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ABSTRACT

The objective of this thesis is to explore the façade of an existing building and determine a design
solution based on the results of a multi-objective optimization analysis of the daylighting and mechanical
performance in the space. A literature review of different professional works, along with research on
current industry design strategies, outline how this form of analysis has the ability to better inform the
design process from an early stage. A model of the existing building façade was created to represent its
unique form and orientation, allowing for material related design variables to be accurately assessed.
Programs used to achieve this model include Rhino, Grasshopper, Ladybug, Honeybee, DIVA, Radiance,
and Energy Plus. Glass materiality and its associated performance data for VLT, U-Value, and SHGC
were chosen as the input parameters for this analysis. While altering these inputs, data sets were collected
to represent the window performance in each scenario. Data provided the means for an analysis on the
effects that glass construction can have on occupant view and comfort, as well as building energy loads
and daylighting metrics. The purpose of this research was to expand my knowledge in the different
parametric modeling tools available in the industry for use with daylight optimization and integration
with different design disciplines, including the visualization and communication of results.
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Chapter 1 : Introduction
This chapter will introduce the definitions and relevance of parametric analysis in the
architectural engineering field, including a brief explanation of current industry trends and limitations
associated with these methods. Research, presented as a literature review of different professional works,
supports the analysis presented in later chapters of this report.

1.1 Parametric Analysis + Form Generation
Architectural design strategies have transformed due to the recent industry shift towards a focus
on increased energy efficiency and occupant comfort. Since efficiency has taken high priority,
sustainability and performance-related design techniques have emerged as crucial components to a
building’s success (Elghazi 314). Instead of simply focusing on aesthetic appeal, façade systems are
becoming one of the more important aspects of a building’s design, further influencing the shape, size and
materials being implemented (Madeddu 509). Façade openings play an important role in providing
daylight to a space, therefore affecting the human visual system as well as a building’s heating and
cooling systems (Elghazi 314). Correct sizing of openings, building orientation and the use of proper
shading strategies have the ability to maximize the daylight and energy savings within a space as well as
the occupant comfort (Madeddu 509). Efforts to capitalize on the positive aspects of these different
parameters have given rise to the idea of parametric analysis.
Parametric analysis is the varying of one or more model parameters over some increment, and
analyzing the variations in particular outputs. The process automates using a programming or scripting
language, which employs a series of complex calculations to simulate varying results (Parametric
Analysis and Optimization). In relation to architecture, parametric tools digitally model a series of design
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variations with interrelationships defined through design parameters (Elghazi 316). Certain geometry
variables such as height, depth and orientation restrict the building volume and form, but produce energy
consumption data or simulation results that allow us to make comparisons between opposing design
techniques to determine the optimal form for a building’s identity (Yi 825). Computers and software
allow for the construction of virtual abstractions of a design idea that can effectively visualize the idea in
order to provide feedback to the designer as well as communicate the design idea to others who are not so
directly involved in the form generation process (Katz 22). These different forms of computation and
software allow us to reach performance optimization.
Optimization allows architects and engineers to effectively simulate their design problem and
reach an optimum goal through parametric variations that represent a systematic search for parameter
values that maximize a chosen output (Parametric Analysis and Optimization). In order to combine
parametric modeling with an optimization technique that supports design explorations and form finding,
coders implement genetic algorithms (GAs) to perform a series of simulations in a multi-dimensional
search space (Elghazi 316). Algorithmic modeling applies a set of rules to a data set, allowing that data
set to meet specific design criteria (Katz 22). Algorithms can explore different optimal configurations
efficiently and introduce the ability to influence design even in its earliest stages (Madeddu 510, Elghazi
316). This early stage implementation can optimize a building’s form based on thermal load, daylighting,
cost, and utility (Yi 825) and therefore offers a designer a new innovative tool for interacting with
different design disciplines.
These parametric tools have been gaining momentum over the past years because they provide
architects with the unique opportunity to make modifications to designs without the recreation of a model
(Elghazi 316). This introduces the ability to implement unique geometric design explorations and
optimize solutions with respect to their defined performance requirements (Elghazi 316). Additionally,
these computational tools and algorithms allow designers to add a specific weight to each individual
criterion, which is crucial because not all parameters have equal value (Gonzalez and Fiorito 563).
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Parametric design eliminates the extended process of trial and error with performance simulation tools,
giving the user the ability to select the best solution for multi-dimensional problems similar to the existing
problems in the built environment (Gonzalez and Fiorito 561). However, user-friendly tools need to
develop and expand their use within the industry (Gonzalez and Fiorito 562) if we plan to utilize the
capabilities of parametric optimization on an everyday basis. Implementing the process of iterative
design can increase the likelihood of finding effectively performing designs while allowing alteration of
specific portions of a model to occur quickly and in a controlled environment (Tucker 2). Parametric
analysis, when used efficiently and effectively, increases the potential for interdisciplinary collaboration
and informed design.

1.2 Informed Design
Statistics show that building stock accounts for 48.7% of the total energy consumption in the
United States (Tucker 1). Building enclosures and façade systems represent elements of design that
consume a substantial amount of energy. The role of the façade is to regulate temperature, protect from
sound, excess sunlight, pollution, and other environmental factors, which are all crucial for shielding a
building from the exterior environment and providing comfort for occupants (Tucker 1). With an
industry-wide transformation towards increased efficiency in design, these factors have become crucial
for analyzing both thermal and visual comfort as well as heating and cooling loads. As the industry
transforms, designers need to adapt with the times as well, staying up to date with current design trends
and the tools available to accommodate associated analysis. Parametric analysis is a tool that allows
designers to inform design at the earliest stages, providing actionable guidelines for architects to build on
or from such as dimensions, locations, angles, colors, materials, etc. (Lagios 10). Simulations and
modeling can inform the decision-making process (Aksamija 22) in a method that allows for an
innovative and time conscious analysis, considering both energy efficiency and building performance.
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Methods for creating high-performance buildings require the use of passive design strategies,
advanced building technologies, and renewable energy systems (Aksamija 19). Custom design of shading
devices, such as fins, louvers and overhangs is now possible, increasing performance for different
climates, orientations and timeframes, and providing efficient solar control (Tucker 1). Utilization of
thermal storage and natural ventilation are additional examples of passive design. Implementation of
mixed-mode ventilation, radiant heating and cooling systems, dynamic windows, and combined heat and
power systems are active design strategies that, when implemented correctly, can produce significant
results in energy efficiency (Aksamija 19). However, these strategies are project specific and can only
prove effective when there are quantitative results associated with their use. One way to ensure efficient
performance results is to replace simplified assumptions based on rule-of-thumb design with project
specific parametric design and analysis.
In terms of building performance rating systems, there has also been a huge increase in the
incorporation of LEED green design strategies in non-residential projects in recent years. At the
completion of this calendar year, 40-48 percent of new nonresidential construction will be green.
Additionally, 71 percent of projects valued at $50 million and over, now reference LEED in their project
specifications (Green Building Facts). Daylighting design is a huge component of this building rating
system, using metrics such as Daylight Autonomy (DA), or the percentage of annual work hours during
which all or part of a building’s lighting needs are met through daylighting alone, for verification in its
point system (Elghazi 314). Calculations of Spatial Daylight Autonomy (sDA) and Annual Sunlight
Exposure (ASE) evaluate the performance parameters associated with daylight penetration for a one-year
period (Elghazi 314). Parametric analysis allows designers to automatically update their model, assess for
LEED criteria, and understand their building’s performance during all stages of design. This process will
not only increase communication between disciplines, but will also allow designers to confidently inform
design and advocate for daylight specific design alterations in order to meet performance standards.
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1.3 Current Industry Trends
Design companies are beginning to utilize integrated, parametric design techniques in their
projects and are advocating for continued use and industry-wide development of programming
techniques. The industry has developed tools that now allow designers to run multiple design iterations
simultaneously at an increased pace, therefore increasing validation of workflow and opening up a variety
of new design opportunities (Curtis et al 13). An in-depth discussion of these tools is outlined in Chapter
2. However, not all companies are utilizing the potential of these tools for their workflow, which further
encourages a discussion on the pros and cons associated with these techniques. For those companies who
are using these tools, they are claiming that the tools are significantly increasing the validity and potential
of their work.
Perkins + Will Tech Lab, whose primary research objective is to advance the performance of
project design, prides itself in the use of computational simulations and modeling to investigate different
design scenarios and analyze building performance (Aksamija 20). The company continuously reviews
and analyzes emerging technologies that can directly influence architectural design and claims that the
knowledge in building systems and technologies significantly improve the value, quality and performance
of their architectural projects (Aksamija 20). Another company, SOM, developed their own intricate
software tools for parametric modeling of large complex projects in order to enable large interdisciplinary
teams to collaborate effectively on projects (Katz 22). Integral Group utilizes similar parametric
programs to run a suite of simulations that describe the behavior of their façade systems including
lighting, shading and glare conditions (Lagios 32). Additionally, SmithGroupJJR is working with The
Pennsylvania State University to incorporate Radiance into their parametric workflow in order to reduce
calculation times and better integrate engineering and design (Curtis et al 44). These companies, as well
as a few others, stand out as innovators in the industry who are using parametric workflow to better
integrate and advance their project designs. There are also companies who have an opposing opinion on
the topic and are more resistant to take part in this industry wide adaptation.
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Past research on the application of simulation tools in architectural design indicates that the
increase in available toolsets in the past decade has not convinced many architects and designers that they
are compatible with their workflow or their skill level (Aksamija 22). In order to use these tools,
architects need to acquire an intuitive sense of geometry and become fluent in the language of form in
order to be able to manipulate that form (Katz 22). Designers argue that these programs are overly
complex to learn without extended education, which is both time consuming and costly. The issue with
learning any new interface is that education in a particular interface requires a certain dedication of time
and money, occupying scheduling time and increasing project fee (Curtis et al 4). Therefore, designers
are often unable to leverage simulation tools early in the design process because of the lengthy process of
model generation and analysis (Sheikh and Gerber 171).
Another issue regarding the delayed implementation of parametric programing in practice is the
lack of collaboration between disciplines. Without a full understanding of the relationship between
daylighting and mechanical systems, parametric analysis is ineffective in producing accurate results. In
order to remain competitive, designers must weigh the value of informed design against the time invested,
resources used, and the comparable value of information gathered from other, or no tools at all (Aksamija
22). Continued simplification of tools, quicker education methods, advanced integration of disciplines,
and the skills of young professionals who are eager to implement new design strategies in the industry can
all assist in making parametric modeling a more commonplace strategy for future design.
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Chapter 2 : Tools and Metrics for Analysis
This chapter will analyze specific tools, parameters, and objectives related to the multi-objective
optimization of my thesis project’s building façade. Additionally, an analysis of the common applications
for graphical representation of results will determine the effectiveness of communication to many
interdisciplinary fields in the industry.

