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ABSTRACT
Consequences of technology evolution and its ease of use have made humans entirely
dependent upon them without thinking of side effects on human's health as well as the
environment, and the future. One of these technologies is artificial light, which is very
important. Its excessive use, however, has led to forgetting the importance of daylight.
Daylight is one of the essential strategies to save energy, and Natural light also improves
livability and helps to reduce the carbon dioxide footprint. This thesis addresses the
complexity of natural daylighting and the complexity in calculating light intensity by
using hand calculations, building a physical model or using computer software for
simulation. Additionally, a significant amount of time and resources is consumed, which
in turn makes students, architects, and professionals less interested in daylight analysis.
This observation prompted me to investigate a new and simple method to understand how
light moves through and renders a space so that we can bring back the use of daylight in
our lives. The method enhances user’s—architects, students, teachers-- intuition to
speculate on plotting daylight intensity curves within a space. Verification of the method
is accomplished by building of a physical model and testing it at the House Energy
Doctor Overcast Sky Simulator. To demonstrate the effectiveness of the method an
application is fully explored on a simple geometric space. The result confirmed the
research that within a short period of time and without expensive means users can
speculate the daylight intensity curve in any architectural space by understanding the four
variables that are affecting the daylight penetration inside the space. Using this method
will enhance integrating daylight into spaces for saving energy and building a better
future.
10

INTRODUCTION
There is no meaning to any architecture design without Light, there is no knowledge of
objects if we do not see them with our own eyes, but light and eyes without objects that
are reflecting the light to our eyes we will not able to see anything. The relationship
between the source of light, surfaces that reflect light and our eyes this what it gives
meaning to life and gives existence to objects (Chalfoun, 2015).
Different climates in different countries means each country has its own sky and light
condition, and thus talented architects and designers have to be adaptive with any light as
it is and design the buildings that fit with any climate. Egypt has very clear, bright and
direct sunlight, the ancients Egyptians found that to create a great design is by using the
shallow and negative relief. In Gothic cathedrals in Northern Europe where the sky
produces cloudy and diffused light the shadows are softer than the dark and sharp shadow
of the Egyptian sun, therefore they placed sculptures in niches and portals (Lencher,
2015).
It is essential to understand the composition of light and how we can measure light, how
essential light is, and how light makes a difference in our everyday lives which will be
presented in the following two chapters.
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CHAPTER ONE: 1.0 Light
1.1 Basic Principles
The main source of light is the sun. The
sun is composed of several layers (Figure
1) where certain dynamics occur. The core
of the sun has the ultimate source of
energy; this energy transfers as radiation to
the sun’s surface. The gases in the outer
layer of the convection zone radiate light in

Figure 1: The Source of Light (NASA, 2012)

visible wavelengths, and this is how we see the sun. This is referred to as photosphere as
we can see also the corona which radiates light in a shorter wavelength.
Radiation is energy being carried through
space. However, if this energy is carried
by light it is called electromagnetic
radiation, a radiate form of
electromagnetic waves. Each wave (Figure
2) has a wavelength and frequency and

Figure 2: Sine of Wave (after Dr. Chalfoun)

travel at the speed of light (300 million
meters/second) thus the frequency determines the different wavelengths. The sun radiates
energy in many wave lengths, it radiates 44% visible light (sensitive to human eye) at
0.38 to 0.75 micron and 49% in the infrared band (we feel it as heat) at >0.75 micron and
7% in the ultra-violet band at <0.38 micron (Figure 3) (Chalfoun, 2015).
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Figure 3: Electromagnetic Spectrum

1.2 Light Measurements
The science of measuring light in any portion of the electromagnetic spectrum is called
Radiometry and the science of measuring visible light is called Photometry.

1.2.1 Luminous Flux (L)
Luminous flux is the time rate of light flow which
quantifies the total amount of light emitted by a
source in all directions (Moore, 1985) (Figure 4).
The unit of measurement of luminous flux is lumen.
If we take one candlepower source that radiates
light equally in all directions and surround it with a
Figure 4: Luminous Flux

transparent sphere of a one foot radius, then the
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amount of luminous flux emanating from each one square foot of surface on the sphere is
one lumen and the total lumens will then be the number of square feet on a one foot
radius sphere:
L total = 4 π r² = 4 × 3.1415 × 12 = 12.57 lumen (Chalfoun, 2015).

1.2.2 Luminous Intensity (I)
Luminous intensity is a characteristic of the source only, and it is the amount of light in a
given direction measured in lumens per solid angle (Figure 5). The unit of measurement
of luminous intensity is the candlepower or candela. An ordinary wax candle flame
generates one candlepower in all directions (Chalfoun, 2015).

Figure 5: Luminous Intensity
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1.2.3 Illuminance (E)
Illuminance is the density of luminous flux incident on one square foot of a surface
(Figure 6). This surface is said to be illuminated. The unit of measurement of illuminance
is the foot-candle (lumens per square foot) or lux (lumens per square meter) (Moore,
1985).

