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suboptimal air circulation in the classroom, which will affect
students' concentration during the learning process in the
classroom. This study aims to determine the effectiveness of
natural ventilation using air opening calculations in a room,
specifically the classroom of SDN 02 Ciputat. The results of
these calculations will be analyzed and reviewed further, and
adjusted to meet the standard values set by SNI 03-6572-
2001. The results of the initial design calculations do not meet
the standards, so an alternative design that meets the
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This research is expected to provide useful guidelines in
constructing more comfortable and efficient elementary
school classrooms for building users.
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1. INTRODUCTION

Indonesia is one of the countries that falls within the humid tropical region with a warm
and humid climate. Based on the Gramedia website, there are several characteristics of the
tropical climate, including relatively high humidity levels of around 60% to 90%, no clear
distinction between the rainy and dry seasons, generally low wind speeds, relatively high solar
radiation, and annual temperatures ranging from 18 to 38 degrees during the dry season.

Ciputat District, located in South Tangerang City, is an area with a tropical climate. Hot
weather is a dominant issue, as almost the entire year has summer, cloudy, and rainy seasons.
Thermal comfort in a building is one of the important aspects that must be met. According to
the (Wheater Spark, 2024) website, the air temperature in the city of South Tangerang usually
ranges from 73°F to 91°F or equivalent to 22°C to 32°C throughout the year. This can affect
thermal comfort.

Based on the Basic Education Data from the Ministry of Education and Culture of South
Tangerang City, the number of elementary schools in the city amounts to 344 elementary
schools. Elementary education is the basic level of education that starts from the age of six to
thirteen years. Natural ventilation generated from strategically designed openings has proven
to enhance the flow of fresh air (Bayoumi, 2021). According to studies, good natural
ventilation can improve student comfort by lowering the room's CO2 and other pollution
levels in the room (Razak, 2015) (Setiati, 2023). Natural ventilation can produce high-quality
air that lowers stress levels and boosts occupant productivity (Idowu et al., 2016). According
to the Thermal Comfort Standard, (SNI 03-6572-, 2001), the effective temperature to achieve
thermal comfort ranges from 20.5°C to 27.1°C, and a good wind speed is 0.25 m/s.

Figure 1. Cross Ventilation (horizontal) Research Results from the Texas Engineering
Experiment Station (Source by Mangunwijaya (1988)).

People usually spend more than 90% of their time indoors, so the rooms where they carry
out their activities require comfortable air (Lee & M.Chang, 2000). Therefore, the appropriate
indoor air velocity is very beneficial for them. Openings or windows serve to provide air
circulation, natural light, and the necessary ventilation in every classroom within a building.
In addition, the presence of ventilation in the building aims to allow air to enter and exit
optimally and to flow within the space, thereby facilitating the process of cross ventilation.
Cross ventilation enhances thermal comfort by circulating fresh air and expelling heat, in
addition to reducing pollutant and CO2 levels in classrooms (Rosbach, 2016) (Bain-Reguis,
2022) . Additionally, cross ventilation is an environmentally friendly passive solution that is
energy-efficient because it does not require electricity (Reda, 2021). Therefore, to achieve
effective comfort in the classroom, it is necessary to consider factors to prevent user
discomfort, one of which is determining the design and placing openings and ventilation
appropriately.
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2. BACKGROUND DIMENSION OF DESIGN COMPETENCE

