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ABSTRACT

In the architecture design studios of Bangladesh, most of the time studios are

experiencing poor lighting state, even though there is an abundant resource of

natural light in the tropics. Though the importance of an appropriate visual

environment for learning tasks deserves careful consideration, no standard has yet

been set for studio lighting in the context of Bangladesh. Despite the fact that people

work and live better under natural lighting condition, preliminary observations show

that studios are often lit by artificial means. This not only fails to provide a

stimulating environment for better learning but also at the same time creates

pressure on the overall national energy demand.

As natural lighting contributes significantly to the psychological, physiological and

aesthetic character of a learning space and also reduces energy consumption in

buildings, strategies for increasing daylight should be established for incorporation

in the design process.

This thesis aims to identify various architectural features that affect the luminous

environment and are presently being used in studios and also to give some indicative

suggestions that can help to improve the luminous environment with special

emphasis on daylight inclusion in studios.

To begin with, a literature study was conducted to get a knowledge base and

direction for the study. This was followed by a field survey where selected studios

were grouped according to their areas and were surveyed to identify typical design

features and factors that affect the luminous environment. From the findings, a

model was established for simulation study to examine variables affecting the

luminous environment.
If .' ~: . i: .

It is expected that the simulations will generate some indicative suggestions for

improving the luminous environment of architecture design studios of Bangladesh.
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Chapter I: PREAMBLE

1.1. BACKGROUND:

Humans have moved from a terrestrial environment with dark nights and bright

broad-spectrum days to a modem built environment with relatively dim, limited-

spectrum days and nights [I]. Before electric lighting, daylight was the primary

illumination source for all building types. Designers now tend to rely on electric

lighting [2]. One consequence of this move that has not yet been fully appreciated is

the effect on peoples' health and well-being. In addition, the operations of these

buildings consume large quantities of electricity and therefore fossil fuels for

illumination and air-conditioning, ultimately adding to the production of green

house gases. Anthropogenic green house gas emissions are now recognised as a

major contributor to global warming [3]. Thus, one of the principles of green

architecture is to increase the use of natural light for illumination, to reduce the

dependence on electricity for illumination, thereby reducing the overall building

energy consumption.

Solar panels, energy-efficient lighting, maximizing natural light, windows coated

with ultraviolet film, louvers that create shade, insulation for the building to reduce

the need for air conditioning, gray-water recycling system are some of the key green

building elements. In a well designed building, an impressive eighty percent of the

energy for heating the building is provided through solar power. With the installed

insulation, cooling costs can be reduced by up to eight percent in summer and

heating costs can be reduced by up to thirty percent in winter [4].

The fact is that calls for energy conservation have not significantly influenced

architectural. practice. Architects and engineers often rely on mechanical and

electrical equipment to illuminate and air condition buildings rather than to seek

building materials and layouts that take advantage of what nature has to offer. So-

called green or eco-friendly buildings remain a novelty in the architectural world.

Until we emphasize environmental concerns such as gas emissions and global

warming, and until we demonstrate scientifically and tangibly its negative impact on

the health and well-being of building occupants, the architectural and engineering

.c._<
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approach to building design will remain technologically driven with little emphasis

on a partnership with nature that favors the wellbeing of building occupants [5].

This research studies the potential of daylight as a natural source in providing for the

essential illumination requirements in architecture design studios of Bangladesh. It

is an attempt to portray daylighting as a solution to major light source in studios.

The study focuses on the trends observed in the architecture design studios' lighting

practice, investigates the general problems and potential of different architectural

features (related with daylight inclusion) and identifies the parameters that can help

to improve the luminous environment by balanced daylight inclusion in studio

interior. It also raises awareness towards the need to focus on task specific lighting

design in architecture design studios of Bangladesh.

1.1.1 Effects of Daylight in Buildings:

Daylighting advocates claim that it yields significant benefits for a building and its

occupants ranging from occupant health and productivity gains to an enhanced

architectural design quality and energy savings [6]

Light and Architecture:

Lighting has been one of the main modes of expression of the architect over the

centuries. No one can deny the historical importance of daylight in determining the

form of buildings since, together with the effects of climate and location, daylight

availability was fundamental to their design [7].

It is light that can make a building bright and airy or dull and gloomy. Light enables

us t:6 ~~rform,ari~ ~it~;;~t;; the building would cease to function. The most
;~' "'." :':\'~:('.',''''':_';-':~:~._ ,.".1'1.:"

impqrt!\lltquality of. natural light is its constantly changing character, which
.n, .",',I:., ","': :.:. ;-;' ~:~ "" '.

provides a dynamic and appealing appearance to an interior [8]. Architects can

create different atmospheres to produce various emotional responses by the

manipulation of this dynamic design element.
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Furthermore, the components that allow daylight into a space have been used as part

of the expression of a building. A window, for example, can be a design element,

but also connects the occupant of a building to the external environment. Windows

allow a flow and exchange between the exterior and interior that creates more

dynamic and interesting spaces. Consequently, the functions of vision and of design

are completely entwined.

Daylight and Energy in Buildings:

The most obvious vehicle for energy saving in buildings is in exploiting the most

abundant source oflight available to us - daylight [9]. Many building owners and

architects have reported energy savings received from daylighting. Looking at

the energy consumption of commercial buildings in the United States

demonstrates the importance of saving energy. According to the Department of

Energy's Office of Building Technology, State and Community Programs (BTS)

2000 Databook, commercial buildings consumed 32% of United States electricity

in 1998, of which 33% went to lighting [10]. According to EIA statistics,

commercial buildings in the U.S. used a total of approximately 5.7 billion Btu of

all major fuels (electricity, natural gas, fuel oil, and district steam or hot water) in

1999. Electricity consumption is projected to increase in all the end-use sectors.

The highest growth rate is projected for the commercial sector, at 2.2 percent per

year from 2002 to 2025, compared with 1.6 percent for industrial and 1.4 percent

for residential electricity demand. Electricity accounted for 76 percent of

commercial primary energy consumption in 2002, and its share is projected to

increase to 79 percent in 2025 [II].
;:"," ",:" i" ,i ,.-'.

According to the EIA CBECS (Commercial Buildings Energy Consumption
;.~ : .',:,: , ;;';."- l' .

~urvey), educational buildings used 649 trillion Btu of total energy, which was
:>,'",' I.' "'.: "

11 percent of total energy consumption for all commercial buildings [12]. Much

of a school's energy budget is for lighting. This can be greatly reduced with well

designed natural lighting [13]. A reduction in the energy consumption of a

building can be achieved by decreasing the need for, or use of artificial light. .
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Reduced peak electricity demand is a major benefit for buildings that experience

their greatest load during daylight hours. Cooling loads can also be reduced in

buildings occupied during daylight hours, since daylight provides more energy as

visible light and less as heat, compared to electrical lighting [14].

For example, at a given level of illumination, a tungsten light produces between 5

and 14 times more heat than daylight [15]. The energy savings from reduced electric

lighting through the use of daylighting strategies can directly reduce building

cooling energy usage an additional 10 to 20 percent. Consequently, for many

institutional and commercial buildings, total energy costs can be reduced by as much

as one third through the optimal integration of daylighting strategies [16].

Given the current strong dependence on fossil fuels for electricity generation, any

reductions in the consumption of electricity for lighting and cooling can ultimately

lead to the lower production of greenhouse gas emissions.

Despite these substantial benefits, daylighting is not a mainstream architectural

feature in the majority of buildings. Some of its proponents suggest that the

argument for daylighting should no longer be based on energy savings because that

approach has not proved effective; rather, the argument should focus on the benefits

of daylighting for health and well-being [17].

Daylight and Health:
Daylight in general, are vital to life on earth, and it is not difficult to believe that

their absence fosters conditions that promote disease. There are fundamental

biological, hormonal, and physiological functions coordinated by cycles that are

crucial to life for cells, plants, animals, and humans. Many plants and animals,

including humans, develop abnormal behaviors and diseases when sunlight is absent

because their diurnal cycle is disturbed [18].

Daylighting has been associated with improved mood, enhanced morale, lower

fatigue, and reduced eyestrain [19]. Receiving adequate levels of intense light

(daylight) each morning synchronizes the internal body clock to the Earths'24 hour
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rational cycle [20]. When low levels of light are received, the circadian cycle in the

body slows down and circadian resynchronization will be experienced. Melatonin

will be released at the wrong times of day, resulting in lethargy, and drowsiness.

Most seriously, disruption of the melatonin rhythm may lead to chronic fatigue,

depression, reproductive anomalies, and perhaps even cancer [21]. Poor daylighting

and the lack of sunlight is said to be responsible for what is described as 'Seasonal

Affected Disorder' or SAD, which affects a large number of people at certain times

of the year due to the lack of sunlight. The human eye functions at its best when it

receives the full-spectrum of light provided by daylight [22]. Many fluorescent

lights are concentrated in the yellow~green portion of the spectrum to obtain the

most lumens per watt; this unbalanced, narrow spectrum limits the blue in the

source, which leads to improper functioning of the eye. Therefore, the superior

spectral content of natural light makes it the best light for the eye [23]. Badly

designed or poorly maintained lighting can cause stress and lead to various forms of

complaint, eye discomfort, vision or posture. Dry or itching eyes, migraines, aches,

pains and other symptoms, often known as Sick Building Syndrome, can be caused

by poor or inappropriate lighting installations [24].

Studies of the effect on student health of daylighting in American schools have

consistently shown results of increased attendance, improved academic

performance, increased growth and reduced cavities [25].

Daylight and Productivity:

The greatest cost for a business is the salaries of their workers, up to 84% of the

expenses, in comparison to other costs such as office rent (14%), energy

consumption (1%) or maintenance (1%) [26] and therefore, great financial returns

can be achieved by small increases in productivity. On these figures a 1% increase

in productivity is roughly equivalent in cost savings to a 100% reduction in energy

consumption. It has been suggested that the use of natural light in buildings can

increase productivity of the occupants of buildings and therefore positively impact

on the finances of an organization [27].
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Probably, the most comprehensive studies on daylight in buildings and its influence

in peoples performance are the studies carried out by the Heschong- Mahone Group

in schools. The first study on schools was performed in three districts in the USA.

The Heschong Mahone research team (1999) analyzed standardized math and

reading test scores of more than 21,000 elementary school students from the three

districts of Orange County, CA, Seattle, WA, and Fort Collins, CO for over one

year. California students with the most daylighting showed a progress of around 20-

26 percent in their test scores over the entire year, while Seattle and Fort Collins

students reported an increase of7-18 percent at the end of the year [28].

Another study based itself on the earlier daylighting and student performance studies

conducted by the Heschong-Mahone Group [29]. Using multiple regression analysis,

more than 8,000 students from 450 classrooms were analyzed in their academic

performance. A detailed analysis was also made of the effect of factors like indoor

lighting, windows, views and other room factors on the student performance.

Pleasant views from windows were found to affect students positively, whereas

glare, direct sun penetration, and negligence to window control and shading were

shown to affect student performance in a negative manner. The two studies by the

Heschong Mahone Group are significant in establishing that daylighting has a direct

effect on student performance.

The study by Dunn et al. (1985) reviewed past research and literature on the effect

of lighting on student performance and character, and confirmed the fact that good

lighting (daylighting and artificial) can contribute immensely to the psychological

and physical well-being of a student. Students were shown to achieve better when

test~d in r09ms'Yith the required footcandles of light, in contrast with their scores in
.' ,'-'. .." - ,,>". '" .- .:,

low, dimly lit rooms [30].
.- ',.' ,'''i)' ,- ~" ' ;: . '! I'

Heerwagen and Heerwagen (1984) suggested "it was reasonable to expect that

windowless environments may be more stressful and psychologically uncomfortable

than windowed spaces" [31]. 350 students from northern England primary schools

were studied by Stewart for their behavior and attitudes towards their visual

~... "'\f

f~j~
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environment, with particular attention to factors associated with fenestration and

daylight in the schools. It was seen that more than 70 percent of the children chose

to sit close to the window (if given a free choice), thus preferring higher daylight

levels [32]. This part of the literature review helped in gaining an insight into

various effects of daylighting other than reducing building energy use.

1.1.2. Reasons for Daylighting in Buildings:

Daylighting should be considered an integral part of sustainable building issues. It is

important to understand the reasons for introducing daylight into buildings as there

are costs associated with maximizing daylight illumination in buildings. These are:

I) Quality of natural light, its spectral composition, and variability gives a better

illuminated environment than electrical light. The human eye has evolved to

respond to natural light stimulus, and electrical light does not achieve the

stimulus.

2) Better energy efficiency is obtained when replacing the demand for electricity

during the peak hours of the day by the use of solar energy and light.

3) An overall sustainable result (i.e. reduced greenhouse gas emissions) can be

achieved by reducing the dependence on non-renewable energy sources and

relying on the use of solar and sky radiation.

4) The rental price or value of the building is increased through its energy savings

and improved workplace health [33]. Recent studies have shown that proper

daylighting of a building can increase productivity. More importantly, daylight

provides tremendous psychological benefits to building occupants; this should

be a main goal of daylighting rather than the simple reduction of electrical

lighting requirements.
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Previous studies indicate a positive effect of daylighting on human performance,

productivity, and attitudes, with specific indications of improved student

performance in schools, which gives added validity to the proposed research.

1.2. PRESENT STATE OF THE PROBLEM:

The importance of an appropriate visual environment for learning tasks deserves

careful consideration as high quality daylight develops students' behavior,

stimulates learning [34] and thus promotes 20% improvement in .student

performance [35].

Visual tasks in architecture design studios reqUIre very demanding lighting

environments with minimum of3OOLux [36]. Despite the fact that there is abundant

natural light in the tropics [37] and people prefer to work in daylight as opposed to

artificial light, [38] preliminary observations of architecture studios in Bangladesh

show that most of the time these studios function using artificial means. This not

only fails to provide a stimulating environment for better learning but also at the

same time creates pressure on the overall national energy demand. Recent studies

suggest that artificial lighting accounts for close to 50% of the total energy use in a

building, though daylight is readily able to replace much of this energy use, if

designed appropriately [39]. This is all the more important, given the energy crisis in

Bangladesh.

Natural lighting also contributes significantly to the psychological, physiological

and aesthetic character of a space [40] increasing visual performance [41] while

reducing energy consumption in buildings [42]. Strategies for increasing daylight in

these studios should thus be established for incorporation in the design process.

Given the limited time and scope of this research, this study will thus concentrate

solely on lighting issues, though the thermal and security aspects of a space may

also be affected. Such related concerns may be addressed by future studies.
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1.3. OBJECTIVES:

I. To investigate the nature of the luminous environment of architecture design

studios of Bangladesh, assessing variables and architectural features (eg. length to

width ratio, height, window: floor ratio, window shape, window details, shading

details, etc.) that affect daylight penetration and distribution.

2. To give some indicative suggestions that can help to improve the overall luminous

environment with special emphasis on daylight inclusion in architecture design

studios.

1.4. METHODOLOGY:

A literature study was conducted to establish a knowledge base and direction for the

study. Climatic characteristics emphasizing sky characteristics and daylighting

aspects of climatic parameters, lighting standards and daylighting design strategies

for the given context were gathered from published data.

The literature study helped in constructing and altering models to be used during

simulation studies. This component also set a theoretical basis for giving some

indicative suggestions to improve the luminous environment of architecture design

studios.

The literature study was followed by a physical/ field survey where only those

architecture design studios which were designed for studio purpose were selected

from the whole country to study the present state of the luminous environment.

Selected studios were grouped according to their areas and were surveyed to identify

the typical architectural features (eg. window: floor ratio, window details, shading

details, work plane, ceiling height etc.) and factors that affect the luminous

environment of. architecture design studios. This field survey helped in forming a

model for simulation study.

From the findings, a model was generated for simulation study to examine variables

affecting the luminous environment. This simulation study was pursued in two

phases:
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• Construction of a model with typical features based on the field survey.

• Simulation on successIve changes of various parameters/ features on the

typical model to examine changes in penetration and distribution, aiming to

arrive at optimum values (using ECOTECT & RADIANCE).

Issue Identification:
A Study of the Luminous Environment of Architecture Design

Studios of Bangladesh

Literature Study II----~1_. _Fi_eld S_tud_
y_I.

~

".

Observations Findings

Example Space

-

Simulation Study

Indicative
Suggestions

Figure J. J : Structure of the research work
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1.5. FURTHER SCOPE OF THE STUDY:

This study concentrates on strategies for daylight inclusion in architectural design

studios. It is recognised that with daylight inclusion, other less positive aspects of

the environment may affect thermal and security aspects of space.

However given the limited time and scope of this study, this paper will concentrate

on lighting issues. The performance of window regarding ventilation, heat loss and

gain, sound transmission, safety and security are beyond the scope of this study.

1.6. THESIS OUTLINE:

This study has been documented into Chapters I-V. A brief introduction of the

subject is given in Chapter I (this chapter) which is necessary for the understanding

of this research. The next chapter documents the literature review conducted for this

research. It includes a review of past studies published in journals, books, thesis

dissertations, and verified documents from literature research websites that are

relevant to this research. An understanding of the daylight situation, daylight

strategies and standards for learning spaces have been discussed in chapter II to

provide a knowledge base for this research, which has helped to be selective of the

issues on which the simulation will be conducted later. Chapter III reports the

findings of a physical survey of existing architecture design studios in Bangladesh

aimed at an understanding of the problems of luminous environments under the

given context, and in selecting various architectural features for generating!

constructing the 'example space' for simulation study. Computer simulation study

was done on the 'example space' in Chapter IV to increase daylight inclusion into

learning spaces by varying different building elements identified during the physical

survey. Finally, Chapter V summarises the findings of the whole research, first by

enumerating the identified problem areas, and then by giving some indicative

suggestions for alleviating these problems. The work ends by identifying research

areas that need further investigation subsequent to this study.
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Chapter II: LITERATURE REVIEW

2.1. DAYLIGHTING

2.1.1. Defining Daylight and Daylighting Systems

Daylight, as defined by Baker and Steemers is the combination of diffuse skylight

and sunlight [1]. Hopkinson termed daylight as a gift of nature, and stressed the

importance of the special advantages of daylighting [2].

A daylighting system is a device located near or in the openmgs of building

envelope, whose primary function is to redirect a significant part of the incoming

natural light fLux in order to improve the lighting conditions in the interior. This

improvement may be to the overall daylight level, or in the distribution of daylight,

or both [3]. Today, advanced daylighting systems can provide daylit, user-friendly,

and energy-efficient building environments.

2.1.2. Daylight Source and Availability

The sun is the source of natural light energy and the path of the sun determines the

available sunlight at a particular building location. The solar altitude and the solar

azimuth are the two angles through which the sun's position can be defined at a

reference point on earth's surface. The overcast sky, clear sky, and partly cloudy sky

are three light conditions to be considered in daylighting design, according to the

IESNA Lighting Handbook [4].

.,.,.
"-,

"
_.•.. - _0,,\ Y;-0 _

N

Figure 2.1: Solar altitude and the solar azimuth angle

Source: http://burro.cwru.edu/Academics/Astr3 06/Coords/coords. html

http://burro.cwru.edu/Academics/Astr3
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Figure 2.2: Solar Standard skies. (Source: Daylighting in Building)

The phrase "daylight availability" refers to the amount of light from the sun and the

sky for a specific location, time, date, and sky condition [5]. The sun, sky, buildings,

and ground are the main sources of luminance distribution. Latitude, climate, and

building orientation affect daylight availability, and hence need to be studied to

design for daylight [6]

There are several sources of information on daylight availability.' Daylight

availability data has been monitored every minute at more than 50 stations

worldwide since 1991 and has also been monitored in the Meteosat satellite every

half hour from 1996--1997 (under beta testing) [7]

In this research, daylight data from Bangladesh Meteorological Department for year

2005 has been used as input into the ECOTECT weather file for daylighting

simulations.
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2.1.3. Components of Daylight

Light from the sky reaching a particular point in a room is composed of three

distinct components. They are:

a. Sky Component

b. Externally reflected component

c. Internally reflected component

Sky Component:

Sky component (SC) is the illuminance received at a point In the interior of a

building, directly from the sky. The SC normally refers to the diffuse sky: i.e. it is

not used to describe direct sunlight. This component depends upon there being a

view of the sky from the point in the room being considered. It is the view of the sky

that gets larger as the point considered approaches the window, and thus it is mainly

the sky component that leads to the strong variation of light intensity in a side lit

room [8]

Externally reflected component:

The externally reflected component (ERC) is the illuminance in the interior due to

light reflected from external obstructions. The ERC is particularly relevant in dense

urban situations, where, owing to the closeness of buildings, a view of the sky may

be limited or even completely absent for all but positions very close to the window.

The ERC will tend to corne from a low angle, close to horizontal. Depending on

reflectivity of the obstruction, this may penetrate deeper into the space than the sky

component, but because of the absorption of light by the external obstruction it will

generally be much weaker [9].

fntef!\a!ly r.efl~~t~dcomponent:
The internal reflected component (IRC) is the illuminance received at a point and is

composed of light received indirectly from daylight that is inter-reflected around the

internal surfaces of the space [10].
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2.1.4. Daylight Calculations

Qualitative information and quantitative figures reflecting the engineering aspect of

daylighting design are both equally important to a lighting designer [II] Daylight

calculation methods from natural sources first became available during the last half

of the nineteenth century [12]. Calculation of daylight availability at a site begins

with a determination of the solar position, which is a function of latitude and

longitude of the site, day of the year, and local time. A number of calculation

methods are used for daylight computation. These include the Lumen Method for

top lighting and side lighting, Computation of Illuminance, [13] Graphic

Daylighting Design Method (GDDM),[14] and the Daylight Factor Method [15] The

Lumen Method and the Daylight Factor Method are the most widely used.

Daylight Factor (DF) is defined by the Commission Intemationale de l'Eclairage

(CIE) as the percentage of horizontal indoor illuminance in relation to the

simultaneous unobstructed outdoor illuminance on the ground under an overcast sky

condition [16] Direct sunlight is excluded from both interior and exterior values of

illuminance [17] DF-based legislation does not target a specific daylight illuminance

level in a room because of constantly changing outdoor conditions; rather, it is based

on a percentage of whatever daylight is available outside and therefore is more

practical than illuminance-based legislation [18]

In this research the daylight factor method will be used for daylighting calculations

to compare the effects of proposed daylighting solutions/ strategies in architecture

design studios.

2.1.5. Design Tools and Resources:
, ? .'\' ',"', ,' .• :. • . .

T~e oldest and most-used daylighting tool is the scale model, since light follows the
. 'i , '. ~.; '.

same basic rules in a scale model as in full-sized buildings. The one drawback is that

it over predicts illuminance [19]. A number of daylighting and building energy

analysis software currently exist in the industry and a broad range of simulation

software applications has become available for different building performance

assessments over the last three decades, [20] a few of which are listed below.
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Natural Resources Canada and the National Research Council of Canada have

launched a free-to-use online computer tool called the Lightswitch Wizard to guide

decisions by building designers. This program, based on Radiance software, can

analyze available daylight and the performance of automated controls.

Building Design Advisor (BDA) is a free software program designed by the

Lawrence Berkeley Laboratories that allows optimization of daylighting design and

controls [21]. ADELINE is an integrated lighting design computer package

developed by an international research team within the framework of the

International Energy Agency (lEA) Solar Heating and Cooling Programme Task 12.

It contains the lighting tools SUPERLITE and RADIANCE [22]. SUPERLITE 2.0 is

a DOS-based program that runs on IBM-compatible personal computers, and is a

powerful lighting analysis program designed to accurately predict interior

illuminance in complex building spaces due to daylight and electric lighting systems

[23] RADIANCE is a suite of programs for the analysis and visualization of lighting

in design. The user input specifies the geometry, materials, luminaires, time, date

and sky for the specific analysis space. Data and graphic output includes

illuminance and luminance values, with human sensitivity and false color

comparisons. RADIANCE is better than other programs because there are very few

limitations on the geometry or the materials [24].

A number of lighting simulation analyses programs are currently used by architects

and lighting designers, other than the important few mentioned above. Research by

Bryan and Autif compared 4 simulation programs, namely, Lightscape 3.2, Desktop

Radiance 3.02, Lumen Micro 2000, and FormZ RadioZity 3.80 to study their

iridi~idual modelling capacities. Desktop Radiance was found to be the most

accurate for lighting calculations [25].

Many other building energy analysis programs are currently in use. ECOTECT,

developed by Square One Research Pvt. Ltd. is an environmental design tool which

features a user- friendly 3D modelling interface fully integrated with a wide range of

performance analysis and simulation functions [26]. Along with a superior user

J
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interface, this program is ideal for pre-design and design phases for solar shading

and lighting analysis. The visual nature of calculation feedback makes 'ECOTECT'

unique. Nicki Taylor showed in his research that the mean error of the estimated

results of ECOTECT is less than 2%, indicating a reasonable degree of accuracy

[27].

This research will use the building analysis software 'ECOTECT v 5.20' and

Desktop RADIANCE to carry out the simulation regarding daylighting performance

analysis. These two daylighting tools allow the user to perform day lighting

calculations for a building for every daylit hour of the day, for the entire year (or as

might be defined by the user input) for a particular geographic latitude and will be

used to model different daylighting strategies in Bangladesh, and to study their

effect on interior illuminance of architecture design studios.

