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Introduction: Defining the Study



Introduction

Abstract

The study is aimed at changing the way buildings are designed by creating a decision support
framework (DSF) for the representation of vegetated assembilies, in this instance vegetated walls and
facades using woody vine species. The scope of the project is limited to the commercially available native
and nonnative plants in southwestern Virginia, and how these vine species can be selected for use as
vegetated architecture.

This decision support process would provide a basis for the background reference and context for
selecting vine species, support in determining representational methods for designs, and tutorial for how
to use commonly used programs in studio to better represent vegetated structures and assemblies. The
framework assists in selection of the plants based on appearance, color theory, and the physical limits or
characteristics of the vines.

A parallel study of vegetated assemblies through the construction of a full-scale electric car
garage will test the framework. The decisions made in the vegetated fagcade of the electric car garage will
test some of the tenets of color theory as applied to vegetated walls and provide a base for further study
via continued monitoring.

The decision support structure and resulting designs will show the potential vine and plant
characteristics amassed in the study as they are applied to architecture. A framework such as the triad of
tools used for the reference, representation, and teaching of vegetated assemblies, will demonstrate the
various factors that impact the requisite decisions when designing vine covered walls and facades. All of
these prototype tools combine to assist designers in the ideation of vegetated facades, and then to allow

for a wide variety of vegetated assembly representations.



Position Statement

Architecture exists as an example of personal interactions with the surrounding environment.
There are many different interpretations of this theme; however, the particular method | choose to
subscribe to is the idea of man as a metric for the development of space and impression. This belief is not
solely dependent upon the individual, but the interface the individual has with architecture and the
environment, creating a dialogue that informs design.

We, as designers, people, and users all have a sense of place and connection to the environment
in which we live. To design a building that is not in some way responsive to the surrounding conditions of
nature is simply a lost opportunity for a more compelling intervention in architecture. This sense of place
within the realm of architecture is created by the deeply personal memories and experiences from each
individual. The impression that one gets from the space and its contact with the surrounding environment,
should be immediate, in that way architecture shows us its worth.

This idea of an innate connection to the environment, termed biophilia by the biologist Edward O.
Wilson, is not new. Man first existed in nature and then used architecture to provide shelter and a sense
of place. This harmony with nature is not only being sensitive to the environment, but also sensitive to the
cyclical methods that nature employs and how these cycles can be integrated into the design of
responsive architecture. It is important to understand that this style of architecture is not reactionary, but a
combination of natural and man-made stimuli to create space as a designed response.

The past, present and future must be present in the mind of the designer as a continuum. This
creates perspective and context against sentimental historicism, modernism and utopianism. This is not to
say that the designer is solely focused in the past, but rather is aware of the past, the past that has
become the present and is projected into the future. The way in which a designer operates then
influences future interventions in architecture which may or may not be his own.

Therefore, the designed response is not an act that is applied to a particular project, but a habit
that is maintained by the designer, ingrained into the design process. When a method, such as this
sensitivity to the surrounding environment, is central to the design from the beginning, the response is
stronger and more developed. This is not to say that a project must be only one pure idea. Design should

have many layers that build the intensity of the design, without adding unneeded complexity.



Problem Statement

What is the method that individuals interact with process sensory input from the surrounding
environment? Such sensory information can be taken into the person, transformed into useful knowledge,
elaborated upon by past experiences, stored for future interactions, then called upon in times of need and
used again. This process is termed cognition. Cognition can be, and is used for all aspects of living, and
in philosophy there is a subset of techniques: epistemology, logic, metaphysics, ethics and aesthetics.
The first of these techniques is epistemology, is mainly concerned about the areas that which can be
known and their scope (NYU, 2014). Epistemology, combined with another type of cognition, meta-
cognition, will prove critical to the proscriptive development of the design process supporting the
prototypical tool for representing vegetated assemblies.

How do we know what we know (knowledge about cognition) and how do we know that we know
it (regulation of cognition)? These are the two main components of meta-cognition (Schraw, 1998). There
is also the description of design research as explained by Nigel Cross in Designerly Ways of Knowing.
This method relies on seeing design as a third culture to the humanities and sciences. This third culture
can also be called technology, or applied science and organized knowledge combined to address
practical tasks. Overall, these sorts of practical tasks are not necessarily evaluated by analysis alone as
in the sciences, but through the synthesis of ideas, and experiences. Design problems are often called
6wicked (Rittel a n meaw that theyrare noflad defined andlcbmpartmentalized as
other research questions, often acted upon by many different external forces. These problems must be
re-defined and re-evaluated by the experience and tools available to the designer. This begins to place
limits on the design, generating a possible outcome or design solution.

To tackl e t hese,végetatedlasamblipswillledgageslor theory and apply its
synthesis to the representational tool. Phenomenology is a theory of knowing that contends that the
observation of phenomena is different from perception and judgment. Instead of discretely evaluating
through perception or rationalizing through judgment, an individualexp er i ences onesd surrounoc
world or an object outside the observer and then internalizes these experiences; that we are a summation

of our experiences and knowledge. From this basis about understanding cognition and meta-cognition the



prototype tool will serve as a method for allowing designers to experience design in a different manner in
relation to color theory, informing their design decision-making process.

With concerns about environmental impact of buildings persisting, new methods and theories of
construction continue to develop; however, this concern should not become dominant to the aesthetics of
the design. Aesthetics should be in a dialogue with environmental design concerns allowing for each to
complement the other. How do we meld the science of plant biology with environmental design?
Specifically, how can the use of plant biology and color theory interact with and respond to the building
envelope? The building envelope is a very broad topic; however, in reference to nature, one type of
building system can be called to the forefront: vegetated assemblies.

