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Available online 9 November 2022 evaporative pavement by adding wetted retention layer underneath the pavers and
investigated the temperature reduced. Three materials of water retention layers were
investigated and material with higher water retention was selected. The pavement
temperature changes are studied using selected water retention material with different
layer thicknesses. The result shows that felt wool material absorbed more water
compared to palm oil fiber and geotextile. While as for the selection of the thickness,

Keywords: water retention layer with 8 mm thick was selected due to its optimal evaporation rate
Porous pavers; temperature; water and gives higher temperature reduction on the block pavers compared to 4 mm thick and
retention; evaporation 12 mm thick.

1. Introduction

Pavements and buildings in are the elements of urban surfaces in urban areas which have lower
albedo and higher absorptivity compared to rural areas. The decreasing of permeability and
vegetation in urban surfaces reduced the infiltration and evapotranspiration [1]. Elements such as
sun radiation, air temperature, pavement texture, and wind speed effected the fluctuation in
pavement surface temperature [2]. Pavements is one of the largest urban surfaces exposed to solar
radiation in urban surfaces [3]. Dark surfaces pavements such as asphalt pavements absorbed the
heat coming from the sun and causing an increase in pavement temperature and ambient
temperature [4].

The usage of cool pavements is currently known as one of the techniques to mitigate urban heat
by modifying the surfaces of cities [5]. Cool pavements can be either reflective pavements or
evaporative pavements or both [3].
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The reflective pavements are the pavements that able to reflect more solar energy [6]. The
reflective pavements are the pavements with higher reflectance or albedo compared to conventional
dark-coloured pavements [7,8]. Light colour coating or light colour materials were used for the
surface to increase the reflectance of the pavements. Increased solar reflection on the pavement
surface can reduce pavement temperature and air temperature near the surface [8]. The example of
paving materials with higher reflectance are light coloured painting, slurry coating, and chip seal [9].

While evaporation pavements are pavements with higher evaporation or has been modified to
remain cooler than conventional impermeable pavements [6] which it holds water either at the
surface or at the lower layer of the pavements [7]. The evaporation helps to decrease the pavement
surface temperature with the present of moisture on the pavements or underneath the pavements
[8,10]. Sprinkling water on the surface of the pavement is one of the methods to give moisture to the
pavement [10]. The concept of evaporative cooling has been widely used in the building air
conditioning systems [11,12]. Basically, there are two types of evaporative pavements which are
permeable pavements and water-retentive pavements [13].

Permeable pavement is defined as a pavement with void structure (porous structure) which
allowing water to infiltrate and reducing the water runoff during storm event [14,15]. Permeable
pavement can significantly reduce the effects of urban heat which is when the water retained on the
pavement or underlying soil evaporated during the hot weather. The effect of evaporation can
reduce the pavement temperature [16]. Figure 1 shows the infiltration and evaporation of water in
porous concrete block pavers.

Stormwater infiltration Evaporation

pavements [15]

While water-retentive pavement is the pavement that can hold and retain water or moisture for
a certain period of time and the latent heat released to the air through evaporation [18,19]. Minimal
solar absorption on water-retentive pavements makes the pavement to stay cool. In addition,
permeable pavements, porous pavements, and pervious pavements are also considered as the type
of water-retentive pavements [20]. Water-retaining pavements also can be classified according to
their base materials which can be called as water-retaining concrete pavements, water-retaining
brick or block pavers, and water-retaining asphalt pavements [19].

Some of the pavements are added with water holding materials to increases the ability of the
pavement to hold water or moisture [21]. Other than that, water-retentive fillers have also been used
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to keep the moisture on the pavements [22]. In addition, impermeable layers are also added on the
bottom of permeable pavements to store the moisture for evaporation [23].

The use of additives or fillers to hold water on the pavement requires the pavement to be made
using a new mixture which is not suitable to be used for existing block or brick pavers. While the
usage of impermeable layer underneath the pavement layer may lead to flooding. Therefore, the
purpose of this study is to study water retention materials that are able to absorb and hold more
amount of water. This study used the existing porous concrete paver blocks and the changes on the
block temperature was also monitored.