2.2. LIGHTING DESIGN

According to the Il1uminating Engineering Society of North America (IESNA)

Lighting Handbook, light can be defined as the radiant energy that is capable of

exciting the human retina and creating a visual sensation, with Lighting Design

being defined as the creative process to produce lighting methods and solutions for

safe, productive, and enjoyable use of the built environment, utilizing available

illuminating engineering technology [28].

2.2.1. Interior Lighting Legislation and Standards

Daylighting legislation varies from one country to another, [29] tending to be of

three types. The first type of legislation, usually referred to as solar zoning

legislation, attempts to guarantee buildings and their occupants access to sunlight

for a predetermined length of time. The second type of legislation relates to the

requirement for windows and their sizes and is usually found in building codes. The

third type relates to the quantity of indoor illumination inside a room [30].

Solar Zoning Legislation

This type of legislation is dictated by local socio-economic, cultural, and political
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forces and is addressed by local authorities, varying not only from one country to

another but from one municipality to another or even from areas within a given

municipality. Such legislation generally impacted building bulks, heights, and set-

backs from property lines [31]. In Japan, for instance, such legislation relates to

public health, safety, and welfare and recognizes the need to protect the environment

and to preserve limited natural resources [32]

In Bangladesh the' Bangladesh National Building Code 1993' (BNBC) is a national

level legally binding document which forms the basis for standards of design,

construction and maintenance of buildings in the country. For the capital city of

Dhaka, The Rajdhani Unnayan Kartripakhya (RAJUK) is the planning authority

which specifies regulations set forth in a document titled Bangladesh Gadget 2008,

regarding different types of buildings based on the BNBC. The position of building

with respect to neighbouring streets, the height of building with respect to adjacent

buildings, maximum permissible floor area ratios (FAR), and the space around

buildings to ensure free air-circulation, admission of light and access for service

purpose and engineering considerations are different aspects covered/ considered by

the regulations. Based on these points, restrictions were placed on building set-back

from site boundary, building height, relating this to width of road and set-back at

front of site and maximum permissible covered space [33] The above mentioned

Imarat Nirman Bidhimala is a set of rules which gives separate set-back and height

restrictions for different occupancy groups. Table 2.1 shows the restrictions on

setback, maximum permissible height, maximum ground coverage for educational

buildings under these authorities.

Table 2.1 :Maximum Permissible Floor Area Ratios (FAR) for Educational Buildings
, . SJc~upancy Tvoc of Construction

Type 1 Type 2 Type 3
(HighestDegree (Moderate (LowestDegree
of Fire Degree of Fire of Fire
Resistance) Resistance) Resistance)

BI Educational Facilities 2.5 1.5 0.5

B2 Preschool Facilities 2.0 1.5 0.5

Source: BNBC, 1993

•
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Legislation Based on Window Size

The most frequently used legislation that relates to daylighting is the requirement for

specific window sizes for various types of spaces [34]. And when it comes to the

standards for daylight in schools, most conventional codes prescribe minimum or

maximum levels for window properties or allow the designer to meet performance

goals.

In European countries, the codes go as far as to prescribe a minimum window size

and daylight factor as well as ensuring that the windows are positioned in such a

way to provide a view for all for the occupants, and to reduce the brightness to the

interior (which can cause glare) [35]. In England, the British Code BR 8206

recommends that windows be, at a minimum, 20% of the external window wall for

rooms measuring less than 8 meters in depth and 35% of the external wall for rooms

deeper than 14 meters [36]. For institutional buildings, windows should account for

25% of the exposed wall area [37]

In Japan, regulations for the sIze of windows apply only to buildings with

continuous occupancy such as houses, schools, or hospitals. According to Koga and

Nakamura, article 28 of the Japanese building code stipulates that habitable rooms in

continuous occupancy buildings should have window sizes no less than 14% or

l!7th of the total floor area of the building and between 20% and 40% of the floor

area in other types of buildings [38].

In the United States, the Building Official Code Administrators (BOCA) specifies

that every room or space intended for human occupancy should have an exterior
: , ', .. ,.

glazi'ng are~ 9f ~ot !~,ssthan 8% of the total floor area. Where natural light for rooms
,:.'.:' ',' ", .." \.' - .
lind spaces is provided through an adjacent room, the opening within the wall
t- ";'." ~ .. ' .

separating these two spaces must be no less than 8% of the total floor area of the

room [39].
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Quantity of Illumination Legislation- Illuminance and Daylight factor-based

standards
Illuminance-based requirements are usually in the form of recommended practices

targeting the minimum illuminance level necessary to perform specific visual tasks.

[40]. The Illuminating Engineering Society of North America (IESNA) has

recommended a design procedure which incorporates four steps: defining visual

tasks in the proposed design, selection of illuminance category, determining the

amount of lighting required, and establishing a target illuminance value for design

[41]. It has established a set of minimum recommended illuminance levels for a

variety of visual tasks and space functions. In 1979, IESNA established nine

illuminance categories. Those have later been reduced to seven categories and

organized into three sets of visual tasks with a set of minimum recommended

illuminance levels [42]. Table 2.2 is the IESNA recommended target light levels for

three sets of visual tasks.

Table 2.2: Three sets of visual tasks and their recommended illuminances

established by IESNA

Type of visual tasks

Iluminance Category and Ranges 0

ecommended Illuminances

(5fc)

30 Lux

fo (3fc)

50 Lux

100 Lux

(lOfc)

c

ublic Spaces

A Simple orientation

B short visits

orking spaces wher

tasks ar

Orientation and simple visual tasks

isual performance IS largel

nimportant. These Tasks are found i

ublic spaces where reading and visual

are only occasionall

erformed. Higher levels occasionall

important.
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Type of visual tasks 1,lIuminance Category and Ranges 0,
~ecommended Illuminances

Common visual tasks.

Ivisual performance is important. These D Derformance of Vlsua 300 Lux

asks are found In commercial, asks of high contrast and (30fc)

industrialand residential applications. large size

R.ecommended illuminance levels diffe E Derformance visual task

ecause of the characteristics of the visua of high contrast and smal 500 Lux

ask being illuminated. Higher levels are Size, or visual tasks 0 (50fc) "

ecommended for visual tasks with critica lowconrast and large size

elements oflow contrast or small size. F Performance of Vlsua

asks of low contrast and

small size"
Special visual tasks. Visual performance

is of critical importance. These tasks are G Performance of Vlsua 3000 to

very specialized, including those with ver) asks near threshold 10,000 Lux

small or very low contrast critica (300 to

elements. 1000fc)

Source: 1ESNA Lighting Handbook 2000, p. 464

Bangladesh National Building Code 1993 (BNBC) follows a set of minimum

recommended illuminance levels for a variety of visual tasks and space functions for

educational buildings.

Table 2.3: Recommended values o/illumination/or Educational Building:

Area of Activity Illuminance (Lux)
."

Class and Lecture Rooms
Desks 300
Black boards 250

Art Rooms 400
"

Assembly halls
Examination 300

Corridors 70
Stairs 100
Source: BNBC, 1993

C1 .
.. ~
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As visual tasks in educational facilities vary in size, contrast, viewing direction, and

distance, the IESNA suggests the provision of level that is adequate for the less

demanding tasks and to provide increased illuminance at each specific task location

where a high illuminance is required.

Daylight factor-based standards

OF-based legislation does not target a specific daylight illuminance level in a room

because of constantly changing outdoor conditions; rather, it is based on a

percentage of whatever daylight is available outside and therefore is more practical

than illuminance-based legislation. An example of such legislation can be found in a

few countries [43]. In France, the Cahier des Recommendations Techniques de

Construction (Ministere d'Education, 1977) recommends a minimum OF in

classrooms of 1.5% under overcast sky conditions [44]. Table 2.4 summarizes the

important codes and standards for lighting in classrooms that have been developed

over the years. The chronology suggests that daylighting regulations and standards

have evolved more quickly since the early 1980s.

Table 2.4: Chronology o/important codes and standards

Code Year Country Recommendations for Daylighting in

Classrooms CWu & Ng, 2003, pg.

111).

The London 1894 Britain One-fifth the floor space for vertical

Building Acts lights In classrooms. Recommended

illuminances in classrooms is 91 Lux.

British Standards 1945 Britain Minimum 2% daylight sky factor in

Codes of Practice classrooms, and 5% sky factor where
,.

possible.

IES Lighting 1955 Britain The level of maintained illuminance

Code and the daylighting factor In

classrooms should not be less than 100

Lux and 2%, respectively.
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Code Year Country Recommendations for Daylighting

in Classrooms (WU & Ng, 2003, pg.

111).

Statutory 1959 Britain 2% minimum daylight factor in any

Instrument area normally used as teaching

accommodation (Boyce, 1981, pg.

380).

CIBS Lighting 1977 Britain Minimum illuminance on the working

Code plane should not be less than 300 Lux.

The Education 1981 Britain Daylight illuminance of not less than

(School Premises) 300 Lux, for it to be adequate for the

Regulations task. With a combination of artificial

and natural lighting a minimum of350

Lux should be achieved.

Building Code of 1990 Australia Windows must be provided with a

Australia total area that is not less than 10

percent of the floor area of the room

(Osterhaus & Donn, 1998, pg. 3).

Australian 1990 Australia Maximum glare index value of 19.

Standard &New Where it is possible to provide

1680.1 Zealand daylight through the working hours,

should provide no less than 200 Lux

(Standards Australia, 1990. pgs. 37 &
. 60) .

Guidelines for 1997 Britain School premises should have a
, -, ;'

Environmental minimum of 300 Lux on the working.. .... .
Desigri plane. Whenever possible, a daylight

in School factor of 4-5% should be reached in a

daylit space.

Source: Jackson, 2006 [45}
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2.2.2. Design Strategies for Daylighting

Daylighting design is not only about maximizing light levels. A successful

daylighting strategy is one that maximizes daylight levels inside the building and

also optimizes the quality of the luminous environment for the occupants. The key

word in daylighting design is control, not only of light levels but also of the

direction and the distribution of light [46]. A poor integration of daylighting

technologies can lead to discomfort and unreliable performance. Building foot print,

window orientation, size and angles as well as shading and transmission

characteristics all must be considered [47]. Planning for daylight therefore involves

integrating the perspectives and requirements of various specialties and

professionals. Daylighting design starts with the selection of a building site and

continues as long as the building is occupied [48].

According to the International Energy Agency (2000), Daylighting planning has

different objectives at each stages of building design:

o Conceptual Design: As the building scheme is being created, daylighting design

influences and/or is influenced by basic decisions about the building's shape,

proportions, and apertures, as well as about the integration and the role of building

systems.

o Design Phase: As the building design evolves, day lighting strategies must be

developed for different parts of the building. The design of facades and interior

finishing, and the selection and integration of systems and services (including

artificial lighting), are all related to the building's daylighting plan.

o Final/Construction Planning: The selection of materials and products is affected

by the building's daylighting strategy; final details of the daylighting scheme must

be worked out when construction plans are created.

o Commissioning and Post-Occupancy: Once the building is constructed, lighting

controls must be calibrated, and ongoing operation and maintenance of the system

begins [49].

The earlier in the design process that daylighting is considered as a fundamental,

form-giving component of building design, the greater the building benefits from the
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use of daylighting features [50]. However, any discussion on the influencing effects

of the different strategies for daylighting reveals that the complexities involved in

the whole process of design for daylighting are very inadequately addressed through

the standards and codes that are set for daylight inclusion mentioned in the previous

Section.

The following part of this section will focus on some design strategies for

daylighting.

The Building site and obstructions:

Daylight strategies depend on the availability of natural light, which is determined

by global factors, such as the latitude of the building site and its climatic conditions,

along with the local conditions immediately surrounding the building, e.g., the

presence of obstructions, their nature, heights, etc. The urban site can pose

constraints on the choice of built form, which will influence the possibilities for

optimizing the daylighting. Zoning regulations and maximum permissible floor area

ratios (FAR), that regulate the extent of urban density also affect daylighting design

[51 ].

In selecting daylighting strategies for a building, a designer must take into account

the extent of obstruction to the sun and sky from terrain and surrounding buildings.

If the obstructions (other buildings, vegetation) are close to the site, over shading

may affect the site [52]. Studying the obstructions at a construction site tells a

designer about the daylight potential of the building's facades and allows her/him to

shape the building and to allocate floor areas with respect to daylight availability. A

designer must also take into account the degree to which the new building will

create an obstruction for existing buildings, reducing their access to daylight, and/or

will reflect sunlight that might cause glare at the street level or increase thermal

loads in neighboring buildings [53].

However adjacent buildings may make positive contribution as well. East and west

obstructions can be beneficial in reducing solar gain in the summer, while admitting

energy in the winter when the sun rises in the southeast and sets in the southwest.

i
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This allows one to establish the setback required from an existing obstruction. The

sky exposure angle from a point in an existing building can also be used to

determine the maximum building height and setback required for a new project to

allow adequate light to reach existing buildings [54].
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Figure2.3: The sky exposure angle/rom a point in an existing building

Orientation

To maximize daylighting advantages, buildings can be located and oriented to take

advantage of the sun's movement throughout the day, as well as seasonal variations.

As a general rule, when site conditions permit, buildings that have their long axes

running east and west have a better daylighting potential [55]. This is because the

sun is low in the sky in the east and west, even in the summer which makes shading

difficult. On the other hand, north facing windows hardly receive any direct

sunlight, and that too only in high summer during the cool parts of a day, thus

making very little impact on the thermal environment.

~good design strategy to address building orientation is to 'tune' windows to admit

~r:~~~lucl~solar energy based on their orientation. Generally, south-facing windows. .
should admit winter solar gain, and east- and west-facing windows should exclude

low-angle daylight. Another strategy that addresses orientation is to provide

shallower spaces on the north side and deeper spaces on the south side, to

accommodate the varying depths of daylight penetration [56]. However, it will not

always be possible to provide the optimum orientation for a building on its site, or
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its best relationship with the sun path, but the subject of orientation should not be

ignored.

Building Geometry

The geometry of a building plan plays a significant role on the usage of daylight,

since directly related with the size of the perimeter zone. If it is possible, the ratio of

perimeter zone to total floor area should be increased. The higher the skin to volume

ratio, the greater will be the percentage of floor space available for daylighting.

Long and narrow footprints are preferable to square ones, upto a limit. There are

practical limits to room size beyond which conventional window systems are

ineffective [57]. The deeper the room, the poorer the uniformity of daylighting, and

people furthest from the window wall will feel the need for supplementary electric

lighting. Rooms will have more satisfactory daylight if the depth is no greater than

the width, the depth does not exceed twice the height of the window head, and the

surface of the back wall is light coloured [58].

Figure 2.4: The effective depth (D) of daylight penetrationfrom a side window as

factor to window height (H). (Source: Boubekri, 2008)

Daylighting Strategies for Fenestration

Strategies for Fenestration may be divided into two groups. The first includes side-

lighting systems, where light is brought from the sides of a building into the interior

space. The second group includes top-lighting systems [59].Whether to use side-

lighting or top-lighting, daylighting strategies should be decided during a building's

conceptual design stage [60].
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Side-lighting Systems

Side-lighting aims to distribute daylight into the depth of a space, to provide enough

light to perform a task in the room while avoiding glare and allowing a view to the

outside [61]. Adding devices to the window glazing such as light-shelves, prisms or

mirrored louvers offers a viable side-lighting strategy because of the ability of these

devices to deflect light further away from the window wall and towards the back of

the room [62].

Side window
Side windows include view and non-view elements, that is, windows and clerestory,

respectively. Traditional side windows tend to produce overly lit areas near the

window and dimmer conditions elsewhere, especially if the room is deep. In

addition to sky conditions, factors that influence the spread and depth of daylight

penetration include the orientation of the window, the location of the window within

the wall and in relation to the activity zones and the rest of the room, the effective

height of the window (from the sill to the upper limit of the window), and its width.

A single side window may cause high discomfort glare because of the contrast

between the brightness of the window and the darker background surrounding the

window aperture. A more balanced daylight distribution may be obtained by

bringing daylight from two different side walls, resulting in a deeper, more balanced

daylight distribution and a reduction in glare [63].

Clerestory system
A clerestory is also a side window but one that is usually contained in a part of the

building that rises clear of the roof. Generally, it doesn't provide views towards the

exterior but permits a deeper penetration of daylight into the room than a standard

side window. Like a standard side window, a south-facing clerestory will produce

higher daylight illumination than one that faces north in the northern hemisphere.

East- and west-facing clerestories present the same problems as east and west

windows: difficult shading and potentially high heat gains, especially when west

facing. The depth of the daylight zone depends on the mounting height of the

clerestory (distance from the floor to the bottom of the aperture) and the width and
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length of the clerestory itself. The higher the mounting height, the deeper the

daylight zone [64].

arger window height

Figure 2.5: Daylight penetration pattern with a clerestory window.

Combined side-systems

Combined side-systems that include a side window and a clerestory provide a more

balanced distribution of daylight than does a typical side window or a clerestory

window alone. Since daylight levels are additive, we can combine the daylight

distribution from the side window with that from a clerestory window [65] to predict

daylight availability from a combined system.
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Figure 2.6: Daylight penetration resulting from the combination of a vertical

clerestory and a side window. (Source: Boubekri, 2008)

Light-shelf system

A light-shelf is a device designed to capture daylight, particularly sunlight, and

redirect it towards the back of the room by reflecting it off the ceiling. As a result,

this strategy can lead to a more even distribution of light throughout the room than is

found in a room with only a side window. It divides the window into a lower part
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that mainly serves the role of providing a view and an upper window that serves to

redirect the daylight towards the back of the room away from the window plane. As

a by-product, a light-shelf can also provide shade from direct sunlight and reduce

glare from the sky [66].

The design of a light-shelf should be integrated with the fenestration of the building

and planned during the early design stages. Its size and depth depend on window

size and fa9ade orientation. Its location will be dictated by the room configuration.

Generally, the lower the light shelf height, the greater the glare and the amount of

light reflected to the ceiling [67].

Figure 2.7: Daylight penetration in a room with an exterior light shelf (Source:
Boubekri, 2008)

Side Window only'"" '''' '" ----._"-
Figure 2.8: Daylight penetration from a combined light shelf system (Source:
Boubekri, 2008)

Louver systems

Louvers and blinds are composed of multiple horizontal, vertical, or sloping slats.

Depending on slat angle, louvers and blinds partly or completely obstruct directional



34

view to the outside. Vertical blinds allow a vertical view of the sky dome, and

horizontal blinds reduce the vertical height of the exterior view. An occupant's

perception of view can sometimes be obstructed by the small-scale structure of slats,

which generates visual confusion as the eye sorts out the outside view from the blind

itself. Many louvers and blinds are therefore designed to be fully or partially

retracted [68].

Interior

&lass

Exterior

Figu~e 2.9: Light-redirecting louver system. (Source: Boubekri, 2008)

..

I

Figure 2.10: Prismatic panel inserted within a side window redirecting incoming
sunlight (Source: Boubekri, 2008)

Top-lighting Systems

Roof lights receive light from the brightest regions of the sky, so they are powerful

sources of daylight. They do not, however, provide users with a view to the outside,
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so daylighting strategies that depend exclusively on roof lights are limited to spaces

where a view is not necessary. Because top-lighting is exposed to high incident

sunlight, the size of roof lights needs to be carefully balanced to meet lighting,

thermal performance, and shading requirements [69]. This is of particular

importance in tropical regions like Bangladesh.

Skylight system

A skylight system is one of the simplest top-lighting strategies. It usually provides a

horizontal or slanted opening in the roof of a building and is designed to capture

sunlight when the sun is high in the sky and diffuse light from the zenithal area of

the sky vault, and introduce it into the portion of the room under the skylight. This

daylighting approach can be used only for the top floor of a multi-story building or

for single-story buildings [70].

~-',ij •....••.•• r

Figure 2.11: Daylight penetration pattern from two skylights. (Source: Boubekri,

2008)
'i~: •"M'" ~

..A Modified ~ight LevelA

Figure 2.12: Modified daylight penetration pattern with a light deflecting device

beneath the skylight. (Source: Boubekri, 2008)

Roof monitor and saw-tooth systems

Roof monitors and saw-tooth systems are top-lighting strategies that differ primarily

in their shapes. Under these systems, light is captured through vertical or sloped

openings in the roof. Roof monitors can be single-sided or two-sided. Single-sided

roof monitors and saw-tooth systems provide a directional effect inside the room,
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especially if the elements are spaced far apart. Two-sided roof monitors provide a

more uniform distribution of daylight and less directionality, particularly under

overcast sky conditions [71].

Light Level

Figure 2.13 A single-sided roof monitor system designed to allow winter sunlight

to enter but not summer sunlight. (Source: Boubekri, 2008)

2-1/2H 2- 1/2H
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Figure 2.14: A single-sided sawtooth system provides directional distribution of

daylight inside the room. (Source: Boubekri, 2008)

!

Figure 2.15: Two-sided roof monitor system. (Source: Boubekri, 2008)

Light pipe system
. , .' ..
A light pipe system is a state-of-the-art top-lighting strategy designed to bring

daylight into the lower floors of a multi-story building. This apparatus can be

relatively simple or sophisticated and elaborate. The typical components of a light

pipe system are a solar collector that gathers sunlight, a concentrator that focuses

solar energy onto a smaller area, a transport system, and a distribution system [72].
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Figure 2. J 6: A light pipe system with its various sunlight collection and light

transport systems. (Source.' Boubekri, 2008)

Shading
Exterior shading devices are effective at controlling solar gain. South-facing

windows are the easiest to shade, using horizontal shading devices, which block

summer sun and admit winter sun most effectively. East- and west-facing windows

are best shaded with vertical devices, but these shades are usually harder to

incorporate into a building, and limit views from the window. [73].

.' -
figu~e2. J 7.' Common types of exterior shading (Source: Daylighting Guide for

Building)

Finishing, Furnishing, and Space Activities

Interior finishing has to be part of the daylighting strategy. Daylight-redirecting

strategies usually direct daylight to the ceiling of a room. The reflectance

characteristics of the ceiling influence the way daylight will be distributed. The

reflectances of walls, floor, and furniture also have a large influence on the

(
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committee has

impression created by a space [74].

Specifically for educational buildings, the IESNA daylighting

established a set of recommended practices for the reflectance of ceiling, walls,

floors and furniture of a classroom. According to IESNA walls, including tack-

boards and large cabinets or cupboards mounted on the wall, should have non-

specular (diffuse) surfaces with 40 to 60% reflectance. Blinds or drapes, like walls,

should be light coloured, with similar reflectances. Walls adjacent to windows

should also have very high non-specular reflectances to avoid excessive luminance

ratios between the windows and the wall surface. The portion of the wall above the

level of the luminaires should have a minimum reflectance of 80%. The ceiling

should be even more highly reflective (white) and non-specular, because the ceiling

is most important in reflecting light downward towards tasks on desk tops when

using direct-indirect or indirect luminaires. It is also necessary to avoid obvious

brightness differences between the ceiling and the luminaires. Ideally, the ceiling

should have a luminance greater than or equal to that of the side walls. It is desirable

to have the luminance of the side walls at least one-half that of the upper walls and

ceilings. Floors provide the secondary background for desk-top tasks. Floors should,

as with all other surfaces, be non-specular. The floor reflectance should be as high as

practicable using readily available materials for floor covering with the objective of

having a reflectance approaching 25%. The floor reflectance is not as critical as

other room surfaces, but it does contribute to the ambiance of the space and should

not be overlooked [75]

The IESNA daylighting committee has also established a set of recommended

.practices for spaces where computer tasks predominate. The IESNA recommended,

in spaces containing computer tasks, the average maintained illuminance levels

should not exceed 500 Lux on the horizontal work plane. According to IESNA, the

maximum ceiling luminance should not exceed ten times that of the computer

screen, since typical computer task is performed in a heads-up position, and the

ceiling brightness from indirect lighting may cause problems [76].
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2.2.3. Summary

This cursory overview of daylighting strategies and design complexities makes clear

the deficiency of building codes and standards in regard to the issue of daylighting.

If we think of daylighting as the active use of daylight in building .interiors to

achieve a particular purpose, then no daylighting standards that are enforceable by

law exist in any country. Legislation that mandates minimum window sizes for

certain types of spaces cannot be considered daylighting legislation because it does

not necessarily translate into the actual presence of daylight inside a room as a

window may have a very low daylight transmission coefficient. The review shows

that the progress of daylighting regulations and standards has evolved more quickly

since the early 1980s. This suggests that there is a dire need for more research into

daylighting in schools, and in other work environments. Without this, it is difficult

for policy makers to construct sensible and useable regulations for daylighting. This

review was helpful in understanding the basic daylighting strategies in buildings.

This will help to evaluate successive changes of various parameters! features on the

typical model! example space to examine changes in penetration and distribution,

aiming to arrive at optimum design values.

