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Abstract

Many studies have proven that outdoor education has an effective impact on the
development of personal skills and learning outcomes of students, as the outdoor
environment is directly related to the application of many cognitive, emotional, mo-
tor, and psychological areas. Schoolyards also affect students' health. The level of
thermal comfort in the schoolyard is one of the most important indicators of stu-
dents’ satisfaction with their environment, which represents an important issue in
the educational process because of its impact on the behavior and achievement of
students within the school. Although children are more sensitive to weather and
thermal environments than adults, few studies are focusing on the influence of
schoolyard design standards on the outdoor thermal environment and its impact
on children's thermal comfort. Therefore, 6 schools with different characteristics
were selected in the city of Tanta, Egypt, to analyze the thermal performance of
their courtyards. The Envi-net simulation tool was used to calculate T-air, MRT, sur-
face temperature, and PMV as measures of outdoor thermal comfort, to determine
the effect of design standards on the thermal comfort of children in schoolyards.
The study concluded that thermal satisfaction in school courtyards with a north-
south longitudinal axis is 20% higher than in school courtyards with an east-west
longitudinal axis. The research suggested strategies for architects to enhance ther-
mal performance of schoolyards by considering orientation, geometry, finishing
materials, and landscape.

Keywords
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1. Introduction

approximately 25% of their school day in the schoolyard
(Dascalaki & Sermpetzoglou, 2011), therefore it is im-

Schools are places where students spend most of their portant to pay attention to their physical, visual, and aural
day; so, it is essential to provide them with a healthy and comfort besides the outdoor spaces on the school campus.
comfortable learning environment. Children spend There is a relationship between the size of the school and
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the health of students, as the sizeable area of the school
provides more spaces for physical education, in addition
to the presence of long walking distances for students.
Such practices, in turn, improve students’ health. They
also represent essential spaces that provide students with
enjoyable places to play, socialize, and relax .Most studies
related to courtyards have focused on the impact of court-
yards on buildings. A few studies discussed the school
courtyard and focused on ventilation, the role of court-
yard landscaping, noise control ...etc. There was a gap in
the literature regarding the thermal effects of courtyards
and school buildings. Many studies have also focused on
landscapes and green spaces in schoolyards as important
elements that help improve the building’s local climate
and help cool the indoor and outdoor spaces by reducing
heat gain. Trees reduce the temperature by shading the
ground and cooling by evaporation (El-Bardisy et al.,
2016). Cultivated areas in schools reduce the heat island
phenomenon, especially with the absence of the green el-
ement within the urbanization of cities (Harada et al,,
2011), without focusing on the impact of courtyard archi-
tecture, its placement, and orientation on the amount of
thermal performance. The microclimate of the schoolyard
has a significant impact on the school's internal building
also (Wong et al,, 2011).

This research begins with a brief overview of the
schoolyard’s importance, its design parameters, and stud-
ies the effect of these parameters on thermal perfor-
mance. Then, 6 schools in Tanta City were selected to de-
termine how much the geometry, shape, and orientation
of the courtyard influences its thermal performance. The
environmental simulation program was used to analyze
the thermal performance of the selected schoolyards, and
to develop some strategies to achieve external thermal
comfort for students.

2. Objective

The research aims to ascertain how the geometry, shape,
and orientation of schools' outdoor courtyards affect their
thermal performance and how much thermal comfort can
be achieved for students throughout the academic year.

This will help students' academic performance and

personal skills.

3. Methodology

The research methodology is as follows:

First: The theoretical curriculum: the study of the
schoolyards, its importance, and its components, in addi-
tion to its role in improving the student scientifically, so-
cially, and physically. The research also addresses the fac-
tors that affect the thermal performance of schoolyards
(finishing materials and vegetation in the courtyard, ori-
entation, courtyard geometry) and their relationship to
the courtyard's thermal performance and its impact on
users.

Second: applied curriculum: the research deals with a
case study of the environmental performance of a group
of schools in the city of Tanta (6 schools) (Al-Salam Lan-
guage School, Al-Ahmadia School, Tanta Preparatory
School (Boys), Modern School, Notre Dame School, Tanta
Secondary School (girls)). The study cases are described
in regard of (place, location, determinants, shape of the
courtyard, its area, dimensions and orientation, its vari-
ous elements), analysis of the climatic characteristics of
the study area. The research was carried out using the
Envi met environmental simulation program to monitor
the environmental performance of the courtyard in the
schools under study (air temperature, radiation tempera-
ture, thermal satisfaction, surface temperature) in July
and October 2022 during the solar hours of the day, and
school hours.

4. Schoolyards

Throughout the history of architecture, the courtyard has
been used as a common element in various places around
the world (Zhu et al,, 2023). A courtyard is an enclosed or
semi-enclosed space surrounded by buildings and walls
and open to the sky (SALAMEH, 2018; Zhu et al,, 2023).
Abass et al. (2016) and Forouzandeh (2018) defined it as
a protected outdoor area partially or entirely surrounded
by buildings open from above (Abass et al., 2016; Eid &
Taleb, 2023; Forouzandeh, 2018). Nowadays, the court-
yard has become a combination of engineering and
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nature, turning from being a functional protection both
from the weather and enemies into a conductive yard for
spending more time outside (Ranpise & Mhetras, 2022).
Schoolyards are one of the best alternative learning envi-
ronments (Al Sensoy & MIDILLI SARI, 2019), as they play
a key role in pedagogical theory in the child's develop-
ment, and act as a spatial bridge between the natural en-
vironment and school buildings (Krajnovic¢ et al., 2023).
The experimental learning theory developed by John
Dewey in the twentieth century advocates making the
curriculum meaningful through the child's environment
and experiences and emphasizing the importance of the
outdoors in the learning process in the outdoor environ-
ment (Al Sensoy & MIDILLI SARI, 2019), where the provi-
sion of outdoor education has a great impact on the devel-
opment of personal skills and educational performance of
students (EL-Telwany et al., 2020). Outdoor spaces differ
in their function from the rest of the built-up parts of the
school, as they are considered a place of physiological
health. Therefore, it is important in any school design plan
to achieve health, physical fitness, and mental health
among school students (Markus et al, 2017). The
schoolyard is also an influential element in the develop-
ment of many practical and emotional perceptions of the
student, as the time spent by students in nature provides
the basis for their cognitive, physical, emotional, and so-
cial development (Al Sensoy & MIDILLI SARI, 2019). It
also works to achieve psychological balance for students
and enhances various aspects of their personalities in
general (Ibrahim & Muhammad, 2020). Gidléf-Gunnars-
son and Ohrstrém (2010) (Gidléf-Gunnarsson &
Ohrstrém, 2010) state that the courtyard improves the so-
cial interaction of users and gives a sense of relaxation.
(Ranpise & Mhetras, 2022; Salameh et al., 2020). The
schoolyard helps improve student performance, reduces
discipline difficulties, encourages learning, and supports
critical thinking (Bansbach etal., 2012). The happiness at-
tained by students helps in achieving better educational
achievement (SALAMEH, 2018; Salameh et al,, 2020), in
addition to reducing psychological stress and tension, im-

proving students' senses, meditation, mental health, and

increasing motivation (Matsuoka, 2010). The design of
outdoor courtyards in schools aims to provide a stimulat-
ing and safe environment in which students can play and
learn with pleasure, and enjoy sustainable and natural en-
vironments, through buildings and managing spaces sus-
tainably to mitigate the effects of climate change (Zhang
etal, 2017).

The school's outdoor spaces can be divided into three
main areas:

First: the area adjacent to the buildings, which is usually
the immediate boundary areas of the school buildings, of-
ten green areas, or where benches are provided as places
to rest.