2.1 Grasshopper + Associated Plug-Ins
Several different computational tools exist in the industry which all offer different advantages and
disadvantages for the user. For the purpose of this thesis project analysis, I chose Rhino and the
Grasshopper plugin for analysis based on the effectiveness of its simulation capabilities and the simplicity
of the user interface. An in-depth discussion and analysis of these specific tools frame the remainder of
the optimization study in this paper.
Grasshopper is a graphical algorithm editor tightly integrated with Rhino’s 3D modeling tools
(Grasshopper). It requires no previous knowledge of programming or scripting (Grasshopper) but still
allows for modeling of parametrically controlled complex geometries (Gonzalez 561). Exploration of
different optimization problems is now possible without mathematical computation because of this
program’s evolutionary solver component (Gonzalez 561). In recent years, designers and engineers alike
have been experimenting with the capabilities introduced by the Grasshopper interface (Elghazi 316). Six
different components make up the process definitions in Grasshopper: inputs, parameters, measurements,
optimization, data, and re-instantiation (Tucker 2). The DIVA (Design, Iterate, Validate and Adapt) plugin for Rhino/Grasshopper allows for the control of shading geometries for further analysis of daylighting
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metrics and energy consumption (Gonzalez 561). This software seamlessly integrates annual daylight
availability and glare analysis (Archsim) for a significant environmental performance analysis.

Figure 1: DIVA for RHINO with Grasshopper Interface (Archsim).

Grasshopper users can also integrate the use of other programs into the interface to increase their
depth of analysis. For example, Ladybug is an open source environmental plugin that provides weather
data information using EnergyPlus Weather files (Grasshopper) to support the decision making process.
Similarly, other plug-ins such as Honeybee and Pollination integrate other computational programs for
building energy and daylight simulation and multi-dimensional data exploration (Grasshopper).
Altogether, these programs integrate with Grasshopper to improve the capabilities of the program and
enhance the analysis possibilities.

2.2 Customizable Design Inputs + Parameters
Parametric analysis is only possible due to the implementation of user inputs and specific design
parameters. Sets of user inputs allow a user to customize both their design and the performance goals.
Some general inputs include geometry, materials, directional vectors, sensor placement and climate data
(Tucker 2). Additional inputs for user specific situations, such as an office space, include the addition of
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cubicle or furniture reflectance and dimensions as well (Curtis et al 23). Surrounding context of a
building’s location and appropriate climate data are crucial for accurate analysis (Tucker 2). In terms of
parameters set for assessment, they can vary drastically from project to project. For example, specific
shading configuration parameters such as glazing type, louver angles, and fin length are necessary
depending on the shading strategy chosen (Tucker 2). Additionally, façade parameters are specific and
detailed because they have the ability to greatly affect a design early in the process (Gagne and Anderson
3). Table 1 shows an example of façade parameters for a specific analysis.
Table 1 : Facade parameters considered for analysis (Gagne 3).

Other considerations taken into account early in the design process include the cost, aesthetics
and efficiency of a system (Lagios 8). Analysis can produce exciting, innovative architectural solutions,
but it is important to consider the additional costs associated with labor required to acquire these results
(Lagios 8). All of these considerations relate to the expected outcomes of our solutions.
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2.3 Design Objectives
One of the most important reasons for utilizing parametric analysis in the design process is to
acquire quantitative and qualitative information that allow us to inform design. Analysis and the
production of meaningful comparisons help to synthesize the differing factors between design iterations
in order to understand the building performance conditions (Laigos 9). Furthermore, this knowledge
gives us confidence in informing the design team with their “best” design options so that they can make
important project decisions without significantly increasing the fee of a project through lengthy
simulations (Laigos 9). This idea of the “best” solution can be situational or subjective; however, it is a
multi-objective optimization of several parameters, which implies that the optimization’s solutions
consider different weighting factors (Gonzalez 563, Tucker 2).
Designers must also be able to provide actionable information to architects, suggesting
guidelines for design that include dimensions, angles, location, colors and materials (Laigos 10). These
factors could solve a variety of different parametric conditions, such as reaching different illuminance
levels in the space, achieving uniformity, and minimizing glare. Daylighting metrics, as discussed earlier,
are an additional computational outcome in design (Curtis et al 23). Optimizing between a combination
of daylighting and thermal analysis of a space is a typical application for how actionable information can
influence the overall shape and function of a building (Gonzalez 563). Once designers acquire this
optimization data, the next step in the process is to produce visual representation of the information that is
collectively comprehensible by the client, the architect, and the engineer.

2.4 Visual Data Representation

Visual representation of results is one of the most important aspects of parametric analysis
because it influences the effectiveness of communicating a design to interdisciplinary groups involved in
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a project. This section will provide examples of visuals commonly produced by a designer to represent
collected data from parametric optimization analysis.

Figure 2: Examples of Solar and Comfort Analysis Graphics (Grasshopper).

Figure 3: Example of Pollination Graphical Interface (Grasshopper).
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Figure 4: Daylight Autonomy Room Analysis (Curtis et al 13).

Figure 5: Heating Load Graphic using DIVA for RHINO (Archsim).
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Figure 6: Direct Sun Shading Profile Angles.

While these graphics represent just a few of the many visual items created using parametric
analysis and the Grasshopper interface, they are great representations of how the simplification of
building sections and use of color to communicate data is effective. My goal is to implement these
visuals into the final presentation of my thesis design in order to ensure my colleagues clearly understand
the variation and importance of the results.

Figure 7: CDA Daylighting Analysis with Percent Openness (Archsim).
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Chapter 3 : Case Studies
The next portion of this analysis will consider successful case studies that used the parametric
tools described in previous sections. Technical papers and presentations communicate the data and
results described in this section. This is simply a brief introduction to parametric modeling and the
associated benefits in design outcomes. A conclusion section then summarizes these outcomes.

3.1 Summary of Case Study #1
This case study represents the work of Javier Gonzalez and Francesco Fiorito, presented in their
technical article titled “Daylight Design of Office Buildings: Optimization of External Solar Shadings by
Using Combined Simulation Methods,” (Gonzalez and Fiorito). The case study focused on the
optimization of external shading systems in a typical office space in Australia. Using the DIVA plug-in
for Grasshopper, an integrated design approach helped the project achieve comfort levels and energy
efficiency that significantly exceeds solutions in standard practice.
The typical office building studied was a large rectangular shape, 10m by 5m in size with one
wall exhibiting daylighting. The researchers assigned input parameters and performance indicators for the
space, expressed in more detail in their technical paper. The performance indicators for this study were
Daylight Autonomy, Useful Daylight Illuminance (UDI), energy consumption, energy savings, and total
carbon dioxide emissions. In order to optimize shading on the building, Grasshopper managed variables
that constrained shading depth, angle, and number of shades. Refer to Figure 8 for the workflow designed
to determine the optimal solution for this shading scenario.
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Figure 8: Workflow in Grasshopper (Gonzalez 11).

The researchers studied a base condition and multiple non-optimized solutions (or traditional
practice solutions), as well as the optimized solution designed in Grasshopper. The study showed
beneficial results in the optimization process, effectively reducing both energy demand and carbon
dioxide emissions in comparison to the base case configuration and traditional design practice. The
traditional, non-optimized scenario had a 15% annual energy savings in comparison to the base condition,
while the optimized solution had a 35% annual energy savings. Cooling loads were reduced by 47% and
71.9% from the non-optimized and base conditions, respectively; however, heating loads increased.
Carbon dioxide levels reduced as well. Overall, the researchers determined that the optimization process
was successful in reducing energy consumption because the shading solutions better controlled exposure
to solar radiation.
The study proved that parametric design with optimization techniques is a good strategy for
exploring solutions to common environmental performance issues. In relation to the studied case, the
optimized solution performed significantly better in terms of daylight availability, energy efficiency, and
carbon dioxide emissions when compared to the other scenarios with different shading conditions
(Gonzalez and Fiorito).
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3.2 Summary of Case Study #2
This case study represents the work of SmithGroupJJR, presented in their technical presentation,
titled “Parametric Daylighting Tools,” (Curtis et al.). The study involved a parametric form generation of
a building in relation to the solar loads and heating/cooling loads. The form generation assessed different
parameters including the view of a waterfront, the solar gain in the building (broken down into bad solar
and good solar) and the glare potential in relation to the base case scenario seen on the left hand side of
Figure 9. The image represents the parametric curvilinear form that took shape in response to the
expected outcome considerations. The solution on the far right of Figure 9 represents a solution that
increased view potential and decreased net solar gain and glare potential within the building.

Figure 9: Parametric Form Generation (Curtis et al. 35).

Parametric tools, specifically Grasshopper, made the optimization of this building’s shape
possible. These tools also produced data that provided the designers performance results of the
daylighting analysis of the office floor plans in relation to the cubicle height of the desks. Refer to Figure
10. Additionally, after generating the form of the building, these tools allowed the designers to view the
solar gain experienced by the building, relative to the portion of the façade that concerned them. Refer to
Figure 11. As a summary, these tools determined the optimal shape of the building early in the design
process and the analysis communicated to the architects the increased efficiency outputs that result from
these alterations in form, orientation, and shading techniques (Curtis et al.).
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Figure 10: Alterations in cubicle LVR (Curtis et al. 28).