2.3. CLIMATIC CONTEXT OF DHAKA: DAYLIGHTING ASPECTS

This section is concerned with determining the critical period of each year, for

collection of illumination data and for fixing an appropriate critical date for

simulation studies. This section also aims to give a theoretical basis for setting

climatic parameters to be used during simulation studies for the present context of

Dhaka. In this study the performance of the example space constructed with typical

architectural features of architecture design studios will be evaluated! studied under

Dhaka's climatic condition. The reason Dhaka has been chosen as the location of the

example space for simulation exercise is that, most of the architecture design studios

of Bangladesh are situated here. In the following section climatic characteristics of

Dhaka city will be discussed, in conjunction with the micro-climate of Dhaka, with

special emphasis on sky characteristics and the daylighting aspects of the climatic

parameters.

/,
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2.3.1. Geographical Location and the Microclimate of Dhaka city:

The geographic location of Dhaka is, longitudes: 90° East- 90° 30' East and latitudes:

23°40' North and 23°55' North. The climate here is tropical and greatly influenced

by the presence of the Himalayan mountain range and the Tibetan plateau in the

north and the Bay of Bengal in the south [77] The climatic characteristics of Dhaka

differs from that of other cities of the country due to its dense physical development

and location [78].

Table 2.5: Climatic data of Dhaka

Climatic Period Hot-Dry Warm-Humid Cool-Dry

Months March-May June- Sept Oct-Nov Dec- Feb

Climatic Factors (Monsoon) (Post (Winter)

Monsoon)

LAir Temperature ( Co)

a.Maximum 37.80 36.10 34.90 32.40

b. Minimum 13.80 20.90 13.30 6.80

c. Average 28.02 28.8 25.42 19.43

d.Diurnal variation 11.60 7.12 11 14

(Avg)

2.Relative humidity (Avg) 69.91 84.78 82.59 76.70

3.Rainfall (mm) [Average] 156.70 317.50 125 23.33

4.Global Radiation (W/m') 495 373 412 431

[Average]

5.Sunshine Hours [daily 7 4-5 7 8

Average]

6.Wind Speed (mls) 2.6 2.2 1.5 1.5

[Average]

7. Wind Direction S, S-E S, S-E, S-W S, S-E N,N-W

Sourc.e: Khan, 2005[79]
"

2.3.2. Luminous Environment of Dhaka City:

The luminous environment of the city is related with duration of sunshine hours and

sky condition, two major climatic factors determining the quality and quantity of

daylight [80],
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2.3.2.1. Sunshine Hours

Daylight availability of any location is influenced by latitude and weather patterns

[81]. In the winter season, Dhaka has more than 8 hours of sunshine per day. But

during monsoon months (warm-humid season) this comes down to 4 hours per day

due to cloud cover. It is after June and July that this once again increases steadily

[82].
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Figure 2.18: Monthly Average Sunshine Hours in Dhaka (Source: Bangladesh

Meteorological Department, Dhaka, 2005), citedfrom: Rahman (2007)

2.3.2.2. Sky condition

Direct sunlight is intense and varies substantially as the sun's position (with respect

to earth's position) changes throughout the day (up to 1, 00, 000 Lux). Daylight

from a clear sky can be 10 to 25% of the intensity of direct sunlight (10, 000- 25,

000 Lux). Daylight under partly cloudy conditions can be highly variable; daylight

under full overcast conditions can be 5 to 10% of sun condition (5000- 10, 000 Lux)

[83].

The' climate of Dhaka is tropical and has mainly three distinct seasons - the hot dry

(¥arch-May), the hot humid (June-November) and the cool dry season (December-

february) [84].The sky can be clear or overcast in different parts of the various

seasons. During summer (Hot Dry) the sky remains both clear (sunny with sun) and

overcast. However, during the warm-humid period, which includes the monsoons,

the sky remains considerably overcast most of the time. It is only during the winter

(December-February) that the sky mostly remains clear [85].

0'
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In composite climates like Dhaka, one is faced with overcast conditions as well as

clear blue skies during the course of each year and the ways and means of tackling

the two conditions are quite contrasting to each other [86]. Windows with fixed

horizontal overhead is suitable for overcast sky condition, on the other hand vertical

and movable devices are recommended for clear sky. In such cases, it is the overcast

sky with steep luminance gradation towards zenith and azimuthal uniformity [87]

that presents the more critical situation and hence, design for daylight should satisfy

good lighting criteria under overcast conditions [88]. Table 2.6 shows sky condition

of Dhaka city with respect to cloud cover for year 2005.

Table 2.6: sky condition in respect of cloud cover for a year.

Type of Sky Hot Dry Hot- Humid Cool Dry Total
Pre- Monsoon Post- (Dec- (Day)
Monsoon (June-Sept) Monsoon Feb)
(March-Mav) (March-Mav)

Clear Sky 62 38 39 77 215

Overcast Skv 30 84 22 14 150
Total (Dav) 92 122 61 90 365
Source: Climatic Division, Bangladesh Meterological Department, Dhaka 2005

(citedfrom: Joarder, MA.R. 2007)[89J

10

Figure 2.19: Monthly Average Cloud Cover in Dhaka (Source: Bangladesh

Meteorological Department, Dhaka. 2005) citedfrom: Rahman (2007)

2,3.2.3. Design skies:

Design Sky values are derived from a statistical analysis of dynamic outdoor sky

illuminance levels. They represent the horizontal illuminance value that is exceeded

85% of the time between the hours of 9am and 5pm throughout the working year.
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Thus they also represent a worst-case scenario that you can design to and be sure

your building will meet the desired light levels at least 85% of the time. Design sky

values vary from around 12-15,000 Lux at the equator down to around 3-4000 Lux

at a latitude of c!c60°,[90] as shown in Figure 2.2 below.

3-,000 L."
~,OOO ~ ••
5,000 L,."
r,M-O LII"

••••••• 10,llj).O l.u"

- -- - - - 15,O.O.D LII"

18',0.00 Lu"

- - - -- - 15-,000 LII"
- --- - - -10,OOIl L".

1',50 0 ~I"X

5., Oll 0 (,."
~,OOtl lollO

.,ll!JO lll"

Fig 2.20: Design Sky Values in different Latitudes

Source: Square One web site

Table 2.7: Suggested values for 'design sky' in the different latitudes

Suggested Values for overcast sky

Latitude 50-60" 5,000 Lux (lumen! m" )

Latitude 40-50" 5,000- 6,000 Lux (lumen! m")

Latitude 30-40" 6,000- 8,000 Lux (lumen! m2
)

Latitude 20-30" 8,000- 10,000 Lux (lumen! m2
)

Latitude 10-20u 10,000- 15,000 Lux (lumen! m2
)

Suggested Values for clear sky (sun altitude 15' minimum)

All latitude 5,000 Lux (lumens/ m2
)

Solar altitude 15" 14,000 Lux (Iumens/ m2
)

Solar altitude 30" 36,000 Lux (Iumens/ m2
)

Solar altitude 45" 58,000 Lux (lumens/ m2
)

Solar altitude 60" 75,000 Lux (Iumens/ m2
)

Solar altitude 75" 83,000 Lux (lumens/ m2
)

-

Solar altitude 90" 94,000 Lux (Iumens/ m")

(to 110,000 Lux (lumens/m2
))

Source: Evans, M 1980 [91]

(
J



44

2.3.3. Relevant findings for simulation exercises

The objective of successful buildings from the point of view of climate

responsiveness varies with the climate the building is built to encounter. The needs

of the different seasons of the composite climate vary, which make it difficult for the

designer to satisfy the year round comfort requirement. When faced with conflicting

requirements, the designer needs to assess the intensity of the situation and set

priorities based on these assessments. The 'design' season in composite climate is

hot dry season, with April as its peak. Dhaka receives the highest amount of solar

radiation in April. This also happens to be the hottest month, with a high diurnal

range, indicating low humidity levels and high clearness index [92].

As the objective of this thesis was also to prepare a basis for further research to

investigate the consequences of daylight inclusion, especially on cooling needs, and

openings should be designed to satisfy good lighting criteria under overcast

conditions [93] the critical period of observation was set for the month of April.

Field survey of architecture design studios in Bangladesh (Chapter III) show that in

most of the cases students work in the studio, from morning till evening. Khan in his

thesis titled 'Rethinking Learning Spaces: In warm'humid climatic context with

special reference to Dhaka, Bangladesh' shows that for a full day 85% of available

illuminance at outdoor is 10,000 Lux and if the time frame is considered as 0800-

1600 hours, about 16, 500 Lux has been observed as 85% of total daylight hours

during this time [94]. During the simulation study, the outdoor illuminance value

will be considered as 16,500 Lux.

C'.'"

("-
,( .,



45

References

1. Baker, N., Steemers, K. (2002) Daylight Design of Buildings. London: James & James.

2. Hopkinson, R., Petherbridge, P., Longmore, J. (1966) Daylighting. London: William

Heineman.

3. Baker, N., Steemers, K. (2002) op.cit.p.242.

4. Illuminating Engineering Society of North America (2000), The lESNA Lighting Hand

Book : Reference and Application, Ninth Edition, lESNA Publication Department, USA.

P.335

5. ibid, p.337

6. International Energy Agency (2000) Daylight in Buildings, a source book on daylighting

systems and components, A report of lEA Solar Heating and Cooling Task 21/ Energy

Conservation in Buildings and Community Systems Programe, Annex 29, July 2000.

Retrieved September 2009, from http://www.iea-shc.org/task21/index.html.

7. Ibid. p. 2-2

8. Joarder, MAR. (2007) A Study of Daylight Inclusion in Luminous Environment of

Offices in Dhaka City, M.Arch Thesis, Department of Architecture, B.U.E.T, Dhaka.

9. Ibid.

10. Ibid

11. lEA SHC Task 21. (2000) op.cit.p.6-1.

12. Ander, G. 1995. Daylighting Performance and Design. New York: Van Nostrand

Reinhold.

13. IESNA (2000) op.cit. p. 337

14. Stein, B. and Reynolds, 1. S. (1999) Mechanical and electrical equipment for buildings.

New York: John Wiley & Sons.

15. Hopkinson et at. (1966) op.cit.

16. Boubekri, M.(2008) Daylighting, Architecture, and Health: Building Design Strategies,

Architectural Press / Elsevier Publishers, Oxford, UK, p.62

17. j3aker and Steemers, (2002) op.cit.

18. Boubekri, M. (2008) op.cit. p.62

19. Robertson, K.(2002) M. Arch: "Day lighting Guide for Buildings", NSAA, Solterre

Design, CMHC Daylighting Guide for Buildings; p. 20

20. Augenbroe, G. (2002) Trends in building simulation. Building and Environment 37(8-

9): 891-902.

21. Robertson,K.(2002) op.cit.p.20.

',::,

http://www.iea-shc.org/task21/index.html.


46

22. Fraunhofer-Institut fUrBauphysik. (2002) ADELINE. Retrieved September 2003, from

http://www.ibp.fhg.de/wt/adeline/ .

23. LBNL. (1994) SUPERLITE 2.0. Windows and daylighting group. Building

technologies program, Lawrence Berkeley National Laboratory, Berkeley, CA. Retrieved

October 2003, from http://windows.lbl.gov/software/default.htm.

24. LBNL. (1997) The RADIANCE lighting simulation and rendering system. Building

Technologies Program, Lawrence Berkeley National Laboratory, Berkeley, CA.

Retrieved October 2009, from http://windows.lbl.gov/software/default.htm.

25. Bryan and Autif 2002, Bryan, H., Autif, M. 2002. Lighting/daylighting analysis: A

comparison. Retrieved December 3, 2009, from http://www.sbse.org/awards/docs/Autifpdf

26. Marsh, A. 2003. ECOTECT. Square One Research Pvt. Ltd. Welsh School of

Architecture, Cardiff University, Wales, UK. Retrieved January 2010, from

http://squl.com/site.html

27. Taylor, N. (2002) Energy Efficiency for Everyone: Analysis and Development of an

Energy Efficient Project Home, Bachelor of Engineering (Hons.) Thesis from Department

of Environmental Engineering at University of Western Australia.

28. IESNA (2000) op.cit. p.8

29. Julian, W. (1998). Daylighting standards, codes and policies. In: Proceedings of the

Daylighting '98 Conference. International Conference on Daylighting Technologies for

Energy Efficiency in Building, May 11-13,Ottawa (Canada) .265.-{j9.

30. Boubekri, M.(2008) op.cit. p.53

31. Ibid, p.54
32. Miller, S.S. ( 1976 ). Let the sunshine in: a comparison of Japanese and American solar

rights Harvard Environmental Law I , 579 .

33. Ahmed, Z.N. (1994) Assesment of Residential Sites in Dhaka with respect to Solar

Radiation gains, PhD. Thesis (unpublished); De Montfort University; Leichester, UK,

Chapter 2. p.30.

34. Boubekri, M.(2008) op.cit.p.48.

35. Ruck, N., Aschehoug, 0. Aydinli, S., Christoffersen, J., Courret, G., Edmonds, 1.,

Jakobiak, R., Kischkoweit-Lopin, M., Klinger, M., Lee, E., Michel, L., Scartezzini; J.-L. &

Selkowitz, S. (2000) Daylight in Buildings - A Source Book on Daylight Systems and

Components, Berkeley, CA, Lawrence Berkeley National Laboratory.

36. Department of the Environment ( 1971 ). Sunlight and Daylight Planning Criteria and

Design of Buildings . London: HSMO . pp. 22-26.

http://www.ibp.fhg.de/wt/adeline/
http://windows.lbl.gov/software/default.htm.
http://windows.lbl.gov/software/default.htm.
http://www.sbse.org/awards/docs/Autifpdf
http://squl.com/site.html


47

Health & Safety Commission ( 1992 ). Workplace (Health Safety and Welfare) Regulations

1992: Approved Code of Practice and Guidance L24. London: HMSO.

37. Littlefair, P. ( 1999 ). Daylighting and Solar Control in Building Regulations. Building

Research Establishment. CR398/99, pp. 1-27.

38. Koga, Y. and Nakamura, H. (1998). Daylighting codes, standards and policies mainly in

Japan, In: Proceedings of the Daylighting '98 Conference. International Conference on

Daylighting Technologies for Energy Efficiency in Building, May 11-13, Ottawa (Canada) .

pp.279-86.

39. Building Officials & Code Administrators ( 1990 ). The BOCA National Building

Code/1990. BOCA International Inc ., pp. 126-27.

40. Boubekri, M,(2008) ,op.cit.p.50.

41.lESNA (2000) op.cit.

42. ibid.pA63.

43. Boubekri, M.(2008) op.cit. p. 62

44. Ministere d'Education ( 1977 ). Cabier des recommendations techniques de construction

Editions du Service de l'Education National, France.

45. Jackson,Q. (2006) Daylighting in Schools: A New Zealand Perspective, M.S. School of

Architecture, Victoria University of Wellington. pp. 27, 28.

46. Boubekri, M.(2008) op.cit. p. 12

47. Robertson, K.(2002) op.cit.pA.

48. lEA SHC Task 21. (2000) op.cit. p.2-2

49. Ibid

50. IESNA (2000) op.cit. p.369

51. lEA SHC Task 21. (2000) op.cit. p.2-2

52. Baker, N., Steemers, K. (2002) op.cit.p.36.

53. lEA SHC Task 21. (2000) op.cit. p.2-4

54. Robertson, K.(2002) op.cit.p.8.

55. Ibid, p.8.

56. Ibid, p.8.

57. A.G.S.(2000) Architectural graphics standards John Wiley & Sons, Inc. New York, CD-

Rom Version.

58. Designing Quality Learning Spaces: Lighting, (2007), Developed by BRANZ

(Building Research Association of New Zealand) Ltd for the Ministry of Education

59. Boubekri, M. (2008) op.cit. p.l22



.,

48

60. lEA SHC Task 21. (2000) op.cit. p.2-II.

61. Ibid,pol-ll.

62. Boubekri, M. (2008) op.cit. p. 112

63. lbid,p. II 2

64.lbid,p.113.

65. Ibid,p.114.

66. Ibid,pp.114-ll5.

67. lEA SHC Task 21. (2000) op.cit.p.4-ll

68. Boubekri, M. (2008) op.cit.p.l18.

69. Ibid, p.122

70. Ibid, p.122

71. Ibid, p.123

72 . Ibid, p.125

73. Robertson, K.(2002) op.cit.p.l3.

74. lEA SHC Task 21. (2000) op.cit. p.2-2

75.lESNA (2000) op.cit.pp.5 10-5II

76. Ibid, pp.499-501

77. Mridha, A.M.M.H (2002) A study of thermal performance of operable roof insulation,

with special reference to Dhaka, M.Arch Thesis (unpublished), Department of Architecture,

B.U.E.T, Dhaka, p.9.

78. Ahmed, K.S. (1995), Approaches to Bioclimatic Urban Design for the Tropics with

Special Reference to Dhaka, Bangladesh, PhD. Thesis (unpublished), Architectural

Association School of Architecture, London, U.K. p.l4.

79. Khan, M.N.Z.I. (2005) Rethinking Learning Spaces: In warm-humid climatic context

with special reference to Dhaka, Bangladesh, MA Dissertation (unpublished), Environment

and Energy Studies Programme, Architectural Association Graduate School, London, p.

80, .Joarder, M.A.R. (2007) A Study of Daylight Inclusion in Luminous Environment of

Offices in Dhaka City, M.Arch Thesis, Department of Architecture, B.U.ET, Dhaka.

8;: A:G:S.(2000) op.cit.

82. Rahman, A. (2004) Climatic Evaluation of Planned Residential Developments in the

Context of Dhaka City, M.Arch Thesis (unpublished), Department of Architecture, B.U.E.T,

Dhaka.

83. Joarder, MAR. (2007), op.cit. p.46.

i',
'.



49

84. Ahmed, K.S. (1995) Approaches to Bioclimatic Urban Design for the Tropics with

Special Reference to Dhaka, Bangladesh, Ph.D. Thesis (unpublished), Architectural

Association School of Architecture, London, U.K.

85. Joarder, MAR., Ahmed, Z.N., Price, A., & Mourshed, M, A., (2009) Simulation

Assessment of the Height of Light Shelves to enhance Daylighting Quality in tropical Office

Buildings Under Overcast Sky Conditions in Dhaka, Bangladesh, Eleventh International

IBPSA Conference Glasgow, Scotland.

86.Ahmed, Z.N. (1987), The effects of Climate on the design and Location of windows for

Buildings in Bangladesh, MPhii thesis (unpublished), Sheffield City Polytechnic. (cited

from: Joarder, MA.R., Ahmed, ZN., Price, A., & Mourshed, M, A., 2009)

87. International Commission on Illumination (CIE). 2004. Spatial distribution of daylight-

CIE standard. general sky, second edition. (cited from: Joarder, MA.R., Ahmed, ZN.,

Price, A., & Mourshed, M, A., 2009)
88. Evans, M. (1980). Housing Climate and Comfort, The Architectural Press, London.

(citedfrom: Joarder, MA.R., Ahmed, ZN., Price, A., & Mourshed, M, A., 2009)

89. Joarder, MAR. (2007), op.cit. p.47.

90. Koenigsberger, O.H., ]ingersoll, T.G., Mayhew, A. & Szokolay, S.V. (1997) Manual of

tropical housing and building, climatic design, Orient Longman Ltd, Chennai, p.142.

91. Evans, M. (1980) op.cit.

92. Ahmed, Z.N. (1987) op.cit.. p.16.

93. Ahmed, Z.N. (1987), op.cit. p.198.

94. Khan, M.N.Z.L (2005) p.63.

.../1



CHAPTER III

FIELD SURVEY, FINDINGS AND ANALYSIS

o



50

Chapter III: FIELD SURVEY, FINDINGS AND ANALYSIS

3.1. Objective of the Field Study

The purpose of this field study is to investigate the nature of the luminous

environment to establish a picture of current lighting practice in the architecture

design studios of Bangladesh. The field study also aims to identify the architectural

features that are presently being used in these studios and to assess their affects on

overall luminous environment of studio interior which in turn will also give a basis

for constructing the initial simulation model and also for selecting variables for the

simulation study in the next chapter.

3.2. Strategy and the Expected Outcome of the Field Survey

This field study is designed and constructed in accordance with the above mentioned

objectives. At first, a number of criteria relevant to this study were set, based on

which certain studios were selected for the detailed investigation. To get an idea of

the nature of the luminous environment and current practices in architecture design

studios, a detailed survey was then conducted on the selected studios to observe

what types of visual tasks usually take place in the studios and what illumination

levels are actually achieved on them. In this survey, electricity consumption by the

artificial light was also recorded and analysed. A questionnaire survey was then

conducted to investigate what design issues are considered 'problematic' by the user

group and how these design problems create difficulties in visual performances of

surveyed design studios. The questionnaire survey also explores how blinds/

~llr~ins apd artificial lights are used by occupants to modify light levels at their

~p,r1<ingplaI)~s.
F'

The architectural features, internal and external factors (like orientation, shape,

length-width ratio, layout, window-floor ratio, window details, internal reflected

components) that are found in the surveyed studios were studied in this field study,

to identify their impact on the daylight inclusion and the overall luminous

environment of the surveyed studios.
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Finally, the relevant infonnation from the surveyed results were summarized to give

a basis for constructing the initial simulation model and for selecting variables

whose presence or absence, increase or decrease in design, would be assessed

through simulation study. The strategies that have been followed are shown in the

following chart.

STRATEGY

STEP 01: Detennining:
- Time students spend in studio on a studio day
- Types of visual tasks, their frequency in the
studios
- User's response on existing lighting condition
- Illumination level at the working plane of the
studios and the calculation of daylight factor
-Energy consumption by artificial light in the
studios

EXPECTED
OUTCOME

Nature of tum'inotls
Environll1c.nt in (~IC
ArchiIcelliroeIf..:s ign
Sludios of
Banglade<;hand lhe
IIser's opinionl
fcedbac;k on them

STEP 02:
Studying the architectural features that are
presently. being used in architecture design
studios of Bangladesh and finding out their
impact on the present lighting situation. In this
process the impact of following factors on
overall luminous environment of the surveyed
studio interior were investigated.
External Factors:
-Orientation
-Surroundings
-Obstruction details
Internal Factors:
-Shape, layout and depth of studios
-Window to floor ratio
-Window details
-Internally reflected components

STEP 03:
Summarizing the relevant infonnation for simulation study

Figure: 3.lltems covered in thefield study

The u'adilion and
present practic<l in
designing and
pi IInning of
uTcl\,iCcClu1"C design
sttJdios of Bangladesh
and lheir
cffl;clslinflucl1cc 011
the o.-cmll luminous
ell"; ronment Cif lhe
surveyed studio
illlerior.

The basis fOl':
• Consimcting the
iniHal simulation
model, 3nd
- Selecting vllI'inblcs
whose impact w,lI be
sllldjed through tile
simuiatiM smil)' ..
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In this field study, the data of the selected studios were collected from the original

design documents including the building and floor layout drawings wherever

possible. Further information was obtained through site visits and discussions with

the user group.

3.3. Selection of the Sample group of Studios for the Field Study

Daylight inclusion and distribution analyses were carried out through a study of

selected architecture design studios of Bangladesh. The process of selecting these

studios is described in this following section.

In Bangladesh, there are fourteen (14) universities with an architecture department

and preliminary observation shows that among these fourteen (14) universities,

twelve (12) are located in the capital city of Dhaka. The following table gives the

list of universities of Bangladesh which have an architecture department.

Table 3.1: List of Universities with Architecture Department

No
- Name of the Uiiiversities

- .0 __ - •

Location
..-

Design Status' ,

~I Bangladesh University of Engineering Dhaka Designed

'" and Technology (BUET).S:-.;;; 2 Khulna University Khulna Designed••"> Shahjalal University of Science and'= 3 Sylhet Renovated
;;;l

.~ Technology:0
:I 4 Chittagong University of Science and Chittagong Renovated=- ,, Technologyi,

: 5 Ahsanullah University of Science & Dhaka Designed

i : Technology (AUST)
'"";e 6 North South University (NSU) Dhaka Designed
'"••" 7 BRAC University Dhaka Renovated..~
=::J 8 The University of Asia Pacific . Dhaka Renovated
"

.-" 9 Stamford University Dhaka Renovated>
'i:
=- 10 American International university of Dhaka. Renovated

;
Bangladesh .

J



World University of Bangladesh

Prime Asia University

Bangladesh University

Dhaka

Dhaka

Dhaka

Renovated

Renovated

Renovated
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The table shows that there are only four (4) universities which have "Designed"

architecture design studios (which were designed for studio purpose) and all the

other universities have studios which were not primarily designed for studio purpose

and were only later converted into architecture design studios. As it is expected that

the 'Designed' studios will have better design and will perform better as a studio

than those which were renovated later, in this study the daylighting performance of

architecture design studios will be determined through the survey of a sample group

of studios selected from these 4 universities.

(iii) The sample group should include studios with diverse space configuration:
I

" yolume, area and different floor levels

(iv)The sample group should include conventional typologies of studio layout.

Single loaded or double loaded corridor arrangement, courtyard centric

arrangements were also considered while grouping them into different types.

