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Abstract

Civilization has been analyzed mostly with urbanization which coincides with the
usage of stone and later concrete and steel in constructions. Nowadays we have been
realized that construction materials used for houses, apartments, roads and pavements
surrounding us create local microclimate which influences our living comfort. Local
temperature increases due to asphalt roads and concrete pavements have recently been
determined and they are remarkably effective in our everyday life. Usage of different types
of aggregates in concrete mixtures to cast concrete pavement blocks might effective to
decrease air temperature on the pavements. Therefore heat-resistant rocks were used to
produce different sized aggregates where different plasters were produced from them to
coat standard concrete pavement blocks. Pavement blocks plastered were then put under
sun to test their surface temperatures. It was observed that heat-resistive materials used in
plaster concretes influence heat distribution in the blocks and surface temperature of the
concrete pavement blocks.

Keywords : Pedestrian comfort, heat-resistive materials, concrete pavement blocks.

*  This paper has been presented at the ICENTE'l17 (International Conference on Engineering
Technologies) held in Konya(Turkey), December 07-08, 2017.

92



Selcuk-Teknik Dergisi ISSN 1302-6178 Journal of Selcuk-Technic
Ozel Sayi1 2018 (ICENTE’17) Special Issue 2018 (ICENTE'17)

YAYALARIN SICAKLIKTAN RAHATSIZ OLMAMALARI iCIN ISI
IZALASYONU AMACIYLA KALDIRIMLARIN KAPLANMASI

Ozet
Uygarlik genellikle sehirlesmeyle birlikte degerlendirilir, bu gelisim de once

dogaltaglarin daha sonra beton ve c¢eligin insaat islerinde kullanilmasiyla saglanmistir.
Gliniimiiz sartlarinda sehirlerde etrafimizi saran evler, apartmanlar, yollar, kaldirimlar ve
bunlarin yapildig1 farkli malzemeler nedeniyle, insanlarin hemen etrafinda onlarin yasam
konforunu etkileyen mikroklimatik bir etkinin varligi hissedilmeye baglanmistir. Son
zamanlarda yapilan incelemelerde, etrafimizdaki lokal sicakligin asfalt yollar ve beton
kaldirinm taslar1 nedeniyle de yiikseldigi belirlenmistir, bu artis insanlarin gilinliik
yasantilarin1  etkilemektedir. Beton kaldirim taslarinin  yapilmasinda  kullanilan
malzemelerin farklilastirilmasiyla, insanlari rahatsiz eden yaya kaldirimi iizerindeki
havanin sicaklig1 belki diisiiriilebilir. Bu fikirden yola ¢ikarak bu ¢alismada, 1s1 gegirgenlik
ozelligi diisiik olan, farkli kayaglardan elde edilen, farkli tane boyut igerikli ve farkl
ozellikteki agregalardan degisik Ozellikli sivalar iiretilmistir. Bu sivalarla da standart
boyuttaki beton kaldirim bloklarin {izerleri sivanmis, kaplanmistir. Test edilmek {izere
hazirlanan kaplanmis kaldirim bloklari, giines altina konularak bunlarin yilizey sicaklik
degisimleri Olclilmiistiir. Kaldirim bloklarinin yiizeyini kaplamak amaciyla {iretilen
sivalarin iiretildikleri agrega 6zelliklerinin, 6zellikle bunlarin 1s1 yalitkanlik 6zelliklerindeki
farkliliklarin, testi yapilan kaplamali kaldirim bloklarinin yiizey sicakliklarini etkiledigi
gozlenmistir.

Anahtar Kelimeler: Yaya konforu, 1s1 yalitim malzemeleri, beton kaldirim bloklari.