The design of vegetated assemblies should be responsive tothe b u i | dsiterbgttdirsvegetation
used and in color theory, in order to improve the interaction and experience between the user and the
building and climate. However, this study is looking for regional expression by using specific plant biology
and color theory for southwestern Virginia. If the study were to encompass all types of plants and their
respective biology, it simply would not be feasible. Therefore, the climate and location will limit the study
to plants viable to the Appalachian Mountains as a demonstration of a more wide-ranging future study.

So how can a regional interpretation of nature be brought back to the constructed environment,
using the very walls that form it? The ancient gardens of the Egyptian and Mesopotamian civilizations and
the Chinese in medieval times show the desire to bring vegetation back to the constructed environment
(Hongxun, 1982; Osmundson, 1999; Shepard, 1967). Others contend that in more modern time
vegetation was used as a wellness and stress reduction of those in the constructed environment
(Parsons, 1991; R. S. Ulrich, Dimberg, & Driver, 1991). Biophilia takes this further developing on the
hypothesis that there is a genetic predisposition to nature that creates the innate desire for a connection
with nature (Darwin, 1877 (2010); Wilson, 1984). What is the formative role of vegetation on sustainability
and green architecture outside of energy conservation? Vegetation has the ability to give a sense of
connection back to nature not commonly found in constructed environments. In the urban environment
there can be a lack of vegetated spaces for those living in cities. Architects have, and use this opportunity
to develop ideas and design concepts applicable to vegetated walls and facades, creating living buildings.

These vegetated facades can be both decorative and integral to the building itself. Therefore, biophilia



can serve as an underlying driver for the inclusion of vegetated assemblies in the constructed
environment, such as walls, buildings, and other architectural structures.

From all of this, what Nigel Cross mentions about synthesis being important to architects and
designers is critical. From all of these subsets of different problems, a problem reveals itself: how can
designers synthesize vegetation/plant growth, color theory and design decision-making to be better

integrated into the design process of ideation, representation, and iteration?

Purpose of the Study

Specifically, this research is intended to contribute to a larger body of knowledge on how color
theory is connected to plant biology for vegetated building assemblies on architecture in a local climate of
Southwest Virginia and how this can be synthesized to create a useful prototypical representational tool
for the display of vegetated assemblies. The aim is to enhance a quality of aesthetics in the design and
implementation of vegetated building assemblies. However, the question of color theory in relation to
plant biology in vegetated assemblies is not proven or disproven, but observed meticulously in an effort to
amass information on its characteristics. Therefore, intent of the study is to consider and examine these
assemblies as architectural elements of the visible world in order to purposefully design aesthetically
pleasing objects. This is what designers can give to users by taking into account and carefully crafting the
stimuli in a space. We as designers need to continue to think, to contemplate, to understand. We must
think about the phenomena anditswor t h. According t o Rudo1832)Sdestificn e r ,
writings he believed that thinking should direct observation (Steiner, Goethe, & Barnes, 2000). If thinking
about our observation is necessary to a more complete understanding of a given situation, then our
interaction with a phenomenon is influenced by the knowledge that we both have and do not have. The
purpose of studying the phenomena of color theory in vegetated assemblies is to then be able to
implement such knowledge later in design. The core of the study is how vegetated wall assemblies,
through their plant colors and materials, are influenced by color theory and how that influences their
aesthetic design. From this core, a simulation approach to be able to visualize the possible system will be

developed.



This simulation approach or prototype representational tool trough the design process would not
be a singular mandated method for making designs, but a suggested guidet hr ough a designer 6s
process. In this way the proscriptive tool would impact the more prescriptive design method and
philosophy that the student has begun to develop during their studies, or that the professional has
developed through experience. The tool should not be prescriptive by imposing a particular method of
design, but rather be proscriptive, describing a method that could be used and then allowing the
designers to make decisions based off of the representational tool. The tool would not make the decisions
for them as that would negatively impact the ideation process.

Architectural design is inherently a decision-making process of which ideation and representation
are at its foundation. Designers typically move from ideation to representation and then to iteration.
Moving from the more abstract step of ideation, representation allows the architect to move from an idea
to issues of quality of space, materials, construction, or in this case color theory. The representational tool
can serve as an outlet, an extension of the representational process, allowing for a design in its totality,
not simply the ideal conditions. The representational tool would allow designers to test their designs to
better understand their implications and allow clients to visualize a potential design to support for
construction. This research has at its foundation this evolution of this process. Figure 1 is a map for the
theoretical placement of the study, attempting to balance proscriptive methods that impact the

prescriptive methods with through phenomenology.

Figure 1: Proscriptive and Prescriptive Methods to influence the prototype tool
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Research Questions

The inquiry is: how we as designers begin to use the aesthetic that is created when plants over
time interact with each other spatially and chromatically in vegetated walls and how can this be used in a
representational tool to synthesize vegetation/plant growth, color theory, and design-decision making.
This research will attempt to discover the characteristics of vegetated elements in architectural design in
reference to color theory and plant biology. When selecting plants for vegetated walls what are questions
to consider? We need to consider what kinds of plants are adaptable to vegetated assemblies. We need
to consider if there are compatibility issues between types of plants selected in the assembly. Finally, we
need to consider what the possible implementation issues for plants that are adaptable in vegetated
walls, such as watering, pollination, or root depth. Other plant characteristics that need to be considered
when i mplementing vegetated facades i ncédsazdne climbingpl ant 6s
mechanism, resiliency to climatic conditions, weight, profile, and texture. These questions will be applied
to vegetated facades to determine the specific regional expression in a Southwestern Virginia climate
based on useful flora. The characteristics of plant biology coupled with color theory influence the
designed space. In order to know how these characteristics are influencing color theory in vegetated
assemblies, the plant biology of the flora needs to be observed or obtained.