2. Methodology

This research studied the water absorption of several water retention materials to select the
suitable material as water retention layer. After the selection of materials, several thicknesses of
layer were studied in order to get the suitable thickness which is able to evaporate more moisture
and give higher temperature reduction. Figure 2 shows the experimental test and analysis carried out
in this study.

e Water absorption test
e Evaporation test
e Temperature test

EXPERIMENTAL

TEST

DATA ANALYSIS . Ev?poration rates
e Paired T-test

Fig. 2. Flowchart of experimental test and data analysis

As shown in Figure 2, first, the water absorption test was carrier out to select the suitable water
retention materials. Secondly, the water absorption test was repeated together with the evaporation
test and temperature test for the selection of suitable thickness to be use as water retention layer.
Data from the experimental test were analyzed using descriptive analysis and inference analysis. For
the descriptive analysis, the average value and maximum value of water absorption, evaporation,
and temperature were analyzed. While for the inference analysis, the correlation analysis and
regression analysis were analyzed to select the suitable thickness of the layer. Then paired t-test
analysis was carried out to analyze the effect of water retention layer on the block pavements.

2.1 Materials
There are three water retention materials used in this study, which is geotextile, palm oil fiber,

and felt wool. The specification of the water retention materials is shown in Table 1 while Figure 3
shows the water retention materials with a hexagon shape.
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Table 1
Specification of water retention materials
Materials Specifications

Shape Thickness Colour
Geotextile Hexagon 4,8,12 mm Light grey
Felt wool Hexagon 4,8,12 mm Dark brown
Palm oil fiber Hexagon 4,8,12 mm Light grey

(a) (b) ()

Fig. 3. Water retention materials (a) Geotextile (b) Felt wool (c) Palm oil fiber

2.1.1 Geotextile

Geotextile is widely used in green roof as water retention materials because its capability to
absorb water. Geotextile is also usually used as protection mat, drainage mat, and also water
retention mat. Therefore, a non-woven geotextile was selected in this study due to its capability for
absorbing water and its durability.

2.1.2 Felt wool

Wool is one of the largest natural protein fibers and one of the important materials used in textile
productions [24]. Wool has high water absorption and capable of absorbing 30% more moisture than
its weight [24,25]. Felt wool material was selected in this study due to its water absorption ability.

2.1.3 Palm oil fiber

One of the waste products produced by the palm oil industry is Empty Fruit Bunches (EFB) fibre
[26]. The palm oil fibers were also known for its ability to absorb water [27]. Hence, palm oil fiber
was selected in this study as water retention materials.

2.2 Method and Analysis

Several experimental tests were conducted to select the suitable water retention materials and
suitable thickness of selected water retention material. Firstly, water absorption test was conducted
to select the suitable water retention materials. According to ASTM D 123 — 03, absorption is a
process where one material absorbs or takes up another or in other word is the capability of materials
to take in moisture [28].
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The water absorption test was conducted to measure the quantity of water absorbed by the
water retention materials for the selection of the suitable water retention materials. The formula for
water absorption is shown in Eq. (1).

Wet mass—Dry mass

Water absorption (%) = x 100 (2)

Dry mass

After selecting the water retention material, the evaporation and temperature variation test
were conducted to select the suitable thickness of water retention layer. Three thickness of water
retention layers were used in this study, which are 4 mm, 8 mm, and 12 mm thick. The temperature
stone was set up at 45 °C for all thickness. The temperature reading was taken using NTB-500A data
logger for 300 minutes while the evaporation rates taken by measuring the wetted water retention
layer’s weight before and after the test is carried out. The formula for evaporation rates is shown in
Eqg. (2).

Initial mass—Final mass

Evaporation rates (%) = x 100 (2)

Initial mass

Figure 4 shows the experimental set up for evaporation and temperature variation tests. The
infrared lamp acted as a heat source to heat the paving blocks. While thermocouple was placed inside
the block paver and measures the temperature changes on block paver. Load cell was placed under
the block paver to measure the changes on the block paver and retention layer mass.