Figure 11: Solar Gain Analysis of Façade Element (Curtis et al. 32).
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3.3 Summary of Case Study #3
This case study represents the work of Mohamed El Sheikh and Dr. David Jason Gerber,
presented in their technical report titled “Building Skin Intelligence,” (Sheikh and Gerber). The core of
this research addresses the simulation of an intelligent building skin and its response to dynamic
daylighting conditions and occupant preference. Grasshopper and DIVA fueled the integrated process
and facilitated design alteration with near real time feedback. The parametric component of design relates
to the adjustment of louver geometry and angles throughout different days and times in order to optimize
the effects of daylighting. Important objectives for this study included illuminance levels and contrast
ratios, meaning that the genetic algorithm assessed for optimal solutions that fit these parameters.
The study concluded that through automation of independent tilt angles in parametric
programming, designers can improve the efficiency of their daylight harvesting and optimal illuminance
by 2 to 2 ½ times. The authors stressed that the real world simulation tool made their solutions more
complex, therefore achieving a minimalistic building energy footprint, as desired (Sheikh and Gerber).

3.4 Summary of Case Study #4
This case study represents the work of Tyler Tucker presented in his academic project titled
“Performative Shading Design,” (Tucker). Tucker analyzed 10 unique building scenarios with hotel,
open office and closed office typologies. His simulations analyzed data over a course of an entire year,
testing the effectiveness of a static shading system with all performance metrics valued as a weighted
measure. As a baseline, an additional analysis computed data for one month in the winter and one month
in the summer, typically seen in many traditional design strategies. These scenarios, considered for
different typologies, orientations and weightings, resulted in an analysis of over 10,000 iterations of
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shading system configurations. Assessment of solar radiation, daylighting and glare probability took
place and data was streamed into an Excel document template for review. Refer to Figure 12.

Figure 12: Excel Output Data and Example Configurations (Tucker 4).

By exporting data into the Excel spreadsheet and producing visual representations of the design
strategies, Tucker determined the ideal configuration to meet the criteria he previously set. The two
configurations depicted in Figure 12 represent the most effective shading systems based on the combined
performance fitness evaluation. These solutions have different shaped louvers, with different depths and
offsets from the building, but both achieve optimal efficiency for the space. In summary, Tucker
expresses that parametric optimization of a façade shading system can help guide designers to make
informed and effective shading decisions in order to improve energy efficiency and occupant comfort
(Tucker).

20

3.5 Summary of Case Study #5
This case study represents the work of Y. Elghazi and others, presented in a technical report titled
“Daylighting Driven Design: Optimizing Kaleidocycle Façade during Arid Climate,” (Elghazi et al.). The
façade’s design is shaped from the inspiration of origami, depicting kaleidocycle rings that are morphed,
enhancing daylight performance in residential spaces. This method intends to comply with both LEED
and daylight availability. The Grasshopper and DIVA interface offered integrated optimization of the
form for a south-facing living room façade in Cairo, Egypt. The analyzed space had the dimensions and
materiality shown in Figure 13. Both a base case and a parametrically optimized solution offered data for
comparison.

Figure 13: Space Parameters (Elghazi et al. 317).
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The Rhino and Grasshopper interface allowed the researchers to better understand the geometry
of the façade system. The parametric model represents a hexagon shape that rotates to open and close.
Different sizes and angle combinations led to different daylighting performance as seen in Figure 14.

Figure 14: Excerpt from technical Paper (Elghazi et al. 318).

Two parameters fixed the optimization possibilities, which were opening size of the aperture and
rotation angle. For the analysis of this system, Daylight Autonomy (DA) was critical because it
demonstrated the ability of the façade to achieve LEED daylighting criteria. The researchers reached a
resulting idealistic solution that optimized after 73 form generations. With the simulation tools and
advanced parametric process, the design achieved maximum daylighting in the space to qualify for
LEED. The authors demonstrated that integrating these tools and genetic algorithms to drive parametric
façade typology contributes to achieving better daylighting performance. They also mentioned that in the
future, they expect to integrate thermal load calculations into their design parameters (Elghazi et al.).
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3.6 Conclusions
Each case study analyzed offered a different set of parameters, conditions, and outcomes;
however, they each demonstrate how the use of parametric optimization tools can greatly influence
design. The integration of Grasshopper and DIVA design tools assisted in form generation, daylight
harvesting, maximizing comfort levels, and increasing energy efficiency. This opens up the possibilities
for designers to model and test unique design solutions that differ from traditional ones, providing new
answers for problems that can be more effective in solving specific design related issues (Sheikh and
Gerber 176). This process can help guide designers to make informed decisions regarding shading
systems early in the design process (Tucker). Future studies will present real time validation
effectiveness feedback on a proposed technique and become a valid strategy or exploring solutions to
building environmental performance problems (Gonzalez and Fiorito 560).
I intend to use the tools, knowledge, and skill sets studied in this review of the related literature
and related case study examples to implement similar design process strategies into my senior thesis
redesign proposal. The following sections will introduce my thesis project and explain how these tools
were integrated into my design approach.

23

Chapter 4 : Thesis Building Existing Conditions
This chapter intends to introduce the existing conditions of a building that was used for analysis
throughout the process of this report. All drawings and specifications for the following information were
provided by SmithGroupJJR, an architectural design group based out of Detroit, MI.

Figure 15: MoTB Architectural Rendering (SmithGroupJJR).
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4.1 General Building Data
Building Name ǀ Museum of the Bible (MOTB)
Location and Site ǀ Washington, D.C.
Occupant Name ǀ Museum of the Bible
Occupancy or function types (type of building) ǀ Museum
Size (total square feet) ǀ 430,000 SF
Number of stories ǀ 6 stories above grade; 9 total levels
Primary project team ǀ Museum of the Bible, SmithGroupJJR, Tadjer Cohen Edelson
Associates Inc., RK&K, Michael Vergason, Fluidity Fountain, Theatre
Consultants Collaborative, Inc.
Dates of Construction (start-finish) ǀ Feb 2015 – Fall 2017
Actual cost information ǀ Contract Value: $237 million
Project Delivery Method ǀ Design – Bid – Build

Figure 16: Bird’s Eye View of Building Location (SmithGroupJJR).
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4.2 Architectural Design
The Museum of the Bible (MOTB) is a non-sectarian museum focusing on the history and impact
of the Bible. Its core collection is a compilation of more than 40,000 biblical antiquities and rare biblical
texts and artifacts. The Museum has several uses which include the use of exhibit space, library resources,
meeting spaces and guest rooms for visiting scholars, space for certain affiliated museums and their
exhibits, and ground floor accessory retail uses, such as gift shops and cafés or food service
establishments. The MOTB will also be a center of study for the Green Scholars Initiative, where
established scholars and students will conduct research to pioneer new biblical and classical discoveries
on items from the collection.
The Washington Design Center (WDC) originally was an eight-story 241,073,000 square feet
brick and concrete building, designed in the Renaissance Revival style, and built for the Terminal
Refrigerating and Warehousing Company in 1922. In 1982, the original building was renovated to house
the WDC, which included the construction of an addition to the east. The Washington Design Office
Center Phase II (WOC) was later added in 1989 to complete the block.
The new construction of MOTB includes a demolition of the 1982 addition, adding six stories
above the original footprint. This addition includes over 430,000,000 square feet of construction
including three stories below grade to accommodate rotating exhibit gallery collections, storage, and a
lower level central plant. The exterior aesthetics honor the historic characteristics of the building, and a
curved glass facade will allow daylight to enter the space as well as provide a beautiful view of central
D.C. and the Capital building.
Major National Model Codes ǀ
2009 International Building Code (IBC)

American Concrete Institute (ACI)

American Welding Society Code (AWS)

American Institute of Steel Construction (AISC)

National Fire Protection Association (NFPA)

National Electrical Code (NEC)

Americans with Disabilities Act (ADA)
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Zoning Requirements ǀ D.C. Municipal Regulations and D.C. Register, Title 11
Historical District Requirements ǀ Design to accommodate the U.S. Commission of Fine Arts (CFA)

Figure 17: Architectural Renderings (SmithGroupJJR).

4.3 Building Enclosure
The 1922 Refrigerated Warehouse concrete structure and masonry exterior will be retained.
Although interior demolition will take place on 40% of the floor areas, the exterior skin will be retained
from the second floor to that parapet. This enclosure features a staggered brick façade, with metal flashing
and a fluid applied, vapor retarding membrane. The exterior window system will feature punched
windows and will be constructed of extruded aluminum frames with 1” insulated low emissivity glazing
units. The window mullion pattern and door elevations shall closely match the original design of the
1922 Terminal Refrigerating and Warehousing Company. The typical roofing technique, shown in Figure
20, represents a washed stone ballast or precast paver with filter fabric, rigid channeled insulation, a drain
mat and a hot fluid rubberized membrane. The most commonly used roof construction technique on this
project is normal weight concrete and galvanized steel decking.
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Figure 18: 1922 Refrigerated Warehouse before MoTB Construction (SmithGroupJJR).

Figure 19: Typical Wall Section (SmithGroupJJR).
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Figure 20: Typical Roof Section (SmithGroupJJR).

4.4 Primary Engineering Systems
Construction Systems:
MoTB is to be constructed using a design - bid - build project delivery method and is intended for
a completion date in March 2017. The scope of work for the construction company includes both major
renovations and additions to the historic 1922 brick building.
While the brick façade of the warehouse will be maintained, the roof and half of the eight existing
structural concrete floors will be demolished in order to create higher ceiling heights for the exhibit
floors. The existing basement will be lowered five feet to provide additional space for mechanical
equipment. Three levels of new construction will be built above the existing historic and new infill
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structure and will include several types of elaborate spaces, including a 500-seat performance hall,
ballroom, and large restaurant. Additionally, these spaces will be surrounded by a rooftop element
featuring a curving aluminum framed glazed curtain wall assembly with channel glass infill, skylights,
zinc batten panel roofing, and a green roof system.