Second: the playgrounds, which are places where play
equipment is installed outside the building. Third: the
parking area; both playgrounds and parking lots are usu-
ally ata greater distance from the school buildings.(Kwon,
2022)

5. Schoolyard types

The courtyard takes many forms. It can be square, rectan-
gular, or circular. However, square and rectangular
shapes are the most common (SALAMEH, 2018; Salameh
& Taleb, 2017). The variation in courtyard shape is largely
due to site constraints, terrain, orientation, and many
other factors. The different types of courtyards can be
classified according to the relationship between buildings
and external courtyards (Kwon, 2022), while the degree
of closure or openness of a courtyard is determined by the
number of walls surrounding it (Ibrahim et al.,, 2020).
There are 3 common types of courtyard design in schools:

closed courtyard, semi- closed courtyard, and semi-
opened courtyard. Fig. 1.

\
OOV O

Closed courtyard Semi- closed courtyard  Semi- opened courtyard

Fig. 1. Types of schoolyards

The closed courtyard is the most commonly used in deep
plants because of its high level of privacy, lighting, and
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ventilation. The semi-closed courtyard is created between
the buildings and represents a semi-private area with
shaded places. As for the semi-open courtyard, it provides
ventilation, direct access, and visibility to the building, but
it is the least private (Salameh, 2018; Salameh & Taleb,
2017). Graduation is noticed from privacy in the closed
courtyard to openness in the semi-closed courtyard,
which has partially shaded and semi-private sections, to
full visibility, accessibility, and ventilation in the open
courtyard. Three sub-types of schoolyards are also iden-
tified, namely either single courtyards or double court-
yards with open-and-closed courtyards, or multi-court-
yard schools (Rigolon, 2010). Fig.2.

Open courtyard Multiple courtyard Closed courtyard

Fig. 2. Three sub-types of schoolyards

Kolozali, R., Kolozali. T. conclude that U-shaped and closed
courtyards are the most prevalent types of outdoor space
in schools (Kolozali & Kolozali, 2016).

6. Thermal comfort and courtyards

Thermal comfort is defined as the state of mind of satis-
faction with the thermal environment (Antoniadis et al.,
2020; Hassan et al,, 2022; SALAMEH, 2018; Zhang et al.,
2023). It is a state in which a person does not feel cold,
hot, or a defect in the thermal environment (Markus &
Morris, 1980). It is an essential element of a healthy and
effective lifestyle (Zhang et al.,, 2023). Also, it is defined as
the predicted mean vote (PMV) because it is associated
with a stable state of heat balance of the human body
(Hussain & Oosthuizen, 2012). Thermal comfort in the
open air is determined by meteorology. It is influenced by
a set of different factors related to the person himself, rep-
resented by the type of clothing and the level of activity,
factors related to the surrounding environmental condi-
tions such as temperature, relative humidity, air move-
ment, and speed, and mean radiant temperature (Hassan
et al,, 2022).
radiant temperature (MRT) is the primary factor influenc-

According to numerous studies, the mean

ing a person's thermal perception (Antoniadis et al.,

2018).Courtyards have been used for thousands of years
as a passive design strategy in public and private build-
ings (Muhaisen & Gadi, 2005).
pleasant outdoor environment that improves internal

Schoolyards provide a

thermal conditions, as they can be used as an architectural
element that calms the heat inside the buildings and
works to lighten and ventilate them appropriately. Ac-
cording to Edwards, courtyards appeared as a result of the
interaction between the building and the environment to
increase thermal comfort, natural ventilation and to re-
duce energy consumption, especially in dry areas
(Salameh et al., 2020). A courtyard, as a climate-respon-
sive design, creates a microclimate on a local scale under
specific climatic conditions. (Bekci et al., 2013; Sadafi et
al, 2011). Reynolds argues that the thermal behavior of a
courtyard is influenced by three main factors related to
building height, surrounding masses affecting heat loss
and gain, and users’ activities (Reynolds, 2002). Several
studies have also shown that the courtyard's geometry,
orientation, wall materials, and landscape elements sig-
nificantly influenced the microclimate of the courtyard
(Zhu et al,, 2023). Hyde also noted that direction and,
wind speed, are the dominant influences to be considered
when designing the yard (Hyde, 2000).

The various factors and their effects are listed below.

7. Factors affecting schoolyard thermal
performance.

7.1. Courtyard finishing materials and

landscapes.

Landscaping can improve the microclimate of courtyards
(SALAMEH, 2018), as green surfaces play an important
role in achieving a balance between shaded and sunny ar-
eas (Soflaei et al,, 2016). Thus, the use of natural elements,
like plants and water elements creates environment-
friendly conditions (Bulus, 2016). Ahmed emphasized
that ventilation in courtyards can be improved by plants
and water elements (Ibrahim et al,, 2021).

Vegetation contributes to natural cooling through the re-
sulting shading process, thus reducing radiation gain
through the floor and facades of the courtyard in the
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summer (Soflaei et al., 2016). Additionally, grass-covered
land has a higher albedo and lower specific heat capacity
compared to building materials such as concrete and as-
phalt (Zhu et al,, 2023), as grass reflects about 0.2% of so-
lar radiation and concrete about 0.4% (SALAMEH, 2018).
During the winter, plants increase the absorption of radi-
ation through the floor and walls of the courtyard, and this
provides passive solar heating in the interior spaces
(Soflaei et al., 2016). It was pointed out by Wei et al. that
the use of vegetation in courtyards reduces the air tem-
perature by 8°C during daylight hours (Ibrahim et al.,
2021).

7.2. Orientation

Forouzandeh (2018) pointed out the obvious influence of
courtyard direction on thermal behavior (Forouzandeh,
2018). According to Meir et al. (1995), accurate orienta-
tion of the courtyard improves thermal conditions, but
orientation that is independent of sun angle or wind di-
rection can lead to thermal stress (Bulus, 2016). The
courtyard orientation has a significant impact on its ther-
mal performance as it can help reduce the courtyard air
temperature by about 0.5: 5°C from the outside tempera-
ture (Almhafdy etal., 2013).The optimal orientation of the
courtyard varies according to different climatic condi-
tions, the need for varying degrees of radiation absorp-
tion, the required shading, or the ability to receive optimal
wind levels (Zhu et al,, 2023). Both N-S and NE-SW orien-
tations are advised in hot, dry climates. For optimal shad-
ing index performance in a hot, humid climate, the court-
yard's long axis should be oriented NE-SW. In temperate
and cold climates, orienting around the N-S axis is recom-
mended, steering the long axis of the yard away from the
E-W lowers the MRT (Berkovic et al,, 2012; Rodriguez-
Algeciras et al,, 2018; Taleghani et al., 2014; Zhu et al,,
2023). Bagneid (2010) confirmed that both shading ac-
cording to the position of the sun and the direction of the
wind affect the courtyard thermal performance
(SALAMEH, 2018). Many studies have found that the ther-
mal performance of semi-closed courtyards varies de-
pending on the direction of the open side (SALAMEH,

2018). Considering the direction of the courtyards, it is
possible to design courtyards more effectively, consider-
ing the movement of the sun and the direction of the wind.

7.3. Courtyard geometry

Courtyard geometry is one of the most crucial factors af-
fecting the effectiveness of shade that directly determines
the level of exposure to solar radiation (Zhu et al.,, 2023).
Many studies have demonstrated that natural ventilation
and shading are primarily influenced by the geometric
characteristics of the courtyard (Al-Hafith et al.,, 2019).
Shading lowers the air temperature, especially in hot, dry
areas, improving the thermal performance of the sur-
rounding areas (Soflaei et al.,, 2016). Fig.3.

The internal factors The external factors

R1: W/L (courtyard width to length), R2: aspect ratio,
R3: P/H (periphery to height), R4: T/G (top open area
to ground area), RS: SH/PL (southern wall height to

the perpendicular length)

Fig. 3. Courtyard geometric characteristics that affecting its
thermal performance
These geometric characteristics include both the shape
and dimensions of the courtyard, the aspect ratio along
the length of the courtyard, the aspect ratio (height/
width), and the perimeter: height, area, and direction (Al-
Hafith et al,, 2019).

