Color 
Pigment 
(%) 

RCHPC5  110  295  1160  464  408  2.95  5 0 
RCHPC6  110  295  1160  464  408  2.95  5 0,25 
RCHPC7  110  295  1160  464  408  2.95  5 0.5 
RCHPC8  110  295  1160  464  408  2.95  5 0.75 
RCHPC9  110  295  1160  464  408  2.95  5 1  
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area. This temperature can be 2 ◦C for a city with a population of approximately 1000, and up to 12 ◦C for a mega city with a pop-
ulation of several million. The increase in temperature caused by the UHI has many effects on energy consumption, pedestrian comfort, 
the environment and human health, heat-related deaths [27,28]. 

UHI is determined to be one of the most effective factors that increases energy consumption in cities [29]. As a result of elevated 
outdoor temperature energy consumption for cooling indoor temperature can increase up to 4 %. However, energy consumption for 
cooling can be decreased by 6 % if the outdoor temperature decreases 1 ◦C at noon. It was determined that monthly cooling energy 
consumption in dense cities could be 120 % higher than surrounding rural areas[30]. Arifwidodo et al. [31] carried out a research on 
effects of UHI on buildings energy consumption in far east countries Thailand(Bangkok) and Indonesia(Bandung). According to their 
findings cities with higher UHI effect consume considerably higher energy than suburban areas. Santamouris [30] proved that during 
the time period 1970–2010, cooling demand of buildings increased nearly 25 % while heating load decreased 19%. In the city of 
Athens where UHI leads 10 ◦C temperature raise, cooling energy consumption of buildings increased 100 % [32]. In dense cities such 
as Los Angeles and Tokyo, the effect of temperature change on energy consumption was quantified. It was determined that 1 Fahr-
enheit increase would cause an increase of 300 MW in energy demand in Los Angeles, 1 ◦C increase would lead 33 GWh increase in 
building energy consumption in Tokyo [33]. Roxon et al. [34] investigated effects of outdoor air temperature on energy use in the 
residential buildings in 48 US states for 12 years of time. They emphasize on that depending upon the climate of the state UHI effect can 
be negative or positive. In the cold regions UHI effect can be positive as it leads a reduction in energy heating consumption conse-
quently carbon foot print would decrease. 

Due to increased energy demand of residents for cooling indoor temperature, power plants will generate more electricity that will 
cause higher air pollution and greenhouse gas emission. This situation would cause ozone formation at the ground level which is main 

Fig. 2. Albedo Values of RCHPC Samples.  

Fig. 3. Aggregate Gradation Curve.  
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Tablee 3 
Properties of cement.  

Chemical and Physical Properties  Upper and Lower Limits as per 
EN 197–1 

Min. Max. 

Insoluble Residue 0.17% – 5 
SiO2 21.61% – – 
Al2O3 4.07% – – 
Fe2O3 0.27% – – 
CaO 65.71% – – 
MgO 1.32% – – 
SO3 3.34% – 4 
Loss ın Ignition 3.21% – 5 
Na2O 0.31% – – 
K2O 0.34% – – 
Chloride(Cl-) 0.01% – 0.1 
Free CaO 1.60% – – 
Specific Weight 3.06 gr/cm3 – – 
Specific Surface Area (Blaine) 4600 cm2/gr – – 
Initial Setting 100 mnt. 45 – 
Final Setting 130 mnt. – – 
Water 30% – – 
Volume Consistency (Le Chateller) 1 mm – 10 
Residue in 0.045 mm Sieve 1% – – 
Residue in 0.090 mm Sieve 0.1% – –  

Tablee 4 
Pigment Properties.  

Property Value Reference 

Size of Particle (325 mesh) 0.54 ASTM D 185 
Fe2O3 84 ASTM D-50–81 
Moisture 105 C◦% 0.4 ASTM D-280–33 
Oil absorption 54 ASTM D-281 
Water soluable salt % 0.6 ASTM D-1208 
PH(%5 water solution) 7  
Ignition Lost 1000 C % 13 ASTM D-50 
Chemical Formula FeO(OH).nH2O  

Fig. 4. Vebe Test Results.  
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Fig. 5. Mechanical tests. Fig. 5a. Compressive Strength Test Fig. 5b. Splitting Tensile Strength Test.  