Figure 6: Illuminance

1.2.4 Luminance
Luminance is used to characterize reflection from diffused surfaces. The luminance is
when we are looking from a particular view to a flat surface and how our eyes will detect
the amount of luminous power (Figure 7). Luminance will indicate the brightness of the
surface. The unit of measurement of luminance is foot-lambert (candelas per square
meter), which is identical to foot candle, but foot-lambert is a measure of light reflected
from a surface and not the light going to the surface (Chalfoun, 2015).

15

Figure 7: Luminance
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CHAPTER ONE: 2.0 Daylight
2.1 History of Daylight
Throughout history, ancient humans depended upon the daylight as the primary source of
light. In ancient Egypt daylight was introduced to interior spaces in two different means;
side lighting and top lighting, traditionally inner courtyards were implemented in their
housing to achieve the benefit of light to interior rooms. In ancient Greece, the temples
were oriented to the east to benefit from the low sun angle in the morning, which
illuminates the interior statues through the doorways. Ancient Roman Architecture
developed a variety of daylight strategies. Within their architecture they implemented
round arches, barrel vaults, and domes which allowed large spans and they created large
top lighting through the implementation of clerestories. During the Renaissance thick
walls and ceilings with large and numerous windows that dominated the façade were
implemented. Thick walls allowed daylight to enter the interior space and blocked the
direct view of the sky (Moore, 1985).
In the twenty-first century where the massive expansions of windows that are often used
on modern buildings and the availability of electricity the invention of artificial light is
now more developed. The result is the increase of heating loads due to artificial electric
light, and thus the dependence on air-conditioning is enormous due to the combined
effect of heat from solar gain and artificial lights.
Consequences of misunderstanding the importance of daylight can be observed by the
increase in demand of artificial light, which leads to an increase in primary energy
17

consumption that represents the total requirement for all uses of energy. To get an
indication of the energy and electrical demand saving possible with daylighting, we will
need one hundred sixty-watt incandescent lamps to produce the same amount of light as a
3 ft. × 5 ft. window in clear sky condition. (Figure 8) (Leslie, 2003).

Figure 8: 100 incandescent lamps of 60 watt is equal to the light that is produced with a 3 ft. x 5 ft. window
in a clear sky condition (After Norbert Lechner)

2.2 Daylight Definition
Daylight is that portion of the electromagnetic spectrum to which our eye is sensitive. In
the architectural concept, Daylight is the practice of placing windows, other openings,
and reflective surfaces so the direct or indirect sunlight can provide adequate internal
lighting.
The primary source of all daylight is the sun — the proportion of direct to diffused light
impacts the amount and the quality of daylight. The light that does not scatter within the
earth’s atmosphere is direct sunlight. Moreover, when the light is scattered with the
18

atmosphere it is diffused daylight. The light that is reflected from the ground also
contributes to daylight.
Each climate has a different composition of these forms of daylight and different cloud
coverage, so daylighting strategies vary with site locations and climates (Figure 9)
(VELUX Knowledge Center for Daylight, Energy and Outdoor Climate (DEIC), 2014).

Figure 9: Daylight is the combination of all direct and indirect light and reflective surfaces

2.3 Method of Daylight
There are three types of daylighting as they are shown below:
1. Side lighting as windows.
2. Top lighting as skylight, sawtooth and clerestory.
3. Core lighting as an atrium.
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2.3.1 Side lighting
Windows that are placed
vertically is side lighting. Side
lighting is always connected with
the orientation where the window is

Figure 10: Side Lighting

placed. East and west orientations are not preferred because they will cause glare and
overheating in the summer. Placing the window in the south is preferred for winter
heating and placing the window in the north when the winter heat is not preferred. By
placing the window in a different orientation, we can take advantage of the sun path. The
disadvantage of side lighting is that the daylight penetration is limited to about one and a
half times the height of the top of the window (Figure 10) as per the rule of thumb for the
daylight penetration (Lencher, 2015).

2.3.2 Top Lighting
Top lighting is when we are
making openings horizontally.
The advantages of top lighting is
that it will penetrate the light

Figure 11: Top Lighting

into interior spaces for large areas and if it is designed correctly, we will have even
daylight distribution (Figure 11). The disadvantage of top lighting is that it will cause
excessive heat during the summer. A more beneficial way to use top lighting is by using
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clerestory windows, monitor or sawtooth (Figure 12) since they implement vertical
glazing and can provide shading (Lencher, 2015).

Figure 12: Alternate Top Lighting

2.3.3 Core Lighting
Core lighting as an atrium
creates the advantage to
allow light to enter from both
sides and will allow more

Figure 13: Core Lighting

daylight in the room, especially if there are multiple stories. If we do not have an atrium
in multiple stories (Figure 13), we can only add an opening to the top floor by adding a
skylight or any type of top lighting. In addition to having more illumination in the interior
spaces, by shading the atrium with transparent material we will still have the exposure to
the daylight and the temperature within the atrium will be comparable to the indoor
temperature (Lencher, 2015).
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2.4 Daylight Factor
To determine the effectiveness of a design that brings daylight into a space is not only
affected by the illuminance inside the room but by the ever changing sky conditions.
However, we have to know the ratio of the indoor illuminance to the outdoor illuminance
in an overcast sky condition, and the measurement inside the room will be on work plane
height and the measurements outside with an unobstructed view to the sky (Figure 14).
Moreover, it is only in the overcast sky because the relative luminance distribution is
constant all the time. If we know the daylight factor is four at any given space that means
is space will receive 4% of the illuminance that is received from outdoor (VELUX
Knowledge Center for Daylight, Energy and Outdoor Climate (DEIC), 2014).