2.1. Natural Ventilation
Ventilation according to the Great Dictionary of the Indonesian Language comes from the
word "hawa," which means air, so it can be interpreted that ventilation means air circulation.
Ventilation can also be referred to as “penghawaan”. Ventilation is the process of air
exchange within a building space that functions to regulate air movement and temperature
within that room. Ventilation is divided into two parts: natural ventilation and mechanical
ventilation. Natural ventilation is the process of air exchange within a building through the
assistance of open building elements (Sudiarta, 2016). Natural ventilation is the process of
using physical building components like windows, ventilation, and other openings to let in
fresh air from the outside and release hot or dirty air from within a space (Zaniboni & Albatici,
2022). By using natural forces to sustain air circulation, natural ventilation can reduce reliance
on mechanical air conditioning systems and save energy (Yang, 2024)
According to (Liddament, 1996), there are several initial requirements for natural
ventilation, namely:
a. The availability of fresh outdoor air (free from unpleasant odors, dust, and other
disturbing pollutants),
The outside air temperature is not too high (maximum 28°C),
c. There are not many buildings around that will obstruct horizontal air, so the wind can
blow smoothly.
d. The surrounding environment is not noisy.
The factors for assessing natural ventilation measured by thermal comfort standards
according to (Satwiko & Prasasto, 2003) are as follows:
1) Environmental factors include
a. Air temperature, temperature (T), °C;
b. Wind speed, Velocity (V), m/s;
c. Air humidity, Relative Humidity (RH), %;
d. Average surface temperature of the room, Mean Surface Radiant Temperature
(MRT), °C.
2) Human factors include
a. Human activity, metabolism (Met), w/m2;
b. Clothing, Clothing (Clo), m2k/w (1 clo=0.155)
In essence, ventilation has three functions according to (Sangkertadi, 1999), among
others:
a. Health Function, to meet the need for clean air exchange in a room (WHO requires a
minimum air exchange rate for each type of room),
b. The function of air cooling is expected to provide fresh air with a lower temperature than
the room temperature.
c. The function of aerothermal comfort, through the breeze on human skin, serves to
enhance comfort through the process of sweat evaporation on humans.

2.2. Natural Ventilation Standards

The standard related to natural ventilation is found in the Indonesian National Standard
(SNI). The standard used in this research is (SNI 03-6572-, 2001), which contains guidelines for
the design of ventilation and air conditioning systems in buildings. This standard provides
instructions and guidelines for understanding ventilation systems and how these systems are
designed to ensure adequate thermal performance and enhance the comfort quality for users
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and building occupants. Factors affecting thermal comfort based on (SNI 03-6572-, 2001)
include:
1) Dry Air Temperature There are levels of comfortable temperature for Indonesians,
namely:
a. Cool and comfortable, effective temperature around 20.5°C - 22.8°C
b. Optimal Comfort, effective temperature around 22.8°C - 25.8°C
c. Warm and comfortable, effective temperature around 25.8°C — 27.1°C
2) Relative Humidity
Tropical regions are recommended to have a relative humidity of around 40%-60%.
Whereas for rooms with a high number of people, such as meeting rooms, it is
recommended to have a relative humidity of around 55%-60%.
3) Air Speed
The air should be less than 0.15 m/s and not more than 0.25 m/s to provide comfort. The
design dry air temperature will determine whether this air velocity is 0.25 m/s or higher.

Table 1. Air Velocity and Dry Bulb Temperature (Source by (SNI 03-6572-, 2001))

Air Speed (m/s) 0,1 0,2 0,25 0,3 0,35

Dry Air

Temperature (°C) 25 268 269 271 27,2

(SNI, 2001), natural ventilation occurs due to differences in air pressure outside the
building caused by wind and temperature differences. The advantages of ventilation in
buildings are its ability to save energy, reduce indoor humidity, and eliminate heat and excess
heat. Studies show that larger openings do not always result in ideal ventilation and lighting
conditions, and the location and orientation of openings must be considered in the design
(Vidiyanti, 2020). The natural ventilation provided must consist of:

a. The amount of ventilation required does not approach 5% of the total amount of money
required.
Open area to the ceiling, or walled yard of suitable dimensions,
Open terrace, parking lot,
d. Adjacent room
The design of a natural ventilation system can be carried out as follows:
a. Determining the air ventilation needs according to the function of the room,
b. Determining the wind-driven ventilation or thermal-driven ventilation to be used.