Fig. 6. Compressive Strength Test Results Samples vs. other studies in the literature.  

Fig. 7. Splitting Tensile Test Results Samples vs. other studies in the literature.  
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component of harmful photochemical smog. 
Elevated temperature has negative impact on human beings’ physical and mental health[35], also reduces human comfort and 

increases risk of heat related deaths [31,36,37]. Goggins et al. [38] showed that in urban areas where UHI effect is certain, 1 ◦C in-
crease in air temperature would increase heat related death rates by 4.1%. 4.1 % Another study conducted in Canada indicates that 
relative mortality rate increases by 2.3 % for each degree increase in air temperature [26]. 

Fig. 8. Flowchart of the research.  

Table 5 
Boundary Conditions and input data for simulation file in ENVI-met.   

Base configuration RCC configuration 

Latitude-Longitude 37◦.87′ N-32◦.49′ E 
Climate Type Hot dry summer 
Grid Boundaries (number of cells) 103×86×36 
Cell Size dx= 3 m dy= 3 m dz= 4 m 
Wind direction/speed East/2.5 m/s 
Min/Max Temperature 22–34 ◦C 
Start Simulation Day 27. Jul.21 
Simulation Start Time 07:00 AM 
Simulation End Time 15:00 PM 
Pavement Material Asphalt RCHPC 
Albedo of Pavement 0.2 0.69  
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The urban heat island effect has become one of the problems gaining the attention of local and central governments. Although many 
precautions have been taken, the problem still remains unsolved. Mostly known mitigation strategies are; creation of surfaces with 
high albedo value [6], water evaporation from rough surfaces [40,41], evaporation of water at ground level [42], evaporation of water 
from roof gutters [43], vegetation on surfaces, planting on roofs/terraces [44] and afforestation [45,46]. On the other hand, changing 
the material properties is another measure that can be taken for the UHI effect. Materials suitable for this situation are called “cool 
materials”. Cool materials; may be reflective, permeable, covered with light grass [15,47–49]. In the recent studies it was determined 
that pavements have determining effect on overall urban thermal conditions and urban heat island. Furthermore, increasing albedo of 
pavement or utilization of high albedo pavement can contribute lowering urban heat island effect and air temperature in urban areas 
[50,51]. Cold pavements mainly contain materials that offer high albedo and high reflectivity and high thermal emittance [52]. 

Pavement absorbs the heat during the day time, and radiates the heat during at night. When the incoming solar radiation heats the 

Fig. 9. UV Spectrophotometer.  

Fig. 10. Model Area.  

Table 6 
Simulation Results.    

Base (Asphalt) Configuration RCC Configuration 

Result Time Min Max Min Max 

Potential Air Temperature 11:00 27.73 ◦C 30.04 ◦C 27.56 ◦C 28.6 ◦C 
12:00(noon) 28.74 ◦C 31.56 ◦C 28.65 ◦C 29.96 ◦C 

13:00 29.73 ◦C 32.74 ◦C 29.59 ◦C 31.29 ◦C 
13:59 30.58 ◦C 33.72 ◦C 30.41 ◦C 32.55 ◦C 

Relative humidity (RH) 11:00 55.00 % 65.21 % 60.88 % 66.00 % 
12:00(noon) 51.96 % 62.06 % 57.81 % 62.72 % 

13:00 50.00 % 59.28 % 55.28 % 59.92 % 
13:59 48.46 % 57.05 % 52.79 % 57.62 % 

Reflected Shortwave (SW) Radiation 11:00 58.81 W/m2 272.57 W/m2 101.43 W/m2 427.28 W/m2 

12:00(noon) 65.16 W/m2 304.91 W/m2 106.34 W/m2 455.36 W/m2 

13:00 67.54 W/m2 323.72 W/m2 104.96 W/m2 458.85 W/m2 

13:59 62.52 W/m2 303.32 W/m2 94.88 W/m2 421.03 W/m2 

Surface Temperature 11:00 19.85 ◦C 44.29 ◦C 19.85 ◦C 35.04 ◦C 
12:00(noon) 19.85 ◦C 49.14 ◦C 19.85 ◦C 39.45 ◦C 