Figure 14: Daylight Factor
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2.5 Light Intensity and Daylight Curve Intensity
Light intensity means how much luminous flux we are receiving on one square foot so
we can know how much that surface is illuminated (Figure 15) and thus light intensity is
the same as illuminance as mentioned before in chapter one.

Figure 15: Light intensity

So if we want to know how the light moves through and renders a space, we should know
the daylight curve intensity, and that means we should measure the light intensity at work
plane level and several locations, and by connecting all the points we will get the daylight
curve intensity (Figure 16).

Figure 16: Daylight Intensity Curve
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CHAPTER THREE: 3.0 Problem statement
Measuring light intensity involves complex equations that are difficult to understand. We
might need to use several equations to reach the result that we want and sometimes we
will produce erroneous conclusions. Additionally, if we want to see the effectiveness of
our design we must build a physical model. Although the physical model will illustrate
both quantitative and qualitative aspects of the light system, building physical models and
testing them becomes costly. We must purchase materials to build the model, build an
overcast sky simulator, and purchase photometer sensors.
If we want to test daylight strategies and their applicability and compare them with each
other, until now the best way is to use computer software simulation. This method also
might produce erroneous conclusions, requires extensive software knowledge and
requires one to invest in a suitable computer.
Additionally, all of these methods mentioned consume a significant amount of time. In
general architects, designers, academic faculty, and students do not have an excessive
amount of time to run simulation software, or daylight analysis by using any of these
three options. Additionally, students have a limited amount of environmental
background, and it is challenging for them to use these options.
This research will introduce a new method that helps students, architects and
professionals to anticipate the daylight intensity curves in architectural spaces requiring
only knowledge, paper, and pen.
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CHAPTER FOUR: 4.0 Elias Method
4.1 Hand Sketch
Any design will start by a hand sketch, and a computer is just a tool for applying the
ideas with great and precise illustration.
The best designer or architect utilizes hand sketching to deliver his or her thoughts by
drawings because hand sketching allows them to explore ideas and develop designs
quickly. Hand sketching is a tool for thinking, for creativity, for plotting our mind on a
piece of paper within minutes. This is a form of visual communication, but it's not
intuitively successful (Figure 17).

Figure 17: Hand Sketch
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This is a quick exercise (Figure 18) for hand sketching. Within ten seconds please
speculate the daylight intensity curve trend in the section that is shown below.

30” A.F.F

Section
Figure 18: Hand Sketch exercise

However you draw the daylight intensity curve, either correct or not, the idea is that you
draw it within ten seconds without using any equations or building a physical model or
using simulation software on the computer.

4.2 Method Structure
This section describes the procedures of the method, how to prove it, and how to
implement it within a design to achieve even daylight distribution in architectural spaces.
First, a space is designed and the daylight intensity curves are speculated in this space.
Second, a script is developed that will describe all the steps: how to draw the daylight
intensity curves, build a physical model and test it with the House Energy Doctor’s
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Overcast Sky Simulator, apply the method on different daylighting designs to achieve
even daylight distribution within that space. Last, a physical model is built to match the
last design and tested with the House Energy Doctor’s Overcast Sky simulator to prove
that the method works.

4.3 Define the Space
The space is a 10'-0" × 20'-0" rectangular room with side lighting created by a window.
The window is 5'-0" wide × 5'-6" high and is located in the center of one of the 10’-0”
walls. The window sill height is 3’-0” above finish floor, and the overall wall height of
the room is 10'-0". All the interior surfaces (wall, ceiling, and floor) are painted white so
they will reflect more light into the room (Figure 19). This is the base case.

Plan

3D Section

Section
Figure 19: All interior surfaces are painted white to reflect more light into the space.
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4.4 Space Analysis
To understand how daylight penetrates the interior of the base case, the room is divided
into three areas as shown in (Figure 20) three lines 1, 2 and 3. Line 2 will represent the
middle of the room, while Line 1 and 3 will represent the sides of the room.

Plan

Figure 20: The plan is divided to three areas line 1, 2 and 3.

Each line or each area is divided into seven locations from A to G (Figure 21); each
location will represent the location where light intensity is speculated.

Plan
Figure 21: Each area or line has seven locations from A to G.

Between every two locations a zone will be created, six zones in total. These zones are
used just for reference (Figure 22).

Plan

Figure 22: Between each two locations there will be a zone.
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The following section is divided into ten lines (Figure 23); each line will represent the
level of light intensity, the higher line, the higher light intensity and the lower line, the
lower light intensity.