Electrical Systems:
The large size of the building correlates to the sizable connected load that it requires to
accommodate its lighting, receptacle, mechanical, and special appliance or equipment loads. Pepco, an
electrical distribution service in the District of Columbia, provides secondary service to the building at a
building utilization voltage of 480/277V, 3 PH, 4W. The main electrical room is located in the basement
of the building, level B1. All of the systems within the building run off of 480/277V or 208/120V via bus
plugs and transformers dispersed on each floor level.
An emergency power system is provided that also runs on 480/277V, 3 PH, 4W. Eight separate
generators supply a total of 3200KW to the system and are powered from a natural gas system. Five
automatic transfer switches are located within the main electrical room of the building that allow for use
of the generators in the case of an emergency. Low voltage electrical power conductors and cables control
the building, with all wires, cables, connectors, splices, and terminations rated at 600 V or less. Insulated
copper conductors are used in all feeders and branch circuits and UTP cabling is used in all control
voltage power cables.

Lighting Systems:
A majority of the lighting will be linear fluorescent fixtures with T-8 lamps and energy efficient
ballasts. CFLs and LEDs will also be extensively used in downlights and decorative fixtures to minimize
energy consumption and reduce maintenance schedule requirements. Public areas and open offices will be
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controlled through a low-voltage relay control system. Other offices and larger enclosed spaces will be
monitored using occupancy sensors and bi-level toggle switches.
All interior lighting systems will conform to engineering practice using IES Lighting Handbook,
10th Edition. The lighting design will incorporate the illumination levels (maintained lux values) on both
the vertical and horizontal surfaces as recommended. Uniformity ratios for these surfaces will also be
highly considered.
LED sources will be used extensively on the building façade to reduce maintenance schedule
requirements in hard-to-reach locations. Time clock features will include seven-day, 24-hour
programmability with solid-state control and a connection to the building management system (BMS).

Mechanical Systems:
A CHW system will be used for cooling in the building with cooling towers located at the roof
level and/or integrated with water features to provide the necessary heat rejection. CHW will be provided
through this system from the water cooled centrifugal chillers. A hydraulic plate and frame heat
exchanger will allow for free cooling during the winter months. To help normalize the chilled water
temperature, a primary and secondary pump with buffer tanks will be implemented to reduce the transient
temperature fluctuations in the secondary loop that will affect the dehumidification potential of the
cooling coils.
Low temperature heating hot water will be used for all air handling unit heating and terminal
reheat. The boiler for this system will be maintained at condensing temperature year round with the
potential for increasing the temperature manually if needed for additional capacity. Steam boilers will be
provided for generation of clean steam for humidification. An atrium smoke exhaust and stairwell
pressurization will also be implemented to provide additional emergency system safety.
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Structural Systems:
The existing cast-in-place concrete structure, foundation, and brick exterior walls will be
reinforced and reused for the renovation of the building. This reinforcement will include concrete
encasement of existing columns, localized reinforcement and FRP Wraps. The new 5th level concrete
floor will replace the existing roof.
The newly constructed superstructure will be a combination of long span post tensioned concrete
beams and slabs with high strength concrete for vibration. The use of post tensioning and high strength
concrete will allow for vibration controlled long span beams that provide a column free space for mini
theatres and other related uses. Heavy storage on the B2 Level, a loading dock on the 01 Level, and a
biblical garden on the roof with heavy loads from trees will require deeper post tensioned beams.
The north façade of the new vertical expansion will be a curved glass curtain wall. The columns
supporting the 6th level floor will be integrated within the curved curtain wall and serve as the gravity and
lateral support system. New concrete sheer walls will be provided to act as the lateral system for the
building at the elevator and stairwell cores. The roof of the newly constructed space will have 8” to 12” of
concrete on metal deck to provide an acoustical separation from the larger common areas, such as the 500
seat theatre. Post up steel columns from the theatre and gathering room structures will support the metal
clad roof.

4.5 Additional Support Systems
Fire Protection Systems:
A main wall-mounted fire alarm panel will be located in the new Fire Command Center on the
first floor of the building, which will house all the necessary internal hardware and software for the
function of the fire alarm system. This system is to be integrated with an emergency transfer switch that
will automatically turn on egress lighting in the event of a power outage. The fire alarm interface will also
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link with egress lock controls and reporting and monitoring system controls. This system will provide
multiple signaling line circuits (SLC) and ADA compliant audible and visual notification devices and
circuits (NAC). Both a wet-pipe sprinkler system and a dry-pipe sprinkler system will be used which will
be designed to operate a maximum working pressure of 175 psig.
Electric power for all fire alarm panel equipment from the emergency service to the building shall
be 120 VAC, transformed through a two-winding isolation type transformer and rectified to low voltage
DC for operation of all circuits and devices. The conduit size, both exposed and concealed, for the fire
alarm wiring shall be 3/4 inch minimum trade size. All conduit will be concealed or painted to match
adjacent finish and will use compression type steel fittings and connectors.
System smoke detectors, which comply with UL 268 and operate at 34V, will be generously
placed throughout the building. A combination of photoelectric, ionization, and duct smoke detectors will
be used in the system along with projected beam smoke detectors which are designed for continued
operation without a nuisance alarm. Heat detectors will also be implemented to be actuated by either a
fixed temperature of 135 degrees Fahrenheit or a rate of rise that exceeds 15 degrees Fahrenheit per
minute, unless otherwise specified for special locations.
The atrium space in the building is meant to provide a means for smoke exhaust in the event of a
fire. Fans will be integrated into the top floor levels to accommodate this need. Additionally, all stairways
will be equipped with stairwell pressurization abilities as a result of additional adjacent shafts in the
ductwork. This system will provide an output signal and will be activated when an alarm is received from
a smoke detector outside the stairs and will remain on until alarm conditions are cleared and the system is
reset. Elevator recall will only occur in response to alarm initiating devices in the elevator lobby or the
elevator machine room.
Transportation Systems:
There are several types of elevators used throughout this building which are outlined below.
1. Museum Elevators - 4 car group automatic operation; 8,000lb rated capacity; 480V, 3
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PH, 60 Hz
2. Public Elevators - selective collective automatic operation; 4,000lb rated capacity;
480V, 3 PH, 60 Hz
3. Service Elevators - selective collective automatic operation; 4,500lb rated capacity;
480V, 3 PH, 60 Hz
4. Food Service + Trash Elevators - selective collective automatic operation; 5,00lb
rated
capacity; 480V, 3 PH, 60 Hz
5. Theatre Passenger Elevators - 2 car group automatic operation; 6,000lb rated
capacity; 480V, 3 PH, 60 Hz
Car enclosures will have a shell formed with 16 gauge cold-rolled, stretcher-leveled, furniture
grade steel sheets. The walls shall be reinforced for rigidity and present true surfaces free from warp and
buckle. Car illumination will be a minimum of 20 foot-candles at the cab floor and 2 pole 3 wire, GFCI
duplex receptacles rated for 15 amperes and 125 volts will be located at the top of the elevator. ADA
requirements will provide raised stainless steel tactile and braille floor designations on flush mounted
plates. Heavy duty, high speed door operators will be implemented with solid state, closed loop motor
control.
There are several staircases located throughout the project, with four that are multi-leveled and
one that is considered the main atrium stair, allowing visual and physical access to all levels of the
building. Some recycled steel products are used for the construction of the stairs, to acknowledge a
sustainable aspect of the building. The steel framed stairs have a galvanized finish and include fabricated
railings that comply with the applicable safety requirements.
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Telecommunication Systems:
The telecommunications and data transmission portion of this building is a bit extensive and of
high priority from an electrical standpoint. Horizontal cable and connecting hardware provide the means
of transporting signals between the telecommunications outlet/connector and the horizontal cross-connect
located in the communications equipment room. The maximum allowable cable length is 295 feet,
allowing for an extra 33 feet for the distance to the workstation equipment and the distance for the service
loop in the telecommunications room.
All telephone and communications cable will be labeled with an inscription on orange colored
tape. General purpose communication cable will be type CM or CMG, with alterations to type CMP and
CMR for plenum rated and riser rated systems, respectively. These cables will comply with transmission
standards in TIA/EIA-568-C.1 and will be tested to meet requirements for flame-spread and smoke
scenarios.
Additional Special Systems:
Video Surveillance + Intrusion Detection - The intrusion detection system consists of sensors
hardwired to the physical access control system. Interference protection shall be unaffected by electrical
induction of 15 V/m over a frequency range of 10 to 10,000 MHz. Tamper protection switches on
detection devices and control units will initiate an alarm signal when a unit is entering conductors are cut
or disconnected. Motion detectors and vibration detectors are also specified for security purposes. These
systems will integrate with several others including doors, elevators, network lighting controls,
intercommunications, public access, fire alarm systems, perimeter security and video surveillance. Video
management systems (VMSs) will integrate with the physical access control systems and will have the
ability to record data at all times throughout the day. UTP cable will be provided for this system by
others. Plenum rated cable will be provided (type CMP No. AWG stranded tinned copper conductors) as
well as non-plenum rated, paired cable (type CMG No. AWG stranded tinned copper conductors).
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Selective Access Control - Access control systems will integrate with other systems including
intrusion, detection, intercommunications and video. The system will respond to alarms and interact with
the door hardware interface as well. The system will include key pads, card readers, and magnetic contact
designs. UTP cable will be provided for this system by others. Plenum rated cable will be provided (type
CMP No. AWG stranded tinned copper conductors) and well as non-plenum rated, paired cable (type
CMG No. AWG stranded tinned copper conductors).
Audio / Visual Display Systems - Different audiovisual systems will be located in rooms
throughout the building, including the lobby, multipurpose room, performance hall, conference hall,
classroom, large/small conference rooms, security conference room, gathering room, members lounge,
and biblical gardens. While each system is different, some of the general cabling systems are outlined
below.
1. Microphone - No. 22 AWG shielded twisted pair cable
2. High Impedance Loudspeaker - No. 16 AWG unshielded twisted pair cable
3. DC Power Cables - No. 16 AWG unshielded twisted pair cable
Other cables, such as those for video displays, are not specifically outlined in the specifications.
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Chapter 5 : Lighting Depth
This chapter introduces the electric lighting analysis that was performed for a single space in the
building, known as The Gallery Addition. This space is a two story transitional space meant for
longitudinal movement through the building, but will also be used as a temporary gallery space when
necessary. This space represents the location where my daylighting and mechanical efficiency analysis
takes place, using the programs that were discussed earlier in this thesis. The electric lighting designed in
this chapter is intended to be integrated with the daylighting solution discussed later in this thesis through
the use of a control system.

