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Abstract 
 

Daylighting is a crucial component of the visual environment in educational institutions. It contributes to both 

the users' well-being and functional efficiency. Various studies have established the profound effect of solar 

radiation on visual comfort that penetrates indoor spaces through façade openings. Hence, shading devices can 

protect building interiors from solar radiation, particularly in tropical monsoon climates. Such devices are 

effective and have been used extensively since the birth of the modern architectural era. In Chattogram, various 

shading devices in modern institutional architecture showcase the experimentation with façade design that 

maximizes their climatic resilience. Therefore, studying their basic shadowing behavior is crucial for developing 

new technologies that can be implemented in future building designs. This research examines various shading 

configurations of modern institutional buildings in Chattogram. It evaluates the shadow performance of these 

shading devices using TIG's Shadow Projector V.7, an extension tool for SketchUp. The research findings show 

the comparative shadow performance of the selected shading cases in the four cardinal directions. Future 

research on the compatibility assessment of shading devices used in modern buildings can enhance their 

performance, helping architects optimize shading behavior, particularly with respect to building orientation.  
 

Keywords: Exterior Shading device; Shadow behavior; Modern institutional building; Tropical monsoon climate; 

Shadow Projector V.7 by TIG.  
 

1 Introduction 
 

As a building provides human shelter, its indoor space is crucial for maintaining occupants' comfort and high 

standards of living. Especially in institutions, daylight significantly impacts students' overall attention, mental 

health, stability, performance, and comfort, leading to a better academic environment (Clochet, 2022). In modern 

times, most institutional building facades are designed to be sun-exposed without considering contextual sun-

protection techniques, such as proper shading devices in the South, East, and West directions.  
 

As an integrated element of the building façade and windows, the shading device passively reduces heat gain in 

the indoor space from solar radiation. Thus, it is necessary to examine the fundamental shadowing behavior of 

shading devices to develop and innovate effective designs before applying them in new institutional buildings. 

This study aims to answer two important questions: first, what types of shading devices are commonly found in 

typical modern institutional buildings in Chattogram, and second, how do these shading designs affect shadow 

performance across various building orientations? According to these enquiries, the goals of this study are to 

determine the various shading mechanisms used in Chattogram's institutional buildings and to evaluate how well 

they cast shadows in a few chosen case studies (A, B, C, and D) in different orientations: east, west, north, and 

south. 
 

2 Background 
 

2.1 Local Climate of Chattogram 

Chattogram, one of the megacities of Bangladesh, is located between 20 ° 35' and 22 ° 59' north latitudes and 

between 91 ° 27' and 92 ° 22' east longitudes (Chattogram District, n.d.). Chattogram has a tropical monsoon 

climate according to the Köppen climate classification (Peel et al., 2007). The coast is southwest-exposed and 

receives the humid monsoon currents, resulting in heavy rainfall from June to August. There are 2475 sunshine 

hours per year on average, with a maximum of 9 hours in March and a minimum of 4 hours in June and August 

(Climates to Travel, n.d.). From mid-March to June, the hot season lasts with a maximum average daily 

temperature above 87°F, while May is the hottest month, with an average high of 90°F and a low of 78°F. From 

December to February, the cold season lasts with a maximum average daily temperature below 80°F. January is 

the coldest month of the year, with an average low of 59°F and a high of 78°F in Chattogram. Throughout the 

year, the temperature typically varies from 58°F to 90°F and is rarely below 53°F or above 93°F (WeatherSpark, 

mailto:nasif.arch@cuet.ac.bd
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n.d.). Hence, in Chattogram, the tropical monsoon weather is a decisive challenge for an architect when creating 

a contextual design. 
 

2.2 Modern Institutional Architecture in Bangladesh 

In the mid-1900s, the newfound independence bolstered the international Modernist movement in its efforts to 

forge a new identity for nations (Gattupalli, 2023). Modernism in Bangladesh did not arise from the local 

environment; instead, it was driven by the arrival of international architects and the pressing needs of the newly 

formed nation. Hicks and McConnel were the first among the architects to respond to the new age; nevertheless, 

architects such as Thariani and Doxiadis made the first impression. Later, architects such as Paul Rudolph, 

Doxiadis, Robert Bouighy, Louis I. Kahn, Tigerman, Vroomen, and others entered the context. Mazharul Islam 

was the leading architect in the area, other than Thariani (Mowla & Fahim, 2021). Architect Muzharul Islam led 

the movement. One of Muzharul Islam's most recognizable projects, the Faculty of Fine Arts at the University of 

Dhaka, is the precursor of Bangladeshi modernism because it combines contemporary architectural expressions 

with site- and climate-responsive design concepts. The National Library of Bangladesh is another one of 

Muzharul Islam's great works, completed in 1958. By contrast, the building fuses modernist architectural ideas 

with local characteristics, featuring open courtyards, latticed screens, and classic brickwork to enhance aesthetic 

appeal and provide natural ventilation—essential elements for a tropical climate (Gattupalli, 2023). Muzharul 

Islam's bold form proves his dedication to Bengali Modernism, free from the superficial ties of regionalism 

(Muzharul Islam, n.d.). 
 