Considering the above mentioned criteria, the following sixteen (16) studios from

the four selected universities were finally chosen for the detailed investigation,
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which were further grouped into eight types.The groupings were principally based

on studios having different types of space configurations. For use in this study, the

selected studios were numbered (1,2, 3, & so on), according to the sequence of the

completion of field study. This research uses the results of field survey of these 16

studios to investigate the present lighting state in architecture design studios and also

to identify the factors which affect the luminous environment of studios of

Bangladesh. Table 3.2 gives a list of studios selected for detail investigation

Table 3.2: Types of selected studios for detailed field study

'Type Area
- -- -- Condiiions

- -_..

(m~) - - i

No orientation Exposure Corridor Floor - I,
_arrangement

~ Type ..L I Sl Floor
'in A 243 North and 2 sides: Single 2nd Floor~

~.~~ ~
e " 0 3 South N&S loaded 3rd Floor::J"-e 0 1stFloor..c: .~ ,.E Type ~:G (.) U
-0"''' B 213 5 North and 2 sides: Single 2nd Floor

" "-< I-~o f--- South N&S loaded 3rd Floore 6
"o:l

Type ;!- North and 2 sides: Courtyard
C 216 8 South N&S 2nd Floor

~
" -0
e " Type 162 9 North and 2 sides: Courtyard- >" .-::2:5 D South N&S

" Type 119.7 10 North-East Courtyard 2nd Floor
"e ~ E and I side:" t---

3rd Floor..c:.u 0 11""'- South-West SoW= t;..." 0
" 0 e Courtyard 4thFloorcc"fi Type 90 12 North-East
" "l:! 'Vi E- F and I side:<t:z>"'t'> e South-West SoW"2 ro
::J

Type 68 13 North and 2 sides: Double SIn Floor

~
G South N&S loaded

'in 14 2 sides: Single 9'hFloor~
"> N&S loaded'c::J Type 91.6 15 South I side: Double 8thfloor
-'";; H South loaded0
'"-'"1:: 16 N-S and 2 sides: Double 8thfloor0
Z East S&E loaded
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3.4. Survey Findings and Analysis

3.4.1. Present practice in Architecture Design Studios

In order to get a picture of current luminous environment in surveyed studios and

users' response on this, a field study along with a questionnaire survey was

conducted. The survey comprised of noting the time students spend in studios,

studying the variety of visual tasks that take place in the studio, measuring the

available illumination level, calculating the energy consumption by artificial lights

and also taking users' opinions on existing lighting condition in surveyed studios.

The questionnaire survey was conducted on as many number of students as possible

within the limited time frame since the larger the sample size, the more closely the

sample data will match that from the population [1].The number of respondent of the

questionnaire survey was further checked with the fol1owing equation since findings

from statistical1y valid sample size can be projected and generalized back to the

entire population from which the sample was selected [2].

Sample Size Where:

Z 2 x (p) x (l-p) Z = Z value (used 1.96 for 95% confidence level)
ss = p = percentage picking a choice, expressed as

c2
decimal (.5 used for sample size needed, the

worst case percentage 50%)

c = confidence interval! margin of error,

expressed as decimal (used, .04 ~ ,,4)

Correction for Finite Where:
Population

ss
new ss = pop = population

ss-I
1+

pop

II

Ii

••
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Table 3.3: Table showing the data collection date and the number of respondent for

surveyed universities

Date of Survey Number of Respondents

IBUET 23 March, 2010- 29 March, 2010 290 (Male: 145, Female: 145)

KU 4 April, 2010- 8 April, 2010 220 (Male: 157, Female: 63)

AUST 18 April, 2010- 20 April, 2010 255 (Male: 153, Female: 102)

NSU 21 April, 2010- 27 April, 2010 176 (Male: 88, Female: 88)

!
..J

4-52-31-2

- -

------ ---------

9-10 10-11

~------------
---------

8-9

BUET

KU

AUST

NSU

3.4.1.1. Time frame of studio use

Table 3.4 & Figure 3.2 show the extent of time students currently spend in the

surveyed studios.

Table 3.4: Table showing the hours student (senior level) spend in studio on a studio

day

nOVRS STUT1ENr Sf'tI'llHN!.THIlIOPE:R WE£'!':

60 -

50 .--40 -
h

" 30 '- -0
:t:

20 ,- -.
'"f" ••••• 10 - -, .
•.•

0
IBUH KU AUST NSU

a HOURSSTUDENTSPHlD SO I 40 4S 40
IN SOU010 PER ',V[fI(

'.-

Figure 3.2: Graph showing the hours (scheduled studio hours and extra hours)

students spend in studios per week
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It has been observed from the survey that students usually spend 3 to 6 hours per day

as scheduled studio hours while any extra time students spend in studios varies

depending on their work load. The observation shows that on an average students

spend 3 to 8 hours per day in a studio including both the scheduled and extra hours

and the scenario is almost the same in all the surveyed studios.

3.4.1.2. Types of Visual Tasks and their Frequency in Studios

In order to get an idea of different types of visual tasks that usually take place in the

surveyed studios, a survey was conducted. The nature of the visual tasks, their

frequency in the surveyed studios and the illumination level required for those tasks

are shown in the following table.

Table 3.5: Visual tasks and their frequency in Architecture Design Studio

Studio Visual Tasks requiring Extemallight sources Self Luminous Visual

Tasks

Drafting Reading, Model Display Computer Multi-

Writing Making Papers Media

500 Lux 300 Lux 500-1000 200 Lux 300-500 300-500

Lux Lux Lux

(ambient (ambient

lighting) lighting)

Source: IESNA Lighting Handbook [3}

BUET High Medium Medium- Low High Low

High

KU High High High Low Medium- Low

"
High

AUST Medium- High Medium- Low High Low
"..

High High

NSU Medium- High Medium- Low High Low

High High

High: above 24 hr/month

Medium: 12 up to 24 hr/month

Low: below 12 hr/month
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Figure 3.3: Graph showing the percentage of hours students spend per month in the

surveyed studios for various types of visual tasks.

It has been observed from the survey that different types of visual tasks that vary in

size, contrast, viewing direction, and distance, take place in an architecture design

studio and these varieties of visual tasks and their frequency are almost similar in all

the studios. Computer use, drafting, model making are observed as the medium to

high frequency activity in all the studios. Reading is also observed as a high

frequency activity in all the studios except BUET studios (since they have separate

lecture rooms).

3.4.1.3. User's Response on Existing Lighting Condition

User's responses were gathered through the questionnaire study. The survey was

comprised of studying the users' satisfaction level on existing luminous

environment, identifying the problems faced by the user group and also identifying

the design issues that are responsible for present lighting condition, which should be

considered in the lighting design process. Table 3.5 shows the users response 'on

existing lighting condition in surveyed studios.
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Table 3.6: Users responses on Existing Lighting Condition in the Surveyed Studios:

User's Response on the current lighting User's opinion on design problems that

condition in the surveyedstudios are responsible for existing lighting
condition in the surveyed studios, and

issues that need to be considered

Bangladesh University of Science &

Technology (BUET) Studios: I. EVET studios have corridors on

Survey results show that not a single both north and south side. The north

student is satisfied with the existing corridor is not used for circulation,

lighting condition in the EUET studios. and also it restricts daylight inclusion

According to the questionnaire study, the from north side.

user group usually faces the following 2. Room depth is high

problems: 3. False ceiling restricts the window

top height.

Problem I. Poor illumination level is the

main problem. Daylight inclusion in the

studio is very poor. Except for the spaces

near south openings, the other spaces in the

studio get a very little amount of daylight.

Problem 2. In order to get the required

illumination level for certain visual tasks,

like (drafting, model making) students need

to depend on artificial means.

Problem 3. The artificial lights are not

properly arranged and designed

considering the variety of visual tasks that

take place in their studios. Artificial lights

are used for the ambient illumination level.

On the other hand no task lighting is

provided for tasks (drafting, model

making) requiring high illumination level.

90%

-problem 1

_ ptoblom 2

• problem 3

Figure 3.4: Percentage of people facing
different types of problems ill SUET

studios
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User's opinion on design problems that

arc responsible for existing lighting

condition in the surveyed studios, and
.issuesthat need to be considered

Khulna University (KU) Studios:

According to the questioner survey, KU I. Window head are not extended up

studio users have some complaint with the to the ceiling height.

current luminous environment of the

Figure 3,5: Percentage of people facing

difJerenllypes of problems in KU studios

-studios have opening only on one

side.

- south openings are not properly

shaded

studios. The KU studio user group spotted

the following problems:

Problem I. Poor inclusion of daylight in the

centre. Compared with the space near

openings, available illumination level in

the middle part of the space is very low,

which sometime causes discomfort (glare).

Problem 2. Artificial lights are' not

designed according to the varieties of

visual tasks (Drafting, Model making) that

require high illumination level.

Ahsanul1ah University of Science and

Technology fAUST) Studios:

Survey result shows that students are

completely dissatisfied with the existing

lighting condition in the studios, facing the

following problems:
... .t ... . ~

Problem I. Glare is the main problem.

Students are not able to perform computer

tasks with uncurtained windows

.:problem2
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User's Response on the current lighting User's opinion on design problems that

condition in the surveyedstudios are responsible for existing lighting
condition in the surveyed studios, and

issuesthat need to be considered

• ,problem 2

Ahsanullah'University of Science and

Technology fAUST) Studios:

Problem 2. Artificial lights are used as the

ambient illumination level in the studio.

Since curtains are always pulled down,

students (even students near the window)

need to fully depend on artificial means.

Problem 3. Openings are on one side

(glazing faces south) of the studio. Since

south openings are not designed with

proper shading device, the occupants need

to pull down the curtains to stop the glare. Figure 3.6: Percentage of people facing

Thus the purpose of the openings is not different types of problems in AUST

fulfilled. studios

North South University (NSu) Studios:

openings faces corridor. Sometimes

no openings are given in the corridor

side.

-South openings are not protected

with external shading device.

facts:

- Studios are arranged 10 a double
Very poor occupant satisfaction. The NSU

loaded corridor, which allows only
studio user group spotted the following

one external wall (south). Other

Problem I.Glare is _.the maIO problem.
_ .' f ••••

:'''tudent~'~re not able to perform computer

a'nd'~ulti~~di~t~'sks with curtains pulled
.. ~'. '~. ".

up (uncurtained windows).
-' -' ." ".

Problem 2. Students need to fully depend

on artificial means since curtains are

always pulled down to stop glare. Artificial

lights are used as the ambient illumination

level in the sfudio.

(
(

•
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North South University (NSU) Studios:

Problem 3. Studios have openings on one

side (glazing faces south) of the studio.

Since there is no shading device with the

south openings, the occupants in the

proximity of south windows pull down the

curtains to stop the glare. Thus the purpose

openings is not fulfilled.

(daylighting and ventilation) of the
Figure 3. 7: Percentage of people facing

variety of problems in NSU studios

3.4.1.4. Illumination Level Measured in selected Studios:

To measure the daylight level, and its contribution to the overall luminous

environment of the studio during daytime, a quantitative study of illumination level

was done. In this study, the survey was carried out on the 16 selected studios from

four universities in the period between the months of March 2010 and May 2010.

On 23 March, 4, 18 and 21 April, 2010 which was observed to be overcast

condition, daylight measurements and illumination data (Ei) were taken at several

points (Figure 3.14, 3.15, 3.16 and 3.17) in the building which were later compared

with the outdoor illuminance (Eo).

A portable digital light meter was used for the field measurement and a portable

stand was used to locate the measuring cell at a constant height (2' 6" from the floor

. level) fo; each readin~.The measurement was taken at three (two sides and the
, '. - ,~ . .'-.', ;: '

. ~entre of the spacer pojnts in each selected studio. In order to denote the grid
, .. '-,' ." ";, \

spacing for measurement'1ocations, existing floor drawings were obtained. Drawings

displaying the spacing of grid points for illuminance measurements (A, B, C) for the

surveyed studios are shown in Figure 3.14, 3.15, 3.16 and 3.17

In the compilation procedure, data sheets were designed to record illuminance

measurements at specific points for each surveyed studios. One set of measurements

were taken with the artificial lights switched on and another one with artificial light
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switched off. The measured outdoor and indoor illumination level in the surveyed

studios during survey is shown in Table 3.7 and Table 3.8 respectively.

Table: 3.7: Measured Outdoor illumination level during survey

During Date of Survey
..

Max. Outdoor
- Min. Ouidoor' Avg. Outdoor

Survey of Illumination (Lux) l1lumination l1lumination

BUET 23 March, 20 I0 19,600 13,700 16,650

KU 4 April, 2010 20,000 19,300 J 9,650

AUST 18 April, 2010 42,000 20,400 31,200

NSU 21 April, 2010 46,100 21,700 33,900

I.,

d d dI IIId8Table: 3. : Measured In oar i umination eve in surveve stu ios urinR survev
Type Studio lllumination Lcvel Daylight

No. A(only B (Daylight Factor
i

I - Davli~hn +A.L) .. %
1 (202) A-north window 29 110 0.17

J st floor B- middle part 7 120 0.04

C-south window 98 130 0.58

Type A
2 (302) A-north window 42 160 0.25

243m'
2nd B- middle part 16 194 0.09

floor C-south window 154 190 0.92

3 (402) A-north window 124 200 0.74
~

3rd0 B- middle part 20 230 0.12V">

'0
-.6 floor C-south window 276 320 1.6~
II
0 4 (20 I) A-north window 31 150 0.18~

'-"
f-< Type B Ist floor B- middle part 14 292 0.08~::J

213 m'co C-south window 141 283 0.84

5 (301) A-north window 45 209 0.27

2nd B- middle part 18 280 0.1

floor C-south window 227 311 1.36

6 (401) A-north window 128 270 0.76

3rd B- middle part 27 377 0.16

floor C-south window 266 440 1.59
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Type Studio Illumination Level Daylight
No. A(only B (Daylight Factor

.- " ..- Daylight) +A.L) .

7 A-north window 1415 1425 7.2
Type C 2nd

B- middle part 430 550 2.1
216 m' floor C-south window 2450 2450 12.4~

0on 8 A-north window 1150 1220 5.8'D.
0,- 2nd B- middle part 140 275 0.71
II
0

>IJ floor C-south window 505 540 2.56~
::J
:><: TypeD 9 A-north window 360 440 1.83

162m' 2nd B- middle part 195 340 0.99
floor C-south window 2250 2300 11.4

A-furthest from 100 280 0.32
Type 10 window

E 2nd floor B. middle part 200 296 0.64
119.7 C.south-west 1190 1600 3.8
m2 window~

0
0 11 A-furthest from 105 290 0.33'"- 3"'floor window....
II
0 B- middle part 204 460 0.65>IJ~

Eo-< C-south-west 4150 4230 13.3
rfJ
::J window..:

Type F 12 A-furthest from 116 332 0.37
90m' 41h floor window

B- middle part 250 500 0.8
C. sowwindow 4290 4980 13.75

Type 13 A-North window 700 870 2.06
~ G 8th floor B- middle part 845 1200 2.490
0
0,. 68 m2.... C-south window 5750 6100 16.96....
II
0 14 A-North window 810 960 2.38>IJ~
::J 9th floor B- middle part 860 1350 2.53rfJ
Z

C-south window 6110 6112 18.02
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Type Studio illumination Level -baYlighi
No. - A(only B (Daylight Factor

.- --- -- . Davlight) +A.L). __
Type 15 A-furthest from 124 289 0.36

H 8th floor window

91.6 B- middle part 304 434 0.89

::> m2
C-south window 6800 7180 20

CIl
Z 16 A-furthest from 680 850 2

8th floor
south window
B- middle part 1220 1550 3.5

C-south window 9000 9200 26.5

3.4.1.5. Energy consumption by artificial light in surveyed studios

Table 3.9: Energy consumption by artificial light in surveyed studios
--
Studio Types

.....
BUET Khulna AUST NSU

University

A B C D E F GT H
;

Number 62 58 78 72 16 12 56

Artificial of tube

lights lights

watts 40x62 40x58 40x78 40x72 40xl6 40xl2 IOx56

= 2480 =2320 =3120 =2880 =640 =480 =560

Electrical No. and 20 18 18 15 12 9 4 c. f,

Fans and types 2AC

AC Watts 100x JOOx 100x JOOx JOOx 100x 400,

20 18 18 15 12 9 1500

=2000 =1800 =1800 =1500 =1200 =900

HoursfWeek days 8 8 8 8 8 8 8&3
(ae)

Monthly Use of 8x 22 8x22 8x22 8x22 8x22 8x22 8x22

Artificial Light and = 176 =176 =176 =176 =176 =176 =176

other fixtures (hrs) 3x22

=66

(for ac)



66

II Studio Types BUET Khulna AUST NSU
University :

I A B C 0 E F G H
i
I

.._--

Monthly

Approximate 2480 2320 3120x 2880x 640x 480x 560x

Energy x176= x 176 = 176= 176= 176= 176= 176=

Consumption for 436.48 408.32 549.12 506.88 1J2.6 84.48 98.56

using Artificial

Light

(KWh)

Monthly

Approximate 2000x 1800x 1800x 1500x 1200x 900x 400x

Energy 176= 176= 176= 176= 176= 176= 176=

Consumption for 352 316.8 316.8 264 211.2 158.4 70.4,

using other (Ceiling
&3000

x66=
fans and AC)

198
electrical fixtures

(KWh)

Percentage of

epergy consumption

. for using artificial
'--); ... 55.4% 56.3%

lighfs'in relation to
63.4% 65.8 34.8% 34.8% 26.8%

..". -' ~~'
the-\1pergy

..
consumption by

ceiling fans and AC

(%)

'""\( \
\

rr-

1
"
I .
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Figure 3.8: Graph showing the energy consumption by A.L, Ceiling fans and AC
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Figure 3.9: Graph showing the percentage of monthly energy consumption by

artificial light in relation to the total energy consumption of these studios

Graph 3.8 shows that energy consumption by A.L. is comparatively lower in studios

with smaller area (Type: E- 1l9.7m2
, F-90m2 ,G- 68m2

, H-91.6m2
) with smaller

number of A.L. In case of type-G and H studios (NSU studios), energy consumption

by A.L. is lower because of the use of energy bulbs.

Graph 3.9 shows that the percentage of monthly energy consumption by artificial

light in relation to the total energy consumption is lowest in type G and Type H-119
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(NSU studios) since greater portion of total energy is consumed by the AC used in

the studios.

Measured daylight contribution to the space indicates that significant lighting energy

savings can be achieved in the spaces if the daylight-linked lighting control system

is appropriately selected in the daylighting design process. With these results it can

be said that by reducing part of the energy consumption from artificial light with

appropriate daylighing design strategies, universities can save a lot of energy.

3.4.1.6. Observations

The observations from the above study are summarized below:

I. Studios are not designed according to the variety of activities that usually

take place in the studios. Particularly the requirements for computer task

is completely ignored in the daylighting design process.

2. Task lighting is not considered during lighting design process to perform

certain types of visual tasks (drafting, model making) which require high

illumination level.

3. The common practice observed in the above study is that most of the time

studios are lit by artificial means. Studios are completely dependent on

artificial lighting.

4. From the measured illumination levels of the limited surveyed studios, it

is apparent that lighting levels are well below acceptable national and

international standards.

5. Students are not satisfied with the lighting quality and the illumination

.. level available in the surveyed studios. The designs do not create a
:'- ...

. ';:..stimulating work place which can affect the feelings of well-being,
.\:,'- ....

-interest, and enthusiasm of the students/ users.
, '".

6. Daylight inclusion in the studio is very poor. Except for the spaces near

openings, the other spaces in the whole studio hardly receive daylighting.

7. Studios which have south openings without shading cause glare.

8. Use of curtains during daytime is a common practice in some studios.
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9. The standard of uniformity ratio of illumination level is not maintained in

studios with opening on one side.

3.4.2. Factors affecting the luminous environment of the surveyed studios

Comparing the measured illumination level in the studios with the outdoor

illumination level, it is observed that very little daylight penetrates the interior even

near windows. According to the literature review, the quality and quantity of natural

light entering a building and the nature of the luminous environment in the design

studios depend on both internal and external factors. Indoor environment includes

the size and position of the windows, the depth and shape of the rooms, and the

colors of the internal surfaces. Externally, the light reflected from the streets and

opposite facades can be important sources of interior lighting [4].

As daylighting performance of a building depends very much on a good

understanding of the interior and exterior building parameters, in this following

section, both the internal and external factors are analyzed. This study investigated/

evaluated these key variables via a survey of 18 studios from four selected

universities of Bangladesh as it is envisaged that the sample in the survey can give a

good indication of how these variables affect the luminous environment of the

architecture design studios .

. The following items were covered in this study:
'-:- "," ", ".-

External Factors:',,~.«: _",-,,0" .' ", •• "

• Orientation (building orientation, orientation of openings)

~ Surrounding Obstruction

• External Surfaces (ground)

Internal Factors:

• Studio Layout, Shape and Depth

• Window details (window-floor ratio, orientation of window, sill and lintel

height, window frame and glazing)

• Interior detail (internally reflected components)



3.4.2.1. Orientation and Surroundings:

Vrew3

70

View 2

View 1: view from studio four towards
north.

View 2: view from studio one towards
north.

View 3: view from studio four towards
south.
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Orientation and Surroundings:

"~~, .' • I
't. \ '.~. . :

~ ?'- ~
I ",j i

Figure 3.11: Google image of architecture building of Khulna University, and
views om di erent studios

, " .
• • I
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I . •:~t'~.;".•••• ,.J" .
. - , ' J .• "_ ..•._

'\ -

i

Vzew2

View 1: view from studio eight
towards north.

View 2: view from studio seven
towards south.

View 3: view from studio nine towards
south court.

View 3
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Orientation and Surroundings:

~....... . .. ..•~

VIew 2

Figure 3.J2: Google image of Ahsanullah University of Science and Technology,
and views om di erent studios

1 ,

VIew]

- - --. View 1: view from studio eleven
towards south.

View 2: view from studio twelve
towards south

View 3: indoor view of studio J J

View 3
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73
,I

studio

Vrew] Vrew2

p
.1

VIew ]: view from studio sixteen
towards south and east.

VIew 2: view from studio thirteen
towards north

VIew 3: indoor view of studio fifteen
toward north corridor

VIew 3
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3.4.2.2. Studio Layout, Shape and Depth

Figure 3.14: Plan showing the configuration ofBUET studios (l'ype A and Type B)

and also displaying the position of points for illuminance measurements (A. B. C) in

the studio
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Figure 3.15: Plan showing the configuration of studios of Khulna University (Type

C and Type D) and also displaying the position of points for illuminance

measurements (A. B. C) in the studio
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Studio Layout, Shape and Depth

Figure 3.J6: Plan showing the configuration of A UST studios (l'ype E and Type F)

and also displaying the position of points for illuminance measurements (A, B, C) in

the studio
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Figure 3.17: Plan showing the configuration of studios of North South University

(l'ype G and Type H) and also displaying the position of points for illuminance

measurements (A, B, C) in the studio
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3.4.2.3. Window Details

Window is a very important architectural feature of a building as it has the decisive

effect on the potential daylight and thermal performance of adjacent spaces. In

order to understand the effects of windows on the luminous environment of the

surveyed studios, a detailed investigation was conducted. Table 3.9 gives the

window detail of the studios.

Table 3.10: Window Detail
--Type' Location Total

-Floor Window
-- Window

.. ,

Of glazcd Area to Sill Window Window \Vindow
Opening Opening (m2

) Floor Height head Glazing Frame
Area ratio (mm) ~eight Properties
(m2

) mn~)..-
A North 58.8 243 0.24 725 2550 & 5mm MS

I-< South 125 3425 Clear Frame
\I.l
::J BI North 49 213 0.22 725 2550 &

glass
I!l

i South 125 3425,
C i North 75.6 216 0.35 750 3025 5mm Wooden, Clear Frame: ~ South1-5 glass

iQ D North 162 0:35

South 56.7

E SoW 18 119.7 0.15 675 2175 5mm Alumini
I-< N-E Clear um
r:JJ

~ F S'W 13.5 90 0.15 glass Frame

N-E
G North 22.7 68 0.33 775 2275 5mm Mostly

Lightly Fixed
South tinted Alumini

glass urn
::J H South 10.8 91.6 0.11 Framer:JJ
Z H South 25.6 91.6 0.28

East

3.4.2.4. Internally reflected component:

Since daylight entering through the openings inter-reflects around the internal

surfaces of the space, the size of the room, interior finishing, the reflectance

characteristics of the ceiling, floor, wall, furniture etc. influence the way daylight

will be distributed within the studios. The interior conditions of these surveyed

studios were investigated in this field study and were shown in table 3.10.
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Table 3.11.' Internally Reflected Components
. -------- ' .

Surface 'colour and material
- ..._. ' -

Horizontal surface Vertical surface Furniture,
•...