5.1 Existing Conditions

Figure 21: Gallery Addition Rendering (SmithGroupJJR).
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Space Summary and Dimensions:
The Gallery Addition is a circulation space located on both the fifth and sixth floors, stacked atop
one another and stretching the length of the building’s northern perimeter. These transition zones provide
access to several performing arts spaces and offer occupants a visual connection to the outdoors. The
orientation of the building allows for ample sun exposure during the daytime condition as well as a great
view of the Capitol building. The corridor's main purpose is to transition occupants around the special
events floor in a memorable fashion. This space will be analyzed in a parametric fashion to determine the
best architectural design alterations that can be applied to achieve a multi-objective daylighting solution
that integrates illuminance criteria, energy considerations, and an acceptable view for the occupants.
Space Dimensions ǀ 10,360 total sf. (over 2 floors)
Approximate Width ǀ 7.5 ft.
Approximate Length ǀ 130 ft. Height: 44 ft. (over two floors)
Tasks and Activities ǀ Wayfinding, transition, sight-seeing.

Figure 22: Fifth Floor Plan Layout (SmithGroupJJR).

The floor plan on each of the fifth and sixth floors has a simple layout, as shown in Figure 22.
These corridors lead to several different museum and performance spaces on the topmost floor of the
building’s structure. This monumental glass façade faces North and North West, directed toward a great
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view of central D.C. and the Capitol building. The building’s structure and orientation make it an
important analysis space for daylight design.

Figure 23: Space Rendering and Building Section (SmithGroupJJR).

Figure 24: Building Section of Space (SmithGroupJJR).
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Material Descriptions:
This corridor space, which is surrounded by glass, is made from several natural materials. All of
the floor and wall finishes incorporate wood into their design, conceptually connecting individuals to the
exterior environment similar to how the glass acts as a viewing portal to the outside.
Table 2: Material Specifications for Gallery Addition

5.2 Design Criteria and Considerations
The design criteria defined in this section relates to the functionality of the space in terms of
quantitative measures as well as the aesthetic appeal related to qualitative measures. These criteria are
meant to ensure comfort for the occupants as well as ensure their ability to accomplish tasks related to the
space’s use. The guidelines for this list of criteria can be found in the Illuminating Engineering Society
Lighting Handbook, tenth edition and ASHRAE 90.1. Listed below are the specific criteria which were
developed for The Gallery Addition.
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Illuminance and Uniformity Space Criteria:
The values held within the table are important for the design of the space because they suggest
that by meeting the quantitative values required for the space, the spaces will function as desired. In some
cases, these values are also provided for safety reasons and therefore should not be overlooked. The table
suggests both vertical and horizontal illuminance levels for the expected tasks within the space. For those
spaces which hold multiple functions, all task criteria should be taken into consideration. The uniformity
recommendations are also listed below and are meant to minimize visual distraction and encourage better
functionality within a space.
Table 3: Illuminance Criteria for Space Type

Lighting Power Density Requirements:
The lighting power density values listed below were determined using the ASHRAE 90.1
requirements. The numerical allowances relate to watts/square foot and may not be surpassed, unless
accounted for elsewhere in the building, in order to meet electrical code. Below is the breakdown of this
space’s lighting power density considering the space by space method. Some assumptions had to be made
regarding building space types when the ones required were not provided.
Table 4: LPD Criteria Requirements
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Glare Considerations:
The main cause of glare within this space is daylight. The large glass façade allows for an ample
amount of light to enter the corridor, which can be overwhelming for people doing more than just passing
through. While the electric lighting is important, my hope is to analyze this space for daylighting.
Control Considerations:
With a large amount of daylight entering the space, sensors will be used within the corridors to
eliminate unnecessary electric light during the daytime. This can be done with daylight sensors.

Figure 25: 3D Image of Gallery Addition Space and Critical Entry Pts (SmithGroupJJR).

5.3 Conceptual Development and Schematic Design
Concept Development:
The main concept for the lighting design of the Museum of the Bible is dictated by the function of
the spaces being analyzed. The goal of the museum is to educate the public about the importance of the
Bible and its history. Transition through the space takes individuals on a journey to enlightenment,
inducing an awakening of sorts in their minds, bodies, and souls.
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Figure 26: Conceptual Design Process Imagery for Entire Building.

To honor this important relationship between people and the written word, each space chosen for analysis
takes on a certain function that supports this journey. While research and development for the lighting
depth included the design of five spaces in total, this thesis will focus solely on the lighting design
strategy for the Gallery Addition. The following description introduces how this concept transitions into
the space chosen for the daylighting analysis, addressing certain design considerations and criteria that are
essential for the occupants’ task performance.
The Gallery Addition space is a double level hallway, enclosed by a large, curved glass façade,
which presents the potential for harvesting daylight. This space is a final stop in the journey through the
building, representing how our education can help us to see the world from a new perspective. The goal
of this space is to implement a unique, multi-objective optimized daylighting strategy that interacts with
the interior control system. With electric lighting, it is important to provide a nighttime condition that is
low level and considers the identity of the building from both an interior and exterior perspective.
Wayfinding, transition and site‐seeing of the Capitol building are important functions of this space.
Furthermore, integrated controls, glare, and reflections must be assessed. Simple track lighting will
provide ambient light in the space and allow versatility for temporary wall displays.
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Figure 27: Conceptual Design Imagery for Gallery Addition.

Schematic Design Strategy:
The lighting design for this space should be simple and versatile, as seen in Figure 28, with
controls that allow for integration with the use of sufficient daylight during the day. Reflections are a
huge consideration, meaning that the design needs to accommodate for the high reflectivity of the
surfaces in the curved glass form during the nighttime condition. Minimizing these reflections is desired
as well as creating a space that has a low overall luminance, or brightness, at night so that it does not
overpower the identity of the Capitol building. The space also needs to be adaptable for several different
types of uses, including both a transitional hallway application and a temporary gallery space to supply
additional museum demonstration space.
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Figure 28: Overall Schematic Lighting Intent.

While the design direction for this space is clean and simple, the space presents many challenges in
relation to construction and aiming. Figure 29 represents an intended section of the space with the aiming
directions for the selected luminaires on the right hand side. These aiming strategies and fixture
selections are intended to provide direction for the design and do not represent final documentation.

Figure 29: Building Section Diagrams with Luminaire Aiming Strategies.
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5.4 Final Lighting Design and Documentation
The following information represents a collection of documented material to express the final
design solution for this space. Details in this section include information regarding fixture selection,
construction documentation, LPD calculations, an illuminance value summary, and renderings. This
section will conclude with a final evaluation of the space based on the design criteria and considerations
listed prior to this section.
Understanding the reflectance traits of the curved glass façade in a nighttime condition is crucial
for understanding how the space should be lit. In the pictures located below, you can see a study
conducted to help understand how the placement of the light can cause different reflecting visual
occlusions in the glass. With standard down lighting, as seen in Figure 30, we can see how lighting the
floor creates an irregular reflection of low intensity in the middle of the visual field, possibly obstructing
an individual’s view of the national monument. This creates a hallway that feels too dark and uninviting.

Figure 30: Reflectance Study with Lighting the Floor.
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By lighting the wall, as seen in Figure 31, we can see how lighting the back horizontal surface
creates an irregular reflection of higher intensity in the top half of the visual field, which is less
obstructing to one’s view of the national monument, but does increase the probability of visual
discomfort, glare, and distraction.

Figure 31: Reflectance Study with Lighting the Wall.

It is important to take into consideration the results found in this initial study in order to enhance
the visual appearance of the space and ensure its function as a viewing area of the Capitol building. It is
clear that in order to minimize the negative effects of reflections in the glass, lighting on the wall should
be essentially uniform and non-distracting while lighting on the floor should be low level and vanish near
the edge of the space where viewing is to take place.
Fixture Selection:
The fixture schedule below summarizes the fixtures that were chosen to be used in this space. All
fixtures were chosen considering a light loss factor of 0.7, in order to address future light loss in
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illuminance and luminance calculations. It is important to note that the final design takes into
consideration all calculations and analysis, therefore it may differ slightly from the schematic sketches.
Table 5: Final Design Fixture Schedule

Construction Documentation:
The lighting plans below represent the final documentation of fixture placement for this space.
Colors on the layout are represented based on the designated colors in the fixture schedule.

Figure 32: Fifth Floor Final Lighting Plan.
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Figure 33: Sixth Floor Final Lighting Plan.

Figure 34: Enlarged Fifth Floor Lighting Plan.

Figure 35: Enlarged Sixth Floor Lighting Plan
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Lighting Power Density Calculation:
The total lighting power density was calculated for this space and compared to the value allotted
for the space type in order to ensure that the design solution met the associated code requirements. The
values were able to be achieved using less than half of the allotted wattage.
Table 6: LPD Calculation for Final Design.

Illuminance Calculations:
These images represent the results of a point-by-point analysis calculated at the task level for this
space, which in this case is the floor.