Color theory is not simply the color wheel or feelings associated with colors. Color theory is
heavily influenced by the infinite nature of color. Color within light resides in a spectrum of wavelengths,
with each color blending into the next. In the spectrum, light displays itself and the face of nature,
informing us of the characteristics of surrounding objects. The resultant color is at all times specific and
characteristic of the object, yielding significance. By understanding the relationship aesthetics has with
these theories, it will allow for a better integration of aesthetic design with vegetated building assemblies

through synthesizing vegetation/plant growth, color theory, and design decision-making.

Definition of Terms

The study has four main concepts: aesthetics, decision theory, color theory, and plant biology.

This study will be engaging aesthetics from a phenomenological view. This philosophy is the study of
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consciousness from personal observations. The critical experience of phenomena is in reference to an
object by its content or meaning in reference to our own notions and thinking.

Aesthetics is of or relating to beauty. However there are many different kinds of interpretations of
this beauty. Immanuel Kant believed aesthetics to be a subjective experience of beauty, universal in
function only when disinterested (Kant & Walker, 2008). To Friedrich Schiller, aesthetic appreciation of
beauty is the most perfect reconciliation of the sensual and rational parts of human nature (Schiller &
Snell, 2004). As expected, methods of thinking or expression that are subjective in nature have many
different definitions or processes when attempting to understand the subject matter.

Decision theory or decision-making theory is centered on the making of decisions. Decision
theory resides in the theoretical unknown or making a decision in response to a problem without a clear,
single answer (Hansson, 2005). While this definition of decision theory is more general, in design, another
type of theory is present: design support structures (DSS). These structures are less about making the
final decision for the designer and more for supplying the designer with information in which to make an
informed decision (Cross, 2007, 2011). Therefore the experience of the designer brings works with the
DSS to design more effectively. The design support structure that will become the prototype

representation tool will work with the designer to help make decisions but not make the decision for them.

Figure 2: Placement of Prototype tool in the design process

Color theory, according to Goethe, is a guide to the nature of colors and how these colors are
perceived by humans (Steiner et al., 2000). He understood color as how the phenomena of color are
perceived and was less concerned with the analytic properties. This is only one view of color theory and
this concept is expounded upon in the literature review.

Plant biology, also called botany or plant science, is the scientific study of plants, including their
physiology, structure, genetics, ecology, distribution, classification, and economic importance. In relation
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to plant biology, according to Edward O. Wilson, biophilia is an appreciation of life and the living world
(Kellert & Wilson, 1993). This unspoken but deeply connected bond with nature people have is how plant
biology and the expression of vegetation on the envelope of a building, will be combined with color theory
when using vegetated building assemblies to develop a new stance on their synthesis.

Finally, the building envelope is the physical separator between the interior and exterior of a
building, for example a wall, floor, roof, fenestration or doors. The building envelope serves to keep
occupants comfortable again undesirable exterior conditions. Depending on the climate, building
envelopes can have a wide variety of implementations, from being almost a shell to being thin skin. The
building envelope is where vegetated assemblies are usually located; on the exterior of a structure. Some

vegetated assemblies, when cared for correctly can be on the interior of the structure.

Figure 3: All themes in reference to ideation, representation and iteration

Limitations

As the study is specific to the biology of plants usable for vegetated assemblies, baseline data
collected from field guides of local plants will be both quantitative and qualitative. However, much of the
information collected during the study will be observed from photographic studies or mock-ups, rather
than solely empirical testing from a hypothesis. It will be important to use causality appropriately and not
to overreach inductions from specific observations.

Based on the main tenets of color theory and plant biology, the research is limited by the study
location and the types of plants useful to a Southwestern Virginia climate: USDA Plant Zone 6.

Furthermore, the colors can be variable based on the geographic location and climate of the plants
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selected. Color can also change over time in plants, thus making analysis variable over time, but cyclical
over the course of the year based on the seasons. As the local plant species are based on a regional
macroclimate, it would not be appropriate to extrapolate all findings to all species of plants or locations.
Different species of plants or plant physiology would induce different color or spatial characteristics.

Probably the most important limitation to consider is perception. We as humans perceive light and
color similarly, but our reaction to these color and stimuli can vary. While perception is important, it does
not invalidate the purpose of the study, as phenomenology acknowledges the inherent personal

interaction that an individual can have with objects or architecture.

Procedures/Methods

There will be five main steps to the research process: logical argumentation, photographic
analysis, prototyping development, immersive case studies, and a member checking or Delphi. Logical
argumentation will be done from the literature review as a basis for plant selection, structure of the
software to be used in the prototype tool, what the tool will provide in terms of decision support (output).
The photographic analysis will determine the color characteristics of selected plants to be integrated into
the prototype. The stages of prototype development will serve as a process for prototyping the
representational tool based on color theory. Immersive case studies will serve as beta testing the
representational tool to test its usability toward improving design decision-making. This stage will use
myselfand2-3 ot her Adesignerso or colleagues to develop the
stage will be completed to gain a consensus for the positive impact on design decision-making using a
maximum variance sample of 6 to 12 designers using interviews. The following chart shows the different
categories these designers could reside.

