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ABSTRACT

This report covers the steps and tests done to examine the daylight of our building model.
We broke the process into ve steps: constructing the model, daylight factor measure-
ments, glare analysis, model improvement, and model simulations. Through these tasks,
we were able to establish an understanding of daylight design as well as improve the base
model layout that was originally provided.

The model improvement and research provided us with a greater understanding of the pos-
itive effects of daylight as well as the importance of energy ef ciency and sustainability.
These insights gave our model importance by comparing it to real-world applications.



1 INTRODUCTION

Daylighting is a fundamental aspect of building design that utilizes natural light to en-
hance interior spaces' functionality, energy ef ciency, and aesthetics. It typically intro-
duces daylight into a building in a controlled manner through the strategic placement and
design of windows, skylights, and re ective surfaces. Incorporating daylighting into a
building reduces reliance on arti cial lighting and positively impacts occupants' physical
and mental health and productivity.

Good daylighting is characterized by an even distribution of light throughout the space,
adequate illumination for a variety of tasks, and a reduction in glare, which is critical to
maintaining visual comfort. In addition, the interaction between natural light and interior
surfaces helps to create vibrant and attractive environments that have a positive impact on
occupants' physical and mental health and productivity. The quality of light in a building
depends on several key factors. The design and placement of openings such as windows,
skylights and bay windows are fundamental to bringing light into a building. The interac-
tion between these openings and re ective surfaces, including walls, ceilings and oors,
ensures that light is spread evenly throughout the interior. To further re ne this process,
shading devices such as blinds and shades are used to control the quantity and quality of
light entering the space, reducing excessive brightness contrasts that can cause discom-
fort.

Architectural daylighting serves a variety of purposes in different types of buildings. In
residential buildings, daylighting creates a comfortable living environment while reduc-
ing energy costs. In commercial and educational environments, daylighting has been
shown to improve productivity, concentration and overall user satisfaction. These bene-
ts highlight the importance of daylighting as a sustainable design strategy that integrates
environmental goals with user needs. The orientation and geometry of the building de-
termines the amount and quality of light that can be captured. Carefully proportioned
and positioned windows allow light to penetrate deep into a space, while highly re ective
materials expand the distribution of light.

This project investigates the application of daylighting principles to a scaled-down archi-
tectural model, providing a practical exploration of theoretical concepts. A small building
model will be fabricated using cardboard to examine daylight factor distribution and per-
form glare analysis under various scenarios using different testing approaches to identify
strategies for optimizing daylighting performance. In addition, we will address chal-
lenges such as excessive luminance contrast or under-illumination by further improving
the model. The insights gained from this project will contribute to a deeper understand-
ing of daylighting as an important aspect of architectural engineering and its role in the
environment.



1.1 Building Model

Prior to construction, the model was simulated in Revit, in which we established a 3D
view of the given dimensions. This gave us a better understanding of what the completed
building model should look like. The scaled-down building model was constructed using
readily available materials, the item lists including cardboard for the structural framework,
pens or pencils for sketching, double-sided tape and duct tape (black) to hold the model
together and prevent some light leaks, which could compromise the accuracy of daylight
and glare measurements. The dimensions of the model were shown below:

Figure 1.1: Floor Plan



Figure 1.2: Front View

Figure 1.3: Back View



Figure 1.4: Top Floor Plan

Figure 1.5: Right Wall



Figure 1.6: Front 1 View

Figure 1.7: 3D Front View of the Building



Figure 1.8: 3D Back View of the Building

The overall structure measured the length is 22.5”, width is 16” in total, height is 5.5”
for the rst oor and 6” with the roof structure and clerestory window, with window and
skylight dimensions tailored to the project. Special attention was given that we will set
up a camera access point at the back of the building model to measure all the daylighting
factors.

The model was constructed using a systematic approach to ensure structural stability and
measurement accuracy:

1. The overall dimensions of the model were nalized and recorded to ensure consis-
tency and accurate scaling.

2. The walls, roof, and base were cut from cardboard and assembled using duct tape
and double-sided tape for reinforcement.