7.3.1. The ratio of the courtyard area to the
built area

Tablada (2013) recommended that the appropriate court-
yard area for the built-up area be > 25%, which enhances
thermal performance. As Soflaei, Shokouhian, and Mofidi
Shemirani (2016) pointed out, for better thermal perfor-
mance, the ratio between the courtyard area and the built
area must be between 18:44% (SALAMEH, 2018; Soflaei

etal, 2016).
7.3.2. Courtyard shape and plan dimensions

The dimensions of the courtyard represented by length
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and width influence its thermal performance (Manioglu &
Oral, 2015), as illustrated by Soflaei, Shokouhian, and
Mofidi (2016) and Almhafdy et al. (2015) that the thermal
behavior of the courtyard is decided by its dimensions and
proportions in hot regions (Salameh & Taleb, 2017;
Soflaei et al,, 2016). The ratio of width to length is imper-
ative within the handle of shading courtyards, which is ad-
ditionally reflected within the courtyard's shape(Zhu et
al,, 2023). A study by Soflaei et al. showed that square-
shaped courtyards performed superior to rectangular
(Soflaei et al., 2017).Yasa explained that the plan aspect
ratio that received less summertime sunlight was 1 in hot,
dry, and humid areas while it was 3 in cold areas (Yasa &
Ok, 2014). By controlling the proportions of the court-
yard, it is possible to develop a solution for its thermal
performance throughout the year.

7.3.3. Courtyard aspect ratio

Various studies have proven that the height of the walls
surrounding the courtyard is the most influential factor in
the thermal environment of the courtyard (Rodriguez-
Algeciras etal., 2018). The aspect ratio (AR) has a stronger
effect on the thermal conditions in courtyards than the
orientation because of the greater spatial-temporal varia-
tion of MRT, as increasing the aspect ratio (AR) in court-
yards clearly reduces the level of MRT during the day
(Rodriguez-Algeciras et al., 2018).

Aspect ratio is the height-to-width ratio AR= H/W
(Alvarez et al., 1998). It can also be measured according
to Reynolds (2002) and Sthapak and Bandyopadhyay
(2014) by dividing the floor area of the courtyard by the
square of the average wall height around the courtyard,
this value represents the range of openness to the sky.
Therefore, the higher the percentage, the greater the
courtyard’s view of the sky (SALAMEH, 2018).

The aspect ratio of the courtyard affects the airflow and
the temperature inside the courtyard. Additionally, they
noted that shallow courtyards with low ARs up to 0.1 have
little inverted air flow and no satisfaction compared to
medium courtyards with ARs of 0.3, 0.5, and 1; deep
courtyards with ARs above 1.5, however, have high

satisfaction because of miner air velocity through the
courtyard (Alvarez et al., 1998; SALAMEH, 2018).

Koch Nielsen recommended that the optimal ratio is when
the height of a building x and its width are between x:3x
(Salameh & Taleb, 2017). Several studies have concluded
that in terms of seasonality, if a high aspect ratio guaran-
tees protection from sunlight in summer, a low one in-
creases the use of solar energy in winter. High levels of
shading in the summer also increase thermal comfort dur-
ing the daytime but increase thermal stress at night in

terms of daily thermal performance (Zhu et al., 2023).

Below, the research discusses the case study in which en-

vironmental performance was analyzed.

8. Case study

The city of Tanta is in the heart of the central Delta region
between the Rachid and Damietta Nile branches at
Lat./Long: 30°47'N / 31°00°E. According to the Képpen cli-
mate classification and Geiger modifications, Egypt falls
within the hot dry desert climate range (BWh). The aver-
age annual rainfall in the Delta region is estimated at 100-
200 mm, mostly in winter. In summer, the temperature
usually ranges from 32 to 38 °C, rarely 45 °C, in July and Au-
gust. In winter, the temperature usually ranges from 9°C at
night to 19°C during the daytime, with very high relative
humidity (Kassem et al., 2019).

8.1. Selected study samples

From the previous theoretical study, it becomes clear that
there are many characteristics of schoolyards. Six differ-
ent schools in Tanta City were chosen to examine the ef-
fects of these characteristics on students' thermal comfort
in schoolyards. Some of the schools are similar to one an-
other, while others have different longitudinal axes, the
proportions and the shape of the courtyard vary from
square to highly elongated courtyard, and the proportions
of the courtyards range from 1: 1 to more than 1: 3.
Schools with semi-closed and semi-open courtyards were
also chosen with a change in the orientation of the direc-

tion of opening in the courtyard.
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The following table shows the characterization of the var-

ious schools selected. Table (1)

Table 1. The characterization of the various schools selected.

Schoolyard shape + | WIL AR Rz‘;io vegeta-
orientation (H/W) | builtup tion
area
N N
; :;
: d) e
N 0.41 27% 20%
©
Tl Semi closed (E-
School (A= W)
N
P Y e -
\;7,3// - 031 | 36% | 85%
1/ v HR
SCO' v —r Semi closed
Al-Ahmadia School
A= 6202.7m2 (NW-SE)
N
4 N
i »
o v N 1.3 30% | 22%
=
School (C) v Semi closed (E-
Tanta Preparatory W)
School (Boys) (A=
2236.7m2
1 N
I -
. P » [
>
S N 0.5 39% | 12%
~d ..
v =
School (D) Semi closed- ~
Modern School Semi opened.
(A= 6644.3m2) (NE-SW)
N
R j;\ [‘J‘\ N g
\ - @
T Oy camm s 9%
= . 33%
School (E) g | 05 0
Notre Dame School Semi closed. :
(A=7750 m2) (E-W)
N
s f_ N
ol -
‘1\\\;/ -
School (F) i ; 0.57 22% | 235%
Tanta Secondary Semi opened
School (girls) (NW—SE)
(A=4500 m2)
8.2. Description of the program

In this paper, the Envi-Met environmental simulation pro-
gram is used. Envi-Met is developed by Michael Bruse. The

latest version is (Envi-Met 5.1) that is updated by adding

more improvements as compared to older versions.

The program uses a comprehensive approach that

connects all aspects of the local climate in one model, con-
sidering the multiplicity of mathematical operations that
occur between the elements (Altunkasa & Uslu, 2020). It
features several facades, each of which is important to
simulate reliable or read output data. The program offers
three main components that provide the required inputs,
while the simulation interface is examining the data glob-
ally by applying the account forms. It has different possi-
bilities in local climate modeling, calculating and simulat-
ing climate in urban areas accurately ranges from 0.5 to
10 meters and with time separators of up to 10 seconds.
It merges the laws of thermal dynamics and fluid mechan-
ics. Envi-Met uses the orthogonal Arakawa C network to
represent its environment and surroundings (Bruse &
Fleer, 1998). The numerical simulation program allows
researchers to evaluate reliable and comprehensive local
climatic outputs, through the simulation of local climate in
urban areas, to improve human thermal comfort (Basaly
etal., 2021). It can calculate the temperature of the air, hu-
midity, wind speed and direction, the average radioactive
temperature, instability, flow of gas and various particles,
and dispersion of pollutants. It is able to examine even
thermal exchanges and surface-related mass. Under-
standing the local climate of the landscape elements and
the built environment is an important step before creating
and evaluating the environmental modeling system
(Altunkasa & Uslu, 2020; Ouyang et al., 2022).

As itis famous software for its environmental capabilities
and accuracy, it is employed in many studies. In Panta-
vou, K., Koletsis, I, Tseliou, A., Lykoudis, S., & Tsiros, 1.X.
(2019) study (Pantavou et al., 2019), shows that with
proper settings and using proper climatic data for initiali-
zation, the results of Envi-Met can reach higher levels of
accuracy and closer to reality. In Bande L, Afshari A, Al
Masri D, Jha M, Norford L, Tsoupos A, Marpu P, Pasha Y,
Armstrong P. (2019) study (Bande et al., 2019), shows a
good correspondence between measurements and simu-
lations when using Envi-Met. Overall Envi-Met can cap-
ture the environmental performance with highly accepta-
ble estimations.
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8.3. Experiment Description

In this research, the simulation program was used to
measure air temperature, MRT radiation temperature,
surface temperature, as well as thermals convenience by
measuring thermal satisfaction for PMV.