Figure 36: Fifth Floor Pseudo Plan for Gallery Addition.
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Figure 37: Sixth Floor Pseudo Plan for Gallery Addition.

The pseudo color images, found in Figure 36 and Figure 37, represent the final horizontal and
vertical illuminances on the fifth floor space. The downlights provided an adequate amount of
illumination while maintaining the 4:1 average/min illuminance ratio suggested in the IES Handbook. A
linear wall wash was added to highlight the top portion of the interior walls and lead people through the
space toward the different access points, including the stairs and the entry doors to the Performance Hall.
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Figure 38: Fifth Floor Pseudo Color Rendering.

Figure 39: Fifth Floor Pseudo Color Rendering.
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The pseudo color image, in Figure 38, represents the final horizontal and vertical illuminance on
the sixth floor space. The track lights provided an adequate amount of illumination on both the floor and
the wall while maintaining the 4:1 average/min illuminance ratio as suggested in the IES Handbook. The
specific track light chosen has a medium beam spread and is tilted toward the inner wall 15 degrees in
order to illuminate the interior wall slightly, providing a more welcoming hallway. The gradient of light
on the floor between the wall and the railing is intentional in order to minimize reflections of the floor in
the glass as well as provide a dark viewing area for the view of the Capitol building.

Figure 40: Sixth Floor Pseudo Color Rendering

Another huge consideration for the nighttime lighting in this space was the building’s exterior
identity and overall brightness in relation to the surrounding buildings. Since it is in close proximity to
the Capitol building, it is essential that the brightness of this building does not overpower the brightness
of the Capitol. In past studies at an internship, I found that with HDR photography, the Capitol building
has an exterior identity of approximately 12 cd/m2. Therefore, with this building’s exterior identity at an
average of about 7.5 cd/m2, as seen in Figure 39, it will not overpower the beauty of the Capitol building
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form any viewpoint on the ground level or from a rooftop viewpoint as shown in Figure 39.

Figure 41: Exterior Luminance Study for Gallery Addition.

While the exterior illuminance of the building is important to consider, the interior brightness of
the glass from the perspective of the occupant is also important to consider. Pseudo renderings show that
the luminance of the glass on the sixth floor is minimal; however, the veiling reflections on the fifth floor
are obstructive to the occupant’s view. This can be minimized through dimming fixtures in the nighttime.

Figure 42: Interior Luminance on Fifth Floor from Perspective of Occupant.
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Figure 43: Interior Luminance on Sixth Floor from Perspective of Occupant.

Final Renderings:
Final solution visualization using a ray traced rendering technique in Autodesk 3DS Max Design.

Figure 44: Fifth Floor Final Rendering.
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Figure 45: Fifth Floor Final Rendering.

Figure 46: Sixth Floor Final Rendering.
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This solution achieves a perfect compromise between the two options assessed in the beginning
of the analysis; lighting the floor versus lighting the interior wall. The solution provided an adequate
amount of illumination on both the horizontal and vertical surfaces, while creating a non-obstructive and
minimally distracting reflection in the glazing.

Figure 47: Comparison of Reflection Study vs. Final Design.

Intent for Controls:
This space will use photocell dimming sensors to accommodate energy savings due to the
addition of useful daylight in the space. It will also utilize a time clock scheduling system for automatic
switching of lighting systems in the early morning and evening hours, in order to minimize lighting loads
during unoccupied hours as well as minimize brightness in downtown DC when illumination is
unnecessary. The integration of these control techniques with the electric lighting system will ensure an
energy efficient design.
Evaluation of Final Design:
This space was challenging to light because it required consideration of the reflections in the
glass and the exterior identity of the building as a whole. With these constraints, as well as the other
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structural constraints of the ceiling on the sixth floor, the fixtures chosen were a best possible solution for
all considerations. The levels on the floor meet all the illuminance recommendations in the IES Handbook
for the horizontal surfaces while maintaining the 4:1 average/min ratio. The lighting strategy on the sixth
floor effectively minimizes the reflections shown in the glazing, which would otherwise block the view of
the Capitol building. The track lighting on this level is a specific fixture that was chosen for its versatility
and adjustability for different exhibit needs. On the fifth floor, the lighting highlights the linear path and
draws attention to the stairs and doorway entry points to the Performance Hall, while maintaining a clean,
simple design.
Controls are implemented in a way that considers the daylighting analysis that takes place in a
later portion of this thesis. All fixtures are LED and dimmable for maximum control and energy savings.
The LPD is well below the maximum, saving more than half the energy that was allotted for this space
type. Finally, the overall luminance, or brightness, of the space exhibits levels lower than that of the
Capitol building, meaning that its identity will not overpower the exterior appearance of the Capitol
building during the nighttime condition.

58

Chapter 6 : Daylight + Energy Analysis Depth
This chapter introduces the programs, methods, and results formed with several different analysis
programs and strategies. The depth incorporates methods learned in the Architectural Engineering
Master’s program classes, AE 565 Daylighting and AE 562 Luminous Flux Transfer. More specifically,
this daylighting analysis required education in command prompt programming for material assessment
and result visualization, using Radiance and Daysim. This space was assessed for energy efficiency, solar
gain, and aesthetic appeal, with a goal of maintaining the shape of the current façade and the view of the
Capitol building while increasing occupant comfort with passive design strategies.

6.1 Rhino Modeling
Rhino was used for the modeling of this space, in order to achieve accurate results using the
Grasshopper interface, integrated with Honeybee and Ladybug. For result accuracy, all surfaces were
created as flat planes, facing toward the direction of the analysis. All exterior walls were modeled as two
planes, with the exterior plane facing outward and the interior plane facing inward. Glass surfaces were
modeled as planes facing inward for accurate daylighting analysis. Modeling of the space also included
an accurate representation of the urban context and the parameters of the surrounding buildings for
shadowing and reflection effects. A ground plane was constructed for a similar purpose. Each of the
different building elements was placed on its own layer in the program in order to simplify the process of
assigning breps, or reference geometry, in Grasshopper. Finally, the model was drawn in an accurate
orientation, considering North as “up” in a top view of the space.
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Figure 48: Rhino Perspective View of Interior.

Figure 49: Rhino Perspective View of Exterior Glass Façade.
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Figure 50: Rhino Perspective View of Urban Context.

6.2 DIVA Daylighting Study

Figure 51: Annual Illuminance Daylight Simulation using Contrast.

Before moving into Grasshopper, I decided to use DIVA for Rhino to visually analyze the amount
of solar radiation on my façade. DIVA allowed me to assign materials to my different layers, with
specific reflectance and transmissivity capabilities, for a good representation of how the sun was affecting
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my façade. Using DIVA, I was able to produce images of the luminance values, or the visual perceived
brightness of my building, the solar radiation on the façade, and the Daylight Autonomy (DA) of the 5 th
and 6th floor plans. DIVA works to produce these values through Daysim, a daylight analysis program.

Figure 52: Annual Solar Luminance Map of Building Exterior and Context in cd/m2.

Figure 53: Annual Solar Radiation Map of Building Exterior and Context.
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Figure 54: Visual Representation of DA Simulation for Fifth and Sixth Floor.

Figure 55: Example Daysim Simulation Analysis Report for Sixth Floor.
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6.3 Honeybee + Ladybug Initial Studies
The first step in learning the process of design using the Grasshopper tools was to understand
how the programming works behind the scenes. Throughout the learning process I utilized several
different online resources for video tutorials, example files, and forums for troubleshooting issues. All
resources are referenced in the bibliography section of this report. My previous knowledge of different
programs and scripting that I gathered in my coursework over the years also aided in this process.
Material selection was a huge component of the Honeybee studies, using Radiance to define
material characteristics for each of the different layers of the model. Each layer was sequentially assigned
to an associated brep that was defined as a Honeybee material using Radiance defined parameters. These
parameters help to define the reflectance traits of the material as well as the approximate color. When
these parameters are applied, as seen in Figure 52, surfaces can be produced for application to any surface
in a model and provide an accurate daylighting model.

Figure 56: Material Selection using Grasshopper and Radiance.

The next step in the design process was to choose a weather file that represented the location
being studied. For my scenario, I was working with a building located in Washington, DC, and therefore
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I wanted to use an epw file that was designed for that particular location, produced at the National Airport
nearby. Grasshopper allows the user to define a specific day and time for the analysis and use the actual
data collected for that day, as shown in Figure 53.

Figure 57: Choosing an epw Weather File for Analysis.

When running the analysis, the user has the option of using a climate based sky or a CIE sky,
depending on the type of daylighting analysis they are running and the accuracy needed for that analysis.
Without studying the difference in values between the two sky options, it would be impossible to
understand why defining your sky accurately is essential to the results. In order to fully understand this
concept, I watched a tutorial and created a small analysis of my own, which can be seen in Figure 54. For
this analysis, I ran the data for a specific date and time using both the CIE and climate based sky files.
With the CIE skies, the user can define a specific sky type for the analysis; sunny with sun, sunny without
sun, intermediate with sun, intermediate without sun, cloudy sky, or uniform sky. These sky types output
different levels, which can be seen in the HDR photography images in Figure 55. The CIE skies created 6
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different conditions in total, ranging in horizontal irradiance values from 46 to 346 W/m2 while the
climate based sky produced a single output image with a uniform horizontal irradiance of 250 W/m2.

Figure 58: Coding for Climate Based Sky Vs. CIE Sky Data.