13:00 19.85 ◦C 51.37 ◦C 19.85 ◦C 42.00 ◦C 
13:59 19.85 ◦C 51.93 ◦C 24.82 ◦C 43.52 ◦C  
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asphalt surface, surface temperature might go up to 67 ◦C [53–55]. In the recent study it was proved that if albedo of pavement in-
creases 0.1, maximum surface temperature can be reduced by 6 ◦C [56]. Synnefa et al. [57] prepared five different color pigment 
added asphalt layers and observed their effects on the air temperature. Temperature of asphalt surface can be reduced by 16–24 ◦C 
during the day 2 ◦C in the night time. Karlessi et al.[58] utilized color changing paints on concrete pavements in their research and 
achieved reduce of surface temperature by 5.4 ◦C during the day. 

In the recent study effect of a building position and building cladding material were investigated by site measurements and ENVI- 
met simulation software [59]. The difference between site measurement and ENVI-met results were determined to be 5 %. In the other 
study [60] impacts of building façade model and material on urban heat island were investigated by modeling in ENVI-met and the 
significance of façade material on UHI was presented. ENVI-met have been compared to other software and reliability of ENVI-met 
results have been proved [61,62]. 

Even though mechanical properties of high performance concrete [63–65], coating surfaces [53,66–69] were examined, there is no 
scientific research investigating color pigment added roller compacted high performance concrete pavement [70], and its utilization as 
a mitigation tool against UHI. There are numerous researches [71–75] in which cool pavement and effect of surface’s albedo on UHI 
via ENVI-met were examined in the literature. In this study it was aimed to produce color pigment incorporated roller compacted high 
performance concrete (CPI-RCHPC) with high reflectivity, to explore effect of utilization of RCHPC as a mitigation tool and to discover 
what advantages it might provide compared to asphalt pavement. With this respect this research is unique and brings a new approach 
to mitigate urban heat island effect. 

Fig. 11. Potential Air Temperature Asphalt Pavement.  
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2. Materials and methodology 

2.1. Materials 

Roller compacted concrete (RCC) is utilized mainly in dams and roads. RCC became commonly preferred practice as pavement 
material especially in the urban areas [76]. RCC contains exactly same elements as the conventional concrete which are aggregates, 
cement-based material and water. The main thing differentiates RCC from normal concrete is the portion of the materials. RCC 
contains higher volume of fine aggregate than conventional concrete [77]. Cement is approximately 15% by weight in conventional 
concrete, while it is around 12 % in RCC. Type of cement has vital impact on the hydration process and strength of the concrete in RCC 
as it has in conventional concrete. Therefore, Portland cement type 2 is mainly preferred due to its ability to generate lower heat at 
early ages and its longer set times. [78]. With the proper mixture design and compaction works performed at site RCC can develop high 
level of durability and mechanical performance. Furthermore in the recent study Yildizel et al. indicates that cement replacement 
materials such as ground calcium carbonate along with fiber improve properties of roller compacted high performance concrete [79]. 

In the literature scholars have used various amount of color pigments in concrete starting from 1% up to 10% by weight of concrete. 
Relevant studies from the literature are presented in the Table 1 below. 

Concrete mixtures design is presented in the Table 2. The cement amount and water/binder ratio are the same in all the mixtures. In 
order to select the correct color pigment literature was investigated and yellow pigment was chosen as it has higher reflectance than 
other colors[84]. Five types of mixtures have been developed. RCHPC5 is control sample and has no pigment, RCHPC6, RCHPC7, 
RCHPC8 and RCHPC9 have respectively 0.25 %, 0.5 %, 0.75 % and 1 % pigment by weight of cement. 

Fig. 12. Potential Air Temperature color pigment added RCHPC pavement.  
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Albedo values of the samples are 0.06, 0.62, 0.67, 0.69 and 0.62. The highest albedo value was determined to be 0.69 on RCHPC8 
that contains %0.75 yellow pigment by weight of cement. As it can be seen in the Fig. 2, beyond 0.75 % adding more pigment makes 
the concrete darker and consequently decreases reflectivity. 