The average expected vote (PMV) is one of the most rec-
ognized indicators to assess the thermal sensation of us-
ers, which has been developed to deal with external con-
ditions by Jendritzky and Niibler (Fahmy, 2016). The scale
usually ranges from (+4) hot to (-4) cold (El-Bardisy et al.,
2016), where (0) is a neutral value that represents the
level of thermal comfort, and the values can exceed (4) or
less than (-4) according to local climatic conditions (EI-
Bardisy et al., 2016). The measurement included six of the
selected schools indicated in Table (2).

Table 2. The case studies in Envi- Met environmental

simulation program

Al-Salam Language A Al-Ahmadia School \ Tanta Preparatory
School e School (Boys)
Modern School & | Notre Dame School A Tanta  Secondary

AN

School (girls)

It was also entered into the Envi Met program, where the
measurement took place from 10 o’clock until 16 pm. The
registration took place at a head of every hour during the
hours of solar presence, during the summer, when the
measurement took place in the month of July, which is the
highest month of the year in the solar presence. Also, the
measurement was carried out during the month of Octo-
ber, which represents the period of student’s presence at
schools.

In the selected study samples, the impact of the buildings
surrounding schools from abroad was neutralized, to fo-
cus on the impact of the guidance of the annihilation and
the percentage of its developer, as well as the percentage
of its sector on thermal performance, during the measure-

ment process. Wall finishing materials were installed in

school buildings under study to install their effect on ther-
mal performance in external spaces. The following table
shows the characteristics and specifications of the study
samples that were entered into the Envi-Met program. Ta-
ble (3)

Table 3. The specifications entered into the Envi-Met program.

21 July 2022 & 210ctober 2022

Started simulation at time = 10 o’clock

Data, time of simula-

tion Total simulation time in hours = 8 hours

Save model state each 120 minutes

Air temperature C = 28-39° ¢
Relative humidity =45%-61%
Wind speed at inflow border (m/s) = 3

July

Wind direction (constant wind direction at
Boundary inflow) = 320°

conditions

Air temperature C = 18-27°c
Relative humidity =40%-80%
Wind speed at inflow border (m/s) = 3

October

Wind direction (constant wind direction at
inflow) = 320°

BIOMET Wizard was used to calculate thermal convenience
with different schools. BIOMET Wizard includes a set of
data-related such as air temperature, direction and wind
speed, and relative humidity, as well as a set of Personal Hy-
man Parameters data that was identified in the search as fol-
lows: Table (4)

Table 4. Personal Hyman Parameters data for study samples

Age =16
Weight = 55 kg
Height = 165 cm

The results were dealt with on Leonardo 5.1.1 with the de-

Body parameters

termination of Position View Plane K = 3 which equal 1.4m
height, where this is the closest height of the average stu-

dent in schools.
9. Results and discussion

9.1. Thermal Performance Analysis of

Study Samples July 2022

The following tables show the result of simulations for
study samples in July 2022. Table (5, 6, 7, 8)
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Table 5. T air analysis in the study samples schoolyards (Jul
14.00.01

Al-Salam A
Language
School (A)

Al-Ahmadia %
School

(B)

Tanta Prepar- |
atory School
(Boys)

(®)

Modern
School (D) ~ “*

Notre Dame

School (E) A
Tanta Second- W
ary School

(girls) (F)

21/07/2022

( ) below 3180 °C [ 3340t03420°C [ ] 3580t036.60 °C [ 38.20 to 39.00 °C

Tair Key Air Temperature [l 3180to3260°C ] 3420to3500°C [ 2560tc37.90 °c [ 39.00 to 39.80 “C
[ 3260t2340°c ] 3500t035.80°C [ 3740t038.20 °C [ above 39.80 °C

Table 6. MRT analysis in the study samples schoolyards (Jul
10.00.01 . 12.00.01 ) 14.00.01

Al-Salam A
Language i
School (A) : s

Al-Ahmadia %
School

(B)

Tanta Prepar- |
atory School
(Boys)

©)

Modern
School (D) ~ “*

Notre Dame
School (E) A

Tanta Second- W
ary School

(girls) (F) | -
(21/07/2022) ) B Geos2oot [ se00testcoc 0] snootososn e [ esootscaco [ 7500t 7socc
MRT Key Mean Ractant Terrp [ 4200te4500 ¢ ] 5100t 5400 ¢ [ cooovecacox [ eomoto m2co ¢ [ 7eo0tarioc

0 ssonedgooc ] 5400105700 ¢ [ s300to600 ¢ I 720010 7500 ¢ [ eboveBLOO <C
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Table 7. PMV analysis in the study samples schoolyards (July)
10.00.01 12.00.01 14.00.01 16.00.01

Al-Salam A
Language
School (A)

Al-Ahmadia %
School

(B)

Tanta Prepar- |
atory School
(Boys)

©)

Modern
School (D) ~ “*

Notre Dame :
School (E) Al

Tanta Second- W
ary School

(girls) (F)

PMV Key

| L ]

I beow240 [ 320t03.60 [__] 440 to 4.80 [ above 5.60

v I 240t0280 [ ] 360to400 I <380 to 520
[ 280t0320 ] 400to 440 [ 520 to 5.60

@U07I2022)
PM

Table 8. T surface analysis in the study samples schoolyards
14.00.01

Al-Salam A
Language
School (A)

Al-Ahmadia %
School

(B)

Tanta Prepar-
atory School
(Boys)

(©)

Modern
School (D) ~ “*

Notre Dame

School (E) A
Tanta Second- W
ary School

(girls) (F)

(21/07/2022)

B beln2700c [ 33.00t036.00°C [0 42.00to45.00°c [N above 51.00 °C
B 2700t03000°C [ ] 3600t 39.00°c [ 4500 to 48.00 °C

[ 3000t02300°C [ 39.00t042.00°C [ 48.00 to 51.00 C

Tsureace Key

T Surface
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9.1.1. T air analysis in the schoolyards
under study (July):

- At 10 o’clock, T-air ranges between 32.2° and 33° in
School (D) and School (F), with the highest degree of the
courtyard of School (D) to the west having 32.2°.  As for
School (C), it reached about 33°. They are followed by
School (B), School (E), and School (A), respectively,
where the air temperature ranges between 33° and
33.8°. However, in School (B), most of the courtyard
areais 33°. As for School (A), most of the surface is 33.8°,
except for parts of the northeastern courtyard 33°.

- At 12 o’clock, School (D) has the lowest average T-air,
about 34.7°, followed by School (F), about 35.2. While in
School (B) and School (E) it ranges between 35.4°C and
36.2°, followed by School (A) with an average of 35.8°. As
for School (C), the average was 35.88".

- At 14 o’clock, the average T-air at School (D) ranges
between 36.2° and 37°. However, about 65% of the
courtyard's surface has about 36.2°, followed by School
(B), where 60% of the courtyard’s surface area was 37°,
and the northeastern part ranged between 37.8° and
38.6°. As for School (F), the average temperature in the
courtyard was 37.4°, while in School (E), School (C), and
School (A), it was about 37.6°, 37.8°, and 37.9°, respec-
tively.

- At 16 o’clock, School (D) recorded the lowest T-air,
reaching 37.9°. It is followed by School (B) with an aver-
age of about 38.2°, while School (C) and School (F) rec-
orded an average of about 38.5°. School (E) and School
(A) had the highest average air temperature.