INFRARED LAMP

POROUS
CONCRETE PAVER
BLOCK

THERMOCOUPLE
WATER
STORAGE LAYE
LOAD CELL

Fig. 4. Experimental setup for evaporation and temperature variation
tests

3. Results and Discussions
3.1 Water Absorption of Water Retention Materials

Three water retention materials which are geotextile, felt wool, and palm oil fiber were used in
this experiment to measure the water absorption of each material. The thickness of each material
was standardized to 4mm thick, and duration of water flow was 10 minutes for each sample. As can
be seen in Table 2, felt wool material shows the highest percentage of water absorption which about
84.8%, followed by geotextile which about 65.0% and palm oil fiber which about 63.8%. Based on
then water absorption results, it can be seen that felt wool material is suitable to be used as a water
retention layer because it can absorb more water than geotextile and palm oil fiber.
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Table 2

The average of water absorption

Water retentive materials Geotextile Felt wool Palm oil fiber
Average dry mass (g) 59.5 40.6 34.0
Average wet mass (g) 171.2 267.7 94.0

Mass of water absorbed (g) 111.2 227.0 60.0
Percentage of water absorbed (%) 65.0 84.8 63.8

3.2 Selection of Water Retention Layer Thickness

In order to obtain the suitable thickness of selected water retention layer, evaporation test and
temperature changes test were conducted. As the result from water absorption test, felt wool
materials was selected as water retention material for this study. The felt wool was divided into three
thickness which are 4 mm, 8 mm, and 12 mm thick to investigate the appropriate thickness to be
used as a water retention layer. The temperature stone was set up at 45°C which is the range of
ground cover temperatures for high density urban areas [29].

3.2.1 Evaporation tests

Evaporation test was conducted to investigate the evaporation rates of each thickness of water
retention layer. The recorded total evaporation rates for 4 mm thick are 24.7 gram, while for 8 mm
and 12 mm thick are 30.5 gram and 30.6 gram. As can be seen in Figure 5, the water retention layer
of 4 mm thick shows the lowest evaporation rates while 8 mm and 12 mm thick shows insignificant
difference of evaporation rates.

Evaporation rates of water retentive layer
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Fig. 5. Evaporation rates of water retention layer for 4mm, 8mm, and 12mm thick
3.2.2 Temperature changes test
The changes of block temperature were also measured in order to select the suitable thickness

of water retention layer. Thermocouples were placed at the surface of the block samples and inside
the block samples. Figure 6 shows the differences of temperature reading between inside block
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temperature and surface block temperature. As for surface block temperature, it can be seen the
temperature reading was fluctuated. However, water retention layer with 4 mm and 8 mm thick
show not much difference in temperature changes while for 12 mm thick shows the highest
temperature changes reading compared to control block (surface temperature without water
retention layer).

While the inside block temperature shows a consistent reading of temperature changes for all
samples. Therefore, the temperature measurement inside the block samples were used for the
selection of water retention layer thickness. As can be seen in Figure 6, all thicknesses of the water
retention layer used showed lower temperature readings compared to the control block (inside block
temperature without water retention layer). The maximum temperature reduction for 4 mm thick of
water retention layer is 1.8°C, while both 8 mm and 12 mm thick are 2.4°C. Among all thicknesses of
water retention layer, the 4mm thick showed the least temperature reduction compared to 8 mm
and 12 mm thick. Meanwhile, the temperature reduction on the water retention layer with a
thickness of 8 mm and 12 mm is not seen to be no different. Hence, based on this temperature test,
8 mm thick of water retention layer was selected as suitable thickness for the block pavers.
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Fig. 6. Surface and inside temperature of block paver samples
3.3 Effectiveness of Water Retention Layer on Porous Concrete Pavers

A t-test analysis was conducted to examine the effectiveness of the presence of a water retention
layer to the pavement temperature. Table 3 shows the results of the t-test analysis where each
thickness of the water retention layer is analyzed using the results before and after the presence of
the water retention layer on the pavement block. The t-test analysis of block temperature shows a
significant result (where t = 10.34, 12.47, and 15.76, p < 0.05). This shows the effectiveness of the
water retention layer in reducing the temperature of the pavement block.