The gradation curve of utilized aggregate is presented in the Fig. 3 below. 
Chemical and physical properties of cement utilized in the laboratory studies are presented in the Table 3 below. Properties of 

utilized cement take place in between minimum and maximums values as per EN 197–1. 
Properties of pigment are given in Table 4 below. Pigment properties meet the requirements as per relevant standard given in the 

Table 4. 
Fresh state property of RCHPC is determined by vebe test according to ASTM C1170 [85]. Vebe test results are given in Fig. 4. 
Compressive and splitting tensile strength tests were performed on RCHPC samples developed in the laboratory. Compressive 

strength test was performed according to ASTM C39 /C39M [86] and splitting tensile test was performed as per ASTM C496/C496M 
[87]. Photographs of performed mechanical tests are shown in Fig. 5. Same cement/ water ratio, and amount of aggregate were used in 
all mixtures. Therefore, mechanical properties of produced RCC samples are very close to each other. 

28 days compressive strength (CS) test results and literature studies [89–94] are presented in Fig. 6. Minimum compressive strength 
for RCC without freeze and thaw effect required by American Concrete Pavement Association (2014) [88] is 28 MPa (RCHPC1-Min) 
while 31 MPa (RCHPC4-Min2) is required for the samples to be exposed to freeze and thaw conditions. 28 days compressive strength 
test results of the samples RCHPC5, RCHPC6, RCHPC7, RCHPC8, and RCHPC9 are respectively 38.26 MPa, 38.45 MPa, 38.54 MPa, 
38.57 MPa, 38.58 MPa. The produced samples (RCHPC5-RCHPC6- RCHPC7- RCHPC8- RCHPC9) samples meet the min. requirements 
and take place in the range of literature studies. 

28 days split tensile strength (STS) test results are shown in Fig. 7. Split tensile strength of developed RCHPC samples are sufficient 
and in the range of literature studies results [95–98]. Minimum split tensile strength was determined to be 3.05.97 MPa on RCHPC6, 
and maximum was 3.21 MPa on RCHPC9 in the laboratory study. 

2.2. Methodology 

As the first step of this study, literature review was carried out. Later on, causes of UHI, and mitigation strategies were identified 

Fig. 13. Relative humidity Asphalt Pavement.  
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from the previous studies. Once literature review was completed experimental and modeling studies started. In the laboratory control 
mixture RCHPC5 and color incorporated samples (RCHPC6, RCHPC7, RCHPC8 and RCHPC9) were produced. In the fresh state of 
concrete, vebe test was performed on each sample. In the hardened state 28 days compressive and split tensile strength tests and 
reflectance (albedo determination) test were carried out. In the modeling phase, an area was selected via Google Earth. Coordinates 
and geographical data of selected area were obtained. In the last step selected area was modeled with 2 different configurations. In the 
base configuration road pavement material was set to be an asphalt as per the existing condition of the area. In the second configu-
ration pavement material was set to be color pigment incorporated roller compacted high performance concrete and its albedo value 
set to be 0.69 which was obtained in the sample RCHPC8. In this sample yellow pigment amount is 0.75 % of cement by weight. 

The selected area is 309 m × 258 and was modeled in ENVI-met for simulation. The area is located in Konya in the central Anatolia 
region of Turkey. It is nearly 210 km (bird fly distance) away from Mediterranean cost of Turkey. There is terrestrial climate in this 
region,and also existing urban heat island issues in Konya have been pointed out in the previous studies [99–101]. Fig. 8. 

ENVI-met software is computational thermodynamics and fluid dynamics model. In this model RANS equations are used in order to 
analyze atmospheric flow and heat transfer in urban settings. This model was initially developed by Bruse during his dissertation in 
Germany in the late 1990′s [102]. In ENVI-met a three dimensional non-hydro-static model is established with the purpose of 
simulating surfaces (buildings-pavements etc)-plant-air [103]. The interaction between surfaces and plants namely; heat flux around 
and between buildings,heat and steam exchange at the soil level and between walls, turbulence, thermo-hygrometric exchange in 
vegetation, bioclimatology, fluid dynamics of small particles and polluting species are structured in the simulation and analyzed [104]. 