From the above, School (D) has the best T-air in the sum-
mer. This is due to the longitudinal axis of the courtyard
being directed north south, while the buildings are in
the western and southern. As for School (B) and School
(F), (with the longitudinal axis of the courtyard south-
east-northwest), with different courtyard ratios, respec-
tively, 1:1, 1:1.5, School (F) is better in thermal perfor-
mance by a difference of 0.08° because of afforestation
around the courtyard. The difference in the thermal per-
formance of School (C), School (A) , and School (E),
where the longitudinal axis of their courtyards takes an

approximately east-west direction, is also due to the dif-
ference in the courtyard ratio, which is respectively
1:2.1, 1:2.8, and more than 1:3. In addition to the differ-
ence in the orientation of the open side of the courtyard,
in School (A), the courtyard opens from the north. While
in both School (C) and School (E) it opens from the west-
ern direction.

9.1.2. MRT analysis in the schoolyards
under study (July):

- At 10 o’clock, it becomes clear that the radiant tem-
perature in the courtyard of School (D) ranges from 63-
66°, which represents the same value in School (F), and
in the courtyard of School (C). However, about 30% of
the area of School (C)’s courtyard has a MRT drop ofless
than 45°, because of shading by buildings and trees. As
for the courtyard of School (A), School (B), and School
(E), their MRT ranges from 66-69°.

- At 12 o’clock, School (C) and School (F) are the lowest
in MRT, as (30-40% of the courtyard area) in each of
them reaches 60°. While the MRT in the School (D)
courtyard was 60-63°. As for School (A), about 30-40%
of its courtyard area reaches about 63-65° while the
MRT in most of the courtyards in both School (B) and
School (E) reaches more than 66°.

- At 14 o’clock, MRT rises significantly in most of the
courtyards as the number of hours of exposure to direct
solar radiation increases. MRT in the courtyards of
School (D), School (F) and School (C) reaches about 70°,
except for some shaded areas in the buildings at School
(D) and in the landscaping at school (C). School (A) and
School (E) rise to about 72°, and about 60% of the court-
yard of School (B) reaches about 72-75".

- At 16 o’clock, the shading effect begins to appear in
the courtyards of some schools on the MRT. About 70%
of the courtyard area at School (D) reaches about 45-48°.
MRT also decreases by about 50% of the courtyard of
school (C) because of shading to 45-48°. As for School (F)
and School (B), the MRT in 30%-40% of the courtyard
reaches 48-51°, while the rise in School (A) and School
(E) is still clear, as the MRT reaches 70°.

From the above, the courtyard of School (C) has the
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lowest MRT, due to the height of the buildings, as the
H/W reaches 1.3, besides the presence of tree areas that
provide shading in the backyard and protection from di-
rect sunlight. As for the School (D), with its longitudinal
axis north-south, it is considered one of the lowest MRT
as well, due to the shaded areas. While School (F), with
a courtyard ratio of 1:1.5, with trees in the western and
southwestern parts, has better thermal performance,
than School (B), which agrees with it in the same orien-
tation of the longitudinal axis of the courtyard (south-
east-northwest). This is due to the aspect ratio. As for
School (A) and School (E), which are oriented east-west
along the longitudinal axis of the courtyard, they have
the highest radiant temperature because of exposure to

direct solar radiation during the day.

9.1.3. PMV analysis in the schoolyards

under study (July):

- At 10 o’clock, the PMV reaches 2.8 in about 50% of the
courtyard of School (D), and in about 30-40% in the
courtyard of both School (C) and School (F), and the
PMV value in the rest of the courtyard does not exceed
4. As for School (B), School (A), and School (E), the PMV
ranges from 4-4.4.

- At 12 o’clock, the PMV reaches 4-4.4 in about 40% of
the courtyard of School (F), followed by the courtyard at
School (D) and School (C), where the PMV reaches 4-4.8.
While School (A) and School (E) reach 4.4-4.8, School (B)
is the highest in PMV, reaching 4.8-5.2.

- At 14 o’clock, the PMV in the courtyard of both School
(F) and School (D) is the best, as the PMV reaches about
5.2, while the shaded parts of School (D) are less than 4,
and the wooded parts of School (F) reach 4.4. As for
School (C), 50% of the school’s courtyard area ranges in
PMV value from 5.2-5.6. As for School (B), School (A),
and School (E), the PMV in their courtyards is higher
than 5.6.

- At 16 o’clock, shade areas affect the amount of thermal
comfort in each of the courtyards of School (D) and
School (C), as well as School (B), as the amount of PMV
decreases to 4, by about 50%, 30%, and 25%, respec-
tively, in each of them. Planting trees in the courtyard of
School (F) reduces PMV to 4 in the wooded area. while

it reaches more than 5.6 in the courtyards of School (A)
and School (E), causing thermal stress in the courtyard.
From the above it is clear that the amount of PMV in the
School (D) with the longitudinal axis of the courtyard
north-south is the lowest. School (C) came second,
where the aspect ratio is 1.3, which helps provide shad-
ing in the courtyard. School (F), which has its courtyard
is oriented south-east-northwest, came third. Then
School (B), which agrees with it in the orientation of the
courtyard, but its courtyard area is larger. As for School
(A) and School (E), which are oriented east-west along
the longitudinal axis of the courtyard, they are the high-
estin the amount of PMV and therefore the lowest in the

amount of thermal comfort.
9.1.4. T-surface analysis in the
schoolyards under study (July):

The following is evident from the analysis during the
measuring hours: The grass T-surface at School (F)
reaches 30° at 10 o’clock, while its maximum reaches
about 45° at 14 o’clock and begins to fall after that. The
temperature of the adjacent gray concrete floors
reaches about 39° at 10 a.m., and reaches more than 51°
at 14 o’clock, and begins to fall after that. As for the same
gray concrete floors shaded by trees, the temperature
reaches 30° at 10 o’clock and the maximum reaches 36°
at 14 o’clock. This is also evident in School (D) with con-
crete surface, where the T-surface ranges from 36° to
more than 51° during the daylight hours in which it was
measured, while the temperature of the shaded surfaces
in the buildings reaches from 27° to 36°. This is con-
sistent with the performance of the floors in School (C).

As for School (B), which has light-colored floors, the T-
surface differs from schools with gray surface, as it
reaches 30° at 10 o’clock, while at 14 o’clock it reaches
about 42°. This explains the extent of the effect of color
on the decrease in surface temperature by more than
10° at 14 o’clock. As for the courtyards of School (A) and
School (E), which are completely exposed to direct solar
radiation and with dark colors on the floors, the temper-
ature of the courtyard at 10 o’clock reaches about 33°,
while it reaches more than 51° at 14 o’clock and begins
to decrease after that.
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9.2. Thermal Performance Analysis of The following tables show the result in October 2022. Ta-
Study Samples October 2022 bles (9, 10, 11, 12)

Table 9. T air analysis in the study samples schoolyards (October)
10.00.01 12.00.01 14.00.01 16.00.01

Al-Salam Lan-
guage School
(A)

Al-Ahmadia %
School
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Tanta Prepar- |
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(Boys)
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School (D)  “*

Notre Dame
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Tanta Second- %

(girls) (F) «

: (21/10/2022) BN below 2340 °C [N 2420 to 2460 *C [[0] 2540te2se0-c [ above 2650 °C . Gh
T air Key Air Tamparature [ 2340t0 23.80 °C o] 2460+c 25.00 ¢ [ 2530 to 26.20 “C
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Table 10. MRT analysis in the study samples schoolyards (October)
10.00.01

Al-Salam Lan-
guage School

(A)

Al-Ahmadia %
School

(B)

Tanta Prepar- 4
atory School
(Boys)

(©)

Modern
School (D)  “*

Notre Dame :
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MRT (2L/10/2022) | e e e R e wnt ) s M momree « M oemor s
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Table 11. PMV analysis in the study samples schoolyards (October)

10.00.01 12.00.01 14.00.01

Al-Salam A ' =L
Language
School (A)

Al-Ahmadia %
School
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Table 12. T surface analysis in the study samples schoolyards (October
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9.2.1. T air analysis in the schoolyards
under study (October):

- At10 o’clock, it is clear that T-air in the courtyards
is within the thermal comfort rates, as it records its
lowest degrees in the courtyard of the School (C),
where it reached about 23.5°, followed by School (D)
and School (F), where the average air temperature
reached about 23.6°. The averages in School (B),
School (A), and School (E) were 23.7°, 23.88° and
23.9°, respectively.