Adjustment of the architectural environment within a building can be done in various

ways, including:
a) Placement of building orientation towards sunlight,
b) The placement of buildings in relation to the direction of the wind,
c) The use and utilization of architectural and landscape elements,
d) Use of building materials.

[glen

2.3. Types of Ventilation
According to (Sudiarta, 2016), there are 2 types of ventilation opening methods, namely
permanent natural ventilation or temporary natural ventilation that can be adjusted for use
at any time. There are 4 types of natural ventilation, including:
2.3.1. Window
According to Claude-Alain Roulet and Cristian Ghiaus in Francis Allard (2005), it is
stated that windows are adjusted to provide a level of airflow, reduce pollutants
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generated by activities in the room, reduce heat, and enable passive cooling. The
following are types of windows based on the direction of opening, among others:

a. Side-hung b. Bottom-hung c. Top-hung  d. Horizontally pivot e, Vertically pivot
casement casement casement Hung Hung

™~
~ \
N
f. Vertically sliding @. Horizontally sliding h. Skylight I. Skylight
sash window sash window

Figure 2. Types of Windows Based on Opening Direction (Source by Claude-Alain Roulet and
Cristian Ghiaus in Francis Allard (2005))

Based on SNI, the minimum standard for window openings is 20% of the room area
and ventilation is 5% of the room area. The formula for calculating the dimensions of

openings or windows based on (Neufert, 1993) (1993)includes: Window dimension = 1/10
(M+N+0O+P)

Saguan lorbuka jondole
yany dikene cahaya

Budang kaca = 120 bidang dasar
Luas kaca = 110 (M+N+O+P)
Figure 3. Formula for Calculating Opening Dimensions

(Source by (Neufert, 1993))

2.3.2. Louver
Louver, also known as horizontal Krepyak (jalousie louver), has an outward tilt to

prevent rainwater from entering the room. the horizontally mounted louver model, when

paired with the appropriate tilt angle and dimensions, optimizes natural lighting (Ardianti
Sabtalistia, 2023).

Figure 4. Louver (Source by Google)
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2.3.3. Vents or Air Holes (Loster)
Air vents can control airflow and prevent the infiltration of rainwater, dust, and insects
to reduce noise.

Figure 5. Air Hole
(Source by Google)

2.3.4. Bouvenlight

Bouven is usually located above the window or door frame, and can be a single piece
or separate. The types of boven vary, some have leaves like regular windows, while others
are filled with two glass panels, leaving an air gap. Haryadi and Sukmawati's research
indicates that ventilation and lighting systems can improve the comfort and health of the
surroundings (Syahrul & Akhyan, 2021).

Figure 6. Bouvenlight
(Source by google)

2.3.  Cross Ventilation

The most influential climate factors include air and wind. (Widyanto, 2018) stated that the
movement of horizontal and vertical winds has different speeds. The movement of the wind
is caused by differences in air pressure when it moves from high pressure to low pressure.
According to (Melita et al., 2017), wind speed affects thermal comfort, and one of the factors
that reduces indoor temperature, resulting in a cooling effect, is air speed. Research indicates
that cross-ventilation design can lower CO2 concentration and increase thermal comfort
(Wiranata, 2023) (Suhendri & Koerniawan, 2017). According to a study, when compared to
traditional cooling systems, cross-cooling systems can reduce a building's energy
consumption by up to 30% (Aseyan, 2025). Cross ventilation can be effectively incorporated
to increase thermal comfort without adding to the expenses of running a sophisticated HVAC
system (Gharakhani, 2014).

- . - - .v\'

tekanan -

Figure 7. Ventilation Scheme
(Source by (Sudiarta, 2016))
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Quoted from the book "Fisika Bangunan 1" (Laela, 2013) Cross Ventilation or Ventilasi
Silang is a type of ventilation where the movement of air crosses the room in a crisscross
manner, from the air inlet to the air outlet. The requirements for placing the inlet and outlet
include:

1) Theinletis located in the windward area,

2) The outlet is located in the leeward area,

3) Interms of layout and section, the allocation of the inlet is not directly facing the outlet,
4) The outlet elevation should be higher than the inlet (warm air moves up the space).