Section
Figure 23: The section is divided to ten lines from 1 to 10.

The assumption is that the adequate daylight zone will start slightly above the finish floor
and will end at a level slightly higher than the window sill. Thus, all the light intensities
that are above the end of the adequate daylight zone will be in the over lit zone, and all
the light intensities that are below the beginning of the adequate daylight zone will be in
the under lit zone (Figure 24).

Section

Figure 24: Three types of daylight zones.
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4.5 Elias’s Daylight Intensity Curve
Usually when we want to measure light intensity, we will measure it at a level of thirty
inches above the finish floor which is known as the work plane (Lencher, 2015). We
usually see in books that the daylight intensity curve will start high closest to the window
and will continually decrease to the end of the room furthest from the window (Figure
25). This means that the light intensity will be high next to the window while the light
intensity will be low at the end of the room, furthest from the window. However, the
Elias daylight intensity curve is different from books, and the reason is that the
speculation of the light intensity is precisely closest to the window or precisely closest to
the wall at the very end of the room, which will be explained in further detail in section
4.7.

Elias Method Section

Section from book

Figure 25: The difference between the daylight intensity curves in books and the Elias Method.

4.6 Variables of Daylight
To draw the daylight intensity curve in the base case or to know how daylight is
penetrating inside the room there must be science behind not only this case but with any
case. The science behind all the cases is that there are four variables that are affecting the
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daylight penetration inside the room (Figure 26). Designers and students must keep in
mind the following variables:
1. Source of light: Which is the primary source that is entering the room from the
window.
2. Surfaces Reflectance: These surfaces could be a large number of surfaces, and is
dependent upon architectural elements implemented within the space and the
number of sources of light. Within this base case we have four reflective surfaces,
which are as follows:
a.

The Secondary source, which is reflected off the exterior floor.

b.

The Treasury source, which is reflected off the interior floor.

c.

The Quaternary source, which is reflected off the ceiling.

d.

The Quinary source, which is reflected off the walls.

3. Shadow zone: This is the dark area where an opaque object partially blocks the
light, the shadow could be a sharp shadow due to the amount of direct sunlight or a
fade shadow because of the diffused light.
4. Distance from the source of light: As long as we are moving against the source of
light, the light intensity will be lower. For example, if we measure the light
intensity under the window, we will have a very low intensity because we are
measuring within the shadow zone. However, if we measure closest to and within
the center of the window, we will have the highest light intensity because this
location is the nearest location to the source of light. Moreover, if we measure at
the very end of the room furthest from the window, we will have the lowest light
intensity because as per the rule of thumb for daylight penetration, the useful
31

depth of a daylight space is limited to about one and a half times the height of the
top of the window (Lencher, 2015). Thus, the end of the room will have only a
small amount of a diffused light.

Plan
3D Section
(1) Source of light

Section

(2) Source of light
Secondary source reflected of the exterior floor
Treasury source reflected of the interior floor
Quaternary source reflected of the ceiling
Quinary source reflected of the walls
(3) Shadow zone
(4) Distance from the source of
light

Figure 26: Four Variables are affecting the Daylight Penetration.

4.7 Draw Daylight Intensity Curve Step by Step for Line 2 (Middle of the room)
To draw the daylight intensity curve, we have to check all four variables of the daylight
penetration (source of light, surfaces reflectance, shadow zone and the distance from the
source of light) and how these variables are affecting each location.
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At location (A), which is the nearest location to the source of light, and speculating light
intensity at a level thirty inches above the finish floor, this location is within the shadow
zone due to the fact this area is located under the window sill. Although this location does
not receive any direct sunlight, it is receiving indirect light from the surfaces that are
reflecting the light. In turn, this location will have low light intensity (Figure 27).

Figure 27: Draw Daylight Intensity Curve in the Middle of the Room at Location (A).

At location (B), which is located farther than location (A) from the source of light, this
location is out of the shadow zone. Moreover, it is exposed to direct sunlight, and
additionally it is receiving light from the reflectance of the surrounding surfaces (ceiling,
wall, and floor). In turn, this location will have the high light intensity (Figure 28).

Figure 28: Draw Daylight Intensity Curve in the Middle of the Room at Location (B).
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At location (C), which is now located out of the shadow zone, this location is out of
direct sunlight, and it is farther than location (B) from the source of light. This location is
solely receiving light from the surfaces that are reflecting the light, and since these
surfaces are close to the source of light, the light intensity of this location will be lower
than the location (B) (Figure 29).

Figure 29: Draw Daylight Intensity Curve in the Middle of the Room at Location (C).

At location (D), which is in the middle of the room, the variables are almost the same as
location (C); it is out of the shadow zone, and it is out of the direct sunlight, and it is
receiving the light from the surfaces that are reflecting the light. However, this location
is a bit farther from the surfaces that are reflecting the light and it is farther than location
(C) from the source of light. In turn, the light intensity will be lower than location (C)
(Figure 30).
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Figure 30: Draw Daylight Intensity Curve in the Middle of the Room at Location (D).