Figure 59: Imagery of Irradiance for CIE and Climate Based Conditions in W/m2
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6.4 Final Integrated Design Results
The final model for my space was able to study eight different glazing types for their associated
energy and daylighting contributions to the space. The defining parameters of the glazing studied
included visible transmittance, U-Value, SHGC, and both interior and exterior reflectance. The overall
design strategy of this space was to limit the scope of design solely to the alteration of the glazing, in
order to determine the direct effects that these parameters have on the outputs of the space. With this
isolation of a design change, accurate representation of the different glazing properties could be studied
for effectiveness and implementation. The design objectives for this space were defined to analyze
heating and cooling loads, daylight metrics, uniformity, and glare. The goal of this study was to learn how
to test parameters in order to inform the design process, rather than dictate a specific design strategy,
producing useful imagery to communicate the available design options.
A randomized set of window parameters were tested in this analysis, with an initial set of twelve
window attributes which was later simplified to a set of eight window types in consideration of time of
analysis. Refer to Table 7 for the basic parameters of the eight window types.
Table 7: Tested Window Parameters.
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The energy analysis of this space required a simplification of the building’s mass in Rhino into
ten blocks, or zones, that were adjacent to one another. The glass materials had to be individually created
and converted into Energy Plus materials within the Honeybee programming interface. Each window
case was designed to output visual 3D representations of the load information as well as numerical values
for the total heating/cooling loads, as well as a few other mechanical parameters. Figure 56 and Figure 57
represent an example of the visual representation of these results, while Figure 58 shows an example of
the numerical output of results.

Figure 60: Sixth Floor Annual Heating Load in kWh/m2 for Window Case B.

Figure 61: Perspective View of Annual Solar Load in kWh/m2 for Window Case B.
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Figure 62: Example of Numerical Results for Energy Analysis of Window Case B.

The analysis proved useful in understanding the implications of different glass types and the
importance of selecting a glass type with the performance qualities suggested for one’s climate zone.
Figure 59 shows a map depicting climate zone locations. This image informs us that Washington, DC is
located in a region that requires consideration for both heating and cooling when choosing glazing type.

Figure 63: Climate Zone Map (ASHRAE 90.1).
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Rather than focus solely on the U-values and SHGC values recommended in ASHRAE 90.1, my
analysis looked at a randomized set of data for its window design. This allowed me to do my own
performance analysis to assess how applicable the recommendations were to my specific design case.
After outputting the data sets for the eight design scenarios, a table was created to assess the energy
performance results for the different glazing types, found in Table 8.
Table 8: Energy Performance Results for all Window Cases.

The energy performance analysis showed a wide range of results, ranging from a total thermal
heat gain of 193,420 kWh to 249,419 kWh. While these results do not yield any specific conclusions
regarding a desired U-value or SHGC for this application, they do show that different combinations of Uvalues and SHGC values represent widely different energy performances. For example, Case K and Case
L both have a U-value of 0.23, but Case K showed a slightly lower heating load and a slighting higher
cooling load in comparison to Case L because of their varied SHGC values. Similarly, Case I and Case J
both had a SHGC value of 0.27, but their U-values were not similar and therefore their mechanical loads
varied. This table demonstrates that thermal loads are highly dependent on the combination of values
from both of these inputs. A more interactive, parametric study could analyze a countless number of
simulation runs to determine the best possible solution as a combination of both of these variables.
An annual daylighting analysis was performed to analyze each of these glazing scenarios. My
daylighting model utilized Radiance to assign materials, create geometry, and run the necessary
performance analysis. With this model I was able to assess the Daylight Autonomy, Useful Daylight
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Illuminance, Continuous Daylight Autonomy, overall illuminance uniformity on the floor plan, as well as
the visible glare experienced in the space. Figures 60-65 depict the visualization of these results for a
single case. The red box in Figure 63 is an area on the floor open to above. In addition to the
visualization of the results, data sets of the point-by-point analysis were extracted to Excel documents in
order to calculate the total percentage of the floor area that met the criteria for 50% of the time, as
indicated in the definitions for the different metrics.

Figure 64: DA for Fifth Floor Window Case B.

Figure 65: UDI for Fifth Floor Window Case B.

Figure 66: CDA for Fifth Floor Window Case B.
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Figure 67: Illuminance Uniformity Study for Fifth Floor Window Case B.

Figure 68: Luminance Fisheye Perspective View for Fifth Floor Window Case B.

With these visuals, I began to analyze how the different daylighting metrics accounted for
daylight and what these values actually meant for the efficiency and comfort experienced in the space.
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Figures 60, 61, and 62 represent daylighting metrics and the ability of the daylight to reach certain
illuminance levels for a percentage of the annual analysis period. In Figure 60, it is clear that the
Daylight Autonomy for the fifth floor space, analyzed at 300 lux, achieves this desired illuminance more
than 50% of the time over 90% of the floor’s area. In Figure 62, which depicts Continuous Daylight
Autonomy, that value is slightly larger and achieves the desired illuminance more than 50% of the time
over 93% of the floor area. On the contrary, in Figure 61, the visual represents the percentage of time that
the illuminance value is between 100 lux and 2000 lux. In this case, the floor area achieves these values
46% of the time, meaning that in that percentage of time the daylighting provides enough light to account
for energy savings from a decrease in lighting use at a level that will not cause uncomfortable glare. The
uniformity study, depicted in Figure 63, shows the illuminance levels achieved in the space at a particular
time on a particular day. In this image, it is showing the values achieved in June at 9am with a climate
based sky type. While the illuminance values are relatively high in the space for this glazing type, we can
see that the uniformity for the space (excluding the points in the back hallway) is a 1:1.5 average to min
ratio, which is a comfortable value for the experience of the human visual system. Additionally, the glare
study in Figure 64 shows the luminance, or brightness, experienced in a view at eye level down the
hallway. In this case the DGP value, or Daylight Glare Probability, is a value of 0.315 which is below the
threshold of perceptible glare.
All of these daylighting metrics are useful for different types of studies, and it is beneficial to
record all of them throughout the process of analysis in order to compare results between scenarios. All
of the examples shown above were for a single glazing type on a single floor, meaning that this process of
analysis was repeated for all eight glazing scenarios on two different floors. All of the data collected for
each of these cases can be found in Table 9. In moving forward with the integrated aspect of the analysis,
it was important to pick out the analysis outputs that were most relatable to the design parameters
determined in the beginning of the study.

Table 9: Daylighting Analysis Results for all Window Cases.
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For daylighting, the important objectives that I wanted to compare were DGP, uniformity, and
UDI. I decided that for comparison purposes, DGP should be analyzed on the sixth floor only, because of
the percentage of glazing that exists on both the walls and ceiling, creating a potentially uncomfortable
space. For reference, it is important to note that DGP is desired to remain under a value of 0.4 before it
becomes disturbing. A value that exceeds 0.45 becomes intolerable for the human visual system.
Uniformity on the sixth floor seemed to be commonplace and therefore uniformity was compared solely
for the fifth floor. When considering the best daylighting metric to use for the comparison, UDI was
chosen because it had the most varied results. DA was generally above 85% on both floors in all
scenarios, but UDI differed dramatically. Since the desired UDI was between 100 lux and 2000 lux and
the sixth floor failed to achieve a value over 31%, I decided to consider the UDI between 100 lux and
2000 lux on the fifth floor.
The same approach was taken when considering the mechanical analysis values for comparison.
I decided that for this analysis, the heating and cooling load were the most valuable numbers to compare
because they relate directly to cost savings in the building’s energy performance. Additionally, visible
transmittance and internal glass reflectance were kept as design objectives because they relate to the
overall visual experience of the occupants. As described in my lighting depth, it is important to consider
the view of the Capitol building in the nighttime setting, meaning that a low visible transmittance glass
and a highly reflective glass can obstruct the occupant’s view. Interior reflectance can also be distracting
or disorienting when reflected in the curved glass shape found in this space, meaning that a high
reflectance should be avoided as much as possible. Taking all of these design objectives into
consideration, a total of seven objectives were chosen for the final analysis visualization.
In order to achieve the desired visualization of the output data for all the different glazing options,
a web-based program called Pollination was used. This application allows users to explore multidimensional data and compare competing results (Roudsari). I created a summary file in .csv format that
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was uploaded to the web application in real-time, allowing me to visualize my multi-objective
optimization analysis of different glazing types and the overall objectives of the project. An example of
the Pollination interface can be seen in Figure 65.

Figure 69: Pollination Visualization of Results.

This application creates a simple, yet informative interface for users to visualize the pros and cons
of each design strategy, allowing them to easily compare specific parameters. Figure 66 shows how the
user is able to outline a particular option to visualize its specific data. This is one way to process the data,
by comparing a single option’s data to the opposing data. Looking specifically at the glazing determined
for Window Type K, we can visualize that it has a lower visible transmittance paired with a higher
heating load and a lower cooling load. Additionally, the glare metric, uniformity ratio, and UDI metric all
conclude that the space would be comfortable for the human visual system and useful for energy savings
with lighting loads through the use of dimming. The grayed out lines behind the selected option are
useful for a greater perspective on all the possible improvements in each area with different glass types.

76

Figure 70: Pollination Visualization of a Single Glass Type.

There is another way of visualizing data in this interface, through the selection of different ranges
of results in each objective. For example, as seen in Figure 67, if a designer were concerned solely in
decreasing the heating and cooling load in the space, they could restrict the values in the corresponding
columns in order to limit their options to results that met the given criteria. If a designer were instead
more concerned with the glare and uniformity of the space, in order to ensure occupant comfort, those
limitations could be set for that particular design strategy, as shown in Figure 68.

Figure 71: Pollination Visualization with Restrictions to Heating and Cooling Loads.
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Figure 72: Pollination Visualization with Restrictions to Glare and Uniformity.

Finally, if the designer were concerned with the nighttime condition of the space and wanted to
decrease the reflectance of the glass and increase the visible transmittance of the glass for adequate
viewing of the Capitol building, those restrictions could be made as well, as seen in Figure 69. The
ability to alter result restrictions in a simple and intuitive manner makes the visualization of the results
more effective for all disciplines in the design industry.