112



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 100, Issue 3 (2022) 106-114

Table 3

Paired t-test analysis of block paver before and after the presence of water retention
layer

Water retention layer thickness (mm) N Mean T-value P-value

4 21 1.138 10.34 0.000

8 21 1.924 12.47 0.000

12 21 1.848 15.76 0.000

4. Conclusions

Water retention material and the thickness were finalized in this study. Felt wool material was
selected as the suitable water retention layer due to its higher water absorption rate compared to
geotextile and palm oil fiber. Even though geotextiles were able to absorb water, but the absorbed
water was unable to retain in it. While palm oil fiber able to absorb and retain water but it is not
durable because after wetting for several times, the palm oil fiber swelled and damaged. As for the
selection of thickness of water retention layer, though the maximum temperature reduction of 8 mm
and 12 mm are the same, but 8 mm thick was selected because it is seen more suitable, and optimum
compared to 12 mm thick. In conclusion, from this study, it can be seen that the usage of water
retention layer helps to mitigate the temperature of porous concrete block pavers. However, further
experiments need to be carried out based on the actual weather conditions.

Acknowledgement
This research was not funded by any grant.

References

[1] Garuma, Gemechu Fanta, Jean-Pierre Blanchet, Eric Girard, and Martin Leduc. "Urban surface effects on current
and future climate." Urban Climate 24 (2018): 121-138. https://doi.org/10.1016/j.uclim.2018.02.003

[2] Qin, Yinghong, Xingyue Zhang, Kanghao Tan, and Junsong Wang. "A review on the influencing factors of pavement
surface temperature." Advances in Education 12, no. 3 (2022): 829-833. https://doi.org/10.12677/ae.2022.123132

[3] Mohajerani, Abbas, Jason Bakaric, and Tristan Jeffrey-Bailey. "The urban heat island effect, its causes, and
mitigation, with reference to the thermal properties of asphalt concrete." Journal of Environmental Management
197 (2017): 522-538. https://doi.org/10.1016/j.jenvman.2017.03.095

[4] Masumoto, Keiko. "Urban heat islands." In Environmental Indicators, pp. 67-75. Springer, Dordrecht, 2015.
https://doi.org/10.1007/978-94-017-9499-2 5

[5] Liu, Yong, Tian Li, and Hangyu Peng. "A new structure of permeable pavement for mitigating urban heat island."
Science of the Total Environment 634 (2018): 1119-1125. https://doi.org/10.1016/j.scitotenv.2018.04.041

[6] Buyung, Nurul Rezuana, and Abdul Naser Abdul Ghani. "Permeable pavements and its contribution to cooling effect
of surrounding temperature." In AIP Conference Proceedings, vol. 1892, no. 1, p. 170003. AIP Publishing LLC, 2017.
https://doi.org/10.1063/1.5005783

[71 Xie, Ning, Hui Li, Ahmed Abdelhady, and John Harvey. "Laboratorial investigation on optical and thermal properties
of cool pavement nano-coatings for urban heat island mitigation." Building and Environment 147 (2019): 231-240.
https://doi.org/10.1016/].buildenv.2018.10.017

[8] Ferrari, Andrea, Aytag¢ Kubilay, Dominique Derome, and Jan Carmeliet. "The use of permeable and reflective
pavements as a potential strategy for urban heat island mitigation." Urban Climate 31 (2020): 100534.
https://doi.org/10.1016/j.uclim.2019.100534

[9] Akbari, Hashem, and H. Damon Matthews. "Global cooling updates: Reflective roofs and pavements." Energy and
Buildings 55 (2012): 2-6. https://doi.org/10.1016/j.enbuild.2012.02.055