1. Introduction

It is common that outside temperatures in urban areas are mostly higher than
countryside. This may have certain advantages in wintertime but disadvantages in
summertime due to their uncomforting influences. Concrete have been used nowadays to

build apartment blocks, houses and roads. Most of the pavement blocks in urban areas are
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also molded by using concrete mixtures. It is common that concrete and natural stone slabs
on urban roads and pavements are the main reasons of high temperature island occurrences
in cities. Heat arrived from sun by radiation in summertime, heats up earth surface and
cause temperature differences due to shading and surface materials’ properties.
Temperatures on earth surface layers which stayed whole day under the sun reach very high
levels which might create local microlevel climate effects. Heated up areas are then formed
“heat-islands” around them (Fig.1). Even though, these areas can continue to supply their
deposited heat after sunsets, until their body temperature will reach the same level with
their environmental air temperature. In hot sunny days, heating of the concrete structures,

roads, walls, pavement blocks can reach a certain level which disturbs humans.
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Figure 1. Temperature measured in a research performed in Los Angeles (US) on a sunny
summer day, (at 02:00 pm, at a height of 1.5 meter from the ground surface), [1].

2. Procedure to Get Pedestrian Comfort

“Heat-island” has been researched for a while and therefore any decreasing actions on their
temperatures are welcomed by societies. One simple way is watering sun heated roads,
pavements and any other locations in summer. This action decreases their surface
temperatures and gives certain degree of relaxation for people living nearby. But watering

is costly due to water usage and their supply. Shadowing of the roads and especially

94



Selcuk-Teknik Dergisi ISSN 1302-6178 Journal of Selcuk-Technic
Ozel Sayi1 2018 (ICENTE’17) Special Issue 2018 (ICENTE'17)

pavements are also one of the methods used by municipalities. Trees near pavement areas,
curtaining over the sunny narrow streets, bazaars, are mostly applied methods. In
researches, it has been already presented that cool pavements cause significant reduction in
surface air temperature. In Los Angeles city (US), there are official applications about the
heat islands [2] to decrease air temperature just above the roads and pavements. In this
municipality works; workers coated selected city streets and pavements by predefined gray
colored cool materials [3]. Eventually, summer temperature on the tested local area had
been surveyed and certain declines in air air temperatures (local) were reported for these
projected Los Angles heat-island applications. It was reported [3] that two modified albedo
(whiteness) scenarios were studied in Los Angeles application: a moderate and an extreme
increase in albedo scenario. It was found that for the first case, the temperature decrease at
2.0 meters height (from the ground surface) was as high as 1.5 °C, (Celcius), and for the
second case as high as 2.2 °C. The typical temperature change pattern is a decrease during

daytime and little or no decrease during the night [3].

Figure 2. Painting project for selected Los Angeles (US) streets to decrease heat island
influences of local roads and pavements [3].

The impact of temperature depression at heat-islands would have been even greater if the
albedo of all roads and pavements was increased. It is obvous that connection roads, streets,
pavements, pedestrian areas, buildings roof & walls and all similar constructed surfaces

increase urban areas temperatures. In this subject, Akbari analyzed the situation in cities
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and reported heat island mitigation solutions [5]. Besides this research, reflective
pavements were applied to an urban park in Athens (Greece) by Santamouris etal. to reduce
heat radiation [6]. They wrote that usage of cool (white materials which were presenting
high reflectivity in infrared radiation and high emissivity) paving materials reduced peak
ambient temperature during a summer day up to 1.9 °K, (Kelvin). They reported also that
temperature of the park itself decreased up to 12 °K. In another study researchers were
concentrated on cool material properties and their usage as asphalt road and concrete block
coatings. They reported that [7] usage of cool materials “contribute to the mitigation of heat
island effect”. Santamouris etal. [7] presented also work of Synnefa etal. [8] which showed
visible and infrared photograph of thin concrete plates (Fig. 3). These photographs (Fig. 3),
especially the infrared images differentiate surface temperature of the thin concrete plate
clearly. Infrared images demonstrated that plate numbered 1 and 4 (they had white color
coatings) had lower surface temperatures (7.5 °K lower than reference plate-3) and plate-2
(it had black colored coating) on the other hand had higher surface temperature (15.0 °K
higher than reference plate-3) [7]. Synnefa etal. tested 16 concrete plate samples in their
research and 15 of them were coated with different cool materials (plate 3 was extra
reference plate, it has no coatings). Synnefa etal. reported that cool coating materials used
in their research were available in international markets. These materials are general
coating materials used in construction and civil works [8]. Description and colors of these
coatings are as follows;