LOW prassur rone

Figure 8. Natural Air Conditioning
(Source by http://passivesolar.sustainablesources.com/#cool)

3. METHODOLOGY

The methodological approach used in this research is both qualitative and quantitative
methods. The qualitative method is often associated with case studies. This method is used
to generate data from various sources as well as literature in the form of written data
(Ambarawati, 2021). Based on the theory of positivism, which argues that people can acquire
knowledge by observing and measuring things in the real world (Susilowati, 2023). Whereas
guantitative data is data that can be measured and calculated directly, regarding information
or explanations in the form of numbers or statistics (Kuncoro, 2021).

Figure 9. Research Stages Based on Methodology
(Source by by Author, 2024)

To strengthen the methodological foundation regarding natural ventilation and SNI
standards, this research began with a literature review. Data were collected qualitatively
through observations and written documents, as well as quantitatively through direct
measurements such as opening area, floor area, and classroom volume at SDN 02 Ciputat.
The results of the object to be studied in data collection use air opening calculations based on
formulas aimed at analyzing the effectiveness of air flow in a room, specifically the classroom
of SDN 02 Ciputat. The calculation results will be analyzed and adjusted to meet the natural

DOI: https://doi.org/10.17509/jare.v7i1.79033
p- ISSN 2776-9909 e- ISSN 2580-1279



34 | Journal of Architectural Research and Education (JARE) 7(1) (2025) 27-42

ventilation standards. From the tested calculation results, alternatives or opening
recommendations will be made if the initial design does not meet SNI standards.

4. EVALUATION FINDINGS AND INSIGHTS

4.1. Site Analysis

SDN 02 Ciputat is located at JI. Pemuda No.7, Ciputat, Kec. Ciputat, Kota Tangerang
Selatan, Banten. This building is located at the coordinates latitude -6.309718562182197 and
longitude 106.74672472400907. The area of this school is approximately 1186 m2. As seen in
Figure 11, the area shaded in yellow is the existing land of the SDN 02 Ciputat building.

o - = o s A o 2 -)-“ g
JRKBI Kl 3 e Elementary, - e -
RIARDEWANTARA , e School Ciputat B> =

= fl -
- -

Figure 10. Existing Land Location
(Source by Author, 2024)

SDN 02 Ciputat is surrounded by commercial buildings, public facilities, places of worship,
and other educational buildings. As seen in Figure 11, there are several buildings around the
existing structure, including SMAN 1 Tangerang Selatan located to the northwest, TK Aisyiyah
42 located to the north of the existing structure, a commercial area located to the north and
northeast, SD Negeri 6 Ciputat located to the east of the existing structure, Masjid Agung Al-
Jihad located to the southeast, GOR Ciputat located to the south of the existing structure, a
residential area located to the southwest, and Stadion Mini Ciputat located to the west of the
existing structure, as well as other buildings surrounding the existing land of SDN 02 Ciputat.

EXSISTING BANGUNAN

Lo ] g s [ A ot g e

W vraia PR T SRS | e
Figure 11. Analysis of the Existing Surrounding Environment and Existing Condition
(Source by Author, 2024)
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The existing building condition consists of 2 floors with only 11 classrooms, which is
insufficient to support the teaching and learning activities. In addition, there is no Scout
Room, and the Computer Lab and Teacher's Room are very small. Therefore, PT. Yodya Karya
Branch Bandung has been assigned to revise this building to improve both its design and
functionality by renovating the school building into three floors. Figure 11 shows the existing
condition of the SDN 02 Ciputat building.