[10] Li, Hui, John Harvey, and Zhesheng Ge. "Experimental investigation on evaporation rate for enhancing evaporative
cooling effect of permeable pavement materials." Construction and Building Materials 65 (2014): 367-375.
https://doi.org/10.1016/j.conbuildmat.2014.05.004

[11] Ali, Muzaffar, Zahida Yaqgoob, Tanzeel-ur Rashid, Abid Hussain, and Zahid Suleman. "Model-based Performance
Comparison of Different Configurations of Evaporative Cooling Systems in various Climates of Pakistan." Progress
in Energy and Environment 4 (2018): 1-13.

113


https://doi.org/10.1016/j.uclim.2018.02.003
https://doi.org/10.12677/ae.2022.123132
https://doi.org/10.1016/j.jenvman.2017.03.095
https://doi.org/10.1007/978-94-017-9499-2_5
https://doi.org/10.1016/j.scitotenv.2018.04.041
https://doi.org/10.1063/1.5005783
https://doi.org/10.1016/j.buildenv.2018.10.017
https://doi.org/10.1016/j.uclim.2019.100534
https://doi.org/10.1016/j.enbuild.2012.02.055
https://doi.org/10.1016/j.conbuildmat.2014.05.004

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 100, Issue 3 (2022) 106-114

(12]

(13]

(14]

(15]

[16]

(17]

(18]

(19]

(20]
[21]

[22]

(23]

[24]
(25]

[26]

(27]

(28]

[29]

Sofia, Evi, Nandy Putra, and B. Ali Gunawan. "Evaluation of Indirect Evaporative Cooling Performance Integrated
with Finned Heat Pipe and Luffa Cylindrica Fiber as Cooling/Wet Media." Journal of Advanced Research in
Experimental Fluid Mechanics and Heat Transfer 3, no. 1 (2021): 16-25.

Li, Hui. " Evaporation Rate and Evaporative Cooling Effect of Pavement Materials." In Pavement Materials for Heat
Island Mitigation: Design and Management Strategies, pp. 135-254. Butterworth-Heinemann, 2016.
https://doi.org/10.1016/B978-0-12-803476-7.00007-6

Antunes, Lucas Niehuns, Enedir Ghisi, and Liseane Padilha Thives. "Permeable pavements life cycle assessment: A
literature review." Water 10, no. 11 (2018): 1575. https://doi.org/10.3390/w10111575

Sansalone, J., X. Kuang, and Vittorio Ranieri. "Permeable pavement as a hydraulic and filtration interface for urban
drainage." Journal of Irrigation and Drainage Engineering 134, no. 5 (2008): 666-674.
https://doi.org/10.1061/(ASCE)0733-9437(2008)134:5(666)

Lu, Guoyang, Yuhong Wang, Hui Li, Dawei Wang, and Markus Oeser. "The environmental impact evaluation on the
application of permeable pavement based on life cycle analysis." International Journal of Transportation Science
and Technology 8, no. 4 (2019): 351-357. https://doi.org/10.1016/].ijtst.2019.05.006

Bao, Ting, Zhen Leo Liu, Xingui Zhang, and Yuhui He. "A drainable water-retaining paver block for runoff reduction
and evaporation cooling." Journal of Cleaner Production 228 (2019): 418-424.
https://doi.org/10.1016/j.iclepro.2019.04.142

Al-Humairi, S. F. 1., A. H. Alias, N. A. Haron, S. Hassim, and F. Mohd Jakarni. "Sustainable pavement: A review on the
usage of pavement as a mitigation strategy for UHL." In IOP Conference Series: Materials Science and Engineering,
vol. 1075, no. 1, p. 012010. IOP Publishing, 2021. https://doi.org/10.1088/1757-899X/1075/1/012010

Li, Wenjing, Gilmore Wellio, Tiejun Lu, Changjun Zou, and Yongliang Li. "Preparation and water sorption properties
of novel SiO,-LiBr microcapsules for water-retaining pavement." Chinese Journal of Chemical Engineering 34 (2021):
230-241. https://doi.org/10.1016/j.ciche.2021.01.007

Qin, Yinghong. "A review on the development of cool pavements to mitigate urban heat island effect." Renewable
and Sustainable Energy Reviews 52 (2015): 445-459. https://doi.org/10.1016/].rser.2015.07.177

Agouridis, Carmen T., Jonathan A. Villines, and Joe D. Luck. "Permeable Pavement for Stormwater Management."
University of Kentucky College of Agriculture (2011).