S1  Aluminum pigmented acrylic coating, (Silver gray color),

S2  Acrylic, ceramic coating, (White color),

S3  Acrylic, elastomeric coating, (White color),

S4  Acrylic, elastomeric coating, (White color),

S5  Alkyd, chlorine rubber coating, (White color),

S6  Aluminum pigmented, alkyd coating, (Silver gray color),

S7  Emulsion paint, (Black color),

S8  Acryl-polymer emulsion paint, (White color),

S9  Acrylic latex, (White color),
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S10 Aluminum pigmented coating, (Silver color),

S11 Acrylic insulating paint, (White color),

S12 Aluminum pigmented acrylic coating, (Silver color),
S13 Epoxy polyamide coating, (White color),

S14 Acrylic paint, (White color),
S15 Uncoated tile (reference concrete plate), (White color),
S16 Acrylic elastomeric coating, (White color).

Figure 3. Visible (left) and infrared (right) images of the concrete plates which were coated
with different cool materials. Concrete plates were put under sun for a while and
photographs were then taken. Cool materials, coatings, used on the numbered concrete
plates are; Acryl-polymer emulsion paint (white color) for plate-1; Emulsion paint (black
color) for plate-2; Uncoated tile (reference) (white color) was plate-3; Alkyd, chlorine
rubber coating (white color) for plate-4, [7].

Synnefa etal. pointed that mean maximum daily surface temperature measured from
coated plate surfaces during day time of August and September increased up to 67.92 °C on
the test plate-7, (S7), which had emulsion black paint as a surface coating. Minimum mean
daily surface temperature measured was 32.13 °C on the test plate-16, (S16). Mean surface
temperature levels in this study demonstrate the importance of the surface coating effects.

Different approach in “heat island effect” was supplied by Yang etal. [9] and they
reported that performance of heat island prevention works (pavement coatings etc.) in the
canyon type locations was influenced mainly by the canyon geometry. They wrote that, in a

high-density residential area, modifying pavements might change their surface temperature
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slightly but this action had insignificant effect on the wall temperature (Fig.4) and building
energy consumptions. Figure 4 illustrates some results of Yang etal. which were predicted
and simulated temperature fluctuations for summer daytime of Phoenix (US). Figure 4a
showed that increasing pavement albedo decreased the pavement surface temperatures
considerably. Comparing Fig. 4a and Fig. 4b illustrates the influences of canopy.

Table 1. Daily (08:00-19:00) mean and mean maximum surface temperatures measured
from concrete plates coated with different cool materials, [8].

Test August September
Samples | Mean daily surface | Mean max daily | Mean daily surface | Mean max daily
temp. (°C) surface temp. (°C) temp. (°C) surface temp. (°C)
S1 46.19 58.67 36.49 48.82
S2 33.15 40.79 27.78 35.07
S3 36.68 44.89 30.58 39.10
S4 34.68 43.17 29.06 37.30
S5 33.18 40.67 27.74 34.77
S6 44.85 56.85 36.39 47.77
S7 52.09 67.92 40.44 54.63
S8 32.82 40.73 27.90 35.52
S9 33.89 41.24 29.03 36.00
S10 44.25 54.83 36.78 47.08
S11 37.34 46.49 31.79 40.59
S12 41.72 50.68 34.79 43.50
S13 37.81 46.95 32.08 40.74
S14 33.25 39.63 2891 35.12
S15 37.13 45.79 30.92 38.78
S16 32.13 38.28 28.63 36.07