At location (E), this location is the end of the effective depth of the daylight as per the
rule of thumb for daylight penetration, so since this location is farther than location (D)
from the source of light and from the surfaces that are reflecting the light. In turn, the
light intensity will be a bit lower than the location (D) (Figure 31).

Figure 31: Draw Daylight Intensity Curve in the Middle of the Room at Location (E).
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At locations (F) and (G), these two locations are receiving a small amount of diffused
light from the surfaces that are reflecting the light because they are out the useful depth of
daylight. In turn, each location will be slightly lower than the previous locations which
are (E) and (F) (Figure 32) (Figure 33).

Figure 32: Draw Daylight Intensity Curve in the Middle of the Room at Location (F).

Figure 33: Draw Daylight Intensity Curve in the Middle of the Room at Location (G).
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4.8 Draw Daylight Intensity Curve Step by Step for Line 1 & 3 (Sides of the room)
Since the sides of the room are not facing the window, the daylight intensity curve will be
different from the middle of the room because the variables that are affecting the daylight
penetration are different. So the changes in the variables are that the corner of the room
has a darker shadow zone because of the double shadow as it is shown in (Figure 34), and
all the locations are farther than the middle of the room, and from the source of light of
light (Figure 35).

Figure 34: The Corner of The Room has a Darker Shadow Zone.

Figure 35: All the Locations are Farther Than the Middle of the Room from the Source of Light.
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In turn, the daylight curve intensity for the sides of the room will have the same trend of
the middle of the room, but all the locations will have lower light intensity (Figure 35).

Figure 36: Draw Daylight Intensity Curve on the Sides of the Room Line 1 & 3.
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CHAPTER FIVE: 5.0 Measurement of Success
5.1 Physical Model
The best way to test the effectiveness of a design and to identify the quality of daylight is
by building and testing a physical model. This will illustrate both the quality and quantity
of light, and will represent a simulated condition within the actual building. After
speculating the daylight intensity curves in the base case, a physical model was built that
was made from a 28” × 40” Tri-Fold Display Board. (Figure 37). The reason that this

Figure 37: The material that is used for the physical model, Tri-Fold Display Board.

material was chosen was due to the fact it is an opaque material, a translucent material,
and it has a white surface. Additionally, black Duct Tape was used to seal the edges
(Figure 38), so as not to allow light to penetrate through from
the joints, and making sure that are the joints are sealed very
well. The physical model was built at a 1ft. = 1 in. scale with
the same design for the base case. For example, one of

Figure 38: Duct Tape to seal the joints

the dimensions of the walls is ten feet in length, and the wall within the model was built
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at ten inches. Additionally, all the white surfaces were faced to the interior space so they
have the ability to reflect more light into the room.
The base is made from the same material, Tri-Fold Display Board, but with two layers
(Figure 39). The first layer is solid while the second layer was cut with a laser cutter for
the locations where the light intensity was predicted and the same size of the Li-core
photometer sensors and for the areas of the room (the middle of the room and the sides of
the room) as it is shown as line 1, 2, and 3. Additionally, paths were created for the wire
of the sensor to make sure the model is placed accurately on the base, and a border was
also added around the model, so the light will not penetrate from the bottom of the walls.

Figure 39: Base for the physical model.

5.2 Testing the Physical Model with the House Energy Doctor’s Overcast Sky Simulator
After building the physical model with the same design as
the base case, the model was taken to the House Energy
Doctor's lab that houses an artificial Overcast Sky
Simulator (Figure 40).

Figure 40: The House Energy Doctor’s
Overcast Sky Simulator.
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The artificial Overcast Sky
Simulators inner walls are made
out of mirrors (the sides and the
bottom).The reason for this is to
create adequate light intensity all
around the model, and the model
will be placed in an infinite space
(Figure 41). The top of the

Figure 41: Sides and bottom are made out of mirrors.

Overcast Sky Simulator has
twenty-two fluorescent lamps. The
simulator needs to be turned on at
least fifteen minutes before taking
any measurements to allow the
light level to stabilize and reach the

Figure 42: The Top has twenty two Fluorescent lamps.

intensity of an overcast sky
typically around one thousand six
hundred foot-candles (seventeen
thousand Lux) (Figure 42). In the
bottom of the simulator, there is a
door that opens in order to have the

Figure 43: Door opening at the bottom.

flexibility to observe the model and the ability to make quick changes (Figure 43). The
Megatron data logger has twelve Li-Cor photometer sensors to measure the actual
lighting conditions within the space (Figure 44). The top of the sensors should represent a
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level thirty inches to scale above the finish
floor, which is the work plane. The Li-Cor
photometer sensors measure the light in
Lux. The conversion between Lux and Footcandle is 10.764 Lux = 1 Foot-candle.
The model was placed in the artificial

Figure 44: Megatron Data Logger.