Area input file and project location are two main inputs required for ENVI-met simulation. While the area input file can be 
generated via other design software such as: sketch-up, rhino, it can also be created within ENVI-met. The area input file must contain 
type of materials used in the pavements, vegetations, soil materials, buildings, buildings’ roof covering material. ENVI-met offers wide 
range of material library and still, any user can add any type of material with its physical properties. 

Within the scope of this study a case, in which 2 configurations take place, was investigated. In the first configuration which called 
base(asphalt) configuration, the road pavement material is asphalt. Because the current pavement material in the selected area is 
asphalt and further asphalt is widely used in the cities as road pavement. In the second configuration the pavement material is color 
pigment incorporated roller compacted high performance concrete. This will be called as “RCC configuration”. Boundary conditions of 
simulation case are given in the Table 5 below. 

Fig. 14. Relative humidity color pigment added RCC pavement.  
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The spectrophotometer was used to determine albedo value of CPI -RCHPC is presented in Fig. 9. below. Albedo value determi-
nation test was performed in accordance with ASTM E903 [105]. Highest albedo of RCHPC was determined to be 0.69 on RCHPC8. 

3. Simulation results and discussion 

The area image obtained from google maps and model area generated in ENVI-met are shown in Fig. 10. The heights of buildings 
were determined by reviewing 3D maps. In this area current road pavement is asphalt. There are 38 buildings, trees, grass, playing 
ground in this neighborhood. All of these were modeled in ENVI-met. The time frame was set to be starting on 07:00 AM and ending 
14:59 PM. The software manual suggests to set the first 30 min to be spin up time. There are studies suggesting spin up time to be 1 h 
[106,107], in this research the first 4 h regarded to be spin up time as it was suggested by Sharmin et al. [108]. 

Detailed results of simulation for both configurations are presented in Table 6. 
Potential air temperature results of ENVI-met can be seen in Fig. 11 and Fig. 12. In the base (asphalt) configuration minimum air 

temperature was determined to be 27.73 ◦C at 11:00 am, 28.74 ◦C at midday, 29.73 ◦C at 13:00 and 30.58 ◦C at 13:59, while the 
maximum temperatures were 30.04 ◦C, 31.56 ◦C, 32.74 ◦C and 33.72 ◦C respectively. The RCC configuration on the other hand in-
dicates certain advantage. For the same time frame minimum temperatures are; 27.56 ◦C, 28.65 ◦C, 29.59 ◦C, 30.41 ◦C while 
maximum temperatures are 28.6 ◦C, 29.96 ◦C, 31.29 ◦C and 32.55 ◦C. These results of this study show similarity with the previous 
studies [75,109–112] in which, changing albedo of asphalt pavement was investigated. In their study Salata et al. [112] was able to 
reduce air temperature 0.4 ◦C, Kyriakodis and Santomouris [75] 1.5 ◦C, Taleghani and Berardi (2017) 0.4 ◦C in cold climate [109]. 

In other research effect of shrub was investigated and according to the results it was concluded that increasing shrub has no positive 

Fig. 15. Reflected SW Radiation Asphalt Pavement.  
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effect on air temperature [113]. Within the scope of the study carried out in France, the heat exchange caused by irrigation of asphalt 
pavements was investigated. It was observed that the wetting of the coatings had a temperature drop of 0.79 ◦C − 0.57 ◦C and 1.0 ◦C - 
2.3 ◦C relative to the reference point [114]. Green roof application has proved that air temperature can be reduced up to 0.7 ◦C [115] 
while in this study the highest air temperature reduction was determined to be 1.6 ◦C. 

Relative humidity results are presented in Fig. 13 and Fig. 14. Maximum RH results for two configurations are similar to each other. 
However, in RCC configurations the minimum RH results are higher than asphalt configuration. Minimum RH in RCC configuration is 
5.88 % higher than base (asphalt) configuration at 11:00 am, 5.85 % higher at noon, 5.28 % higher at 13:00 % and 4.33 % higher at 
13:59. CPI-RCHPC mostly increases the minimum RH level in comparison to asphalt. Berardi et al. found that enhancement of greenery 
can lead an increment of RH by 7 % [116] which is higher than this study. 