3. The windows and skylight were positioned based on the required scenarios, includ-
ing side windows, clerestory windows, and high-level openings. Each window re-
tained its empty space according to the architectural model, with no special material
modi cations.

4. The complete building model is shown as depicted in Fig. 1.7



Figure 1.9: Scaled Down Model of the Building

While the scaled model replicates the key architectural features, cardboard may not fully
re ect the optical properties of real-world building materials.



2 Daylight Factor Measurement

Daylight factor (DF) measurement is a critical aspect of daylighting analysis, provid-
ing a quanti able metric to evaluate the amount of daylight entering a building. The
daylight factor is de ned as the ratio of indoor illuminance to outdoor illuminance at a
speci ¢ point under overcast conditions, expressed as a percentage. We will introduce the
methodology of measurement, and results of daylight coef cient measurements using this
scaled-down building model.

5 locations along the central line of the building for each scenario will be tested.

Figure 2.1: Different Locations

We have selected 4.5% 97, 13.5”, 18", and 22.5", spanning from one end of the structure
to the other. These points were chosen to capture variations in daylight distribution in
interior spaces. Each option was tested by varying the con guration of openings such as
windows, skylights, and bay windows. Measurements were taken using a lux meter and
results were recorded for analysis. The entire measurement was perforroae @ast

Sky Condition.

Indoor Illluminance
Daylight Factor= - 100%
yig Outdoor llluminance °

We had different scenarios for the experiment:



2.1 Scenario 1: Only Side Window

On the rst scenario, the side window was kept open and the front door was kept open.

Figure 2.2: Scenario 1

Outside lllumination: 8,277 Lux

Measurement Point (inches) lllumination (Lux) Daylight Factor (DF)

4.5 12.1 0.14
9 1.8 0.02
135 9.7 0.11
18 1.4 0.02
22.5 4.2 0.05

Table 2.1: Measured illumination and daylight factors for Scenario 1.



Figure 2.3: Daylight Factor Curve for Scenario 1

This scenario featured a single side window as the sole aperture. The daylight distribution
was uneven, with higher illuminance values near the window and rapid attenuation further
into the room. This resulted in low DF values at most points, except near the window,
highlighting limited penetration depth.

2.2 Scenario 2: Only Clerestory Window

On the second scenario, the clerestory Window was kept open and the front door was kept
open.

10



Figure 2.4: Scenario 2

Outside lllumination: 8,277 Lux

Measurement Point (inches) lllumination (Lux) Daylight Factor (DF)

4.5 3.2 0.04
9 5.2 0.06
135 308.4 3.73
18 77.1 0.93
22.5 8.0 0.10

Table 2.2: Measured illumination and daylight factors for Scenario 2

11



Figure 2.5: Daylight Factor Curve for Scenario 2

The horizontal window located near the roo ine provided daylighting. The clerestory
window allowed more light penetration to central points in the model. The midpoint
section may have signi cant variance in DF values, indicating potential glare concerns.

2.3 Scenario 3: High Level Window

On the third scenario, the high level window was kept open and the front door was kept
open.

12



Figure 2.6: Scenario 3

Outside lllumination: 8,277 Lux

Measurement Point (inches) lllumination (Lux) Daylight Factor (DF)

4.5 2.5 0.03
9 3.2 0.04
135 2.1 0.03
18 1.6 0.02
22.5 2.9 0.04

Table 2.3: Measured illumination and daylight factors for Scenario 3.

13



Figure 2.7: Daylight Factor Curve for Scenario 3

This scenario had a window positioned above eye level on the side wall. The measured
DF values were consistently low across all points, indicating poor light distribution and
insuf cient daylighting for most interior areas.

2.4 Scenario 4 (Only with Side Skylight)

On the scenario, the side skylight was kept open and the front door was kept open.

14
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