Floor ceiling openings walls Fixture &0 0

'" :a
'" ::l>. - others

f-< rr.J

Neat White 5mm Brick and Drafting table

Cement colour Clear glass concrete with white top.
al Finish plastic with Wooden andf-< .{'"';:;J '" paint finish Aluminium metal seat.1= '"i >.
I- Frame Wooden

storage cabinet

0 Concrete White 5mm White Drafting table

'"
u" Floor colour Clear glass colour with white top.e '";; '".c ?' slab plastic with plastic Wooden and

~,

paint finish Wooden Frame paint finish metal seat.
I:

Light White 5mm Light pink Drafting table

grey colour Clear glass colour with white top
f-<

colour plastic with plastic metal seat.rr.J
;:;J "-< Ill" glossy paint finish Aluminium paint finish

'"c.>. tiles FrameI-

Light White 5mm Light pink Drafting table
i pink colour Lightly tinted colour with white top

"-
;:;J Ill" colour plastic glass with plastic wooden seat.rr.J "Z '">. glossy paint finish Aluminium paint finishI-

tiles Frame

3.4.2.5. Critical Observation from the Survey:

I. The study shows that the external factors like sun angle and surrounding

obstruction has major impact on daylight inclusion in the studio.
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Figure 3.18: lllumination level (Daylight) measured in SUET Studios 23 March,

2010
Figure 3.18 shows that, compared with the upper level studios, illumination level in

the lower level studios are little less because of the sun angle and the level of

obstruction by the surrounding trees.

2. It has been observed that studios with two opposite side openings perform much

better than studios with opening on one side (smaller window: floor ratio)

UlUlUlnll tion lenl,lllr.lsure-d IIIAllST ~111Clios

4~OO
4100
3000
3100
2600,ROO
:11';00
:HOO

000
WO

furthe't from
wtndovi

100•• i

105

no

Figure 3.19: lllumination level (Daylight) measured in AUST Studios on 18 April,

2010
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Figure 3,20: Illumination level (Daylight) measured in NSU Studio on 21 April,

2010

Figure 3,19 and Figure 320 shows that both in AUST and NSU studios, there is a

sharp drop of illumination level in spaces distant from the window.

3. Its been observed from the above study that the depth of a room has a major

impact on the overall luminous environment of a studio. Observation shows that in

studios with deep foot print, the available illumination level in the middle portion is

very low.

Figure 3.18 show that there is a sharp drop of measured illumination level in the

middle of each studio of BUET. Although these BUET studios are designed with

openings on both sides (with a window: wall ratio of 0.24, which is above BNBC

standard), because of the room depth the centre space doesn't get sufficient light.

The daylight inclusion in the middle portion is very poor.

4. It has also been observed from the study that students like to sit near the window

(because of view and better illumination level and greater number of students get the

chance to sit near the windows when studios have openings on both side.

S. The observation shows that poorly designed shading device or unprotected

windows have negative effect on the overall luminous environment of the studio.

Figure 3.19 and Figure 3.20 shows that in AUST and NSU studios, high illumination

level near unprotected south openings, and very low illumination level at distant

from the openings caused unbalanced uniformity ratio, which in tum causes glare.
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3. 5. Relevant information for simulation study

The field survey started with a study on the selected studios, to establish a picture of

current lighting practice, to identify the architectural features and factors that are

presently being used and their impact on the existing luminous environment of the

surveyed architecture design studios of Bangladesh. The field study ends with giving

a basis for-

I. Identifying one studio as example space for simulation study

2. Selecting variables whose impact will be studied through the simulation study.

3.5.1. Selection of a Studio as Example Space

The criteria for selecting a studio as an example space were based on the following

factors:

• The example space should be architect designed.

• The example space should be located in Dhaka city as the site parameters

and climatic database of Dhaka city has been selected (as discussed in

Chapter 2) for the Weather Tool, associated software of Ecotect for the

research purpose.

• The area of the example space should match the space requirement (as found

from the field study) for 30 numbers of students (current studio size in most

of the surveyed cases) in an architecture design studio.

• The example space should have openings on two exterior walls, so that the

space gets provision for better daylight inclusion and distribution.

• The activity pattern and internal layout of the example space should

represent the current practice/ trend of architecture design studios of

Bangladesh.

According to the above criteria, studio- I located in the I st floor of the five storied

academic building of Department of Architecture, BUET was chosen as the example

space. Originally this space was 150 m2
, designed for 30 numbers of students. Later

this space was expanded to 243 m2 for 55 numbers of students. Presently this

example space is being used as the studio space for the 5th year students.
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The original space configuration (150 m2
) was chosen as example space for the

purpose of the simulation study since .this matches the space requirement (3.82m
2
j

per student + 15.3 'm2 for display + 19.9 m2 for circulation), for 30 numbers of

students in an architecture design studio. Figure 3.19 shows the space configuration

. of the example space (shaded area).
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Figure 3.21: Plan showing the space configuration of the Example Space

3.5.2. Selection of variables for simulation study

. !he following variables were selected for investigating their impact through

simulation study as it has been observed that the presence, absence, reduction,
"'.
introduction or any kind of change of these items contribute to overall luminous

environment.

• Shape of the studio and length to width ratio

• Corridor arrangement

• Clear height of studio

• Presence and absence of false ceiling
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• Sill and lintel height

• Different window configuration

• Shading devices

3.6. Conclusion

The field study covered a broad area about the physical characteristics and present

practices in architecture design studios of Bangladesh. This study provided the basis

for identifying general problems related to daylight design in architecture design

studios of Bangladesh. The findings helped in generating models and selecting

variable for simulation study (Chapter IV)
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Chapter IV: SIMULATION STUDY

4.1. Objective of the Simulation Study

The main objective of this study was to check the impact of different variables on

overall luminous environment of the studio interior through simulation process.

These variables (related with daylight inclusion) are interlinked with each other in a

complex manner and the simulation process is capable of studying the effect of one

variable at a time. Through simulation processes the impact of a single change in one

variable and its behavioural change can be observed by maintaining other variables

constant. Analyzing the lighting situation for any period of the year for any place is

also possible with simulation.

In this research, the simulation process played a significant part, smce it

categorically isolates the exclusive effect of the same element at different

configurations. The selection of most of the variables for the simulation study was

based on the fact that these elements have already demonstrated their contribution

on the overall luminous environments of the surveyed studios in the former chapter

(Chapter III). Other variables (which were not used in the surveyed studios) are

selected based on the literature study and are expected to contribute to daylight

inclusion. Based on the findings of this simulation study, the indicative suggestions

for increased daylight inclusion to studio interiors will be given in Chapter V:

4.2. Structure of the Simulation Study

In the.~valuation process a set of parameters (zoning, climatic, time and day) were

set fo'r the simulation study. The initial simulation model of the example space was

then constructed by ECOTECT simulation program. After that a detailed evaluation

process along with a set of criteria were set based on which the parametric study was

conducted and simulation results were evaluated. Since in this study, the major

decisions regarding daylight strategies were based on the results found from the

ECOTECT simulation program, a comparison was made between the simulation

results with the actual survey results to find out the deviation of ECOTECT

simulation results. In the parametric study the simulation results were analyzed to

"
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evaluate the impact of different variables on luminous environment of the example

space. Most of the daylight design strategies were given depending on the results

found from the parametric study.

The following items were covered in the simulation study:

Constructing the 'Initial Simulation Model' of the 'Example
space' for the parametric study

Setting up performance evaluation process

Setting up criteria based on which the simulation results will be
assessed

Finding out the deviation ofECOTECT results from the actual
results

Parametric study through simulation and analyzing the results

Investigating! testing the performance of design strategies
established from parametric study

Figure 4.1: Items covered in the simulation study
\', -

4.3. Constructing the initial simulation model

Studio-I located in the 151 floor of the five storied academic building of Department

of Architecture, SUET was chosen as the example space, based on some set criteria

(discussed/ established in chapter III). The example space was created with the
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original studio configuration (150 m2
) of 'studio I' considering that there is an

interior wall at the back of the example space which separates the example space

from the expanded part. Figure 4.2 (a), (b) show the plan and 3D view of the

Example space. The model was created with surrounding obstructions (buildings,

trees) removed, as this obstructs a major part of penetrated daylight. The interior

space was considered vacant, without any partitions or furniture, to avoid the effects

of such surfaces, which both block and reflect daylight. All other indoor conditions

were kept constant in the initial model as found in physical survey. In order to find

out the exclusive effect of the same element at different configuration on the

luminous environment of the example space, the parameters/variables of the models

were included, excluded or modified in the parametric study. Table 4.1 shows the

parameters of the model of example space.

Table 4.1: Parameters (as found in the physical survey) for constructing the initial

simulation model

Total floor area 150 m"

Clear height of the studio 3.42 m (without false ceiling)

,

2. 55 m (with false ceiling)

Window to floor ratio 0.24

Wall 125 mm brick work

Reflectance: 0.7, U value: 2.602W/m2K

Floor 200mm thick concrete slab

Ceiling White painted 12.5mm plaster
,. 150 mm RCC concrete slab.', ,

Reflectance: 0.7

O:lazing Single glazed ms framed window- without grill,

(transmittance: 0.92, U value: 6W/m2K)
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4.4. Evaluation Process

The evaluation process comprises the following steps:

Step 1: For recording of daylight level, the example space was divided into 35 grid

points at a plane 0.75m above ground (representing the work plane height). The

grids were arranged with reference to structural grid as shown in Figure 4.2(a).

Step 2: For use in this study, the intersection/ grid points were coded with number-

letter system as shown in Figure 4.2 (a).

Step 3: With the ECOTECT simulation program, the daylight simulations were

done on those grid points to find out the predicted illumination level for different

situations. (Appendix C)

Step 4: The simulated values for all 35 grid points were then plotted onto a table

similar to Table 4.2.

Step 5: The quantitative judgement of the simulated illumination values (findings of

the ECOTECT simulation program) were then compared for different situations

based on the following criteria:

I. Average daylight level on the work-plane height.

2. Number of points below standard illumination levels (300 Lux).

3. Number of points within acceptable illumination level (300 -500 Lux), which

is the recommended level mentioned in IESNA for space with both computer

task and regular paper tasks.

4. Number of points exceeding 500 Lux, which is the maximum value

recommended in IESNA for space with both computer task and regular paper

tash.

5. The pattern of fall of daylight levels from the window towards deeper

spaces.

6. The maximum minimum range in each space which indicates the uniformity

ratio within the spaces and its glare potentia!.
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Step 6: The qualitative judgements for different situations were done by

RADJANCE to support the conformity of the ECOTECT results. The Radiance

generated image (three dimensional views) with daylight contour distribution on

work plane height were assessed for qualitative mode of evaluation. (Appendix D)

Table 4.2: code of each intersection point oJthe grid of example space

I 2 3 4 5

A IA 2A 3A 4A 5A

B lB 2B 3B 4B 5B

C lC 2C 3C 4C 5C

D 1D 20 3D 40 50

E IE 2E 3E 4E 5E

F IF 2F 3F 4F 5F

G IG 2G 3G 4G 5G

Avg. illumination level:

4.5. Comparing the ECOTECT results with the actual Survey results

To find out the deviation of the values generated by the ECOTECT program from

the actual survey results, a comparison was made between the simulation results and

the actual survey results.

The measurements of daylight levels by light meter were taken on actual example

space on April 15,2010 at 12.30-1.30 pm (date and time used in simulation) when

,the sky was overcast and average outdoor illumination value was 14, II 0 Lux. For

'th~':purpose of the measurements, the actual space (studio I) was divided into 57
. . ,'- .
grid~:as shown in Figure 4.3. Within the 57 points, at 9 points lighting was not

measured. Because, according to rule of thumb, in the absence of advanced

daylighting techniques, a room can be adequately daylit for a depth (distance from

the facade) equal to twice the floor to ceiling height (strictly twice the floor to top of

window height) [J]. This means in the actual space with 2.55 m window head

height, spaces up to 5.1 m from the opening can potentially be day lit. 48 of the 57
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node points (shown in Figure 4.3.) were selected for analysis. All node points

beyond 5.lm from the openings were excluded from the analysis.

For the purpose of the comparison, a simulation model was created where all the

indoor (furniture) and outdoor (building, trees) conditions were kept constant as the

actual condition. The daylight simulations were done on the same grid points (48

grid points) as were selected for the daylight measurement of actual example space.

The illumination values found at the different points (48 grid points) during survey

using the Light Meter, and the illumination values found in the simulation program

are shown in Table 4.3. In both cases lighting was measured at work plane height.

1 2 3 4 " 6 7 8 9
I I I I I I I I I

• ~II I I '
."t.-.-

Figure 4.3: Plan showing the grids and codes a/the intersection point

Grid Size: 2.34 m X 2.l5m

,.



Table 4.3: Comparison between survey and Simulation findings

Grid Points Survey (Lux) Eeoteet (Lux) Devia.tion (Lux) %

IA 131 120 11 8
2A 111 106 5 5
3A 92 108 -16 -17
4A 105 108 -3 -3
5A 115 109 6 5
6A 156 100 56 36
7A 15 9 6 40
8A 25 10 15 60
9A 100 114 -14 -14
IB 90 107 -17 -19
2B 113 95 18 16
3B 76 88 -12 -16
4B III 101 10 I
5B 98 102 -4 -4
6B 107 100 7 7
7B 99 104 -5 -5
8B 122 102 20 16
9B 15 5 10 66
IC 98 107 -9 -9
2C 99 103 -4 -4
3<::'. 93 95 -2 -2
4C 90 97 -7 -7
5C 95 99 -4 -4
6C 97 102 -3 -3
7C 90 96 -6 -7
8C 75 101 -26 -34
9C 8 5 3 38
IE 113 106 7 6
2E 107 97 10 9

90
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GridPoints - - Survey(Lux) Eeoteet(Lux) Deviation(Lux) %
- ---- -.__ . 1

3E 111 97 14 13

4E \01 93 8 8

5E 108 98 10 9

6E 8 4 4 50

7E 106 99 7 7

8E 7 9 -2 -29

9E 5 9 -4 -80

IF 125 113 12 10

2F lOS 99 6 6

3F 105 96 9 9

4F 110 94 16 IS

SF 122 109 13 II

8F 7 5 2 29

9F 8 5 3 38

IG 150 127 23 15

2G 113 109 4 4

3G \01 95 6 6

4G 124 113 11 9

5G 130 118 12 9

Total Nodes 57 57 - -
Average 73.5 71.7 1.8 2.44

Value

The objective of this test was to study the degree of deviation between the actual

results and simulation results. The results show that though for low values the

deviation is substantial, for values above 100 Lux, the range seems acceptable,

except for point 6A. Therefore ECOTECT results can be considered as a reliable

picture of actual situations for mid level values.
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4.6. Parametric study through simulation

In this section the following cases were evaluated through simulation to identify

their impacts on overall luminous environment of the example space.

• impact of shape and room depth

• impact of drop ceiling

• impact of studio height

• impact of layout of corridor

• impact of sill height

• impact of window shape

• impact oflight shelf

In each of the cases, a short review of relevant aspects of the case on question is

made in order.to set the basis for variations in models, on which simulations are then

conducted. The cases were built up from the observations and suggestions made in

the preceding cases, thus grew incrementally.

4.6.1. Impact of Shape and Studio Depth:

This section identifies the effect of shape from daylight distribution point of view,

the relation between length to width ratio and the impact of depth on the average

daylight level at work plane height.

The depth limitation of a daylit zone with windows becomes a fundamental

,constraint and design determinant [2]. Daylight illumination weakens with distance
, """

'fi;omthe opening so that the parts of the room furthest from the window are the most
,;" .. ".;

dimly daylit. Daylight illumination falls off with distance from the windows, the
, .. ', ..

!leeper the room, the poorer the uniformity of daylighting [3]. In general, daylight

cannot be expected to penetrate more than 4.5m-6m into a room from a perimeter

window [4].

There are practical limits to room size beyond which conventional window systems

are ineffective [5]. Rooms will have more satisfactory daylight if the depth is no
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greater than the width, the depth does not exceed twice the height of the window

head and the surface of the back wall is light coloured [6].

The seating arrangement is the most important feature in determining the shape of a

studio [7]. According to the questionnaire survey, teachers favouring "spontaneity in

student expression, the use of exploration, examination, and inquiry in instruction,

and a hands-on approach to student learning" prefer rectangular classroom shapes

because they facilitate control and focus in teaching and learning activities.

Based on the above perception, simulations were conducted on four models of

design studio (the example space and three alternative models with same area-I 50

m2, but varying the length to width ratio-I:I, 1.25:1 and 1.5:1). The four models are

shown in Figure 4.4 (a), 4.4(b), 4.4(c) and 4.4 (d). The front inclined walls (without

black boards) of example space were retained throughout the simulation study as it

helps to cut glare from the chalk board. The results of the simulation are given in

Tables 4.4, 4.5, 4.6 and 4.7.

Cases:

Figure 4.4 (a): Case 1: Existing Condition with Length to Width ratio: 1: 1.5

Grid Size: 2.34 m X 2.15m
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GridSize: 3.64mXI.425m

Table 4.4: Daylight levels: case I(Length to Width ratio: 1: 1.5)
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1 2 3 4 5
A 319 316 307 311 316
B 248 222 240 248 31J
C 215 154 170 221 298
D 100 91 94 110 111
E 222 227 231 240 212
F 311 307 319 316 323
G 443 407 400 440 455
Avg. illuminationlevel:264 Lux



Table 4.5: Daylif!.htlevels: case 2 (Lel1f!.thto Width ratio: 1: 1)
I 2 3 4 5

A 323 319 311 307 320
B 251 229 248 252 319
C 222 221 201 231 311
0 210 189 197 229 235
E 227 231 233 235 248
F 319 311 320 323 329
G 445 410 400 436 455
Avg. illuminationlevel:287 Lux

Table 4.6: Davlifdltlevels: case 3 (Lenf!th to Width ratio: 1.25: I)
I 2 3 4 5

A 323 319 311 307 320
B 291 251 248 283 319
C 231 222 221 235 311
0 229 210 201 231 252
E 296 307 298 307 319
F 320 319 323 402 412
G 445 415 410 446 467
Avg. illuminationlevel:308 Lux

Table 4. 7: Davlif!htlevels: case 4 ( enf!th to Width ratio: 1.5: 1)
I 2 3 4 5

A 323 320 316 311 320
B 311 291 283 298 319
C 251 248 229 252 319
0 231 215 212 235 296
E 319 320 311 323 329
F 415 412 402 415 420
G 446 436 410 445 467
Avg. illuminationlevel:327 Lux

96

,
I
I"..l-.ri..
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Comparison of Results:

Compared with the existing condition, it is observed that the average illumination

level at work plane height increased by 9% with length to width ratio I: I, 17% with

length to width ratio 1.25: I and 24 % with length to width ratio 1.5: I. Among the

35 points, only 16 points were within acceptable illumination level for existing

condition with length to width ratio 1:1.5 (case I). The number of points within

acceptable illumination level increased to 21 points, when length to width ratio was

modified to 1.25: l. The number of points within acceptable illumination level

increased to 23 points, when length to width ratio was modified to 1.5: I. Figure 4.6

shows that the drop of light along north to south opening is relatively even with the

alternative models (case 2, case 3 and case 4), compared with the existing condition

(case I).

Table 4.8: Comparison of values of daylight level with case J, 2, 3 and 4

Criteria Case I Case 2 Case 3 Case 4

Average illumination level 264 287 308 327

Minimum-Maximum Range 91-455 189- 455 201-467 212- 467

No. of points getting below 300 Lux 19 18 14 12

No. of points getting 300-500 Lux 16 17 21 23

No. of points getting above 500 Lux 0 0 0 0
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Figure 4.5: Comparison between illumination values below 300 Lux, acceptable

range and above 500 Lux for case J, 2, 3and case 4
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Figure 4.6:Drop of light along north to south opening for case 1(length to width

ratio: 1: 1.5), case 2 (length to width ratio: 1:1), case 3(length to width ratio 1.25:1)

and case 4(length to width ratio 1.5:1)

Suggestions made from the simulation findings:

Comparison of illumination level between the four conditions (length to width ratio:

1:1.5, 1:1, 1.25: I and 1.5:1) for an example space of 150 m2 show that, the

alternative model with length to width ratio of 1.5:I offers better daylight

penetration and greater uniformity in daylight distribution.

4.6.2. Impact of Drop Ceiling

This section identifies the effect of drop ceiling on the average daylight level at

work plane height

.. , _." - •. ~
According to literature survey, it was identified that the higher the window, the

deeper the daylight zone. The practical depth of a daylight zone is typically limited

to 1.5 times the window head height [8]. The field survey shows that, presence of

drop ceiling in studio limits the provision for positioning window high near the

original ceiling. A sloped ceiling (high near the window) is one way to fit a high

window within normal floor-to-floor heights [9].

• •••
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Based on the above perception, three models were examined:

• Existing condition with drop ceiling (case 4- modified length to width ratio:

1.5: I) (Figure 4.7-a)

• Removing the drop ceiling and raising the window top height up to the

ceiling plane (Figure 4.7-b), and

• Modifying the drop ceiling near window- splaying the edges with 45° angle

slope and raising the window top height up to the ceiling plane (Figure 4.7-c)

The study was carried out on the example space with modified length to width ratio

of 1.5: I (case 4) since it has demonstrated better performance in the previous

section. The results are given in Tables 4.9 and 4. 10

Cases:

Figure 4.7 (a): Case 4: Existing Condition with drop ceiling
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Figure 4.7 (c): Case 6: Modified drop ceiling with 45 angle slope near window

Table 4.9: Daylight levels: case 5(without drop ceiling)

I 2 3 4 5
.

A 445 436 410 446 455
B 415 412 395 402 420
C 320 311 307 319 323
D 295 282 280 298 311
E 387 370 397 412 415
F 446 436 410 446 455
G 507 490 498 510 517
Avg. illuminationlevel:399 Lux
Table 4. J 0: Daylight levels: case 6 (modified drop ceiling)

I 2 3 4 5
.A 445 436 410 446 455
B 413 410 387 400 450
C 316 307 303 316 316
D 291 280 271 295 307
E 382 365 387 407 413
F 443 434 410 440 446
G 507 490 498 510 517
Avg. illuminationlevel:397 Lux
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Comparison of Results:

Compared with case 4 (with existing drop ceiling), it is observed that the average

illumination level at work plane height increased by 22% with case 5 (removal of

drop ceiling) and 21.4% with case 6. (modified sloped drop ceiling). Among 35

points 23 points were within acceptable illumination level with the presence of

existing drop ceiling. When drop ceiling was removed and window head height was

raised up to the ceiling height (case 5), the number of points within acceptable

illumination level increased to 28 points. Compared with case 4, it is observed that

changes in illumination level occur in average illumination level and mainly near the

opening area (peripheral points) when drop ceiling was completely removed or

sloped near the opening. Simulation results show that case 6 (splaying the edges of

the ceiling near window) gave almost similar effects as found in case 5 (without

drop ceiling). Figure 4.9 shows that the patterns of drop of light along north to south

opening are almost similar with case 5 and case 6.

Table 4.]]: Comparison of values of daylight level with case 4, case 5 and case 6

Criteria Case 4 Case 5 Case 6

Average illumination level 327 399 397

Minimum-Maximum Range 212- 467 280- 517 271- 517

No. of points getting below 300 Lux 12 4 4

No. of points getting 300-500 Lux 23 28 28

No. of points getting above 500 Lux 0 3 3
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Figure 4.8: Comparison between illumination values below 300 Lux, acceptable

range and above 500 Lux for case 4, case 5 and case 6
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Suggestions made from the simulation findings:

Comparison of illumination level between the three conditions (presence of drop

ceiling, absence of drop ceiling, and modified sloped ceiling) show that, the example

space has increased illumination and improved luminous environment when there is

no drop ceiling. By raising the window head height up to the ceiling height, avg.

illumination level increases.

Average illumination level reduces with the presence of drop ceiling since it restricts

the top height of window to reach up to the original ceiling height. Sometimes it is

essential to provide drop ceiling (to hide the electrical lines and AC ducts). In such

.cases restricting ducts near the windows give provision for increased window head

height up to the ceiling.

4.6.3. Impact of Studio Height

This section identifies the effect of studio height on the average daylight level at

work plane height.
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As a rule of thumb, in the absence of advanced daylighting techniques, a room can

be adequately daylit for a depth (distance from the facade/opening) equal to twice

the floor to ceiling height (since higher ceilings enable fitting a high window

reaching up to the ceiling plane)[lO]. According to literature survey, it was

identified that the ceiling height of a classroom should be a minimum of 2.7m,

preferably three or more [II].

Based on the above perception, three models were examined:

• Case 4 with 3.4 m ceiling height (Figure 4.10-a)

• Alternative model with 2.45m ceiling height (Figure 4.l0-b), (considering,

that depth of the studio- 9.8m = four times the floor to ceiling heightc2.45m,

provided opposite facades have openings)

• Alternative model with 3m ceiling height (Figure 4.10-c), (considering, that

depth of the studio- 9.8m < four times the floor to ceiling height- 3m,

provided opposite facades have openings)

The study was carried out on the example space with modified length to width ratio

of 3:2 (case 3) since it has demonstrated better performance in the previous section.