Qin, Yinghong, Yuhui He, Jacob E. Hiller, and Guoxiong Mei. "A new water-retaining paver block for reducing runoff
and cooling pavement." Journal of Cleaner Production 199 (2018): 948-956.
https://doi.org/10.1016/].iclepro.2018.07.250

Anupam, B. R., Umesh Chandra Sahoo, Anush K. Chandrappa, and Prasenjit Rath. "Emerging technologies in cool
pavements: A review." Construction and Building Materials 299 (2021): 123892.
https://doi.org/10.1016/j.conbuildmat.2021.123892

Babu, K. Murugesh. "Animal Fibers: Silk." Handbook of Fibrous Materials (2020): 75-94.
https://doi.org/10.1002/9783527342587.ch3

Jézwiak-NiedZzwiedzka, Daria, and Alessandro P. Fantilli. "Wool-reinforced cement based composites." Materials
13, no. 16 (2020): 3590. https://doi.org/10.3390/mal13163590

Almeida-Naranjo, Cristina E., Vladimir Valle, Alex Aguilar, Francisco Cadena, Jeronimo Kreiker, and Belén Raggiotti.
"Water absorption behavior of oil palm empty fruit bunch (OPEFB) and oil palm kernel shell (OPKS) as fillers in
acrylic thermoplastic composites." Materials 15, no. 14 (2022): 5015. https://doi.org/10.3390/ma15145015

Fang, Teh Wen, Nurin Syahindah Syasya Nur Asyikin, Abdul Khalil HP Shawkataly, Mohamad Haafiz Mohamad
Kassim, and M. |. Syakir. "Water absorption and thickness swelling of oil palm empty fruit bunch (OPEFB) and
seaweed composite for soil erosion mitigation." Journal of Physical Science 28, no. 2 (2017): 1-17.
https://doi.org/10.21315/jps2017.28.2.1

Hu, J. Y, Y. I. Li, and K. W. Yeung. "Liquid moisture transfer." In Clothing Biosensory Engineering, pp. 218-234.
Woodhead Publishing, 2006. https://doi.org/10.1533/9781845691462.218

Tan, Kok Chooi, H. S. Lim, M. Z. Matlafri, and Khiruddin Abdullah. "Study on Land Surface Temperature Based on
Landsat Image Over Penang Island, Malaysia." In 2009 Sixth International Conference on Computer Graphics,
Imaging and Visualization, pp. 525-529. IEEE, 2009. https://doi.org/10.1109/CGIV.2009.94

114


https://doi.org/10.1016/B978-0-12-803476-7.00007-6
https://doi.org/10.3390/w10111575
https://doi.org/10.1061/(ASCE)0733-9437(2008)134:5(666)
https://doi.org/10.1016/j.ijtst.2019.05.006
https://doi.org/10.1016/j.jclepro.2019.04.142
https://doi.org/10.1088/1757-899X/1075/1/012010
https://doi.org/10.1016/j.cjche.2021.01.007
https://doi.org/10.1016/j.rser.2015.07.177
https://doi.org/10.1016/j.jclepro.2018.07.250
https://doi.org/10.1016/j.conbuildmat.2021.123892
https://doi.org/10.1002/9783527342587.ch3
https://doi.org/10.3390/ma13163590
https://doi.org/10.3390/ma15145015
https://doi.org/10.21315/jps2017.28.2.1
https://doi.org/10.1533/9781845691462.218
https://doi.org/10.1109/CGIV.2009.94