Table 1: Experience and Method Used in Vegetated Assemblies

Maximum Variance Sample Computer Design Analog / Hand-Drawn
Experience and Method

No Previous Experience with
Vegetated Assemblies

Previous Experience with
Vegetated Assemblies

14



The investigation of vegetated building assemblies in reference to color theory, plant biology, and
relevant software will be conducted with a review of both historical and current literature. This literature
review will attempt to answer some of the key questions of the study such as: what kinds of plants are
adaptable to vegetated assemblies?; are there compatibility issues between types of plants selected in
the assembly?; and what could possible implementation issues for plants that are adaptable in vegetated
walls? All of these questions will then be analyzed based on the fundamental tenets in color theory. The
software will be reviewed in both academic and professional settings.

After the literature review, a series of photographic studies centered on the key questions will be
conducted to document and analyze chromatic, saturation, and visual density characteristics of the plants
selected. There will also be studies of the local landscape to discover natural qualities that could be
emulated in vegetated walls. This series of studies will lay the foundation for examining and amassing a
larger range of characteristics of plants used worldwide.

Afterwards, computer simulation programs will be used to see if such qualities of color and
density are reproducible from the characteristics uncovered in the photographic studies, as applied to
useful floras. After compiling all of the necessary observations, this study will be used in conjunction with
a full-scale construction of an electric car charging garage to use tenets of plant biology and color theory
in design and implementation. This immersive case study will provide a method for understanding how
digital representation can be used to create and evaluate vegetated facades.

This study will use two different types of digital representation techniques: Photoshop, which is a
flat rasterize program; and Grasshopper, a Rhinoceros plug-in. Some other software that might be
explored in the design of the vegetated assemblies could be Google SketchUp. The integral part of such
modeling is to accurately reflect conditions to predict, control, or explain conditions on the site. The
representational tool would accept a 3D model as input and then re-represent the elevation with the
selected plants. The selection of the plants would be based on appearance and color theory. The tool
would represent either one (color) plant or two plants (different colors).

After working on the development of the processes in the representation tool, three methods will
be used to triangulate the effectiveness and usefulness of the tool itself. The first would be interpretive on

my part as the researcher. The second is on the part of the immersive case study, using a follow-up
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interview of the participants, preferably colleagues who have worked in firms. The third is the member
checking or Delphi stage. The more preferable of the two would be the Delphi, allowing for a group of 8-
12 experts to use the representation tool for a number of different design cases. They would sort through
the steps necessary to design the vegetated systems according to color theory. Afterwards questions and
information gathered at the meeting would be used to inform another iteration of the prototype
representational tool.

What is more probable is the
development of a studio with 8-12
students who would use the tool as a
part of their design work over the
semester. This project may involve
either the carport vegetated wall or a
thesis-like studio, depending on the
studio year taught. The students

would maintain a journal about

working with the tool as they work

Figure 4: Carport under construction in 2014

through a design prompt related to the

concept of vegetated assemblies. Then at the end of the semester the work would be presented and final
thoughts on the prototype design tool would be recorded. The journals would be turned in after grades
were established to not negatively impact their performance and critical analysis of the prototype tool out
of concern for their personal assessment for the studio. As with the Delphi, afterwards questions and
information gathered at the meeting would be used to inform another iteration of the prototype

representational tool.

Validating Findings/Further Study
By using some of the characteristics outlined by the photographic studies and simulation
reproductions, the decisions made in the electric car garage would validate some of the tenets of color

theory as applied to vegetated walls and provide a base for further study. Continued monitoring of the car
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charging garage structure after completion will determine the survivability of the plants and efficacy of
design decisions. The computer simulations of possible designs would also show the potential of the

characteristics amassed in the study to be used in architecture.

Quavmanve MsTw=oD F'o.= Dig2ERTATION
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RE"RESEN'-A‘I:ION TECH'.IIG‘.‘E 05 PROTOTYPE +«v+-» :
IMmeRSIVE C‘ASE S'ruov. anD VaLipaTion :

Memeer Crscring oF ProToTYrs

Figure 5: Simplified overview of methodology, full diagram in Chapter 3

The study could be expanded by enlarging the geographic areas from where plants are chosen.
Then, after a necessary number of examples and desirable design characteristics are compiled, a
decision support structure (DSS) could be developed to aid in the aesthetic qualities from which an
architect or designer could choose. This system would not design vegetated assemblies or architecture
for the designer. The system would provide a base of knowledge that could be drawn from and then
utilized, streamlining the process and incorporating color theory more actively into vegetated assemblies

earlier in the design phases.

Anticipated Ethical Issues

Ethical Issues could arise if the study reveals either through the design process, or through the
monitoring of the electric car structure, that certain types of plants or products do not perform as
specified. Moreover, if certain species of plants, proprietary or not, perform better than others, the study

cannot inadvertently place product placements or unfair advertising for or against them. The
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characteristics amassed in the electric car garage project and field studies must rely on facts with critical
thinking applied. The success or choice of certain plant species could be detrimental as some companies
could have a vested interest in the use of vegetated building assemblies as an aesthetic into addition to
the primary environmental benefits. Therefore, as a researcher it will be prudent to remain a third party

while observing the characteristics and plant biology in vegetated assemblies.

Preliminary Conclusions and Significance

The application of color in the design of vegetated assemblies provides a unique opportunity to
merge nature with architecture directly. Predictive modeling and prototype rendering as this study
suggests will allow for more standardization in the design process while allowing for more accurate
representations of vegetated facades. Ar chi tecture exists as an expression
surrounding environment, as an interface between the individual and nature.

Architecture should be responsive to the conditions on the site and design should allow for
accurate representation. Therefore the application of research will create a more accurate projection of
vegetated facades for the client. A designer cannot take the phenomena of nature on only faith or fact,
relying solely on the literature. The designer must synthesize experience with the problem at hand.
Thinking is necessary to a more complete understanding of a given intervention; therefore a small study
should be conducted to show the whole process of creating the prototype representational tool. This
study would start from selecting plants with experience, to testing growth patterns, then mimicking these

patterns and colors within the context of the prototype tool and color theory.