Figure 73: Pollination Visualization with Restrictions to VLT and Reflectance.
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In order to determine a solution for my space that met all the criteria that I set in the beginning of
my analysis, I had to determine what were the most important objectives for my space that made it
function effectively. I decided that glare was a huge concern for the comfort of the occupants in the
space, meaning that with a large amount of light entering the space I desired a DGP value of less than
0.35 to make it imperceivable. Additionally, I wanted to utilize daylight integrated dimming strategies in
my space as frequently as possible, meaning a higher UDI value would give me useful daylighting that
provided sufficient levels throughout the space without supplying too much light, further protecting
occupants from the potential of glare. This process can be seen in Figure 70.

Figure 74: Pollination Visualization of My Final Design Limitation Process.

I then took a look at the differing results and compared the remaining objectives to determine the
best possible solution for my building. I wanted to increase the visible transmittance level of the glass as
much as possible in order to increase view of the Capital building, while also providing an interior
reflectance value that was low and not obstructive to the view of the occupants in the nighttime condition
with supplemented electric lighting. Additionally, I wanted to consider the heating and cooling loads as
well as the overall uniformity of the space. I ended up choosing the glazing type tested in Window Case
K, as seen in Figure 71, because it met all of the original criteria I had for the space and supplied
beneficial daylighting while limiting the mechanical loads in the building.
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Figure 75: Pollination Visualization of My Final Design Choice.

My final recommendation for the best glass type tested for this space would be a product that has
a similar VLT, SHGC, and U-Value as those defined for Window Case K. However, as a lighting
designer, I am just one member in the design process and I feel it is more beneficial for me to inform the
design process rather than dictate the design. Multi-objective optimization processes, such as the one
used in this project, allow designers to create visual representations of data that assist in communication
between disciplines. Rather than choosing one particular glass type for the entire glass facade, an
architect could decide to vary the glass type or the transmissivity of the product along the length of the
glass. By comparing different results for the fifth and sixth floors or the East and West facing glass,
designers could use this information to create a variable frit pattern or differ glass panels to create a
visually pleasing solution to the results found during data collection. This method of design encourages a
more collaborative design process that informs disciplines of the consequences of certain design changes,
such as material alterations due to value engineering or the addition of an aesthetically pleasing frit
pattern on the façade. The results produced for this thesis display a simplified comparison between
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simple construction alterations and the costs and benefits of associated energy and daylighting results on
each floor.

6.5 Final Building Design Recommendations
My final recommendation for the design of this space would be one of two options. The first
option, which is preferred, would consider applying a single glass type to the entire façade, with similar
attributes as those defined for the glass type that was chosen as the best possible case for this building
type and function. Applying a single glass type to the entire façade would maintain the visual aesthetics
of the current design, accenting the form of the large, curved facade rather than cluttering the view and
distracting from its beautiful shape. If this strategy were to be used, a glass product that would meet the
requirements would be the VUE – 30 by Viracon. This product has a relatively low VLT but still
provides a great view of the exterior, as seen in Figure 72, and meets all the recommendations for
performance factors of the glass.

Figure 76: Viracon VUE - 30 Glass Product (Viracon).
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Another option would be to use the data collected for each individual floor and propose a variable
frit pattern that alters the visible transmittance of the glass parametrically along the curve of the glass or a
system that varies glass panels along the curve, decreasing in visible transmittance along the ceiling. The
potential disadvantage to this design strategy is a decrease in aesthetic appeal of the glass from an interior
perspective view, which may not be a desirable strategy when the designers are attempting to withhold
the character of downtown Washington, DC in their design. However, an advantage to this design
strategy would be a more parametrically optimized solution, further decreasing energy loads and suppling
more useful daylight while limiting glare on the sixth floor. If an architect decided to implement a system
such as the ones suggested, they would have both the tools and the data needed to assist in the design
process as well as visually represent and argue the costs and benefits of the system to a client or other
design discipline. However, due to the criteria set in the beginning of the analysis meant to maintain the
aesthetics of the original design and maintain view of the Capitol building, I would not recommend the
implementation of a frit pattern.
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Chapter 7 : Discussion and Conclusions
The multi-objective optimization process proved to be beneficial to the study of my façade
system and associated materiality. The interface that I used for the analysis, including the Rhino
modeling, the Grasshopper scripting, and the Pollination visualization, was a reasonably simple and
intuitive process that enhanced my knowledge of the integration of different mechanical and daylighting
systems in my building. Using Energy Plus and Radiance for computation required a small learning
curve, however online tutorials and discussion forums were readily available for troubleshooting issues.
The Grasshopper scripting interface was easy to understand and process. With all the knowledge gained
during this project, I now feel capable of creating models in the future to test different scenarios that
exceed the optimization of glass materials. Due to the scope of this project and the goal of discovering
the increased opportunity with this programming interface, my building parameters and alterations were
kept simple in order for me to understand the extent of the implications that changing one aspect of my
design can have on the performance of the building as a whole.
My thesis proved that glass type and materiality can have huge ramifications of the performance
of a façade system. While recommendations for glass type based on climate zone can be beneficial and
worthwhile to consider, every building is different. Accurate orientation and weather data are needed in
order to determine the functionality of a system. My building was a unique case considering the
complicated geometry that formed the curved, glass façade. It is rare to find a building that has a
continuous glass wall and ceiling design, providing ample daylight throughout all hours of the day. The
North facing façade mitigated glare experienced in the hallways, however a large portion of the visible
transmittance had to be eliminated in order to minimize energy loads as well as increase usable daylight
in the space. The final solution for the space was chosen based on a comparison of the different
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performance levels and a weighted recommendation for the design objectives, which were determined
from an analysis of the expected function of the space.
This process proves that there are several different solutions to a given design issue; however, by
prioritizing what is most important in design we can eliminate several options in order to optimize the
solution based on the objectives of the design team. A multi-objective optimization process increases the
communication between design members and allows designers to inform design early in the design
process, rather than dictate design. Informed design allows for better integration of disciplines and
knowledge of the costs and benefits of design alterations early in design, saving time and resources that
may have been wasted through the traditional process of fully designing and analyzing a building without
previous knowledge of potential issues. The visualization resources available through these optimization
programs enhance communication of data and results between disciplines and assist designers in
effectively portraying the necessity of their design changes.
By implementing a truly parametric design process, with numerous iterations of randomized data,
designers have the means and resources available to accurately determine a favorable design that is ideal
for their building’s objectives and criteria. This parametric optimization can be used to analyze a range of
different data inputs, including but not limited to geometry, shading elements, materials, and much more.
By integrating these programs and other parametric optimization processes in design, we can increase the
potential of the design industry to create high performance buildings through better integration, clearer
communication, and more informed design decisions.
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ABET Accredited - Five Year Professional Degree
The Pennsylvania State University, University Park, PA
The Pantheon Institute, Rome, Italy

Graduation: Spring 2016
Schreyer Honors College
Summer Study Abroad Program

EXPERIENCE
Intern - SmithGroupJJR, Detroit, MI
Summer 2015
 Worked in the Lighting Studio, learning conceptual design development and implementation
 Refined my technical analysis skills and learned how to utilize parametric design with daylighting strategies
Intern - Tillotson Design Associates, New York, NY
Summer 2014
 Worked on several projects, using skills in AGI, AutoCAD 3DS Max, Photoshop, and model making
 Developed skills in communicating with representatives and clients, as well as analyzing lighting/electrical systems
Backstage Crew Member - PNC Bank Arts Center, Holmdel, NJ
Summer 2013
 Shadowed Tour Managers, Engineers, and Lighting Technicians during on-stage preparation for concerts
 Developed skills in service, team work, and time management during high tension situations
Volunteer Lighting Installer - Longwood Gardens, Kennett Square, PA
Summer 2012
 Installed over 20,000 fiber-optic lighting sculptures and LED projectors to complete an outdoor art exhibit
 Shadowed lighting designer, Bruce Munro, and learned techniques about captivating and mood-shifting an audience
Architectural Research and Design Project - The Pennsylvania State University, University Park, PA
Spring 2012-Present
 Developing skills in 3-D programs such as CAD, Revit, Photoshop, and Sketch-Up
 Renovating on-campus engineering classrooms with new innovative technology and collaborative work spaces

LEADERSHIP
Vice President - Penn State’s National Association of Home Builders (NAHB) Student Chapter
2012-2014
 Planned bi-weekly meetings and coordinated guest speakers and educational field trips for members
 Held responsibility as the Director of Sustainability for Residential Construction Competition
Researched and implemented sustainable design techniques into a residential design project containing 633 homes
Mentor -Women in Engineering Program (WEP)
2012-2013
 Coordinated weekly meetings and one-on-one tutoring sessions for girls struggling in physics-based engineering programs
 Created personal study guides, additional problem sets, and other educational materials on difficult topics
Mentor - Schreyer Honors College Orientation Program
2012-2013
 Educated students in the rules, regulations, and expectations of the Honors College
 Planned and executed social and academic events for 300+ students, faculty, and other community members
Active Chair Member - Penn State’s Phi Sigma Rho, Sorority of Women Engineers
2011-2015
 Held position as THON Family Relations Chair and worked with our Four Diamonds Fund Family to coordinate fundraising
efforts, social events, apparel design and letters of encouragement for families with pediatric cancer.
 Used Photoshop to design numerous logos and apparel items for 60+ people

HONORS & DISTINCTIONS











Received the 4th Year Outstanding Performance in Illumination Award from the PSU AE Department
Spring 2015
Awarded Scholarship from Besal Lighting Education Fund
Spring 2015
Awarded Student Summer Intern Scholarship from SmithGroupJJR
Spring 2015
Awarded Leadership in Sustainability Award from The Pennsylvania State University
Spring 2015
Placed first at NAHB Residential Construction Competition, leading the team as Director of Sustainability
Spring 2014
Awarded Yearly Scholarships from the Builder’s Association of Central PA and the Henrietta Hankin Foundation 2013 - 2015
Awarded “Best Overall Design” at Penn State’s Engineering Fair
Spring 2012
Dean’s List for high academic standing
Fall 2011-Present
Recognized by Society of Women Engineers for Academic Excellence
Spring 2011