- At 12 o’clock, School (D) yard has the lowest average
T-air at 26.18°. It was followed by School (F) about
26.22°, then School (A) with an average of 26.35°. The
average air temperature in the courtyards of both
School (B) and School (C) was about 26.4°. The court-
yard of School (E) recorded the highest average T-air
at about 26.5°.

- At 14 o’clock, the average T-air in the courtyards is
higher than 26.6°.

- At 16 o’clock, the courtyard of School (D) and School
(F) recorded the lowest average T-air 26.3°, followed
by both School (A) and School (B) with an average of
about 26.34°, while School (C) recorded 26.4°. School
(E) had the highest average T-air 26.6°, with an H/W
of 0.5.

From the above, School (D), School (F), and School (C)
are the best in T-air throughout school hours during
the month of October, where the average T-air over
the measurement hours is about 25.7°. School (D) tops
other schools in terms of T-air because of the orienta-
tion of the longitudinal axis of the courtyard North-
South while the buildings are in the western and
southern part of the courtyard. But in School (F), qual-
ity of T-air is attributed to the ratio of the courtyard 1:
1.5, along with the height in the mass, where H/W was
0.57, also the use of plants for shading through the
trees surrounding the courtyard. In School (C), both
W/L and H/W are respectively 1: 2.1, 1.3, which
helped to increase the shadows inside the courtyard
and thus improve the T-air inside it.

School (E) recorded the highest average T-air in the

courtyard over the measurement hours because of the
elongation ratio in the courtyard with its longitudinal
axis directed in an East-West direction. The H/W also
reached 0.5, thus exposing the courtyard to heat sig-
nificantly. Although the courtyard of School (A) takes
the same orientation and reaches H/W of 0.41, the
elongation ratio of the courtyard of 1:2.8 had the effect
of lowering the average air temperature from School
(E) by about 0.1°, along with the presence of specific
blocks of the courtyard in the east, south and west di-

rection, which provides shading inside the courtyard.

9.2.2. MRT analysis in the schoolyards
under study (October):

- At 10 o’clock, the radiation temperature in most of
the courtyard of the School (C) is about 30°, where the
buildings are completely shaded. In School (A)
(46.11°) 50% of the courtyard reaches 32°, while the
other part reaches 62°. They are followed by School
(B) with an average of 49.5, then School (E), where it
reaches 52.75°, while at School (D), it was about 55.5°,
since most of the shadows are behind the block out-
side the courtyard. The highest in the morning was in
the courtyard of School (F), where it scored an average
of 55.8°.

- At 12 o’clock, the courtyard of the School (C) rec-
orded the lowest MRT of 37°, as 96% of the surface of
the courtyard had MRT of 36°, because of the shadows
from the high mass surrounding the courtyard from
the north, east, and south. It was followed by School
(E) with an average of 52.5°, while in School (A) it was
about 56.1°, and 70% of the courtyard area recorded
an average of 64°. As for School (D), the average was
58.07°, followed by School (F) with an average of
59.98°. The highest value was in School (B), where was
61.31°.

- At 14 o’clock, the courtyard of School (C) recorded
the lowest average MRT about 41.43° and about 82%
of the yard was 36°. It is followed by School (D) with
an average of 51.29°, while School (B), School (F),
School (A), and School (E) scored respectively 57.14°,
57.15°,58.15° and 60.1°.
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- At 16 o’clock, the shading effect appears in some
schoolyards on the MRT. School (D) yard recorded the
lowest average MRT, reaching 30°, followed by School
(B), with an average of 32.9°, and 87% of the court-
yard surface recorded less than 30°. At School (A), the
average reached 37.3°, and 60% of the courtyard rec-
orded less than 30°. The average score for School (C)
was 38.36°, and 54% of the courtyard area had an av-
erage of less than 30°. They are followed, respectively,
by School (F), 42.1°, and School (E), 45.75°.

According to the above, the courtyard of School (C) has
the lowest MRT during the measurement period, as
the H/W was 1.3 and the W/L was 1:2.1, which pro-
vides shade inside the courtyard and protection from
direct sun radiation. Likewise, School (D) courtyard
has one of the lowest MRT, given that the longitudinal
direction of the courtyard is North-South, which pro-
vides the shortest period of exposure to solar radia-
tion, with the height of the blocks in the south and
west direction, which works to provide an amount of
shadows within the courtyard. Next is School (A),
where the tall buildings face east, south, and west. The
highest ones are School (F) and School (E).

9.2.3. . PMV analysis in the schoolyards

under study (October)

- At 10 o’clock, the PMV of School (C)’s courtyard
reaches 0.95, while in School (D), it is about 1.9. School
(A), School (B), and School (E) follow with an average
of 1.7. In 25% of the area of School (F) courtyard, it
recorded about 0.95, and 2-2.3 for the remaining ar-
eas.

- At 12 o’clock, the PMV in the courtyard of School (C)
was approximately 1.7, while in School (A), it was
about 2.48. At School (D), School (E), and School (B), it
was 2.5, 2.54, and 2.58, respectively. School (F) scored
2.75.

- At 14 o’clock, the courtyard of School (C) had a PMV
value of about 2.06, followed by School (D) 2.3. School
(E) also scored 2.4 followed by School (B) 2.5 and then
School (A) 2.6. The highest value was School (F) with
an average score of about 2.9.

- At 16 o’clock, School (D) recorded the lowest value,
reaching 0.7, then School (B) 1.2. School (A) follows
with value 1.3. 40% of the courtyard area of School (F)
was 0.95 and the rest of the area was between 1.7:2.3.
The value in School (C) and School (E) was 1.59, 1.63.
From the above, the PMV of School (C), where aspect
ratio is 1.3, is the lowest because of providing ade-
quate shading in the courtyard during daylight hours,
which contributes to a sense of thermal satisfaction in
the school courtyard. This followed by School (D) with
a North-South orientation, where there is still an obvi-
ous feeling of thermal satisfaction within the court-
yard. Then School (B), which is oriented Southeast-
Northwest to the main axis of the courtyard, while the
PMV in School (F) is higher than its amount in School
(B), which has the same orientation, because of the
placement of the buildings and their relationship to
the courtyard and the openness of the courtyard in the
southwest direction. They are followed by School (A),
then School (E), with an east-west orientation for the

longitudinal axis of the courtyard.

9.2.4. T-surface analysis in the
schoolyards under study (October)

Analysis during the measurement hours of the study
samples shows the following:

T-surface of the grass at School (F) ranges between
24° and 26° at 10 o’clock, while it reaches a maximum
at 14 o’clock at about 29°, and decreases after that,
while the temperature of the adjacent gray concrete
floors reaches approximately 29° at 10 o’clock. It
reaches about 37° at 14 o’clock and decreases after
that. As for the same gray concrete floors shaded by
trees, the T-surface reaches 27° at 10 o’clock and
reaches a maximum of 35° at 14 o’clock. This is also
clear in School (D) with concrete floors, where the T-
surface ranges from 25° to over 30° during the day-
light hours in which it was measured, while the T-sur-
face of the shaded floors in the building ranges from
less than 24° to 27°. This is consistent with performing
the floors in School (C), where it ranges from less than
24° to 27°. As for School (B), which has light-colored
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floors, the temperature of the floors differs from
schools with gray floors, as it reaches 25° at 10 o’clock,
while at 14 o’clock it reaches approximately 29°: 31°,
which confirms the extent of the effect of color on the
decrease in T-surface for over 5 degrees at 14 o’clock,
which represents the highest temperature for the sur-
face. As for the courtyards of School (A) and School
(E), which are completely exposed to direct solar radi-
ation and with dark colors on the floors, the T-surface
of the courtyard at 10 o’clock reaches about 28°, while
it reaches about 38° at o’clock pm and decreases after
that.