Preliminary Conclusions and Significance: Vegetated Assemblies

When vegetated assemblies are used as architectural systems, it is important to consider over
time, the interaction of plants with each other spatially and chromatically and how we as designers begin
to use that aesthetic. For vegetated assemblies, this manifests as the characteristics of plant biology
coupled with color theory influence the designed space. This study looks for the specific regional

expression in an Appalachian Mountain climate based on useful and local flora in these vegetated
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architectural walls and how designers may begin to simulate the design of walls for aesthetics using
computer based representation.

The active and passive (reflective) modification of light yields colors. The question of color theory
in relation to plant biology in vegetated assemblies is not proven or disproven, but observed to gain
information on potential characteristics. Therefore, the study

considers and examines these as architectural elements of the Ry

visible world in order to purposefully design aesthetically pleasing )“
objects. This is what designers can give to the users by taking into \‘ :
account and carefully crafting the stimuli in a space.

Light is the progenitor for colors. Using light and the color
theory that arises from its interactions with the environment, the
design of vegetated assemblies can be considered for both
aesthetics and performance. Color is on a spectrum and is highly '\
influenced by other colors in proximity. Color is always determined |

Figure 6: Blue/Orange Watercolor
by its context and source light. Due to the relative nature of color,
the language around color is also personalized, in that the perception of color is dependent on the
individual experience. While color is at times variable, the base tenets of color theory provide a common
base from which color can be evaluated. Color is not a binary situation and by definition color is placed on
a spectrum and should be evaluated on a continuum of conditions in physical, artistic, and biotic contexts.

From these base tenets, color theory can be applied to the physical world. In this study, the
electric car garage project and field studies can reaffirm the colors and pairings found in color theory and
begin to understand their application in architecture. The built environment creates an atmosphere for the
user to experience the space. Thus, while individual colors can be dependent on the perception of the
user, the individual experience of the user is based in the applied tenets of color theory. This self-reflexive
experience allows the designer to both influence the space through design in color theory and later be
influenced by the constructed space along with other users.

Nature and its application can provide the inspiration for man-made intervention in vegetated

assemblies. The ability to bring a natural setting into the urban environment cannot be underestimated.

19



As explained previously, bringing vegetated walls and facades into harsh urban settings produces
positive effects, both intrinsic and performance based. They decrease air pollution, thermal loads,
stormwater runoff, and increase the userds quality of
the biophilia theory proposed by Edward O. Wilson, in which humans feel an innate connection with
nature. This connection back to nature provides context and an impetus for the use of color theory, taking
a somewhat abstract theory and grounding it in the natural environment.

However it is important to perform an analysis of observations made after the amassing of
characteristics and desirable qualities. This amassing is not to form a catalog prescribing architecture. It is
to show qualities that are found in architecture, color theory and nature and then allow the designer to
apply concepts, not prescribed solutions. Architecture is not a problem to be solved, but a process of
inquiry over much iteration. These iterations allow for the process of exploration that architects need to
refine their architecture. This iterative process has ideation to representation to iteration, with many
revisions and circular evaluation along the way. As such, a combination of both theory and practice

solidifies assertions made from the study in the form of a built construct.
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Figure 7: Diagram about ideation, representation and iteration. The prior theme maps from the definition
of terms fit into the diagram at all three stages, with the main focus on informing the representation of
vegetated assemblies.

These characteristics of color theory and plant biology have implications for the design process. If
these considerations are implemented earlier in the design, vegetated assemblies can be a critical facet
of the design. The varying climates due to geographic regions and different building standards could
change the effectiveness or necessity of some design decisions for better or worse. As mentioned before,
a design should be reflective of the surrounding environment and site conditions. If the site and climate is
ignored, then the final intervention has not reached its full potential. While color theory as applied to

vegetated assemblies is important, these assemblies must gain further acceptance and then be validated
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by construction and repeated methods in order for designers to gain practical experience, and not simply
theoretical knowledge. From this initial understanding of the vegetated assemblies, designers will then be

able to experiment and improve the quality of systems.

However, the actual aesthetic of the vegetated assemblies and the reaction to the building

conditions and climate is not completely predictable, nor should it be. This allows the process of ideation,
representation and iteration to informt he desi gn of the o6wicked probl emsbéd
structure (DSS) such as the accumulation of analyzed design explorations and field study conditions can

show designers a beginning to start from, but not an answer. Architecture and design is not a problem to

be solved, but a process to be explored.
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Literature Review: A Basis for inquiry
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Color Theory as it Relates to Vegetated Walls

Historic Color Systems

We should begin with how color as a theory began, looking at how the theory developed. Much of
this synopsis of the history of color circles and their associated theories was compiled by Faber Birren,
who was an industrial color consultant and recognized as an expert in that field. The history of color goes
back to antiquity. Intellectuals such as Pythagoras, Plato, Aristotle, and da Vinci all contemplated the
nature of color, but it was not until Sir Isaac Newton and Geothe developed color theory that a systematic
attempt was made to characterize color and spectrum (Birren, 1969; Holtzschue, 2006). Geothe devised
his color theory to disprove Newton, but fundamentally agreed with the totality of color in a color circle
(Renner, 1965). Later, J. C. Le Blon uncovered the primary colors of red, yellow and blue. In 1766 a
English engraver, Morris Harris made the first full hue color chart in The Natural System of Colors from
primitive, mediate and compound or tertiary colors (Birren, 1969).