2.3 Role of Shading Devices 

Large openings are sometimes thought to allow ample natural light into the workspace; however, excessive solar 

radiation and direct sky views can reduce occupants' visibility and comfort, prompting the installation of external 

facade sunshades (Merghani & Bahloul, 2017). For a given configuration of sky luminance, room dimension, 

and interior surface reflectance, the values are independent of window size. Therefore, it is helpful to reduce 

luminance by using a sunshade to ensure indoor lighting comfort (Dubois, 2001). In various climates, external 

sun shades are more effective at reducing heat gain, glare, and energy use (Dakheel & Aoul, 2017). Functionally, 

two types of shading devices can be seen: Fixed or movable (Datta, 2001). The amount of solar exposure 

varies by location, and the month determines the shade mechanism to use. An in-depth understanding can be 

gained by examining the hourly illumination values and shadow casting percentage on the external facade 

(Sousa, 2012). 
 

2.4 Influence of building orientation 

The building's orientation is essential when selecting a shading device. It is evident from the solar geometry that 

each façade has a unique exposure, determined by its direction. Therefore, every façade requires to be designed 

uniquely (Hamdani et al., 2014). In general, horizontal louvers provide effective shading for southern exposures 

in the Northern Hemisphere. In contrast, vertical louvers are better for controlling sun exposure from the east and 

west (Lee et al., 2017). The window's height and the solar angle influence the selection of shading devices 

(Society of Building Science Educators & American Institute of Architects, n.d.). East- and west-facing 

orientations are the hardest to shade because of their low sun angles and inadequate horizontal projections. 

Vertical louvers are limited to east- and west-facing orientations. However, horizontal louvers can be prominent 

in any orientation (Ruck et al., 2000). 
 

 

3 Methodology 
 

A survey was conducted on the shading mechanisms used in institutional buildings of Chittagong University of 

Engineering and Technology (CUET) in the tropical monsoon environment of Chattogram. The shading cases for 

shadow performance simulation were selected by classifying the shading devices. Selecting a representative 

shade from the main types observed in institutional buildings in Chattogram was the selection criterion (Figure 

1). The annotated buildings A, B, C, and D are the CUET Cafeteria, Academic Building-2 (EME), Academic 

Building-3 (ECE), and Academic Building-4 (PME), respectively. 
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Figure 1.  Location of the modern institutional buildings chosen for shading cases (Case A, B, C, D).  

Source: Google Maps 
 

3.1 Shading Cases 
 

The types of shading devices commonly seen in Chattogram's institutional buildings are summarized in four 

scenarios and presented in Figure 2, along with façade photographs, plans, sections, and axonometric drawings. 

Case A is an educational facility featuring an egg-crate design; Case B is a vertical overhanging H-shaped 

institutional structure; Case C is a structure with vertical and horizontal overhangs that is an institution, and Case 

D is a structure that is an institution with vertical shading that is inclined. 
 

 

Case Image and Plan Section Axonometric View 
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Figure 2. Configurations of shading cases (Case A, B, C, D) 
 

3.2 Research Parameters 

Parametric research was conducted to assess the performance of several shading techniques applied to the 

façades of multiple buildings located in the tropical monsoon climate of Chattogram. The location was fixed at 

the latitude and longitude of Chattogram. A standardized façade form measuring 48 ft by 48 ft was selected to 

compare the performance of shaded areas under different shading devices. Four-storied buildings, each with an 

average floor height of 12 feet, were selected to maintain a total height of 48 feet. These constant parameters 

were taken to ensure consistency across the simulations. Variable parameters included four types of shading 

devices (shading cases A, B, C, and D) and façade orientations, which were tested in the four cardinal directions 

(east, west, north, and south) to examine how solar position affected shading performance. Additionally, 

simulations were conducted at three times of day — 9 am, 12 pm, and 3 pm — on the annual equinox and 

solstice days (March 21 and September 21), representing morning, midday, and afternoon conditions, 

respectively. 
 