Shading effects in residential areas cause gradual decrease of pavement surface

temperatures. The resultant test curves like given in Fig. 4b have then step downward
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inclinations in afternoons. Yang etal. stated [9] also that “with reduced road surface
temperatures, the reflective pavement emitted less longwave radiation to the canyon
environment. Nevertheless, more shortwave radiation was reflected that the combined
effect of the reflective pavement was complicated”. Figure 4¢ presents surface temperatures
measured on the building walls. During diurnal cycle, increasing pavement albedo resulted
in a warming effect on building walls (in between 10:30 — 15:00 local time). These
researchers then wrote that; “increased wall temperature indicated that reflected shortwave
radiation outweighed reduced longwave radiation from the reflective pavement” during this

time period. In other time, reflective pavement led to cooling of wall surface temperatures.

3. Materials and Methods

To obtain similar local temperature decreases at heat island formed during summer
daytime in Elazig, Turkey, heat- resistive materials (heat insulation minerals) which have
been used in constructions industry are facilitated in this study here to produce heat
sensitive floor coating materials, concrete plasters. Pavements in most of the city centers
are covered usually by precast small sized, concrete blocks in Turkey. These small, 8 cm
thick, concrete blocks are produced in different surface forms and shapes. Summer
daytimes are very hot in Elazig. Weather temperature can reach up to 40 °C. People have
their hot weather experiences in this city like all the other hot cities. They have obstructed
themselves to go outside in between 11:00 — 16:00 o’clock. Uncomfortable conditions are
disturbing people in heat islands in cities due to hot building walls, hot roads and hot
pavements etc. They prefer to go soil and grass covered open areas which have lower
outside temperatures. However, even those places are very hot during days of August in
Elazig. High temperature conditions over the asphalt roads, concrete pavements, stone slap
covered city squares are common in Elazig in these hot daytimes. Therefore as a first stage
of this research here; concrete heat-resistive plasters which were prepared from different

heat resistive rock aggregates had been applied over standard concrete pavement blocks. In
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Figure 4. Average diurnal profiles of predicted temperatures with different albedo a) Temp.
of pavement surfaces without canopy, b) Temp. of pavements located in a high-density
residential area, with canopy; ¢) Simulated temperature of building wall surfaces in
Phoenix (US) during 12-17 June 2012, [9].
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the second stage, white colored cool coating materials were used additionally to
cover some of the samples used in the first stage.

Pavements in Konya and Elazig city are mostly covered by means of small precast
concrete pavement blocks (one of the pavement models is give in Fig. 5). They are 8§ cm
thick and sometimes colored in reddish and yellowish other than the concrete’s natural
grayish color. Their standard aggregate sizes, Portland cement and water mixture ratios are
kept stable in factories where they are pre-shapely casted together with vertically applied
pressure. Similar standard mixture ratios were used in this work to produce heat-resistive
plaster concrete and different plaster samples were put on the standard pavement block
surfaces as thick as 1.50 cm. This sample preparation work was like thick plastering
application in construction works. Plastering mixtures which were prepared for covering
the ordinary concrete pavements blocks were arranged in different aggregate types. Thus,
standard concrete pavement blocks handled in this study had been coated with these
especially prepared concrete plastering mixtures. The resultant heat-resistive concrete
pavement blocks were then totally 9.50 cm in thickness (standard concrete thickness= 8
cm, and additional 1.50 cm of heat resistive plaster thickness), (Fig.5).

In order to compare effectiveness of heat-resistivity, 6 different types of rock
aggregates were used separately to prepare 6 different heat-resistive plasters. These
aggregate types were; Aksaray pumice, Nevsehir pumice, tuffs, perlites, white marble
powders, Karapinar basic pumice (black in color). For each type of heat-resistive
aggregate, 3 standard concrete pavement blocks were plastered in mining engineering
laboratory of Selcuk University, (Konya, Turkey). That means, each plaster type, (made up
from each aggregate type), was tested through 3 pavement blocks (Fig. 5). After application
of plasters, samples had been regularly wetted until the plasters and standard concrete

blocks were combined together totally.
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Figure 5. Heat resistive concrete pavement block samples, prepared for surface temperature
tests by coating their top surfaces with especially prepared heat resistive concrete plaster.