The results are given in Tables 4.12, and 4. 13

Cases:

Figure 4.10 (a): Case 5: Existing Condition: ceiling height 3.4m
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Figure 4.10 (b): Case 7: ceiling height 2.45m

Figure 4.10 (c): Case 8: ceiling height 3m

Table 4.12: Daylight levels: case 7 (ceiling height 2.45m)

104

I 2 3 4 5
A 316 311 307 316 319
B 307 282 280 283 316
C 235 229 222 230 248
D 222 210 189 212 235
E 248 235 233 248 251
F 320 319 311 323 402
G 436 434 410 439 445
Avg. illuminationlevel:295 Lux
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Table 4.13: Daylight levels: case 8 (ceiling height 3m)

1 2 3 4 5

A 439 436 410 445 446

B 412 410 390 400 415

C 311 307 298 311 319

D 291 280 271 282 295

E 375 370 378 382 387

F 415 412 410 436 446

G 507 490 485 510 513

Avg. illumination level: 390 Lux

Comparison of Results:

Compared with case 5 (3.4 m ceiling height) (399 Lux), it is observed that the

average illumination level at work plane height decreased by 26% with case 7 (2.45

m ceiling height) and 2.25% with case 8 (3 m ceiling height). Among 35 points 28

points were within acceptable illumination level with 3.4 m ceiling height. When

ceiling height was reduced to 2.45m (case 7), the number of points within acceptable

illumination level decreased to 17 points. The number of points within acceptable

illumination level decreased to 26 points, when ceiling height was reduced to 3m

(case 8). Among the three cases (ceiling heights- 3.4m, 3m and 2.45m) the

maximum average illumination level on work plane height is observed for case 5

(3.4m ceiling height)

Table 4.14: Comparison o/values 0/ daylight level with case 5, case 7 and case 8

Criteria Case 5 Case 7 Case 8

Average illumination level 399 295 390

Minimum-Maximum Range 280- 517 189- 445 271- 513

No of points getting below 300 Lux 4 18 6

No of points getting 300-500 Lux 28 17 26

No of points getting above 500 Lux 3 0 3
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Figure 4. 11: Comparison between illumination values below 300 Lux, acceptable

range and above 500 Lux for case 5, case 7 and case 8
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Figure 4.12: Drop of light along north to south opening for case 5, 7 and 8

Suggestions made from the simulation findings:

Comparison of illumination level between the three conditions (ceiling height: 3Am,

3m and 2A5m) for an example space of ISO m2 with 9.8m depth show that, the

alternative model with 304m ceiling height offers better daylight penetration and

greater uniformity in daylight distribution.

4.6.4. Impact of Sill Height:

This section identifies the effect of sill height on available average daylight level at

work plane height.
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According to literature survey, it was identified that the larger the window, the more

important is glazing selection and shading effectiveness, in the control of glare and

heat gain [12]. One of the main principles for daylighting in classrooms is to avoid

over-glazing which can create excessive solar heat gain in summer. For new

buildings, daylighting design should ensure windows are the right size and in the

right place [13].

A study on the existing condition of sill height (case 5- 399 Lux) was carried out in

the previous section. An alternative model of case 5 was created by introducing a sill

at 0.72 m above floor level. Since most of the work in a studio space is done on a

height of 0.72 m above floor level, the light coming through the glass below work

plane height has very little contribution from daylighting point of view. The results

are given in Tables 4.15

Cases:

Figure 4.13 (b): Case 9: Alternative model with sill level at 0.72 m

[-,"
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Table 4.15: Davlirzhtlevels: case 9 /sililevel at O.72m)
I 2 3 4 5

A 443 436 412 445 455

B 415 413 397 402 420

C 323 311 307 319 323

D 295 282 280 296 316

E 382 378 400 412 415

F 445 439 412 446 455

G 507 498 507 513 519

Avg. illumination level: 401 Lux

Comparison of Results:

Compared with case 5 (sill level at 0.125m) (399 Lux), it is observed that the

average illumination level is almost same (incrcased by only 0.5%) with case 9 (sill

level at O.72m). Among 35 points, number of values within acceptable illumination

level was 28 with existing sill level. The number of points within acceptable

illumination level decreased to 27 points with the modified sill level at 0.72 m. This

difference is the result of reflection from the modified sill near window. Figure 4.15

shows that the patterns of drop of light along north to south opening for case 5 and

case 9 are almost similar.

Table 4.16: Comparison of values of daylight level with case 5 and case 9

Criteria Case 5 Case 9

Average illumination level 399 401

Minimum-Maximum Range 280- 517 280- 519

No of points getting below 300 Lux 4 4

No of points getting 300-500 Lux 28 27

No of points getting above 500 Lux 3 4
.
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Figure 4.15: Drop of light along north to south opening for case 5 and case 9

Suggestions made from the simulation findings:

Simulation results show that the glazing part below work plane is almost ineffective

in terms of daylight contribution on work plane height. In such case, from

daylighting point of view, there is no need to start a window from floor level in a

studio. However, if properly designed, it may contribute to the ventilation aspect of

a studio space, but such effects need investigation for proper detailing, and this is

beyond the scope of this investigation.

4.6.5. Impact of Window Shapes:

This section identifies the effect of different window shapes on the average daylight

level at work plane height.
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Horizontal window shapes provide more even distribution-vertical windows are

more likely to create light/dark contrasts, although taller windows mean deeper

penetration. Long and wide windows are generally perceived as less glare inducing

than tall and narrow ones of the same area [14]. Occupants generally prefer wider

openings when the primary views of interest are of nearby objects or activities [IS].

Studies show that the easiest way to provide adequate, even daylighting is with a

nearly continuous strip window. Punched windows are acceptable, butthe breaks

between windows can create contrasts of light and dark areas [16]. Moreover, a

single side window may cause high discomfort glare because of the contrast between

the brightness of the window and the darker background surrounding the window

aperture. Combined side-systems that include a side window and a clerestory

provide a more balanced distribution of daylight than does a typical side window or

a clerestory window alone [17].

Based on the above perception three models were examined. Cases are shown in

Figure 4.16 (a), 4.16 (b) and 4.16 (c). The results are given in Tables 4.17 and 4.18

Cases:

Figure 4.J 6 (aJ: Case 4: existing wide window
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av/i"ht levels' ) (>

I
2 ,case J 0 vertical window)

A 568
3 4

555
5

B 252
554 517

234 248
510

C 222
252

172 176
298

D 110
227

94
233

E 235
100 III

291
76

F 554
319 316

407
.

240

G 731
400 440

748
455

A 'I '
758 779

vg,I lummation level:370 Lux
780
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Table 4.J 8: DavliEht levels: case J J (lonE wide horizontal window with c1erestor
I 2 3 . 4 5

A 443 434 410 443 455

B 415 412 395 402 420

C 320 311 307 319 323

D 296 282 283 303 311

E 387 370 397 412 415

F 446 436 410 446 455

G 507 487 490 510 517

Avg. illumination level: 399 Lux

Comparison of Results:

Compared with case 4- wide windows (327 Lux), it is observed that the average

illumination level at work plane height increased by 13% with case 10 (vertical

window), and 22 % with case 11 (side window with clerestory). Among the 35

points, 23 are within acceptable illumination level with wide window (case 4).

Although with case 10 (vertical window) the average illumination level increased to

370 Lux, the number of points within acceptable illumination level decreased to 6

points. Among the three cases (wide window, vertical window and long wide

horizontal window with clerestory) the maximum average illumination level on

work plane height is observed for case II (wide horizontal window with clerestory).

The number of points within acceptable illumination level increased to 29 points

with case 11.

Again, Case 1.0(vertical window) shows high contrast of light and dark areas. The

three-dimensional qualitative comparison along with daylight contour distribution

on work plane height generated from radiance output also shows qualitative

improvement in overall daylight level for large rectangular windows with clerestory.

(Appendix: D)
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Table 4.19: Comparison of values of daylight level with case 4,10 and 11

Criteria Case 10 Casell
Average illumination level 370 399

Minimum-Maximum Range 100- 780 303- 517

No of points getting below 300 Lux 18 3

No of points getting 300-500 Lux 6 29

No of poinfs getting above 500 Lux II 3
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Figure 4.17: Comparison between illumination values below 300 Lux, acceptable

range and above 500 Lux for case 10, and case 11
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Figure 4.18: Drop of light along north to south opening for case 4, 10, and 11
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Suggestions made from the simulation findings:

Use long wide horizontal windows rather than vertical windows of equal opening

areas. Place clerestory at the highest position for better daylight penetration and

greater uniformity in daylight distribution.

4.6.6. Impact of corridor on studio layout

In this section the impact of the corridor on the average daylight level at work plane

height will be studied.

From the field study it has been observed that, some studios are arranged along

double-loaded .corridors. This arrangement leads to a building where south-facing

studios are across the corridor from north-facing studios. This arrangement leads to

two rows of studios separated by a corridor allowing only one exterior wall in the

studio. In some cases opening are placed on only that exterior wall which results in

an uneven distribution of illumination level in the studio. In some cases high

windows are placed above the doors on corridor wall and a lower light level is

"borrowed" through windows from the corridor. Neither of these arrangements is

ideal since this results in an uneven distribution of illumination in the studio. The

single-loaded corridor was thought to be preferable to a double loaded arrangement

because natural light is not restricted to one side.

Irrespective of climate, there are advantages for the main facades of a space to face

north and south, rather than east and west [18]. Despite that, south-facing

classrooms present a particular challenge since if the classroom glazing faces south,

solar heat penetration is greater. It is likely that the occupants will pull down the,
shades to stop heat and glare - thus defeating the original purpose of the

orientation.

Based on the above perception, four models were examined. Cases are shown in

Figure 4.19 (a), (b), (c), and (d). The results are given in Tables 4.20, 4.21, 4.22, and

4.23
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Figure 4.19 (c): Case 14: with North corridor (double loaded)

Figure 4.19 (d): Case 15: with South corridor (double loaded)
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Table 4.20: Davlif!htlevels: case 12fsinl!le loaded North corridor)
I 2 3 4 5

A 445 436 410 446 455
B 420 413 397 407 420
C 370 323 319 335 379
D 488 413 370 420 436
E 593 576 490 568 890
F 987 788 745 893 997
G 1509 1495 1144 2164 2238
Avg. illuminationlevel:690 Lux

Table 4.21: Davlif!htlevels: case 13fsinf!le loaded south corridor)
I 2 3 4 5

A 490 487 485 488 498
B 446 439 413 445 455
C 335 320 311 378 395
0 307 295 280 303 311
E 387 395 370 415 420
F 446 443 407 445 450
G 510 498 490 507 517
Avg. illuminationlevel:417 Lux

Table 4.22: Daylif!.htlevels: case 14 double loaded North corridor
I 2 3 4 5

.A 58 50 46 50 62..
B 94 91 86 94 1I8
C 252 170 118 178 271
D 379 335 296 379 387
E 577 568 445 544 731
F 987 788 745 893 997
G 1509 1495 1144 2164 2238
Avg. illuminationlevel:552 Lux

••
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Table 4.23: Davli"ht levels: case 15(double loaded south corridor
I 2 3 4 5

A 490 487 485 488 498

B 446 436 413 443 455

C 320 311 307 339 358

D 215 176 118 146 154

E 84 70 76 77 86

F 44 23 30 45 46

G 50 44 46 45 53

Avg. illumination level: 225 Lux

Comparison of Results:

Compared with the existing condition .(case 4 with both north and south corridors)

(327 Lux), it is observed that the average illumination level at work plane height

increased by III % with case 12 (single loaded north corridor), 27 % with case 13

(single loaded south corridor) and 68% with casel4 (double loaded north corridor).

The average illumination level at work plane height decreased by 30% with case 15

(double loaded south corridor). Among all situations the maximum average

illumination level on work plane height is observed for case 12 with single loaded

north corridor. The values higher than 300 Lux were observed in all the 35 nodes for

case 12 (single loaded north corridor), among which 21are within acceptable

illumination level. With case 13 (single loaded south corridor), the number of points

within acceptable illumination level increased to 30 points. Figure 4.20 shows that

example space with single loaded south corridor has the maximum points (30)

within acceptable illumination level. Although case 14 (double loaded north

corridor) has an average iJlumination level of 522 Lux, it has the minimum points

(5) within acceptable illumination level. Figure 4.21 shows the pattern of drop of

light along north to south opening for case 12, 13, 14 and 15 and demonstrates that

illumination level is relatively uniform with case 13 (single loaded south corridor) .

The drop in illumination level is much sharper with distance from window with case

14 (double loaded north corridor) indicating lack of uniformity in the luminous

environment.
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Table 4.24: Comparison a/values a/daylight level with case 12,13,14 and 15

Criteria Case 12 Case 13 Case 14 Case 15

Average illumination level 690 417 552 226

Minimum-Maximum Range 370- 280-517 46-2238 23-490
2238

No of points getting below 300 Lux 0 2 16 20

No of points getting 300-500 Lux 21 30 5 15

No of points getting above 500 Lux 14 3 14 0

Cn!;e 13 CMC 14 Case 15

3 14 0

30 5 15

2 16 20
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Figure 4.20: Comparison between illumination values below 300 Lux, acceptable

range and above 500 Lux for case J 2, J 3, 14 and case J 5
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Suggestions made from the simulation findings:

The simulation results show that case 13 (single loaded south corridor) has the

maximum number of points within acceptable illumination range. The south corridor

with the louvered dropped edge helps to block the direct sunlight before it reaches

the opening, thus helping to stop/ control glare in the studio. Corridors, on the other

hand do not generate glare and can assist in controlling solar access into studio by

self-shading. In this way corridors can be used to buffer direct light from the studio

assisting better daylight distribution.

In order to find out the impact of corridor in the luminous environment of the studio,

another model (case 16) was created with single loaded south corridor where the

louvered dropped edge was removed. The model is shown in Figure 22 and the

result of the simulation is given in Table 4.25

~ ..•...• ,~' r.-.",,"'t' .,".;:-';-'

Figure 4.22 : Case 16: with single loaded South corridor without the louvered

dropped edge
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Table 4.25: Daylight levels: case 16 (single loaded South corridor without the
louvered dranned ed e)

1 2 3 4 5

A 490 487 485 488 498

B 446 439 413 445 455

C 335 320 311 378 395

D 307 295 280 303 311

E 387 395 370 415 420

F 450 443 407 446 467

G 516 510 507 517 539

Avg. illumination level: 417 Lux

Table 4.26: Comparison of values of daylightleve! with case 13, and 16

Criteria Case 13 Case 16

Average illumination level 417 419

Minimum-Maximum Range 280-517 280-539

No of points getting below 300 Lux 2 2

No of points getting 300-500 Lux 30 28

No of points getting above 500 Lux 3 5

Compared with case 13 (single loaded south corridor with the louvered dropped

edge) (417 Lux), it is observed that, with case 16 (single loaded south corridor

without the louvered dropped edge) the average illumination level increased to 419

Lux, but the number of points within acceptable illumination level decreased to 28

points. When the louvered dropped edge was removcd,only the points that are near

the openings got increased illumination level, (number of points getting below 300

Lux remained same) and thus the daylight distribution in the studio was not

.i,?proved. With the presence of light shelf or other advanced daylighting techniques,

this condition can be improved by reducing the amount of glare near the window,

while redirecting the light towards back of the space.

4.6.7. Impact of Light Shelf:

This section identifies the effect of light shelf at different positions of opening, on

the daylight level at work plane height.
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Direct sunlight is an extremely strong source of light and heat. It has no place in

classroom daylighting design and should be avoided [19]. The daylight availability

in a space and the indoor temperature is largely determined by the degree and

efficiency of the window shading. Shading systems are designed for solar shading as

well as daylighting; they also address other daylighting issues, such as protection

from glare and redirection of direct or diffuse daylight [20]. When shading is not

effective, solar radiation enters through the windows and directly heats the building

interior, the temperatures of which will obviously be influenced by the orientation of

the windows [21].

One drawback of using shading devices is the risk of reduced daylight level which

increases use of artificial lighting. Therefore it is important to understand the

magnitude of energy consumption for cooling and lighting when shading devices are

adopted, in order to analyze optimum shading as an energy conserving option [22].

To increase daylight while providing shading, advanced systems have been

developed that both protect the area near the window from direct sunlight and send

direct and/or diffuse daylight into the interior of the room [23].

A lightshelf is a device designed to capture daylight, particularly sunlight, and

redirect it towards the back of the room by reflecting it off the ceiling. As a result,

this strategy can lead to a more even distribution oflight throughout the room than is

found in a room with only a side window. It divides the window into a lower part

that mainly serves the role of providing a view and an upper window that serves to

redirect the daylight towards the back of the room away from the window plane. As

a by-product, a lightshelf can also provide shade from direct sunlight and reduce

glare from the sky [24].

Based on the above understanding, daylight simulation was done in this section for

varying heights oflight shelffor the north and south openings of the example space.

Four alternative models of the same space were created with custom light shelves

(metal deck, reflectance: 0.88, U value: 7.14 W/m2K) provided in ECOTECT

software.
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At first the study was carried out on the example space with north corridor (case 12)

by placing the light shelf in the south openings at 2m and 2.5m above the ground

level. Then the study was carried out on the example space with south corridor (case

13) by placing the light shelf in the north openings at 2m and 205m above the ground

level.

Cases:
...~ ~:=~-~_~~~;~.!T~E;:::~-::'-.--_.'.-_..... .:~::

--~-~~:._-------- . ._--~:~~<~:r]f-""
..-....: 't I L~>,,--, __,,,1 - .

...... I"'" " I I ---------~_"'-" _4 -- :I' _' ~~ ,~~.".r--:':-'---1 -'. -~-'5-''-''''' -- .r<'- _ _.~_~_ ..- _.1--- . __ ...-...~
_=tr2:.~-=-~-,..::;:~':?_-:..;,:;..~:~~.~_.-_z: 1..,_.••.........

Figure 4.23 (a): Case 17: light shelf at 2m (south opening)

Figure 4.23 (b): Case 18: light shelfat 2.5 111 (south opening)
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Table 4.27: Davlif!ht levels: case 17 (/if!ht shelf at 2m -south oveninf!)
1 2 3 4 5

A 445 440 415 446 455
B 415 412 410 413 420
C 320 311 307 319 323
D 303 293 280 295 319
E 397 387 370 415 420
F 455 443 434 446 474
G 498 467 455 490 510
Avg. illuminationlevel:400 Lux

Table 4.28: Davlif!ht levels: case 18 (lif!ht shelf at 2.5 m- south oveninf!)
I 2 3 4 5

A 446 436 420 443 455
B 415 412 410 413 420
C 323 311 295 316 329
D 329 320 319 323 335
E 440 410 395 397 446
F 490 467 445 488 510
G 702 682 517 692 722
Avg. illuminationlevel:436 Lux

Table 4.29: Davlif!ht levels: case 19 (/if!ht shelf at 2m -north oveninf!)
I 2 3 4 5

A 445 434 410 420 446
B 412 402 395 402 420
C 311 298 295 319 323
D 295 282 280 298 311
E 382 395 370 412 420
F 445 443 407 445 450
G 510 498 488 507 519
Avg. illuminationlevel:396 Lux
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Table 4.30: Davlif!ht levels: case 20 (Iif!ht shelf at 2.5 m north avenin!!)
I 2 3 4 5

A 447 467 440 470 485

B 415 412 395 402 420

C 320 311 307 319 323

D 295 282 280 298 311

E 387 370 397 412 415

F 446 436 410 446 455

G 507 490 498 510 517

Avg. illumination level: 404 Lux

Comparison of Results:

Compared with case 12 (single loaded north corridor, without light shelf) (690 Lux),

it is observed that the average illumination level at work plane height decreased by

42% with case 17 (light shelf at 2m -south opening, north corridor), and 37 % with

case 18 (light shelf at 2.5 m -south opening, north corridor). Among the three cases

(case 12, 17, and 18) the maximum average illumination level on work plane height

is observed for case 12 without the introduction of light shelf. The values higher

than 300 Lux were observed in all the 35 points for case 12, among which 21were

within acceptable illumination level. With the introduction of light shelf at 2.5 m in

south opening (case 18), the average illumination level decreased to 436 Lux, and

the number of points within acceptable illumination level increased to 28 points.

With the introduction of light shelf at 2 m in south opening (case 17), the average

illumination level decreased to 400 Lux, and the number of points within acceptable

illumination level increased to 30. Case 17 (light shelf at 2 m) has the maximum

points (30) within acceptable illumination level. Case 12 had a very high difference

between maximum and minimum lighting levels, indicating glare possibilities. The

introduction of light shelves reduces the maximum illumination value considerably

and thus also minimizes glare possibilities.

Compared with case 13- (single loaded south corridor, without light shelf) (417

Lux), it is observed that the average illumination level at work plane height

decreased by 4.7% with case 19 (light shelf at 2m -north opening, south corridor),

and 3.3 % with case 20 (light shelf at 2.5 m -north opening, south corridor). Among
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the three cases (case 13, 19, and 20) the maximum average illumination level on

work plane height is observed for case 13without the introduction of light shelf. The

values higher than 300 Lux were observed in 33 points for case 13, among which 30

were within acceptable illumination level. With the introduction of light shelf at 2

m in south opening (case 19), the average illumination level decreased to 404 Lux,

and the number of points within acceptable illumination level decreased to 28. With

the introduction of light shelf at 2.5 m in south opening (case 20), the average

illumination level decreased to 403 Lux, and the number of points within acceptable

illumination level decreased to 26. Case 13 -without any light shelf at north

openings has the maximum points (30) within acceptable illumination level.

Table 4.31: Comparison of values of daylight level with case 12. 17 and case 18

Criteria Case 12 Case 17 Case 18

Average illumination level 690 400 436

Minimum-Maximum Range 319- 2238 280- 510 295- 722

No of points getting below 300 Lux 0 4 I

No of points getting 300-500 Lux 21 30 28

No of points getting above 500 Lux 14 I 6
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Figure 4.24: Comparison between illumination values below 300 Lux. acceptable

range and above 500 Lux for case 12. case 17. and case 18
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Figure 4.25: Drop of light along north to south opening for case 12, 17, and 18

Table 4.32: Comparison of values of daylight level with case 13, 19and case 20

Criteria Case 13 Case 19 Case 20

Average illumination level 416 400 404

Minimum-Maximum Range 280- 517 280- 519 280- 517

No of points getting below 300 2 6 4
Lux
No of points getting 300-500 Lux 30 26 28

No of points getting above 500 3 3 3
Lux
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Figure 4.26: Comparison between illumination values below 300 Lux, acceptable

range and above 500 Luxfor case 13, case 19, and case 20
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Figure 4.27: Drop o/light along north to south opening/or case 13,19,20

Suggestions made from the simulation findings:

Simulation results show that with the introduction of light shelf (both at north and

south openings), the illumination level near the window decreases. Illumination

level is much lower after introduction of light shelves. Introduction of light shelf at

north opening has very little contribution from daylighting point of view, compared

to light shelf at south opening. Since main objective of the light shelf is to reduce

the amount of glare near the window, while redirecting the light towards back of the

space, introducing light shelf at south opening can offer greater uniformity in

daylight distribution.

4.6.8. Investigating/ testing the performance of design strategies established

from parametric study

The design strategies, which have demonstrated (during parametric study) their

contribution on the luminous environment of the example space, were assessed in

the following section. A new simulation model was created with the following

parameters:

i'
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Table 4.33: Parameters for new simulation model

Area 150 n1'

Length to width ratio 1.5:1 (length: 14.7m, Width: 9.8m)

Room height 3.4m

Without false ceiling

Corridor layout and Single loaded corridor arrangement with corridor (without

orientation the louvered dropped edge) at south

Window Head Height 3.4m

Window Sill Height O.12m

Type of Window Long wide window with clerestory up to the ceiling

height and light shelf at 2m.

Figure 4.28: New model

The daylight simulation was then conducted on 35 grid points of the new model to

find out the predicted illumination level for parameters mentioned in Table.4.28. the

Results are given in Table 4.32

••
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Table 4.34: Davlil!htlevels: new model
I 2 3 4 5

A 450 443 445 450 455

B 446 439 440 443 450

C 395 387 379 392 397

D 335 320 311 358 365

E 397 370 366 415 420

F 455 443 439 446 474

G 498 467 455 488 510

Avg. illumination level: 421 Lux

Comparison of Results:

Compared with case I (existing example space: length to width ratio-2:3, window

head height 2.54m, presence of false ceiling, corridor at north and south) (264 Lux),

it is observed that the average illumination level at work plane height increased by

51% with new model. Among 35 points 16 points were within acceptable

illumination level with existing condition (case I). With the new model, the number

of points within acceptable illumination level increased to 34 points. This

comparison revealed that introduction of these day lighting strategies (derived from

the parametric study) in design can offer better daylight penetration and greater

uniformity in daylight distribution.