3.3 Simulation Tools 

For this study, TIG’s Shadow Projector V.7—an extension tool for SketchUp—was selected to analyze the 

proportion of shadowed areas created by different shading devices on façades within a given time frame (TIG, 

2019). Since SketchUp calculates shadows based on precise time settings, it ensures reliable results that 

effectively support shading device design (Chaiyakul, 2008). One of the main reasons for choosing this tool is its 

accuracy, flexibility for testing different scenarios, and efficiency. Moreover, it requires only a few input 

parameters, such as wall-to-window ratio (WWR) and material properties, which helps reduce both the 

possibility of input errors and the overall processing time. Using this simulation, the study calculated relevant 

shadow percentages and evaluated the influence of shading devices on building façades. 
 

3.4 Simulation Stage 

The simulation process began with constructing different shading device models and adjusting the study 

locations in SketchUp. Next, all variables—such as the type of shading device, building orientation, and 

simulation timeframe—were set up. Finally, tests were conducted using TIG’s Shadow Projector V.7 to calculate 

the percentage of shaded areas. In the analysis stage, the outputs were organized by shading device type. To 

evaluate and compare their relative performance, the results were then illustrated through charts and graphs 

generated in Microsoft Excel. 
 



M. A. Rahman, M. N. Sadman, & O. Nur 

ICCEI 2025 
 

2742 

 

4 Results and discussion 

 

The performance of the shading cases is measured as the percentage of the total shaded area. The results show 

that the four shading cases did not receive any sunlight during specific conditions, such as 3.00 pm in the east 

direction, 9.00 am and 12.00 pm in the west direction, and 12.00 pm in the north direction. In such conditions, 

the performance of the shading cases cannot be measured.  
 

4.1 East Orientation 

On 21st June (summer solstice), at 9.00 am, Case A provided the best performance (53.18%). At 12.00 pm, Case 

A achieved the highest performance (78.01%). The shading cases received no sunlight at 3.00 pm. On 21st 

December (winter solstice), Case A achieved the highest performance at 9:00 am (66.19%) and 12:00 pm 

(90.51%). The shading cases received no sunlight at 3.00 pm (Figures 3 and 4). 
 

4.2 West Orientation 

On 21st June (summer solstice), at 9:00 am and 12:00 pm, the shading cases received no sunlight. At 3.00 pm, 

Case A showed the highest performance (59.04%). On 21st December (winter solstice), the shading cases did not 

receive any sunlight at 9:00 am and 12:00 pm. At 3.00 pm, Case A showed the highest performance (73.48%) 

(Figures 3 and 4). 
 

4.3 South Orientation 

On 21st June (summer solstice), Case C provided maximum shading performance (100.00%) at 9:00 am. At 

12.00 pm, the shading cases received no sunlight. At 3.00 pm, the highest performance was again provided by 

Case C (100.00%). On 21st December (winter solstice), the shading cases received no sunlight at 9:00 am, 12:00 

pm, and 3:00 pm (Figures 3 and 4).  
 

4.4 North Orientation 

On 21st June (summer solstice), the shading cases received no sunlight at 9:00 am, 12:00 pm, and 3:00 pm. On 

21st December (winter solstice), the highest performance was given by Case A at 9:00 am (68.24%) and 3:00 pm 

(66.78%). At 12.00 pm, the highest performance was given by Case D (47.67%) (Figures 3 and 4). 
 

 
 

Figure 3. Shadow Performance of Shading Case A and Shading Case B 
 

 
 

Figure 4. Shadow Performance of Shading Case C and Shading Case D 
 

Conclusion 
 

This study aimed to investigate various shading configurations of modern institutional buildings (Shading Case 

A, B, C, D) in the tropical monsoon climate of Chattogram by examining the shadow performance of these 

shading devices using the Extension tool in SketchUp (A Shadow Projector V.7 by TIG). The research findings 

show the comparative shadow performance of the selected shading cases in the four cardinal directions. The 
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study has demonstrated that Shading Case A, or the egg-crate shading, has given the highest shadow 

performance in the context of Chattogram. These findings highlight the role of shading devices and the 

significance of their study in the tropical monsoon climate to ensure the development of efficient shading devices 

that can be implemented in future building designs. Though the research provides valuable insights, it is not 

without limitations. The analysis was restricted to the selected study area and climate. It was also limited to the 

04 selected shading cases, the simulation tool, and a limited time. This study can guide further research by 

evaluating additional shading types, incorporating variable parameters, enabling real-time performance 

monitoring, and conducting cross-regional comparisons. 
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