Overcast Sky Simulator (Figure 45),
and all locations were measured.
Each measurement was then
converted to Foot-candles. These
measurements were then plotted in
an excel file, and a diagram was

Figure 45: Placing the Model in the House Energy Doctor’s
Overcast Sky Simulator.

made with the measurements in all
three areas (line 1, 2, and 3), then excel diagrams were compared for the daylight
intensity curve with the diagram that was made by hand. The difference produced a result
of almost ten percent. All three areas have almost the same trend as the hand sketched
daylight intensity curves, but some of the actual measurements are higher, and some of
them are lower. The results reflect that the method is accurate and we can speculate the
daylight intensity curves in spaces through this method (Figure 46).

Figure 46:Both of the Daylight Intensity Curves (Intuitive and from Physical Model) have almost the
same trend.
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CHAPTER SIX: 6.0 Apply the Method
6.1 Define the Problems
The daylight intensity curve represents how light moves through and renders in spaces.
Additionally, if we are looking at the interior images (Figure 47), the locations that are
closest to the window are exposed to an excessive amount of light while the end of the
room is exposed to a minimal amount of light.

Figure 47: Images of the Physical Model for the Interior Space.

If we are looking at the daylight intensity curve we can also see the locations that are
closest to the window have a high light intensity while the locations that are at the end of
the room, furthest from the window, have a low light intensity (Figure 46).
Therefore, by knowing the daylight intensity curve, we can define and highlight the
locations that have high or low light intensity, in other words highlight the locations that
are out of the adequate daylight zone or at the edge of the adequate daylight zone (Figure
48). The goal is to either drop or increase the light intensity where it is needed.

Figure 48:Define the Locations that have High or Low Light Intensity.
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In the base case, in the middle of the room (Line 2), all the locations A, B, and C have a
high light intensity while the locations F, and G have low light intensity (Figure 49).

Figure 49: Define the Locations that have High or Low Light Intensity in the Middle of the Room (Line2).

On the sides of the room (Line 1, and 3), the locations B, and C have high light intensity
while the locations F, and G have a low light intensity (Figure 50).

Figure 50: Define the Locations that have High or Low Light Intensity on the Sides of the Room (Line 1, and 3).
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By plotting these locations in plan (Figure 51), we can define the areas that have a high or
low light intensity, and then we can start adjusting the design with daylight design
strategies by adding architectural elements or creating new openings, this will aid in
having a daylight intensity curve within the adequate daylight zone and to be almost
straight.

Figure 51: Plot the Locations that have High or Low Light Intenisty in the Plan.

6.2 Apply Daylight Design Strategies
6.2.1 Split the Window to Two Windows

Figure 52:Split the Window to Two Windows.

Instead of having a single 5'-0" wide × 5'-6" high window in the middle of the room, two
windows, each window being 2'-6" wide × 5'-6 tall, located closer to the side walls was
implemented (Figure 52).
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Now the variables that are affecting the daylight penetration are different from the base
case, and the differences are as follows (Figure 53):
1. The shadow zone is less than the base case because the walls are casting a shadow
in a small area.
2. There are two sources of light instead of having one source.
3. By placing the windows next to the adjacent walls the walls will be a low
brightness reflector (Lencher, 2015), and the walls will reflect more light into the
space.
4.

The distance from the source of light will not change in any case, as we are
moving away from the source of light we will have less light or lower light
intensity.

Section

Plan

Figure 53: Variables of Daylight Penetration in Split Windows Strategy.

The question now is, how are these variables affecting daylight penetration in the room?
In the middle of the room (Line 2), since the middle of the room is behind the wall, the
first three locations A, B, and C, will be affected because of the shadow zone that is in
the middle of the room which are partially exposed to direct sunlight. In turn, the daylight
intensity curve will be a bit lower next to the window while the other locations will be the
same (Figure 54).
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Figure 54: The Daylight Intensity Curve in the Middle of the Room (Line 2) after applying Split Windows Strategy .

On the sides of the rooms (Line 1,
and 3), these two areas now are
exposed to direct sunlight with less
shadow zone (Figure 55). In turn, the
daylight intensity curves on the side

Figure 55: The Sides of the room are exposed to
direct sunlight with less shadow zone..

of the room will be higher than the base
case (Figure 56).
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Figure 56: The Daylight Intensity Curve on the Sides of the Room (Line 1, and 3) after applying Split Windows Strategy .

If we add daylight intensity curves in all the areas (the middle and the sides of the room)
in one diagram, we can see both of these curves have almost the same trend (Figure 57),
which means that all these areas have the same amount of daylight penetration.

Figure 57: The Daylight Intensity Curve in all the areas have almost the same trend .

Within the additional strategies, we will discuss only the middle of the room unless the
strategies are affecting the middle more than the sides of the room.
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After applying the first strategy of the split window to two windows, the light now is
equal in all three areas (Line 1, 2, and 3), but we still have high light intensity closest to
the window.

6.2.2 Add Overhang to the Windows

Figure 58: Add Overhang to the Windows.

To reduce the light intensity closest to the windows, the first three locations in all three
areas are located in the shadow zone. Therefore, by adding an overhang to the windows
(Figure 58), the shadow zone becomes larger, and another source of reflected light is
produced, which is reflected off the bottom of the overhang. While the surfaces that are
reflecting the light are reflecting less light than without overhang and location B will still
receive direct sunlight in all three areas (Figure 59).