N -

ST a3
Figure 12. Isometry and Land Analysis
(Source by Author, 2024)

As seen in Figure 12, the front facade of the building is elongated and faces west. This
results in a significant amount of light and heat hitting the building, necessitating the design
of a facade that minimizes sunlight and heat by creating overhangs on each floor. This aims
to create a shade so that the sun does not directly enter the building. The main access to the
site is quite difficult for four-wheeled vehicles to navigate because the road width is only 3.5
meters. The entrance and exit for pedestrians and vehicles, as shown in the picture, have the
same entry area. The most dominant noise is on the west side because the building is close
to JI. Pemuda, which is a vehicle circulation route and the main access to the area.

Figure 13. Axonometric Scheme of Cross Ventilation in the Building
(Source by Author, 2024)

According to the Weatherspark website, the highest average wind speed occurs in January
with an average wind speed of around 7.30 mph or equivalent to 11.75 km/h. Meanwhile, the
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lowest or calmest wind speed occurs in October with an average wind speed of around 4.70
mph or equivalent to 7.56 km/h. This building consists of 4 building masses connected by
corridors, forming a single unit. In this design, air flows through the connecting corridors
between the building masses and enters and exits through window openings, creating cross
ventilation as shown in Figure 13.

4.2. Opening Analysis

The analysis of the size and position of openings in educational buildings must be
conducted to meet comfort standards and SNI natural ventilation because it will affect air
quality, student concentration, and energy efficiency in the classroom.
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Figure 14. Second Floor Plan and Classroom Layout
(Source by Author, 2024)

The analyzed space is the second-floor classroom along axes 2-5 and B-D, marked with a
yellow dashed box. As seen in the analyzed classroom layout, the inlets and outlets face each
other, allowing for cross ventilation within the classroom space. The building openings on the
west side have operable windows and a vent. Meanwhile, on the east side of the classroom,
there are fixed windows, operable windows, a vent, and a door. There are no openings on the
north and south sides. The area of this classroom is 54.10 m2. The minimum inlet opening
area in this elementary school classroom is 10.82 m? and the minimum outlet opening area is
2.71 m2. The area of these openings must comply with (SN103-6572-, 2001), which states that
the number of ventilation openings should be no less than 5% of the area of the room
requiring ventilation, and the minimum standard for inlet opening area is 20%.

Figure 15. Top-Hung Classroom Window
(Source by Author, 2024)
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Figure 16. Top-Hung Classroom Window
(Source by Author, 2024)

The windows of this elementary school classroom use top-hung casement types designed
with hinges at the top. This window can be opened outward away from the frame or casing.
There are 2 top-hung windows and a fixed window on the wall of this building. The type of
top-hung window is often used in modern building designs due to its minimalist shape and
greater opportunity for natural light to enter. As for the zig-zag glass above the window.

Different architectural approaches to opening designs must take both functional and
aesthetic factors into account in order to provide students with an engaging and productive
learning environment (Prasetya, 2021). Therefore, a comprehensive airflow analysis, such as
that conducted by Tandafatu, can provide guidance for designing comfortable and supportive
classroom environments (Maria Carolin Tandafatu, 2021).
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Figure 17. The Movement of Cross-Ventilation Wind in The Plan and Section
(Source by Author, 2024)
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The image above is a scheme of horizontal and vertical wind cross ventilation in the floor
plan and section of the classroom. There are wind flow patterns in the image, namely laminar
and turbulent flows. The blue color indicates that the wind has a laminar flow pattern because
its direction is orderly, while the purple color represents a turbulent flow pattern where the
direction is irregular.

4.3. Calculation of Air Openings

The area of this opening must comply with (SNI 03-6572-, 2001), which states that the
number of ventilation openings should be no less than 5% of the area of the room requiring
ventilation, and the minimum standard for inlet opening area is 20%. The area of this
classroom is 54.10 m?. The minimum inlet opening area in this elementary school classroom
is 10.82 m? and the minimum outlet opening area is 2.71 m?. The effectiveness of the air flow
at both the inlet and outlet is 75%. It is known that the air velocity (v) is 0.1 m/second. The
results of the aperture calculations, among others:

e [Effective Area Inlet = 75% x design inlet area = 75% x 3,6650 m2 = 2,75 m?