Table 4.35: Comparison of values of daylight level with case I, and new model

Criteria Case I New model

Average illumination level 264 399

Minimum-Maximum Range 91-455 311- 510

No of points getting below 300 Lux 19 0

No of points getting 300-500 Lux 16 34

No of points getting above 500 Lux 0 I
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Figure 4,29,' Comparison between illumination values below 300 Lux, acceptable

range and above 500 Lux jor case 1, and the new model
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Figure 4.30: Drop oj light along north to south openingjor case 1 (existing example

space) and new model

4.8. Conclusion:

In this chapter, trials have been done to emphasize the procedure of achieving better

design strategies for improved luminous environment in studio interiors using

computer generated simulation programs (ECOTECT). To find out the deviation of
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values generated by ECOTECT program, compansons were made between

illumination values found in actual physical surveys and simulation results. The

comparison exercise shown that measured illumination values from the physical

survey had conformity with those generated from simulation programs. The

indicative design suggestions, which have been derived from the parametric study,

focussed on better daylight inclusion, greater uniformity in daylight distribution and

unwanted glare possibilities in studio interior. According to the simulated results, it

can be stated that with simple modifications in design, an improved luminous

environment in studio interiors in context of Bangladesh can be achieved.
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Chapter V: CONCLUSION AND DESIGN SUGGESTIONS

5.1. Introduction

Before the 1940s, daylight was the primary light source in buildings; artificial lights

supplemented the natural light. After this, in the short span of 20 years, electric

lighting had transformed the workplace by meeting most or all of the occupants'

lighting requirements. Recently, energy and environmental concerns have made

daylighting a rediscovered aspect of building lighting design. The physics of

daylighting has not changed since its original use, but the building design to use it

has [1]. Currently, the emphasis is on sustainable buildings that have a minimal

impact on the environment. The use of daylight as the primary light source is an

integral part of sustainable buildings because it is assumed to minimize the use of

electricity [2]. Energy-efficient, day lit buildings reduce adverse environmental

impacts, by reducing the use and need for power generating plants, and their

polluting by-products, and contribute to a more sustainable design approach [3].

A daylighting strategy that is not typically superior to electric lighting will create a

negative energy situation. Insufficient daylight results in the lights being turned on,

meaning heat is produced from the lights as well as from the sunlight. When not

properly designed, daylight can cause visual discomfort through glare and

distraction, and it can diminish the stimuli the task presents to the visual system by

producing veiling reflections, or by shadows. The effectiveness of daylight for

yis!!lllperformance will depend on how it is delivered [4].

The pverall aim of a successful daylighting design is to increase the amount of

us~ful daylight in an architecturally satisfying way. This strategy would aim to

maximize its penetration and its potential, in enhancing aesthetics, while addressing

- or pointing out to - its major liabilities such as glare, thermal discomfort, and

overheating risks, seasonal and weather based performance variability and,

potentially, privacy concerns. The designer is thus faced with a range of parameters

and variables to reconcile, which strongly fluctuate over time but need to

harmoniously merge with his overall design scheme [5].
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The literature survey (chapter II), the actual field survey (chapter III) and simulation

study (chapter IV) were discussed in the previous chapters. The theoretical basis for

this study, the actual survey results of case study buildings and computer simulation

modeling, were interconnected in a sequential way to obtain the optimum design

suggestions. The field study included: I) finding out the existing lighting situation in

the surveyed studios and students opinion/response on this 2) identifying the

different architectural features that are presently being used in the surveyed studios,

thus giving a basis, for selecting the example space for simulation study. 4)

Identifying the general problems and potentials of different architectural features

and factors which influence the existing luminous environment of the studio and

thus giving basis for selecting variables for the parametric study. The parametric

study was pursued through a series of simulations, to explore the impact of changes

in variables on luminous environment of studio interiors. The simulation study

helped in identifyi~g the effect of any variable or the changes (reduction,

introduction or other modification) of it, by keeping other variables constant, thus

achieving better design strategies for better daylight inclusion in studio interior.

The following sections present the findings of the whole research, first by

enumerating the identified problem areas, and then by suggesting recommendations

for alleviating these problems.

5.2. Problems Regarding Luminous Environment in Design Studios

One' of the aims of this study was to present an overview of the luminous

environment found within the architecture design studios of Bangladesh, where

aspects that affect this environment have been examined through a number of case

studies.

Observations show that in the surveyed architecture design studios of Bangladesh,

much of the time the luminous environment is poor, even though there is an

abundant resource of natural light in the exterior. From the measured illumination

levels at the surveyed studios, it is clear that lighting levels are well below
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acceptable standards. Studios are not designed according to the variety of visual

tasks that usually take place in the studios.

This indicates that lighting, whether by natural or artificial sources, is not considered

during design in an organized way, to fit the function or to satisfY any standards.

And even rarer is any consideration given to including the available daylight to

supplement the scheme. Factors like surrounding obstruction, layout, studio shape/

length to width ratio, window location, window configuration, sill height, lintel

height, shading type and configuration, drop ceiling height, blind configurations etc,

are not guided by daylight considerations, and it is only the visual aesthetic sense of

the designers and ergonomic considerations that govern interior layouts. Surveys

show that proper lighting design is ignored in the design process. The potentials of

light shelves have not been explored, in any of the surveyed studios. However, the

simulations conducted during this research indicate clearly that these strategies

could be easily have been practiced in context of Bangladesh.

5.3. Indicative Design Suggestions:

This chapter presents the conclusions derived from various stages in the research. It

is expected that the following indicative suggestions will be helpful for improving

the task specific luminous environment of architecture design studios of Bangladesh.

Daylighting Strategies
This section presents the findings that are based on simulation results. The following

indicative design suggestions were established through a series of simulations on

various cases. In this process, the cases grew incrementally since they were built up

from the preceding case results. Finally, all the design strategies established in the

previous case results, were assessed in the new simulation model. The following

indicative daylighting design strategies were established for incorporation in the
, -r'.'

design process to increase daylight inclusion and improve the luminous environment
,J. '<,' .

in these studios.

Shape the studio considering the length to width ratio

For a studio of 150 m2 area, provide length to width ratio of 1.5: I for better daylight

penetration and greater uniformity in daylight distribution.
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Avoid double loaded corridor arrangement for studios

The double-loaded corridor configuration results in an uneven distribution of

illumination level in the studio since this arrangement leads to two rows of studios

separated by a corridor and that allows only one exterior wall in the studio. The

major portion of daylight is available to the studios through the openings on outside

wall, and sometimes a much lower light level is "borrowed" through windows

between the studio and the corridor, thus the uniformity of illumination level is

severely affected.

Where possible arrange studios with single-loaded south corridors:

This arrangement results in classrooms facing north, which provides good

distribution of daylight In this arrangement the south corridor helps to block the

direct sunlight before it reaches the opening, and thus helps to control glare in the

studio.

Avoid drop ceiling where possible

Without drop ceiling in design the top height of a window can be raised, which

results in deeper daylight penetration and more even illumination in the room.

Modify drop ceilings near windows, when drop ceiling is required

Eliminating the part of drop ceiling near windows allows fitting a window high near

the ceiling which will result in deeper penetration and more even illumination in the

room .
.•. '.• "- .,-.