Salata et al. [112] have tried 5 configurations with various pavement materials, building coating materials and vegetation in the 
selected area. They observed that minimum RH changes depending upon the pavement material and cladding while maximum RH is 
close to each other. 

CPI -RCHPC is highly reflective due to its high albedo and optical properties. Reflected SW radiation results are given in Fig. 15 and 
Fig. 16. RCC reflection is 1.63 times of asphalt for the minimum, and 1.49 times for maximum at noon time. Maximum reflected SW 
radiation of RCC is 458.85 W/m2 at noon, while it is 323.72 W/m2 in asphalt configuration at 13:00. 

Fig. 17 shows surface temperature results of 12:00 (noon) for base(asphalt) configuration and Fig. 18 results of RCC configuration. 

Fig. 16. Reflected SW Radiation color pigment added RCC Pavement.  
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The surface temperature difference between RCC configuration and asphalt base was determined to be 9.69 ◦C at noon. The surface 
temperature of RCHPC is 42.00 ◦C while the surface of asphalt is 51.37 ◦C and the variance is 9.37 ◦C at 13:00. RCHPC has certain 
advantage over asphalt for the whole simulation time frame. This could be attributed to high albedo value of RCHPC. Lontorfos et al. 
[117] carried out a researching investigating mitigation performance of reflective pavements. Once conventional asphalt was replaced 
with reflective concrete pavement surface temperature was determined to be 12.7 ◦C less than conventional concrete. 

Utilization of color pigment added RCHPC pavement decreases T-surface and this results is consistent with other studies in the 
literature [110,112,118]. 

4. Conclusion and further work 

In this study color pigment incorporated roller compacted high performance concrete was developed. Mechanical, vebe and albedo 
determination tests were carried out on the samples. In the simulation stage utilization of color pigment added roller compacted high 
performance concrete as UHI mitigation strategy was evaluated. Potential air temperature, relative humidity, reflected SW radiation 
and T surface are standard metrics used to determine efficiency of urban heat island mitigation methods. 

The following findings obtained from this research:  

1. Color pigment incorporation has tiny impact on mechanical properties on roller compacted high performance concrete samples. 
However, test results of pigment incorporated samples still comply with the minimum requirements defined in the relevant 
standards.  

2. Due to its reflectivity properties of CPI-RCHPC air temperature can be decreased by 1.6 ◦C at noon time in comparison to the 
asphalt pavement used scenario. The difference determined to be 1.17 ◦C at 13:59. It can be deduced that this decrease could easily 
lead 5–8% decrease in electricity consumption for air conditioning in the selected area. With less electricity consumption less CO2 
emission can be achieved. In this respect CPI-RCHPC would contribute to sustainability at significant level as it reduces con-
sumption of natural resources. Furthermore, once air temperature is reduced by utilization of CPI-RCHPC as road pavements, heat 
related health issues can be decreased. This would provide substantial benefits to quality of daily life of people at all ages. 

Fig. 17. T Surface Asphalt Pavement.  
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3. Utilization of color pigment in roller compacted high performance concrete significantly increases albedo value of concrete up to 
0.75 % by weight of cement. With higher albedo CPI-RCHPC reflects more SW radiation than conventional asphalt pavement.  

4. Utilization of CPI-RCHPC has slight increase on maximum relative humidity. However, minimum level of relative humidity can be 
increased up to 60.88 %.  

5. Highest decrease on surface temperature determined to be 9.69 ◦C at noon while the minimum decrease is 8.41 ◦C on 13:59. 

CPI-RCHPC developed in this research is certainly advantageous material against urban heat island. However, in this research only 
color pigment incorporated RCHPC and asphalt were modeled and compared with each other. On the other hand, combination of more 
mitigation strategies such as green roofs, afforestation along with CPI-RCHPC might be more effective in dealing with urban heat island 
effects. Furthermore, how much cost can be saved by utilization of CPI-RCHPC due to decrease on electricity consumption was not 
quantified. These could be subject of future studies. 
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