Johann Wolfgang von Geothe believed that yellow and blue were primary as did Aristotle. Geothe

believed that, fé yell ow came from |Ilightness ,and

wer e bl en d(Birren,fl969).iGeathé and his contemporary Phillipp Otto Runge placed color on a
color circle and triangle or pyramid (Arnheim, 1974; Birren, 1969). M. E. Chevreul featured the red,
yellow, and blue theory in Impressionism and Neo-Impressionism schools of painting. In America, Louis
Prang, Milton Bradley, Arthur Pope, and Herbert Ives who were prominent educators, made the red, blue
and yellow theory part of American color and art education (Birren, 1969). Other types of color circles

have been developed, however the red, blue and yellow has been favored the most.

bl

ue

In 1826, the German scientist Helmholtz expounded upon the work of ThomasYoungdés t heory

color vision to make a red, green and blue (violet) color system (Arnheim, 1974; Birren, 1969; Holtzschue,
2006). In 1923 Michel Jacobs, a painter and teacher set a theory of principles of color harmony based on
red, green, and violet primaries similarly to Helmholtz and von Bezold. Finally the color circle of Albert H.
Munsell also traces back to Helmholtz (Birren, 1969). The work of Bloomer, Falk, and K ¢, p p & the
1970s and 1980s continued to evaluate color theory. Then work of Steven Bleicher in 2005 continued this

tradition of refining color theory and its response to increasing technology (Bleicher, 2005). The constant
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is that while the color circles and color classification vary, they are all based on the same layout of
characteristics, which will be defined later in the section.
So why are there so many different types of color circles? Bi r r en expl ains that, fith
sets of primary colors and therefore three good reasons for different types of color circleso(Birren, 1969).
He explains that pigment primaries are additive, that red, yellow and blue will form other hues. Light
primaries are subtractive in which red and blue can form yellow. Vision primaries are medial formed from
red, yellow, green, and blue in which all of them mixed together will form grey (Birren, 1969). Later in this

study the concept of mixing colors and methods of representation will be discussed further.

Biophilia and Nature as a Model: Ingrained Images and Color
Why do we feel connected to this transplanting of nature into architecture as described by Ulrich

(1984)? Juhani Pallasmaa, Finnish architect and academic, explains that beauty is rooted in human life.

The human experience of an individual is based in that
iReal architecture can only affect our soul liifngg, @can
(Reisner & Watson, 2010). He terms this category of image a dpri mal

ancient memories of the forgotten past (Pallasmaa, 2001; Reisner & Watson, 2010). If we believe that
people have a connection to a forgotten past and innately seek aesthetic images that invoke those
memories, then we as people, have a fundamental connection with nature. When we engage this world,
we engage nature and we must be able to trust our gut, our instincts without understanding every aspect
of the experience.

This innate connection with nature is also supported by the work of Edward O. Wilson, biologist
and researcher at Harvard University. Wilson terms this innate connection to nature and the natural world
as biophilia (Kellert & Wilson, 1993). Just as there is not one image that invokes our forgotten past, there
is not one emotion that is drawn upon in the web of conditions that make up biophilia. In nature and
people there is a spectrum of images that create a range of emotional responses. As such there is a
range of plants that respond and adapt to different stimuli in the natural environment. These different
plants, based on their inherent aesthetic or beauty created by specific environments, will invoke different

emotions from the connection to nature in our forgotten past. Combining these two concepts of a primal
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image, from an ancient past, and biophilia, the predisposition to enjoy natural landscapes, we develop a
notion for why nature often serves as a model in design.
Biomimicry studies nature in in its natural environment to gain information and then create
artificial reproductions for humans. This method is used in scientific research to discover the phenomena
of a system and its mechanisms in relation to its inherent nature.
Synthetic biology, most notably the work in recombinant DNA techniques by Stanley Cohen and
Herbert Boyer in 1996, the discovery of restriction enzymes by Werner Arber, Daniel Nathans, and
Hamilton O. Smith in 1978, and the invention of polymerase chain reaction techniques have drastically
changed medicine and biology and humanityd6s understand,]
combination of the work of Tom Knight at the Massachus:
allowed for the construction of systems using biological components and the work of Roger Brent, Robert
Carlson, Drew Endy and Adam Arkin at the University of California with more engineering specific means
brought synthetic biology forward. This with biotechnology will serve to inform design tremendously in the
future. We [humanity] learn first through mimicry and then develop an individual interpretation. This
occurs oftenindesign and inlifeingeneral (Ter naux, Ternaux, Ternalkving & Mat ®r i
walls are the novel creating productions, the mimicry of nature, in an urban setting in an effort to re-
enliven a space. Designers take the qualities of a natural setting and attempt to recreate an urban or

constructed space in its image.

Viewing Color: The Eye and Mind

As with color circles and the numerous ways to categorize color, it is understandable that color
theory in reference to architecture and vegetated assemblies should be phenomenological, and that our
observation of phenomena is based upon our perception of space and objects. Eugene Raskin, author of
Architecturally Speaking, expl ai ns t h a ture wifhdubconsideeng the paycholbgicdl and
physiological characteristics of those by whom and for whom it is created makes no more sense than a
di scussion of the Bach f uf(le66)sThibietd saetmanarchitecture twreedd o ons é o
viewed by the individual is a relative concept; so is color theory when viewed through an eye. We, as

designers must approach architecture and subsequently aesthetics and color theory considering our own
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preconceived notions and abilities. Therefore, in this study color theory is considered in psychological and

physiological terms by being | imited to the perceivabl

the physical theory of color that looks at the manifestation of color by the eye, respectively.