,I,

U.s~ long and wide horizontal shaped windows rather than tall and narrow

~~~:hwindows
""',; -.

Avoid tall and narrow punch windows separated by wall area, since they create

strong contrasts between windows and walls when viewed from the interior. Use

long and wide horizontal shaped windows as a more even distribution is achieved

with horizontal strip windows.
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Provide clerestory windows along with side windows

Positioning the clerestory upto the ceiling height results III deeper daylight

penetration and more even illumination in the room.

Position window high near the ceiling with sill at working plane height

Position window high near the ceiling, since raising the height of a window results

in deeper penetration and more even illumination in the room. Start glazing area at

work plane height since lower glazing does not contribute to the overall illumination

level of the studio.

Install light shelves at south opening

Install light shelf at 2m above floor level, for a studio of 150 m2 with 3.4 m ceiling

height to improve deeper penetration and distribution oflight in the studio.

5.4. Conclusion

The daylight strategies which have been discussed in this thesis can be implemented

in Bangladesh if designers are made aware about the issues.

Given the limited time and scope of this research, this study has concentrated solely

on lighting Issues, though the thermal and security aspects of a space may also be

affected by these strategies. Such related concerns may be addressed by future

studies.

Some of the most important areas that need to be explored in future with special

reference to architecture design studios of Bangladesh, are summarized below:

• The impact of daylight inclusion on cooling loads for design studios need to

be studied.

• The effect of daylight inclusion on overall energy savings need to be studied.

• The impact of daylighting design strategies on ventilation aspects.
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This work aimed to explore the nature of the luminous environment of architecture

design studios of Bangladesh and to identify parameters that can help to improve the

luminous environment by daylight inclusion.

The process followed in this research involves the use of standardized tools and

techniques which considered valid and applicable by current practice at present. The

methods applied in this research involve the use of standardized measurement

devices and simulation tools that are verifiable and have been validated. This

research can be generalized for architecture design studios in similar climates and

cultures, in Bangladesh and anywhere else around the world. It is hoped that the

research can be used as a basis for further research to investigate the consequences

of daylight inclusion in design studios and other types of buildings.
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" 625 41.7 20.' D.O 20.8 -41.7 62.5 66.7 70.8 75.0 66.7 58.3 5<1.0 6'-5 75.0 87.5 75.0 62.5 5<1.0 583 "-7 75.0 70B 66.7
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VI 87.5 87.5 -87.5 87.5 83.3 792 75.0 79.' 8:l.3 87.5 60.7 .,. 25.0 5<1.0 75.0 100.0 91.7 833 75.0 75.0 5D 75.0 '712 83.3

2') '" 25,0 17.S 5<1.0 SO.O 5<1.0 5<1" 67.5 75.0 87.5 91.7 ,,. 100.0 lOO.ll 100.0 100.0 100.0 100.0 100.0 ~5.8 91.7 117.S 62.5 37.5

SO 75.0 6(,.7 SO.3 SO.O ~2 583 625 625 625 625 625 '" 6'-5 75. 875 100.0 95.8 91.7 875 583 2'>2 0.0 25D 5<10
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• n.D 62.5 so.• 37,S 'SA •., 62.5 62.5 '25 625 41.7 ,,. 0.0 "'. lOO 75.0 (IJ.) 91.7 100.0 100,0 11)),0 100.0 91.7 0.], 75.0 '" '25 t2' ".. ,." 37.5 '25 m "' ". 16.7 t •• 12..5 1l.5 t25 ., '.2 0.0 " on •• "'0 son

• 87.5 91.7 OS. 100.0 87.5 ,<0 625 so.o ,,~"'0 31.5 so.o 62' 66.' ,,. 7>0 7>0 75.0 ". "'.2 ." 87~ 87~ 87~, 37.5 lO' "" 100.0 100.0 ".. 1000 "" S8.S 37.5 n.] '" 2>.. 29.2 '25 n.s 'SA •., m "' .. ,." ." '" '"" 87.' 87.' 875 87.' ,." ". 625 lOS •., so.o •., 58> .25 41.7 ". •• ., 16.7 ll.O 16.7 ., 0.0 '" 58>

" 62' '" 'SA ,,~so.o 62.5 ". so.• ll.O 0.0 ., " ., 12' ll.O 37.5 'SA '" 6>5 "" '" '<0 ". 66.'

" 625 '" 'SA )7.5 so.o 6>, 75.0 66.' lOS so.o 66.' 815 100.0 ,,. 41.7 12' ". '" SU .5.8 '" 62' 62., 62.5
IS 87~ 8l.3 '" ". '00 66.' 6>' lOS •., so.o 37.5 "' 12.S 41.7 'M 100.0 UJ 66.' so.o so. so.o so, 62.5 7S.0

" so.o '25 '<0 87.5 "., '" 75.0 '"0 7>0 75.0 S8.S 4'.7 2>.0 41.7 S8.S ,<0 "'. 66.' 625 so.o '" 2>.0 SS5 .11.7

" so.o S8.S 66.' ". 625 soo n.s •., ". 8U 91.7 OS, 10'0 '" 66.' so.o 62' 75.0 8U 8U 87.S '7> '<0 62.5
16 "" 91.7 '" 75.0 '" ,,> 875 .25 '" 75.0 so.o ".0 •• '"' ", so.o 625 75,0 87.5 91.7 OS, tOO' '00' tOO.
t7 870$ ". '" 37.5 41.1 'SA SOO ,... 41.7 37.5 58' '" '00' 100.0 '00.0 100.0 66.' '25 " " 0.0 •• ,." 58.'

" " "'. 41.1 625 62' = 62' '00 ", 87.' ,<0 = lOO 'SA ~1.1 su •., ". 875 87.5 875 87.5 lOS 2'l.Z
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" 62' ". '" 87.' .>.> "" 75.0 ". 66.' 62' 62' '" 62.5 41.7 SO. " 0.0 0.0 0.0 ". so. '" ,,. 66.'
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IS 75.0 ", '>.J 875 87.' 87.5 87~ .>.> ", 75.0 '" 91.7 tOO' '00' 100. to" 100.0 tOO' tOO' OS, 91.7 ." '>.J ".2
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25 75.0 62.5 SO.O 37.5 45.8 "2 625 623 625 6>5 66.7 7" 7;0 667 58.3 50.0 58.3 66.7 75.0 792 8B 87.5 833 79..2

" 87.5 83.3 79..2 75.0 833 91.7 100.0 91.7 833 75.0 75.0 75.0 75.0 623 50.0 37.5 41.7 45.11 50.0 583 66.7 75.0 79' 83,3

27 87.5 91.7 95.8 100.0 87.5 75.0 625 623 62.5 62' 66.7 70.8 75.0 75.0 75..0 7>0 75.0 75.0 75.0 7'>2 833 87.5 g";".5 87.5

28 87.5 87.5 87.5 87.5 7'>2 70> 625 ,U 45.8 37.5 58.3 7'>2 \00.0 833 66.7 "'0 ,.., 66.7 75.0 75.0 75.0 75.0 7'>" 83.3

29 62,.5 62.5 "-5 62.5 "-5 623 625 "-5 62..5 6L5 66.7 70.8 75.0 66.7 58.3 50.0 62.5 75.0 87.5 8U 57.5 87.5 792 70.8

30 87.5 875 87.5 87.5 87.5 87.5 87.5 7,"-0 '>5 50.0 "-' 75.0 87.5 7'>' 70.8 62' 625 625 625 6(,.7 70.8 75.0 79' 'B

" 8H 87.5 87.5 87.5 B7.; 8U 87.5 7'>2 70.8 6L5 58.3 54.2 50.0 41.7 333 25.0 41.7 58.., 75.0 7;.0 75.0 75.0 7'>' 83J

Hourly Cloud Covc=:r(%)
Sourc:e:Bangbdesh Me=logic:::U D;partrn:nt. Clumle Dn-ision, Agupon. Dhah.
Year. 2003 Month: August

.• T<mc oro 1:<:0 ~..,. 3:00; ".~-ro. ,.., ,.., 7m t,oo !>OO ,oro 1\:00 """ 13:00 U:OO 15:00 16:00 17:00 18:00 ,!>OO 21>00 21:00 "'"" 2.);00

[>,.
I 87.5 87.5 87.5 87.5 87.5 87.5 87.5 '33 m 75.0 70' 66.7 62' 50.0 37.:> 250 41.7 58.3 75.0 7'>2 833 87.5 87.5 87.5, 87.5 87.5 87.5 87.5 m 70.8 m c.z.5 "-5 62.5 75.0 87.5 \00.(1 7'>.2 58.3 )7.5 58.., 79.2 100.0 \00.0 100.0 100.0 95.8 9t.i

3 100.0 91.7 833 750.0 833 91.7 . 100.0 87.5 75,0 625 66.7 7" 73.0 75.0 75.0 7;0 ,>3 91.7 100.1) 100.0 \00.0 \00.0 100.0 100.0

• 100.0 100.0 100.0 100.0 \OM \00.0 100.0 91.7 '33 75.0 83.3 91.7 100.0 57.5 75.0 6H 62.3 62.5 625 62.5 62.5 6~ 5 75.0 r-.:;
5 87.5 87.5 87.5 87.5 57.5 87.5 873 ".5 87.5 87> 91.7 95.8 100.0 '00' 100.0 100.0 100.0 '00. 100.0 100.0 100.0 100.0 ,,. 91.7

6 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 ,,. 91.7 87.5 833 7'>2 75.0 66.7 "3 so.o 6>5 75.0 87.5 91.7 95.8

7 87.5 87.5 87.5 87.5 87.5 87.5 87.5 '33 7'>2 75.0 833 91.7 100.0 100.0 100.0 100.0 95.8 .91.7 87.5 87.5 57.5 873 573 87.5, 87.5 91.7 95.' 100.0 100-0 100.0 100.0 100.0 100.0 100.0 91.7 833 75.0 83_' 91.7 100.0 100-0 IOllO 100.0 100.0 100.0 100.0 ,,. 91.7, 100.0 100.0 100.0 100.0 100.0 100.0 100.0 91.7 833 75.0 83.) 91.7 100.0 100-0 100.0 100.0 95.8 91.7 87.5 87.5 87.5 87.5 91.7 95.8

10 100.0 '00' \00.0 \00-0 100.0 100.0 100.0 100.0 \00.0 100.0 \00.0 100.0 100.0 100.0 100.0 \00.0 100_0 100.0 100.0 100.0 100.0 lOG.O 100.0 100.1)

" 100.0 100.0 100.0 100.0 \00.0 \00.0 100.0 95.8 91.7 87.5 833 792 75.0 7'>2 '33 87.5 7'>2 70.8 62.5 75.0 57.5 100.0 100.0 100.1)

" 100.0 '000 100.0 \00.0 95.8 91.7 57.5 87.5 87.5 B7.5 91.7 95.8 100.0 \00.0 100.0 100.0 100.0 100.0 \00.0 100.0 100.0 \00.0 100.0 100.1)

13 87.5 91.7 95.8 100.0 100.0 100.0 100-0 95.8 91.7 87.5 833 7'>2 75.0 75.0 75.0 75.0 75.0 75.0 75.0 792 833 87.5 87.5 87.5

" 87.5 87.5 87.5 87.5 7'>2 7ll.B 625 667 70> 75.0 7'>2 833 87.; 87.5 B75 87.3 91.7 95.8 \00.0 95.B 91.7 87.5 87.3 87.5

13 100-0 95.8 91.7 87.5 87.5 57.5 87.5 7'>2 70.8 6>5 58..3 "2 50.0 333 16.7 0.0 25.0 SO.O 75.0 75.0 75.0 75.0 833 91.7

" 73.0 8D 91.7 100.0 ,,. 91.7 875 87.5 87.5 87.5 7'>2 70.8 625 62.5 62.; 6>5 '" .5.8 37.5 50.0 62.5 75.0 7io 75.0

" 87.5 87.5 87.5 87.5 87.; 873 87.5 87> 87.5 87.5 87.5 87.5 87.5 833 7'>2 75,0 75.0 75.0 75.0 m 83.3 87.5 873 87.;

" 100.0 \00.0 \00.0 100.0 ,,. 91.7 87.5 833 792 75.0 75.0 75.0 75.0 7'>2 833 87.5 91.7 95.8 \00.0 100.0 100.0 \00.0 100.1) 11'Jl.f)

" 100.0 ,,. 91.7 87.5 91.7 95.8 100.0 93,8 91.7 87.5 833 7'>2 7s.o 75.0 75.0 75' 7'>2 83.3 87.5 87.5 87.5 87.5 91.7 95.8

" 75.0 7'>2 83.) 87.5 833 792 7>0 75.0 75.0 75. 75.0 "" 7;0 62.5 . 50.0 37.5 37.5 37.5 37_5 37.5 37.5 37.5 "'.0 62.5

21 37.5 58..3 79.2 100.0 100.0 100.0 100.0 \00.0 100.0 100.0 95.8 91.7 87.5 833 7'>2 75.0 7'>2 83.3 87.5 87.5 87.5 87.:; 70R 'U
" 100.0 \00.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 95.8 91.7 57.5 83.3 792 75.0 79.2 833 87.5 87.5 87.5 87.5 91.7 ,,.
23 87.5 91.7 ,,. 100.0 100.0 100.0 100.0 ,,. 91.7 87.5 833 792 75.0 53J 91.7 100.0 100.0 100.0 100.0 \00.0 100.0 100.0 ,,. 91.7

,. 100.0 100.0 \00.0 100.0 100.0 100.0 100.0 \00.0 100.0 \00.0 100.0 1(10,0 \00,0 100.(1 100.0 100.1) 100.0 100.0 100-0 91.7 833 75.1) 833 91.7

2S 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 \00.0 91.7 833 75.0 75.0 75.0 75.1) 66.7 58..3 SO.O 6~5 75.0 87.5 91.7 9;11

" 57.5 91.7 95.8 100.0 91.7 83.3 75.0 75.0 75.0 7>0 75.0 75.0 75.0 542 m "5 333 ".2 75.0 7').2 833 87.5 87.:> 81.5

27 57.5 87.5 87.5 87.5 87.5 87.5 87.5 9\.7 ,,. \00.0 100.0 100.0 100.0 91.7 833 75.(1 75.0 75.0 75.0 75.0 75.0 75.0 7'>2 8l.3

28 57.5 87.5. 87.5 815 87.5 87.5 575 833 792 75.0 75.0 75.0 75.0 75.0 7>0 ;;.0 83.3 91.7 100.0 100.0 100.0 100.0 ,,. 91.7

" 87.5 83.3 792 75.0 7>0 75.0 75. 7;0 75.0 75.0 66.7 58.3 SO.O .,. U7 373 25.0 m 0.0 23.0 50.0 75.0 7'>2 IIl.3

50 87.5 833 79.2 75.0 83.3, 91.7 100.0 100.0 \00.0 100.0 <;1.7 833 75.(1 50.0 25.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 m ".5

31 75.0 7ll.B 66.7 6~5 75.1} 873 '00' ,,. 9\.7 87.5 83.3 7'>.2 75.0 '" 50.0 37.5 -41.7 -45.8 50.0 41.7 333 25.0 . -41.7 "3



Hourly Cloud Cover (0/.)
Sourt.c: Ihlll:bdnh Mclrorololl:iCll Dep:mmmt. Cltmnc o,visiO'l\, ~Ton. IJh1b
"at: :!OOi Month: Xplcml.>et'

1 5 1

T_ '.00 •••• "'" "'" "'" ,.. ••• ''''' ''''' """
,.", 11:00 '''''' 13:00 IHlO 15:Oll 16:00 17:00 18:00 ''''''' ""'" 21:00 """ "'"D>., '" -41.7 58.J ?S.D ", '" ,U 91.7 ". 100.0 '00' 100,0 ,,0.0 100.0 100.0 100.0 91.7 OJ' 75,0 75.0 '>0 '" SoU -41.;

2 ", 'SA ".2 ".5 "-, '" "-, '" ". 75.0 "0 ". 75.0 "0 75.0 75_0 79.2 U3 au 87.5 87.' 87.' ,.. ,,~, 75.0 ", "., au ", ",. = "-, "-, '" ,~,'" ,~,,,~••• ", ".5 >7..5 37.5 37.5 ".5 ".5 ".0 "-,
• "0 '" lB., "-' '" 70.8 75.0 ..., ." 87.' 87.' au 87..5 '" ••• 25.0 "0 25.0 ".0 :S,D ".0 n.D ,>.> ~l.-;, "0 "0 '" 100.0 100.0 100.0 100.0 100.0 100.0 ,.,. 91.7 83.3 75.n ".0 ".0 •• 0.0 00 0.0 •• 0.0 •• 8..5 l~;, "-, 58.J ".2 ".0 '" 58.J "-' '" 62.S "-, ,.. "., 87.5 ,.. '" >7..5 37.5 37.S 37.5 ••• '" 62.5 "-, "-,, '" ,.. '" 62.5 "0 87.5 '00. l00.a ,00.' t ••• 9',7 87.' 91.7 ••• \00.0 ".5 75:0 ,~'" '" 50 ..., '", >7..5 315 37.5 37.5 ••• '" 6:!-5 "-, = "-, "-, "-, "-, ,,~.,. ", '" ", 87.' 91.7 ". 100.0 "2 lB.J

• '00.0 100,0 100.0 '00' ••• 91.7 87.5 '" '" 75.0 '" '" "-, SoU '" "0 '" lB.J '" US "-, 62.5 '>0 87'

" ".. '" 91.1 87..5 OJ' ", 75.0 ". '" 62.5 75.0 87.' '00' 100,0 100.0 100.0 '00.0 100.0 \00.0 '00' \00.0 100.0 IOCI.O 100.0

" 100.0 91.7 OJ' 75.0 ". '" "-, "-, "-, "-, "., ". 75.0 ". '" '" ". 87..5 100.0 ". 9\.7 87.' 91.7 9U

12 '" "2 ••• 37.5 37.5 ".5 37..5 ". 62.S 75.0 ", OJ' 87.' ." 87..5 87.' 87..5 87.5 87.5 87.5 87..5 87.' ", ,..
" '>0 ". 75.0 75.0 75.0 75.0 75.0 ". 75.0 '" ." 91.7 100.0 91.7 OJ, ". ,,~OJ' '" 87..5 87.' 87.' '" ';'l':

" 10(1.0 '00.0 ".. '00' 91.7 '" 75.0 "0 '5Jl ". ". .•., 6l.5 SoU '" ". m ".0 ••• " .~0.0 m '"
" 1l.5 1l.5 '" ,~,.., ". ".0 ", 41.7 50.0 '" 58.J 62.5 41.7 2ll.8 0.0 0.0 0.0 00 0.0 0.0 0.0 '2 8..5

" '" 6l.5 '" ,~,58..5 '" ". ".0 ".0 500 '" 58.J "-, "-, m m 70.8 7'>2 87..5 87..5 87.5 87.' 702 .0.8

" 87..5 87.5 87.5 '" 87.' 87..5 87.' ,>.> 702 ". 7<0 "0 ". ", '" 87..5 91.7 ". 100.0 91.7 '" ". ", w
•• 7;0 ,,. "., "-, m ,~,"-, 58..5 '" ". '" 41.7 37.5 ", »2 ".0 », m 37.5 ". "-, 75.0 "0 "0

" '" '" '" ".0 lB.' '" "0 7'>' '" 87..5 7'>~ ". "-, 75.0 87.5 100.0 100.0 100.0 100.0 ,.,. 100.0 100.0 91.7 8l.l

" '00.0 '00' '00.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 '00' 100.0 '00.0 ,•..• '00' 100.0 100.0 100.0 '00' 100.0 100.0 100.0 '00.'

" '00' ". 91.7 87.5 87..5 87.5 87.5 87.5 87.' 87..5 OJ' ,,~75.0 "-, SO. 37.5 .,. '" "-, "., ,.. 75,0 '" '11.•

" 7<0 75.0 '" '.0 75.0 7<0 7<0 ".. 91.7 100.0 87.' 7>0 '" ,.. 702 87..5 87.' 87' au 91.7 ". 100.0 91.7 'l.l

2l '00' ". 91.7 87..5 83.} ", 7<0 ." 91.7 '00' ". 91.7 87..5 702 ". '" ". ,,~87..5 87.5 87..5 87..5 91.7 95,S

" 100.0 '00' 100.0 100.0 100.0 100.0 '00' '00' 100.0 '00' ". 91.7 87.' 91.7 ". loo.n 100.0 '00' 100.0 ,.,. 100.0 100.0 '00.0 100.0

II a7.5 91.1 .,. 100.0 100.0 '00.0 '00' '00.0 100.0 ,oon ". 91.1 87.' 87.' 8'1..5 87..5 87.5 8i3 87.5 87.5 87.5 87.5 87..5 6":'.5

" 87.' ." ,,~". 75.0 7<0 75.0 ." 91.1 100.0 ". 91.7 87' 702 ". '" "-, C3 6l.5 50' '" ".0 "-, .).0

" "" lB.J '" 75.0 ", '" 87..5 87..5 87..5 87.5 ." ", 7>0 58.J 41.7 25.0 25.0 llO "0 41.7 lB.' '>0 '" SoU

28 a7.) 702 ". '" '" ". 75.0 79~ '" 87..5 87..5 87..5 87.5 87..5 87..5 87.' 87..5 87..5 87..5 87.5 87.' 87.' 8::.5 87.;

" 100.0 '00' 100.0 100.0 100.0 '00' '00' .,. 91.7 87.' '11.7 ". 100.0 .,. 9l.7 87..5 87.' 87.' 87.' 87..5 87..5 87.; 91.7 95.$

" 875 '" '>0 "2 '" 87..5 91.7 ". 100.0 100.0 100.0 100.0 100.0 '00' 10M 100.0 100.0 100.0 100.0 '00' 100.0 ". 91 .•

Howly Cloud Cove=r \Ie)
Soul'te: Ibnpadesh Melt\lrotup;iol ~t. Ctim:lrI: Di_'is,011,Aprpon, D~
Year.200; Monlh: Or:tober

T~ .", ''''' .., ''''' ."" ''''' "'" ''''' ,.. """ ,.", 11:00 ,.., ".. I~~ ".. '"'''' 17:00 •••• ''''''' ""'" 21:00 ~"" 2l".. D>. --.I'" . _ .. - ,..~...~.. - - --.~~,, 100.0 100.0 '00' 100.0 100.0 100.0 100.0 100.0 '00' '00' 100.0 '00.0 100.0 '00' '00.0 '00' '00' \00.0 100.0 \00.0 '00' 100.0 '00' 100.0

2 '00.0 100.0 '00' 100.0 100.0 100.0 100.0 ,•..• '00.0 "". '00.0 '00' 100.0 ••• '11.7 87.' 87.5 87..5 87.' 91.7 .,. '00' 100,0 100.0, 100.0 9\.7 '" "0 '" 9i.7 '00' 100.0 '00' '00' lDO.O 100.0 100.0 ,•..• '00' '00' ,oon 100.0 '00' 100.0 100. '00' 100.0 WJ.O

• 100.0 \00.0 100.0 '00' ••• 91.7 87.' 87.' 87..5 87..5 OJ' ", 75.0 ", ." 81.5 ". m 50.0 ". ". ".0 '" ".., 87..5 '" '" '" 7;0 75.0 '" 75.0 ". 75.0 '" ".0 37..5 ". '" 0.0 0.0 •• •• .0 •• •• 202 "..5, ,'-' 41.7 ••• ".0 '" .•., '>0 ". '>0 ". 50.0 "" 0.0 0.0 •• 0.0 0.0 0.0 •• 0.0 •• •• ItS OS., •• '" ". "., ••• '" 62.' 58.J "2 ".0 ,,~58.J m SoU '" 50n 50' ". 500 '" '" "-, ~1.7 "., ,'-' '" ". 7<0 ,,~'" 87.' 87.5 87..5 87.' ", ,.. '" .(1.7 ". 0.0 '0 0.0 0.0 0.0 0.0 on 20. .(1.'

• 87..5 ", ". '" ",. ". 75.0 58..5 41.7 25.0 20. '" '" 8..5 U •• •• 0.0 •• 0.0 0.0 •• »~ "..5

" 25.0 2'>2 ", 37.5 .(1.7 .,. ". '" lB.J 62.. m m m 41.7 20• •• •• •• 0.0 '.0 0.0 0.' 8..5 16.7

" '" "0 '" 0.0 », '" 87.' '" ", '" 7<0 75.0 75.0 7s.o '>0 7;0 '" lB.J 50.0 ", 16.7 0.0 1:!.5 25.n

12 87..5 '" 702 7<0 792 au 87.5 ".. ". '" "., ". 75.0 702 8l.l 87.5 ", ,,. "-, ". 37.5 ".0 'l.8 66.7

" 37.5 m », ". 37.5 50.0 62., '" ". ". 7>0 7<0 75.0 ", OJ' 87..5 91.7 .>0 100.0 '00' '00' 100.0 ", 58"

" ".0 "..5 16.1 •• ,~,".0 37.5 "..5 "..5 37.5 ".5 37.5 37.5 '" ,.. 0.0 0.0 •• •• 0.0 0.0 0.0 .., "..5

" 25.0 25.0 "" ". 41.7 58.J 75.0 '" lB.J "n 37.5 25.0 '" 8..5 U •• •• •• •• •• 0.0 •• 8..5 16.7

" 87..5 '" ", 75.0 702 83.3 87.5 91.7 'l.8 100.0 91.7 '" ,>0 "" ". 0.0 •• •• 0.0 ,., m 50.0 m ;;.1)

IT '" '>0 75.0 75.0 "0 75.0 1$.0 ".. 91.1 '00' 100.0 '00.0 100.1) ,.,. 100. \00.0 .,. 91.7 87.' 87.' 87..5 81.5 OJ' '"•• '" 7?2 '" 87.5 ", ". "..5 91.7 100,1) ". 9l.7 87.' 87.' 87.5 87.5 87.5 87..5 87.' 91.7 ". '00' 91.1 87'

" 75.0 ", OJ' 87.5 87..5 87.' 87.5 8l.l 7?2 ". 7>0 75.0 75.0 ". '>0 7>0 ". '" 62.S ". m 87.5 'l.l 79

" '00' ,.,. '00' 100.0 '00' 100.0 100' '00' '00' ,oon 100.0 '00.0 100.0 '00' '00' 100.0 ,•..• 100.0 '00' 100.0 '00' 100.0 "". WlD

" 87..5 87.' 87..5 87.5 91.7 ". '00' 100' '00' 100.0 100.0 100.0 100.0 '00' '00' '00.0 ,•..• '00' 100,0 100.0 '00' 100.0 'l.8 91.1

22 87..5 81.5 87..5 87.5 87.' 87..5 87.5 91.7 'l.8 100.0 100.0 100.0 100.0 "". '00' '00.0 '00' 100.0 100.0 100.0 '00' 100.0 ••• 91.1

" '00' ,.,. 100.0 '00'
,.,. 100.0 '00' '00' '00' 100.0 100.0 100.0 100.0 '00' '00' '00' ,•..• 100.0 100.0 100.0 100.0 100.0 '00' lO"U)

" '00' ,oon '00' '00' ,,. 91.7 87..5 87.5 87..5 87.' 75.n m ".0 "'1.7 '" 25.0 .., 8..5 •• 0.0 •• •• m ".,
" ". 41.7 ,>.> ".0 "'1.1 58..5 ". 70.2 "..5 87..5 87.' 87.' 87..5 702 ". m '" ••• "..5 41.7 ••• 50. SO. ".,
'" ". '" "..5 m '" ". '5Jl 75.0 ". 75.0 7>0 15.0 ". ". '" "-5 SO. 37.5 ".0 ".0 ".0 25.0 'l.l 41.7

" 87..5 ". ." ".0 41.7 '" ". ". ". ". 25.0 25.0 25.0 37..5 ". "-, '" ,.. ". ,.. 66.' "-, ,,. '"
" ". ." 91.7 100.0 100. 100.0 100.0 100.0 '00' 100.0 87.' 15.0 m '" '" 50.0 58..5 "., 75,0 7>0 75.0 n.n '>0 lion

» ". ••• 41.7 37.5 41.7 ••• ".0 5<' 58..5 m lB.' '" 50.0 41.7 '" 25.0 '" 4l.7 ". m 41.7 "..5 41.7 'SA

" ". ••• 4\.7 37.5 41.7 .,. ".0 4\.7 '" ". "., 25.0 25.0 '" OJ 0.0 8..5 .., 25.0 16.7 8..5 0.0 '<7 ,U
lI. •• 4;1 OJ '<5 '87 ". 25.0 . '"' OJ •• 0.0 00 •• •• •• " •• 0.0 •• •• 0.0 '0,0 •• 0.0
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Hourly Cloud Covet' (%)
Soul"Ce:Bmt<bdt:sh Mc(oorolQ~ClI Depm:n;nl. Clirmlc DtviS;1lI1, A~::lI}!J<ln. Dh;lh

Yeu: 2005 Month: November

TLmC 0:00 "lO >00 ,., .., 5:00 6:00 7" B" ,., lllOO l1:OO 12;00 13:00 14:00 15:00 1(,:00 17;00 laW 19:00 »00 21:00 ~.OO 2HlO

D.••, 0.0 16.7 33.3 ,<0.0 $<' 58.' OL' 70.8 7'>2 87.5 75.0 6:'.5 ,0.0 50.0 500 50.0 3H l6.7 0.0 0.0 0.0 0.0 0.0 0.0, 50.0 41.7 33.3 25.0 ,0.0 16.7 U.S B-' 42 0." 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 \6.7 33.3

3 0.0 0.0 0.0 0.0 00 0.0 0.0 0." 00 0.0 1:'.5 25.0 37.5 25.0 0L5 0.' 0.0 0.0 0.0 00 00 0.0 00 0.0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0, 0.' 0.0 0.0 0.0 B.3 16.7 25.0 16.7 B.' 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ", 250 37.5 41.7 4;.8 500 33-' 16.7 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0

7 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2'0,8 41.7 62.5 0" 0" 0" 02\ 6~...) 62.5 0" 0" 62.5 41.7 20.8

B b;.S BU 87.5 87.5 875 117.5 87.5 87.5 81.:> 87.3 9].1 95,8 100.0 792 58-' 37.5 41.7 45.8 50.0 500 50.0 500 625 75.0, 75.0 70.8 "'.7 62.5 (,(,.7 70JI n.D 75.0 75.0 75.0 BJj 9l.7 100.0 ?1.7 BJj 75.0 ".3 41.1 15.0 25,0 2.'j,fl 25.0 41.7 58'

" 75.1) 75.0 75.0 75.0 792 BJ-' 87S "'.7 45.8 25.0 20. 16.7 '" B-' 4.2 0.0 00 0.0 0.0 0.0 0.0 0.0 25.0 50.0

" 00 B.J 16.1 25.0 16.7 •., 0.0 0.0 0.0 0.0 0.' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0." 0.0

" 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

" 0.0 0.0 0.0 0.0 B.J 16.7 25.0 2'J2 33S 31.5 25.0 12.5 0.0 0.0 00 0.0 0.0 00 0.0 00 0.0 00 0.0 0.0

" 0.0 0.0 0.0 0.0 1(,.1 ,'-' 50.0 45.8 41.7 37.5 25.0 125 00 00 0.0 00 0.0 0.0 0.0 00 0.0 00 00 0.0

" 0.0 0.0 0.0 0.0 16.7 3D 50.0 50.0 50.0 50." 3D 16.7 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0

" 0.0 0.0 0.0 0.0 16,7 3D 50.0 58.3 "'.7 15.0 500 25.0 00 42 B.J 12.5 2O.B 29.2 37.5 29.2 2O.B 12.5 B-' '2

" 0.0 0.0 0.0 0.0 \6.7 3'-' 50.0 45.8 41.7 37.5 25.0 12.5 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0

" 0.0 0.0 0.0 0.0 125 25.0 37.5 25.0 lz.5 0.0 0.0 00 0.0 0.0 00 0.0 0.0 . 0,0 0.0 00 00 00 0.0 0.0

" 00 0.0 0.0 0.0 20B 41.7 62.5 625 61.5 62.5 625 0'5 625 41.7 20.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20 00 0.0 00 0.0 2O.B -11.1 62.5 45.8 292 '" 12.5 '" " 5 B.J U 0.0 0.0 0.0 00 0.0 0.0 0.0 o. 0.0

" 0.0 0.0 00 0.0 25.0 50.0 15.0 60.7 58' 500 '" 58.3 62.5 50.0 31.5 25.0 33.3 41.7 50.0 50.0 50.0 50.0 33J 16.7

22 50.0 520 "2 56.3 58-' 60 .• 62' ".3 "2 50.0 "2 "-' 625 -11.7 20.8 00 0.0 0.0 0.0 0.0 0.0 0.0 16.7 33.3

23 37.5 -15.8 "2 0" "-7 70.8 75.0 'S.o 75.0 75.0 50.0 25.0 0.0 0.0 0.0 00 o. 0.0 0.0 00 0.0 0.0 12.5 25.0

" 0.0 0.0 00 0.0 '" 23.0 37.5 ll-' 292 25.0 16.7 8.3 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0

25 0.0 0.0 0.0 0.0 208 -11.7 0'5 625 62.5 625 -11.7 20' 0.0 8.3 16.7 25.0 25.0 25,0 25.0 2'>' 33-' 31.5 25.0 11.5

" 62.5 -11.7 2O.B 0.0 00 0.0 0.0 2O.B -\1.7 62.5 50.0 37.5 25.0 16.7 B3 00 0.0 00 0.0 0.0 0.0 0.0 20' .H.i

'" 0.0 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0 00 0.0 0.0

" 0.0 0.0 0.0 0.0 16.7 33..3 50.0 llJ 16.7 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0

29 0.0 0.0 0.0 0.0 B.J 16.7 25.0 2'>2 "-' 37.:> 37.:> 37.5 375 25.0 '" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00

30 0.0 0.0 0.0 0.0 12.5 25.0 37.5 25.0 1'5 00 BJ ,.7 250 16.7 B-3 0.0 00 0.0 00 00 0.0 0.0 00 0.0

Hourly Cloud Cover (lifo)
Soure~:B;lnf;bodesh M~tcoro[opealD;p:rtrnent. CIim:>I~o;_.uion, (\&'P0n, DInb

Y= 2005 Momh:"pel::ember.. ,."., '._'~~-~'"
T~, "'" ,., >00 3W 'W ,., ,., 7" .<0 "'" '''''' 11:00 '~W 13:00 1-\:00 lHXJ 16:00 17:00 '>flO 19:00 - 21:00 22W 23.,

D••, ;0.0 -11.7 3D 25.0 16.7 B-' 0.0 B-' ,., 25.0 25.0 250 25.0 16.7 Bj 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16,7 33.3

2 0.0 B.J 16,7 25.0 292 33-3 37.5 31.5 37.5 37.5 37.5 37.S 37.:> 25.0 '" 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0, 37.5 25.0 12.5 00 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0 12.5 25,0, 15.0 75.0 7HI 75.0 70.8 60.7 625 "'.7 10.8 15.0 50.0 25.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 25.0 50.0, 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 o. 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

7 12.5 B-' U 0.0 '" 25.0 37.5 -\1.1 -15.8 50.0 llJ 16.7 0.0 0.0 o. 0.0 0.0 00 0.0 0.0 0.0 0.0 '.2 B.'
8 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0

• 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

" 31.5 25.0 '" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o. 0.0 12.5 2;.0

" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 '" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0

" 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

" '" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0

" 0.0 0.0 0.0 0.0 0.0 0.0 M 16.7 33.3 50.0 ••• 41.7 37.5 25.0 '" 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0

" 0.0 0.0 0.0 0.0 16.7 33.3 50.0 31,5 25.0 125 B3 U 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

" 25.0 16.7 8.' 0.0 00 00 0.0 2O.B 41.1 62' 41.7 20.8 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 B.' 16.7

" 500 0" 15.0 87J 87J 87.5 81.5 81.5 87.5 B7J 87.5 87.' 81.5 792 10.8 02S 625 625 62' 0' 5 625 625 58.3 S--l.1

tB 50.' "2 58.' .,.. 625 625 625 '" 0" 625 0'5 625 '" 45.8 292 125 20.8 29. l7.5 37.5 37.5 37.5 41.7 45_~

" 50.0 <11.7 33.3 25.0 25.0 25.0 25.0 »., "-' 37.5 41.7 <15.8 500 3D ,., 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.7 3D
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" 0.0 BJ 16,7 25.0 37.5 50.0 62' 60.7 70S 75.0 15.0 75.0 75.0 79.2 BlJ 87.5 87.5 87.5 87.5 91.7 95.8 100.0 "'.7 33..1

22 100.0 100.0 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 95.8 91.7 87.5 91.1 95.8 \00.0 100.0 \00.0 100.0 100.0 100.0

23 100.0 'OOD 100.0 100.0 87.5 75.0 02S "2 4S.8 37.S 25.0 '" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 3l.3 60.7
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" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
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Daily Total SunShine Hours
. ,,~

Source: Banl;!:ladesh Metcoroloe1cal Deoartment, Climate Division, Agargaon, Dhaka

Year: 2005

Day 1 .2 3 4 5 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Month.

January 7.3 5.8 5.1 1.4 6.7 8.2 8.2 8.0 7.7 B.1 0.0 .8.7 7.5 8.1 6.7 7.3 5.2 3.9 4.9 8.5 8.0 2.8 0.0 6.7 8.9 7.9 7.6 4.2 4.0 8.3 8.4
Febru3ry 0.8 9.0 8.4 8.9 7.6 5.2 7.2 8.0 8.6 B.6 9.1 9.6 9.6 9.7 9.7 8.3 6.8 8.4 3.6 4.8 9.9 5.0 8.7 8.8 9.5 9.8 9.5 9.2'-' ..' ..
March 9.8 9.5 9.2 9.6 9.0 8.8 7.9 5.8 9.6 8.8 0.1 0.0 8.8 8.3 8.5 9.3 8.2 2.1 5.2 9.2 9.0 6.8 2.6 0.9 8.5 8.3 9.3 8.3 7.1 5.2 2.7.. _\~;il" 7.5 9.0 8.2 9.9 9.3 9.7 8.6 9.0 6.7 8.2 7.7 6.8 9.8 9.4 9.6 8.5 8.6 10.0 7.5 5.6 10.5 8.6 8.8 9.1 7.1 7.5 8.6 8.8 6.4 8.1'-.',May 7.6 4.4 10.9 5.6 5.9 9.4 10.8 6.8 4.5 9.4 8.9 9.6 9.3 8.7 7.2 9.2 7.4 8.3 3.9 9.4 5.8 1.6 3.2 5.1 7.2 10.0 9.6 9.4 9.9 11.3 11.1
lune 9.1 7.7 9.5 4.9 7.6 9.4 8.1 6.4 8.4 3.7 1.8 3.1 0.6 1.0 0.2 0.0 0.3 3.9 2.0 1.8 1.5 0.0 0.3 2.4 0.1 1.6 0.4 0.0 0.0 0.0•lui" 0.6 0.0 0.0 0.1 0.4 8.8 10.5 7.6 4.7 0.6 0.2 1.5 0.0 1.4 0.0 0.5 8.9 3.6 4.9 1.9 . 4.6 0.1 3.4 8.3 10.0 6.2 7.1 7.3 9.1 7.3 9.6

AUQUst 8.8 6.0 6.9 2.8 3.6 1.0 3.3 0.2 1.0 0.0 3.2 '1.7 2.9 1.8 3.9 3.4 9.5 3.3 1.6 3.9 2.6 2.6 0.7 0.4 07 6.1 4.2 9.0 5.6 1.8 4.7Scotember 2.7 5.4 6.4 3.2 0.0 7.8 1.2 7.2 4.8 5.3 7.7 10.1 4.0 4.7 9.7 9.7 4.4 10.2 7.8 0.0 5.1 5.0 2.3 2.1 0.0 5.3 3.4 2.7 4.3 2.6Oerober 0.0 0.0 3.0 1.5 7.1 9.6 6.7 2.9 9.2 8.5 3.5 3.4 6.0 9.4 9.9 3.9 1.8 0.8 1.8 0.0 0.0 0.0 0.0 1.9 9.0 7.1 7.6 0.8 7.6 9.6 9.8November 5.5 9.7 9.5 9.6 9.6 8.8 8.3 0.0 5.1 7.6 9.3 9.3 9.1 8.4 7.7 8.6 8.2 8.4 6.6 3.9 2.0 3.8 0.9 0.2 3.2 4.0 7.2 8.2 8.2 8.0December 7.7 8.3 8.1 4.5 8.2 7.9 8.2 8.0 8.0 8.6 8.4 8.6 8.7 8.5 8.2 7.4 0.8 2.7 7.3 8.3 7.3 0.0 5.2 8.0 8.3 7.1 5.7 7.7 6.1 7.5 7.8

..."
W
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The Questionnaire

The following questions were asked during the survey:

1. Number of users:

2. Scheduled Studio Hour:

3. Hours student spend in studio per week:

4. Types of visual tasks that take place in studio:

5. The frequency of different types of activities that take place in studio:

6. The space requirement for different types of activities in studio

7. Current practice of use of artificial light and other fixtures and their duration:

8. User's Response on the current lighting condition of their studio:

9. User's opinion on the design problems that are responsible for existing lighting

condition in the studio, and issues that need to be considered:

...~
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software
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Daylight levels for different cases, generated by ECOTECT software

174

o
N

"~
'"U



Daylight levels for different cases, generated by ECOTECTsoftware
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APPENDIXD

THE RADIANCE GENERATED IMAGES
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Daylight contour distribution for different cases, generated by RADIANCE

Synthetic Imaging Software

Case I: Existing Condition with Length

to Width ratio: I: 1.5 (view towards north

opening)

•.••.....

Case 2: Alternative Model with Length

to Width ratio: 1: 1 (view towards north

opening)

Case 4: Alternative Model with Length

to Width ratio: 1.5: I (view towards

north opening)

Case 5: without drop ceiling (view

towards north opening)

Case 3: Alternative Model with Length to

Width ratio: 1.25: 1 (view towards north

opening)

Case 6: Modified drop ceiling with 45

angle slope near window (view towards

north opening)
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Daylight contour distribution for different cases, generated by RADIANCE

Synthetic Imaging Software

'~-=•..-,,-~~-- :d
__ l

Case 7: ceiling height 2.45m (view

towards north opening)

Case 10: vertical window (view towards

north opening)

•

Case 8: ceiling height 3m (view towards

north opening)

Case 11: long wide horizontal window

with clerestory (view towards north

opening)

,
•

l j~

Case 9: Alternative model with sill level

at 0.72 m (view towards north opening)

Case 12: with North corridor (single

loaded) (view towards south opening)
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Daylight contour distribution for different cases, generated by RADIANCE

Synthetic Imaging Software

Case 13: with South corridor (single

loaded) (view towards north opening)

Case 16: with single loaded South

corridor without the louvered dropped

edge (view towards north opening)

Case 14: with North corridor (double

loaded) (view towards north opening)

Case 17: light shelf at 2m (south

opening) (view towards south opening)

Case 15: with South corridor (double

loaded) (view towards south opening)

Case 18: light shelf at 2.5 m (south

opening) (view towards south opening)

(



Daylight contour distribution for different cases, generated by RADIANCE

Synthetic Imaging Software

New model (view towards south opening)
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