Figure 59: Variables of Daylight Penetration after adding Overhang to the Windows.
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In addition, the daylight intensity curve will be lower at the first three locations (A, B,
and C). Location D, which is the middle of the room, will also be affected by the shadow
zone in the area next to the windows. This location will be a bit lower in light intensity
than the previous strategy, while the rest of the locations E, F, and G will be slightly
lower (Figure 60).

Figure 60: The Daylight Intensity Curve after adding Overhang to the Windows .

Looking now at the daylight intensity curve, we can see that the middle of the room has a
low light intensity.
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6.2.3 Replace the Overhang with Light Shelves

Figure 61: Replace the Overhang with Light Shelves.

When an overhang is placed lower than the top of the window this is referenced as a light
shelf because it will cast a shadow on the lower part of the windows as an overhang while
reflecting light off the light shelf towards the interior space. Moreover, by adding another
light shelf in the interior space, we can increase the depth of the daylight zone (Figure
61).
By adding the two light shelves (outside and inside) a different lighting affect is
produced. First, the shadow zone will be more faded because of the light that is reflected
off the bottom of the light shelves, additionally we will have another source of reflected
light off the top of the light shelves toward the ceiling, so the surfaces reflectance are
larger (Figure 62).

Figure 62: Variables of Daylight Penetration after replacing the Overhang with Light Shelves.
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In turn, the daylight intensity curve will be higher at location C, and D because of the
reflected light from the light shelves (Figure 63).

Figure 63: The Daylight Intensity Curve after replacing the Overhang with Light Shelves .

In this daylight design strategy, we can now see that the middle of the room has sufficient
lighting, but we still have a little bit higher light intensity closest to the window due to
direct sunlight.
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6.2.4 Replace the Light Shelves with Louvers

Figure 64: Replace the Light Shelves with Louvers.

The goal now is to eliminate the direct sunlight, and to achieve this goal the light shelves
will be replaced with louvers (Figure 64). First, by adding louvers to the windows there
will not be direct sunlight. Secondly, we will have a large area of the faded shadow zone
because the light will reflect over the louvers so that we will have only diffused light
(Figure 65).

Figure 65: Variables of Daylight Penetration after replacing the Light Shelves with Louvers.

Moreover, since the source of light is only from one side, and we do not have a high
light intensity due to the direct sunlight, this leads to having a very low light intensity
within the entire space. The end result will produce a very dark zone especially at the end
of the room (Figure 66). With these results the best step to do next is to have another
source of light at the end of the room.
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Figure 66: The Daylight Intensity Curve after replacing the Light Shelves with Louvers.

6.2.5 Add two Skylights

Figure 67: Add Skylights at the end of the room.

Developing strategies to create another source of light can be introduced at the end of the
room, either by implementing vertical glazing as a window or horizontal glazing as a
skylight (Figure 67) the most advantageous strategy is the implementation of a skylight,
which receives a significant amount of light, and helps to penetrate the light over a large
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area. The disadvantages of the skylight, however, is that it is tough to shade the
horizontal glazing, and it will introduce a high light intensity into the interior space.
By adding two 2'-0" × 2'-0" skylights at the end of the room, the variables of the daylight
penetration now is different because now another source of light is introduced at the end
of the room which is direct sunlight, and we have another source of reflected light that is
reflected off the walls and floor (Figure 68).

Figure 68: Variables of Daylight Penetration after adding Skylights at the end of the room.

Skylights produce a high light intensity because of direct sunlight at the end of the room
while the windows with louvers produce an adequate amount of light because of diffused
light. In turn, the daylight intensity curve will be much higher at the end of the room and
especially at locations E, F, and G (Figure 69).
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Figure 69: The Daylight Intensity Curve after adding the Skylights at the end of the room.

We can see now that the end of the room has the highest light intensity because of the
direct sunlight produced by the skylights. The goal for the next strategy is to eliminate the
direct sunlight.
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6.2.6 Replace the two Skylights with Clerestory and Overhang

Figure 70: Replace the Skylights with Clerestory and Overhang.

Due to the difficulty of shading horizontal glazing, the best thing is to replace them with
vertical glazing on the roof as clerestory, sawtooth, or monitor. In this daylight design
strategy, the clerestory with overhang (Figure 70) was implemented to eliminate the
direct sunlight, while light will only be reflected over the walls (Figure 71).

Figure 71: Variables of Daylight Penetration after replacing the Skylights with Clerestory and Overhang.

After applying this strategy, the light intensity at the end of the room will be lower than
implementing two skylights (Figure 72), however, the light intensity in the middle of the
room now needs to be a bit higher.
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Figure 72: The Daylight Intensity Curve after replacing the Skylights with Clerestory and Overhang.

6.2.7 Add High Windows with Louvers to the Sides of the Room

Figure 73: Adding High Windows with Louvers in the middle of the room.