Based on sample analysis, the research reached
the following conclusions:

Using the Envi-met program to measure central
schoolyard points in a selected sample in July and Oc-
tober 2022, the study concluded:

- As for T-air in the schoolyard in July

The extent of the effect of the orientation of the
longitudinal axis of the courtyard on T-air becomes
clear, as T-air drops in summer by about 0.2° - 0.4" at
10 o’clock in Modern School(D), with the North-South
orientation of the longitudinal axis of the courtyard,
compared to both Al-Salam Language School (A) and
Notre Dame school(E), which have the longitudinal
axis of the courtyard to the East-West, while the drop
reaches over 0.7° at 14 o’clock. Fig.4 The position of
the buildings and their relationship to the courtyard
also affects the T-air in it. So, T-air temperature drops
in the early hours of the day in the courtyard of Tanta
Secondary School for girls(F), which is oriented
Southeast-Northwest of the longitudinal axis of the
courtyard, compared to the Al-Ahmadia School(B),
which agrees with it in the courtyard's orientation.
Because of the height of buildings, which occupy the
eastern and southern sides, the courtyard of Al-
Ahmadia School(B) is surrounded by buildings in the
southern and western direction, which affects the
lower temperature of the courtyard at 14 o’clock than

its counterpart in the orientation.

Tair - july- 10.00.01

Al-Salam
Notre dame
Al-Ahmadia T ————
Tanta boys I
Tanta girls
Modern | —————
32 322 324 326 328 33 33:2
T air - july-14.00.01
Al-Sala
Notre dame | HE—
Al-Ahmadia I
Tanta boys
Tanta girls  —
Modern I

35 35.235.435.635.8 36 36.236.436.636.8

Fig. 4. T air analysis in July 2022

- Asfor T-air in the schoolyard in October

Analysis of the extent to which the orientation of the
courtyard axis affects the air temperature in it, as it
decreases at 10 o’clock in Modern School(D) with
North-South orientation from the other schools by ap-
0.25". in the
schoolyards-oriented Southeast-Northwest (Tanta
Secondary School for girls(F), Al-Ahmadia School(B)
ranges from 0.01%: 0.1°, and between it and the

proximately 0.02% The decrease

schoolyards of schools-oriented East-West, it ranges
between 0.2°: 0.25°. This confirms that the closer the
courtyard’s orientation is to the North-South direc-
tion, the lower the air temperature in it. At 14 o’clock,
the effect of both W/L and H/W appeared stronger, as
the air temperature in the courtyard of the Prepara-
tory School for boys (C) decreased by about 0.06° com-
pared to Modern School(D) (however, Modern School,
with the courtyard oriented North-South(E), is still
one of the lowest courtyards in air temperature over
the course of hours of the day), and Tanta Preparatory
School for boys(C) courtyard is also lower than the
courtyards with the same orientation (Al-Salam Lan-
guage School (A), Notre Dame(E)) from 0.3% 0.31".
Fig.5
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Tair- October -10.00.01

Al-Salam
Notre dame
Al-Ahmadia
Tanta boys

Tanta girls

Modern

22.8022.9023.0023.1023.2023.3023.40

Tair - october -14.00.01

T —————————————————]
Notre dame | —
Al-Ahmadia
Tanta boys I
Tanta girls I
Modern I

26.10 26.20 26.30 26.40 26.50 26.60 26.70

Fig. 5. T air analysis in October 2022

- As for MRT in the schoolyard in July

MRT is even 6-13% lower in the courtyard of the Mod-
ern School, whose longitudinal axis is North-South,
compared to Al-Salam Language School (A) and Notre
Dame school(E), which have a longitudinal axis of the
courtyard, East-West, with an elongation ratio exceed-
ing 1:2.5.

The reduction in MRT in the courtyard of Tanta Pre-
paratory School for boys(C), where the aspect ratio
reaches 1.3, increases the shaded area of the building
and reduces the radiant temperature by up to 5-10%
during the day. As for Tanta Secondary School for girls
(F) and Al-Ahmadia School(B), which is oriented
Southeast-Northwest along the longitudinal axis of the
courtyard, the radiant temperature decreases by
about 10% in Secondary School for girls(F), which has
an aspect ratio of 0.57, compared to Al-Ahmadia
School(B), which has an aspect ratio of 0.31, during
the hours of student presence. Fig.6

MRT -July- 10.00.01

74
72
70
68

64
62
60
58
56

Modern Tanta girls Tanta boys Al-Ahmadia Notre Al-Salam

dame

MRT - july- 14.00.01

70
68
66
(5]
62
&0
S8
Mode Tanta peh Tasta boys ALANMAdA  Notre

Fig. 6 MRT analysis in July 2022

As for MRT in the schoolyard in October

MRT is low in the courtyard of Tanta Preparatory
School for boys(C), with an aspect ratio of 1.3 has a
significantly lower radiant temperature of about 30%,
as the buildings in the east and south provide shading
for the semi-square courtyard during October.

As for Modern School(D), with the longitudinal axis of
the courtyard North-South, its exposure to solar radi-
ation during the first hours of the day is greater than
Al-Salam Language School (A) and Notre Dame
school(E), which have the longitudinal axis of the
courtyard East-West during October because of its ex-
posure to low sun, by a rate of up to over 10% at 10
o’clock. While the two schools with an East-West lon-
gitudinal axis increase exposure to solar radiation for
the rest of the day by about 12%.

For Tanta Secondary School for girls(F), which has a
courtyard Southeast-Northwest, its courtyard is ex-
posed to direct sunlight, especially during the first
hours of the day, because there are no shaded spaces

in the southeast direction. Fig.7.
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65.00
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55.00
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MRT - October-10.00

Tantagirls Tantaboys Al-Ahmadia Notre dame

Al-Salam

MRT- October-14.00.01
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60.00
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dame

Fig. 7 MRT analysis in October 2022

From the above, the research concluded with the following matrix of results, Table (13) and Table (14)

Table 13. The matrix of schoolyards results (July)

School A School B School C School D School E School F
Al-Salam Lan- Al-Ahmadia | Tanta Prepara- Modern Notre Dame | Tanta Secondary
guage School School tory School (Boys) School School School (girls
N v, w |, w |, vl , wl, %}
g =8 =5 =8 sl =8 =
= I<IB-AR:EE = RRE ~ £ = | = I<BE-1N:1E gSl=s = -
£ SAEIEIEIREEIEIE gls|ele SEEEIREEEE sle|e
‘f,;EEEgiEEE?iEEE?Eiiﬁg’ai?ﬁgséi?%?
Slela[*BISeo|*12(8 e altE2S oo 2SS atd2|S|8e
] | Plo|e AR <l ¥ o (e | ¥ o|w 2| PSle CARAR
= <|glele| (< &|&lz| |<|¥|Els <|tlg|s| |<|8|E|5 <|%|e
] =] TS |8 oS =] =
July G Z|% Z|5 |5 2|5 Ik z
: 0 > T : 3| .- . 2 |2 .
& I e £les|s| |_|EE -
NEP < (3, NEEIEREE <85 N
240|z|5EEE |5 S22 T |n 5| 5 1E|5]n|8|5lE a|n (BT 2| 5| 5 |ES
SIS R N I R R M E R M R R
E Sle = . |E ~lelEg|g [78lE Slgle Qe
5] s |E g |o s|g&|™ El3 s |E s
7] B2 5 |» o 7] & (& 7
10.00.01 33.5 33.18 33 32.8 332 329 bk
12.00.01 35.8 35.65 35.88 34.7 355 35.2 :
T-air | 14.00.01 37.9 37.3 37.8 36.5 37.6 374 |
16.00.01 38.6 38.24 385 37.9 38.7 385
Average 36.45 36.08 36.29 35.45 36.25 3603 |
10.00.01 66 67 66 66 69 66 . AT
12.00.01 65 68 60 60 69 60
MRT | 14.00.01 72 72 70 70 72 70 . | | l |
16.00.01 70 51 47 45 70 51
Average 68.25 64.5 60.75 60.25 70 61.75
10.00.01 4.4 4 2.8 2.8 4.4 2.8 ‘ P
12.00.01 4.6 4.8 4.2 42 4.8 4.4
PMV | 14.00.01 5.6 5.6 5.4 5.2 5.6 5.2 | | | |
16.00.01 5.7 4 4 4 5.8 4 ek mear e s it st
Average 5.075 4.6 41 4.05 5.15 4.1 B
From table (13), we find that the school courtyard It also represents the lowest air temperature and
with the north-south orientation of its longitudinal radiant temperature in the hot month of July, which
axis represents the best thermal satisfaction for users enhances the effect of the orientation of the longitudi-
(PMV), which reaches 4.05. nal axis of the courtyard in achieving thermal comfort.
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Table 14. The matrix of schoolyards results (October