Another important thing to consider is that when an image is viewed, it is placed on the

individual 6s retina. As the individual interacts

information it gathers continuously (Raskin, 1966). The image is seen by the eye, and perceived by the
brain (Bloomer, 1976). This is to say that when we observe a phenomenon, it is filtered by our own
physical and mental characteristics. As designers we cannot have an exact representation of the space:
instead of reproducing an image as a camera, we create moods and representations. The process of
design is inherently biased towards a visual process. Though the process is dominated by the visual,
other senses are still observed. It is vitally important not to reduce vision, color, or representation to

simply a picture. Furthermore, the objective of this study is not to completely predict or validate an

individual 6s perception of the space, but influence

If we continue to evaluate phenomenology in the context of how to engage vegetated assemblies
in relation to color theory, French philosopher Merleau-Ponty in his book Phenomenology of Perception

separates and distinguishes his philosophy from the mindset of Descartes and Kant. Merleau-Ponty, in

wi t h

reference to Kant and Descartes, says, i | coul d not a papaxistihgeumldss lafinsyaf all,i n g

experience myselfase xi sting in the a(Merlean-Pontg & lmndesh20ii)d Howayer,i t 0

Merleau-Ponty contends that in the observation of phenomena, perception and judgment are not
equivalent. Finally, Merleau-Ponty suggests that the surroundings, the world outside the observer,
become imprinted upon the observer through perception. This will become important during the study as
we need to observe our surroundings and objects based on our previous experiences that have been
imprinted upon us from our past perception and experiences of the world.

Our own interactions with a phenomenon influence our observations, and the concept of color
theory in relation to vegetated walls takes its
phenomena. Laws of nature, such as light and color will always exist, but an organ such as the eye must
be present to manifest the physical condition. The eye does not cause light and color to occur, but allows

it to appear to us. Thus the physiological theory of color proposed by Goethe is different from the laws of
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optics proposed by Newton (Goethe, 1971; Steiner et al., 2000). Geothe also inspired his student,
Schopenhauer, who attempted to define the role of the retina in vision and color in terms of the subjective
and proposed complementary colors due to afterimages. (Arnheim, 1974). In this vein, the characteristics
and conditions of plants in vegetated walls will be studied by the conditions observed by the eye. The
study looks at what and how color phenomena arise, and how these phenomena are perceived.

The study will be conducted through the observations from the eyes. So how will this affect the
observations and perception of the study? According to David Falk from the University of Maryland, there
is a delay to the eye when introduced to new phenomena. Our eye then responds to these conditions to
give the individual a representation of the space after a lapse in time (Falk, Brill, & Stork, 1986). Light can
create space with depth and shadows, but the way in which we interact with light and therefore color in
our visual perception stems from, but is not limited to, brightness, form, texture, depth, transparency,
motion, and size; that a human eye can distinguish one object from another, recognize and interpret
scenes (Bloomer, 1976; Falk et al., 1986). These delays and residual images on the eye play a role in
how an individual perceives space and color. The information collected by the eye creates a
representation of the space in the mind. The results become the way that we, as designers and
individuals, perceive the visible world.

Before we talk specifically about color in vegetated walls, there are some characteristics of the
eye that are important to understand. Foremost, the brain processes collected information while
emphasizing changes in the surrounding space and sorts this information. Falk explains that neighboring
regions of the eye can inhibit each other. This effect of lateral inhibition can be explained with the case of
a white square appearing brighter on a black background and a black square appearing darker on a white
background. He further suggests that in the processing of visual information within the retina, which
decreases the effects of uniform changes in illumination, enhances the effects of edges called the Crail-
O6 Br i e n (Fald et all, 9986).rMTherefore, when constructing and designing vegetated assemblies, it is
not only important to consider the edge as a design in
differentiate space. The edge not only can define the space, but also the character of the internal field of

vegetation and its color.
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Afterimages will also augment the perceived color of the vegetated assembly. Falk describes two
types of afterimages that will affect the perceived space: negative and positive afterimages. First,
prolonged stimulation to a set of conditions desensitizes the eye and leaves a negative afterimage.
Second, an intense light will overstimulate the eye and leave a positive afterimage (Bloomer, 1976; Falk
et al., 1986). An example of an afterimage as related to color is found in the polarized tint of ski goggles.
For example if the tint is an orange color, when the goggles are removed a bluish hue remains for a short
period of time. The effects of afterimages could change the appearance of certain types of plants based
on proximity and intensity. Just like the goggles, if you look at the color of a plant long enough, this can
affect the appearance of nearby plants, as your eye may adjust to the color of one plant, augmenting the

other.

Some Examples of Color and Perception in Design

When an individual interacts or engages with a vegetated assembly, a specific space and depth
influences the individual 6s perception of that space. .
which helps the individual understand space. Holldes cr i bes par all ax as fithe change
of surfaces that define space as a r e gHoll2000pWedshe chang:
individuals rely heavily on parallax as it creates depth cues in order to understand space (Bloomer, 1976).
However, for a two dimensional representation, we rely on ambiguous depth cues of apparent size,
perspective, variations of light, shadow, color, and sharpness to define space (Falk et al., 1986). This will
become important in representing the designed space using computer simulation of vegetated
assemblies later in the study.

With experience, designers can use patterns on two dimensional media to imply overall depth
using overlays and superposition. Based on the writings and studies of Josef Albers, other considerations
such as color interacting with other colors, the interdependence of color with form and placement, the
guantity of color, the quality of each color, and boundary conditions, also need to be addressed (Albers,

2013). Both Albers, and Arnheim, a perceptual psychologist, describe the concept of using overlapping

figures to imply depth (Albers, 2013; Arnheim, 1974). In superposition there is a specific case called

28



transparency. Below are two examples of superposition from a personal watercolor study about Albers,

which will be taken into more depth later with a review of his book: Interaction of Color.