Having a high window in a space will increase the penetration of the daylight inside the
space. Therefore, by adding two high windows on the sides of the room and almost in the
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middle of the room (Figure 73), the variables of daylight penetration are different. First,
we have three sources of light; one is from the window which is diffused light, and the
other source is from the clerestory which reflects light off the walls, while the ultimate
source is from the high windows. However, it is better to apply the previous strategy of
the louvers on the windows in the new high windows to eliminate the direct sunlight and
to have only diffused light. Second, the shadow zone now is almost unnoticeable in the
room because the room has proper illumination. Third, the surfaces that are reflecting the
light are more, but we still have high light intensity from the surface at the end of the
room. The distance from the source of light will be the same however we have multiple
sources of light. When we are far from the first source of light, which is the windows, we
will be close to the second source, which is the high windows in the middle of the room,
and if we are far from the high windows in the middle of the room we will be close to the
third source which is the clerestory at the end of the room (Figure 74).

Figure 74: Variables of Daylight Penetration after adding High Windows with Louvers in the middle of the room.
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Therefore, the daylight intensity curve will be a bit higher at the middle of the room,
while the end of the room we have a high light intensity and it should be a bit lower
(Figure 75).

Figure 75: The Daylight Intensity Curve after adding High Windows with Louvers in the middle of the room.

6.2.8 Add Baffles under the Clerestory

Figure 76: Adding Baffles under the Clerestory.
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Due to the high light intensity at the end of the room because of the direct light that is
hitting the back wall of the room we have to diffuse the light before it reaches the wall by
adding architectural elements such as baffles (figure 76). These baffles will help to
distribute the light more evenly over the space because the light will be reflected over the
baffles and they will reduce the brightness of the direct sunlight.

Figure 77: Variables of Daylight Penetration after adding Baffles under the Clerestory.

Therefore, the daylight intensity curve will be lower at the end of the room, and thus the
daylight intensity curve is within the adequate daylight zone, however the light intensity
needs to be slightly higher, especially at the end of the room (Figure 78).

Figure 78: The Daylight Intensity Curve after adding Baffles under the Clerestory.
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6.2.9 Roof Reflectance-light color:

Figure 79: Painting the Roof with light color such as White.

Having a reflective roof is essential since a light color such as white will serve to reflect
more light. By painting the roof white in color (Figure 79), we will have another source
of reflected light over the roof toward the interior space. Now the surfaces are reflecting
more light (Figure 80).

Figure 80: Variables of Daylight Penetration after painting the roof with light color such as White.

so the daylight intensity curve is slightly higher at the end of the room, and all the
locations are in the adequate daylight zone, it is almost straight, which means the light is
distributed more evenly through the space, which is the goal of applying all these
strategies.
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Figure 81: The Daylight Intensity Curve after painting the roof with light color such as White.

6.3 Test the Method with a Physical Model
After using the method to reach the goal to
have a daylight intensity curve in the
adequate daylight zone and almost straight, a
physical model was built with the same scale
1ft. = 1in., with the same materials; Tri-Fold
Display Board and Black Duct Tape and with
the same last daylight strategy design
(Figure 82). The physical model was then

Figure 82: A physical model was built with the same
Materials and same last daylight strategy design.

tested at all locations with the House Energy Doctor's Overcast Sky Simulator by using
the twelve Li-Cor photometer sensors. The result is that the actual measurements are
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slightly lower than what was speculated, but the trend of the daylight intensity curve is
almost the same, reflecting the accuracy of the method (Figure 83).

Predicted Daylight Intensity Curve.
Tested Daylight Intensity Curve in the Middle of the room (Line
Tested Daylight Intensity Curve on the sides of the room (Line 1, and 3).
Figure 83: Both of the Daylight Intensity Curves (Intuitive and from Physical Model) in the last daylight strategy design
have almost the same trend.

Moreover, the quality of the light in the interior space can prove that the light is
penetrating more evenly throughout the space, and adequate daylight is achieved (Figure
84).

Figure 84: Images for the Physical Model showing the quality and the quantity of daylight in the interior space.
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CHAPTER SEVEN: 7.0 Conclusions
In conclusion, this method is a means to effectively speculate daylight distribution in
spaces without using hand calculations (equations) or building a physical model and
testing it or without using computer software for daylight simulation. The quality and the
quantity of the daylight (Figure 84) prove that we could identify the effectiveness of our
design. Developing effective daylight design was proven by testing the daylight strategies
and their applicability and comparing them against each other. Additionally, this method
consumes a minimal amount of time and does not cost anything.
Students now can use this method in their studio courses during the design process
without consuming a lot of their time, and they can identify the effectiveness of their
project. Additionally, for students who do not have an environmental background, this
method is easier to understand how the light will distribute inside the spaces, and how the
light will be affected by adding architectural elements. Professors and faculty within the
architectural discipline can teach this method in their courses and bring back the use of
daylight in our everyday lives.
By applying this method in a project, it will contribute to saving more energy by applying
artificial lighting only in the locations where it is necessary. Saving energy means the
carbon dioxide footprint is reduced, and we can aid to building a healthier and better
future.
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