e Inlet Opening Percentage =2,75m?/ 54,10 x 100% = 5,08%

e Effective Outlet Area = 75% x design outlet area = 75% x 1,8850 m? = 1,41 m?

e Qutlet Opening Percentage =1,41 m?/ 54,10 x 100% = 2,61%

e Volume of Space (V) = 8,0750 x 4,0000 x 6,7000 = 216,41 m3

e The air flow that occurs (Q) =0,5682 x A x V = 0,5682 x 2,75m? x 0,1m/s = 0,1562
m3/second = 9,37 m3/min

e ACH that Occurs at the Inlet =60Q/V=60x9,37 m3*/min / 216,41 m3 = 2,62

Based on the results of the calculations, the air changes per hour (ACH) in this design do
not meet the existing standards. The standard ACH for classrooms ranges from 3-4, whereas
this design only has 2,62. This can affect the thermal comfort in the room.

4.4. Alternative Opening
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Figure 18. Floor Plan of Opening Dimension Changes
(Source by Author, 2024)
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Figure 19. Section of Opening Dimension Changes
(Source by Author, 2024)

To create an even distribution of air, it is necessary to design openings that are
appropriate and meet the (SNI 03-6572-, 2001) standards. There are recommended openings
that have been calculated and are expected to be the right solution to achieve optimal
thermal comfort and natural ventilation in the classroom. To address the issues with the initial
opening design, larger window and ventilation dimensions are needed. This can affect the
final calculation results.
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Figure 18. Plan and Section of The Changes in Cross-Ventilation Wind Movement
(Source by Author, 2024)

As seen in Figure 18, the airflow slightly changed due to the alteration of opening
dimensions and the addition of operable windows in the classroom. The pattern of turbulent
flow seen in the image is less than the initial design, and vice versa. the following are the
results of the opening recommendation calculations, among others:
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e Effective Area Inlet = 75% x design inlet area = 75% x 14,1450 m2 = 10,61
m2

e Inlet Opening Percentage =10,61 m?/ 54,10 x 100% = 19,6%

e Effective Outlet Area = 75% x design outlet area = 75% x 4,2525 m? = 3,19 m?

e Qutlet Opening Percentage =3,19 m?/ 54,10 x 100% = 5,89%

e Volume of Space (V) =8,0750 x 4,0000 x 6,7000 = 216,41 m3

e The Air Flow that Occurs (Q) =0,5682 x AxV =0,5682 x 10,61 m? x 0,1m/s = 0,6029
m3/second = 36,17 m3/min

e ACH that Occurs at the Inlet =60Q/V=60x36,17 m3/min /216,41 m3= 10,03

Based on the results of the alternative opening calculations, the air changes per hour
(ACH) in this design reach 10.03, exceeding the existing standard. ACH is the air change rate
that functions to achieve thermal comfort and Indoor Air Quality (IAQ), which affects the
teaching and learning process in classrooms. Even though it exceeds the standard, there is
still a solution to address the excess air entering by closing the ventilation that is deemed
unnecessary. For the effective area of the inlet opening, it is almost up to standard, and the
effective area of the outlet has already met the SNI standard.

5. CONCLUSION

Natural ventilation in the classroom will affect students effectiveness in the learning
process. One of the physical conditions of the classroom that must be considered is the
openings and air circulation from inside and outside, which must be sufficient and meet the
standards. Based on the analysis and discussion of the research on the objects studied, it can
be concluded that the initial design of the classroom at SDN 02 Ciputat did not meet the
standards. This is evidenced by the calculation results of air openings from the effectiveness
of openings to Air Changes Per Hour (ACH) which are below the (SNI03-6572-, 2001) standard.
Therefore, there is an alternative opening that has better results than the initial design, but
the Air Changes Per Hour (ACH) in this alternative design exceeds the existing standards. To
address the excess incoming air, the unnecessary windows should be closed.
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