4. Test Results

In this study 7 different concrete pavement blocks (each has 3 samples, then 7x3=
21 test blocks totally) were taken into tests. Surface temperature measurement tests were
performed in Elazig city centre that means selected test location was an urban area which
includes canopy effects. All the test samples were put on a flat floor under the sun in Fall
season of 2017. First stage tests include all the heat-resistive concrete pavement blocks
including the standard ones which were not plastered for reference data. After collecting
surface temperature data for the first test stage, second test stage was started after applying

cool coating materials (white colored) on one member of each 7 different concrete

102



Selcuk-Teknik Dergisi ISSN 1302-6178 Journal of Selcuk-Technic
Ozel Sayi1 2018 (ICENTE’17) Special Issue 2018 (ICENTE'17)

pavement block group. White coating materials used here was polyester putty (filling) and
coating material. This material has common usage in automotive maintenance activities in
Turkey. In order to increase the coating material effectiveness, top surface of the heat-
resistance concrete pavement blocks were painted with white colored oily synthetic paint.
This paint has been commonly used in buildings in Turkey. Second test stage in this
research included the surface temperature data which were taken from these coated and
painted pavement block surfaces. These two test stages produced enough data which are

plotted separately in Fig. 6.
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Figure 6. Mean surface temperature obtained from especially prepared heat-resistive
concrete pavement blocks; a) First test stage results, (mean surface temperature fluctuation
on plastered pavement blocks); b) Second test stage results (mean surface temperature
fluctuation on plastered and then white cool material coated & white painted concrete
pavement blocks.

S. Conclusion

This study summarized the differences in surface temperatures obtained from
different pavement blocks which were plastered by different insulation materials. Heat-
resistive concrete plaster layers were applied to standard pavement blocks. In order to
obtain heat-resistive plaster, 6 different heat-resistive rock aggregates were used. Main
consideration was to determine which heat-resistive aggregates were suitable to obtain cool
pavement surfaces.

Graphics obtained in this study present that effectiveness of heat-resistive pavement
blocks on heat-island effects depends on albedo characteristics and heat insulation capacity
of the prepared plastering concrete layers. It was determined that heat-resistive materials

which can be used as plastering materials for concrete pavement blocks prevent heat
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transferring in concrete pavement blocks. Therefore their surface temperatures were higher
than the standard block’s values.

Test samples which were coated with Aksaray-pumice aggregate plasters had
highest mean surface temperature, (38.25 °C at 12:00 o’clock). In this stage of the tests,
highest mean surface temperature of standard concrete pavement blocks was 33.80 °C. This
was the value reached on the other hand at 14:00 o’clock. Differences in day time interval
and mean surface temperature values can be explained by the thickness of heat-resistive
plasters on pavement blocks and their heat resistance properties. It is important to point
that, surface temperature of heat-resistive block decreased more rapidly when it was
compared with the standard reference pavement block. This recognized point can be
explained by heat storage capacity of the blocks. Heat-resistive plasters had obstructed heat
radiating from sun and had declined the heat stored in concrete pavement blocks. Better
results were obtained for pavement blocks’ surface temperature effectiveness when the
white polyester putty and white paint were used to coat surface of them. Pavement block’s
surface temperatures in this test group were plotted and highest value was determined for
Aksaray pumice aggregate plaster. The surface temperature for this test sample was 32.50
°C at 13:00 o’clock. Standard test sample in this test group had highest surface temperature
value around 30.60 °C at a time of 14:30. Surface temperature difference was 5.75 °C for
these two pavement blocks for common Autumn days of Elazig city. This result shows the
effectiveness of albedo characteristic of pavement blocks. It was concluded that, heat
transfer resistant materials which are used in common construction sites can be used to
prepare plastering layers for concrete pavement blocks. It was evaluated that heat-
resistivity of pavement block surface materials and surface albedo properties are two main

influencing parameters on heat-island in urban areas.
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