School A School B Tanst;hl:)r(:al (;ra- School D School E School F
Al-Salam Lan- Al-Ahmadia P Notre Dame |Tanta Secondary
tory School Modern School .
guage School School School School (girls)
(Boys)
) < g |o g | I~ | 3| g | I~ 9
2Io|E 2 212 || S E [2)IB]2 2120 < (B2 5 20<|E 28 [2)alE]2 2
+ 2| S| B +42 || 8 +12|S| 8 +4 = |S| 9 +42|S| +42(S|
| 8 |8 | 8 | 8 o0 | ® |9
3 | & Qo g 2| &le g R [>] g R g & R g & & &le
October g <l >|£ |5 <|>|£ |§ <|>|€|8 <|>|€|§ <|>£ |§ <|3|g
% Ak i@ e ile i@ ]
g £l E 2|, o|5 :
g <3 |& ) | B |53 | Ele S | < |8
S o |2 2| 838 S <542 gz
HEEE R EE R R BRI R BEER
Slale|slegeialel g gl |a| B =a|®| Q||| 7|°|@I°FEE|[~|c|x]: 8
z Sle Tz 882 “lglEg T gz 2 | £ Nl
g ¢ |8 £9E E|88 g|E s |E g
3 B |@ ®g % 3 B3 &
10'(1)0'0 23.81 23.67 23.46 23.6 23.8 23.58 Tair (October)
12.00.01 26.35 26.44 26.43 26.1 26.51 26.21
T-
air | 14.00.01 >26.6 >26.6 >26.6 >26.6 >26.6 >26.6 | |
16.00.01 26.34 26.34 26.42 26.33 26.55 26.31 [ I I I ) |
Average 25.8 25.8 25.7 25.7 25.9 71 e
10.00.01 46.1 49.53 <30 55.75 52.75 55.8 ‘ s octonen
12.00.01 56.1 61.31 37 58.07 52.5 59.9
MRT | 14.00.01 58.15 57.14 4143 51.29 60.13 57.15 |
16.00.01 37.33 32.9 38.36 <30 45.75 421
Average 49.42 50.22 36.7 48.8 52.66 53.76 B
10.00.01 1.67 1.75 0.92 1.95 1.68 1.85 ‘ PHV (Octoben)
12.00.01 2.48 2.58 1.66 2.5 2.54 2.57
PMV | 14.00.01 2.59 2.51 2.06 2.34 2.14 3.3 ' ‘ | |
16.00.01 1.27 1.15 1.59 0.68 1.65 1.58 s s et
Average 2 1.99 1.56 1.87 2.06 2.33 | '

Through Table (14), it was found that the school court-
yard with a sector ratio (H/W) of 1.3 has the best level
of thermal satisfaction for users, 1.56. This is due to
the effect of the sector’s ratio in the courtyard on pro-
tection from exposure to direct sunlight and achieving
adequate shading in the month of October, which led
to the courtyard in that school being the lowest in air
temperature and radiant temperature.

It also highlights the effect of the orientation of the
longitudinal axis of the school courtyard, as the school
courtyard has a north-south longitudinal axis. It is one
of the best courtyards in terms of thermal satisfaction
for users in the month of October also because the

amount of thermal satisfaction is 10% better due to

the significantly lower PMV than the courtyards with

perpendicular directions.

10. Conclusions

- The longitudinal axis of the schoolyard has a signifi-
cant impact on its thermal performance, as the air
temperature in the courtyard with the longitudinal
axis North-South decreased by over 0.7° during the so-
lar presence hours in summer compared to the court-
yard with the longitudinal axis East-West. In contrast,
during the month of October, it reaches about 0.2°. The
radiant temperature was significantly lower in schools
with a North-South orientation than in those with an
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East-West longitudinal axis.

- The level of thermal satisfaction in schoolyards with
the longitudinal axis North-South is higher by 20%
in the

schoolyards with the longitudinal axis East-West, due

than the thermal satisfaction of children

to the impact of the directive on the number of hours
the courtyard is exposed to direct solar radiation dur-
ing the school day.

- The schoolyard ratio (width: length) impacts thermal
performance, as the research found that schools that
agree in orientation (East-West) and differ in the
courtyard ratio differ in their thermal performance
and radiant temperature. The comparison between
schoolyards with ratios of 1:2, 1:2.8, and 1:3 found
that the mean radiant temperature decreased by 7%
and 13%, respectively, during July, as well as 52%, and
27%, during October. This confirms that thermal sat-
isfaction decreases as the length of the yard > its
width.

- The schoolyard aspect ratio affects the thermal per-
formance, as the study samples revealed that the
schools with the highest aspect ratio, which reaches
1.3, have a decrease in the mean radiant temperature
during July by a rate of up to 5-10% during the day-
time hours. While the percentage of decrease reaches
about 30%, as the buildings in the east and south pro-
vide shading for the semi-square courtyard during Oc-
tober.

- Both the orientation of the buildings surrounding a
courtyard and the orientation of the courtyard open-
ings influence its thermal performance. The study con-
cluded that buildings oriented to the north and north-
east shade the courtyard in the early morning hours,
while buildings oriented to the south and west protect
the courtyard from exposure to direct solar radiation
during peak thermal hours. The openness of the court-
yard from the southern direction allows direct solar
radiation to enter the courtyard without adequate
shading to protect from direct sunlight, so shading of
the courtyard in this direction is important.

- Afforestation affects the radiation temperature and

air temperature, as it provides shaded areas that
achieve thermal satisfaction, but it is clear in most of
the study samples that they lack afforestation, except
small areas in some schoolyards, where the low radia-
tion temperature under the wooded areas reaches
about 20 in summers.

- The schoolyard finishing materials are one of the pri-
mary factors affecting the thermal comfort of students
in the courtyard. The floors treated with gray concrete
in the study samples showed the highest ground sur-
face temperatures of about 45° in July and 33° in Octo-
ber, which are higher than floors covered with grass
by about 9° and 6°, respectively. The surface tempera-
ture of vegetation and light floors is similar. This con-
firms the possibility of regulating thermal comfort
through different T-surface treatments, as the choice
of coating materials affects the ambient T-air. Sur-
rounding the courtyard with buildings also affects the
surface temperature of different materials because of
the resulting shading effect. Floors in the shadow ef-
fect of buildings recorded a greater decrease in the
temperature of finishing materials than surfaces ex-

posed to solar radiation.

11. Recommendations

The research recommends a number of strategies to
achieve thermal comfort in schoolyards in Egypt as
follows:

- Orient the courtyard's long axis north-south for im-
proved thermal performance and user satisfaction
during the study months.

-Enclosing the schoolyard by building in the south-
western direction, providing shading and protection
from direct sunlight and undesirable winds.

-Schoolyards should have a width-to-length ratio
that falls between square and rectangular, with a
length ratio of no more than 1:1.5.

-Design the courtyard spaces to accommodate differ-
ent student activities, while incorporating shaded
areas and tree-filled spaces, in a suitable shape and

size to ensure thermal comfort for the users.
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-Using eco-friendly materials with low absorption
and emissivity coefficients for schoolyard flooring
to prevent adverse effects on air temperature and
provide users with thermal comfort.
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