& %

Figure 8: Two watercolor studies of superposition using the compliments of orange and blue

There are two types of transparency, first when light can physically pass through; the other is
perceptual transparency through media and methods of which Albers has many examples in Interaction
of Color. The illusion of transparency is created after looking at the fields of color long enough. The closer
the middle field is to the true mixture of the two other colors, the more this effect is seen. This kind of
illusion also begin to expose a type of mixing called partitive mixing, where adjacent color can begin to
mix together.

Albers was one of the most influential teachers and artists of the twentieth century from the
Bauhaus tradition and his text is one of the most important works on color and its interaction with
surrounding space. These themes of perceiving dept h, textur e, and qualities of
with the characteristics of color will be critical to representing and understanding not only the space
created, but the vegetated assemblies as well.

Taking a step back, a line is the simplest form of divided, or with multiple lines, enclosed space. A
line delineates, and creates an edge. Lines also relate to the context of the medium, its range and extent,
of the two-dimensional frame in which they rest. If we consider that the eye is invariably attracted to an

edge condition, then lines become critical in design and color. Piet Mondrian, a Bauhaus painter and
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educator attempted to reject references to physical space, but the distinction between objects and the
space around them remained (Arnheim, 1974). In the principle of interposition that Albers and Klee
explored, using fields (Albers) and lines (Klee) depths can be created or rejected based on position. This
concept of proximity and position to create or deny space and depth will be critical to understanding color
and its resulting effects. Lines can also create volume when transferred into the third dimension (Hogarth,
1955). This idea of lines creating a volume was also explored by Moholy-Nagy in structural and allied
constructions (Arnheim, 1974). Klee also looked at how lines could enclose space, making a distinction
between internal and external spaces. In some of his paintings, two examples are: The Draughtsman at
the Window and My Room, Klee would use windows to show a way of looking at an external, brightly lit
world, from a relatively dim interior world. (Aichele, 2006).

Arnheim explains that a circle could be perceived as an object line; however the enclosed space
could be perceived as a solid entity such as a disk, and the surrounding field more loose and flowing. This
idea of an object and an area contained by a frame introduce the concept of figure-ground. The disk
becomes the figure to the observer and the space around it becomes the ground (examples shown
below) (Arnheim, 1974). These lines can be used in designing the field density proportions of a vegetated

assembly as well as how the edge conditions of color are resolved.

Figure 9: Figure-Ground examples: (left to right: circle, line, rhombus, square)

The figures above show different aspects of figure and ground. The first set of images is a circle that
encloses space as compared the singular line to its right. The enclosed space of the circle makes and
figure and the white space around the figure is the ground, thus the concept of figure-ground. The second
set of images is a rhombus and a square. Both the rhombus and square enclose space and create the
figure-ground concept, but the rhombus angles back in the field, creating a sense a depth, while the
square does not. Individuals can use depth cues as shown by Albers and Arnheim to define a space

conceptually as in figure 11.
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So how are colors described for their depth and qualities?
. ; We could define color solely by wavelength; for example
i \ = the color blue is between 455 and 485 nm (nanometers),
l ) I . which is a range of wavelengths and not a single band. A
| l single band or wavelength of color is termed
} monochromatic light. However defining a color by

e —— something that is not perceivable to the eye is not a

Figure 10: Overlapping planes viable descriptor. Over time, three dimensions of color
have been used to define color. We can define color by
hue, its main color which distinguishes it from one spectral color to another. We can define color by
saturation, its purity of color or how much of the color is near the dominant wavelength. We can define
color by lightness, its percentage of incident light reflected from the surface. These three characteristics:
hue, saturation, and lightness, that define color to the eye can be arranged on what is called a color tree
(Falk et al., 1986; Munsell, 1913). These groups can also be defined as hue, saturation, and brightness
(Arnheim, 1974); hue, intensity, and value (Bloomer, 1976) or hue, value and chroma (Munsell, 1913).
Even while these general characterizations are of the same concepts in color, language still cannot
completely describe color and this range of haming color responds to the variation in perceivable color.

While we cannot determine how an individual will interact with a space or color as explained
previously, we do have the ability to suggest a perception of a space. Using the combination of historical
precedents as well as design experience, architecture and by extension vegetated assemblies, can begin
to imprint the individuals around them by maintaining a particular atmosphere and innate connection to
nature. These resulting atmospheric qualities are derived from the perception, intentions, and experience
of the designer6s hand.

The space and shape that a design creates can be a means of identification that is more
consistent in the face of environmental changes than color (Arnheim, 1974). However, the possibilities of
combining shape and color in design, be it a vegetated assembly or architecture in general, is worth
noting. Luis Barragan, architect and the 1980 Pritzker Prize laureate, speaks not only of beauty

(aesthetics) and color, but also of gardens. These motifs, these themes will be critical to understanding

31



how designers can use space, color, and light to enhance a vegetated wall or assembly. Armando

Chavez Cervantes, the chairman of The Fundacién de Arquitectura Tapatia Luis Barragan, FATLB

describes Barragands view of ar chi t withanwope,eviifiddo see and
vision, in the aim of revealing to us a new universe, his universe, enveloped by magic, mystery,

enchant ment, IMAlgharandGawmtia@arUo®abi aga, Pal.Bamagan Ver ea, &
was a master of combining a connection to nature and color with a sense of place.

The characteristics of color reviewed in the literature
(hue, saturation, and lightness) can be quantified and
scaled, but solely quantifying color does not relate to an
architect attempting to represent a space in a two or three
dimensional manner.

For an architect, the characteristics of pigments,
medium, paper, and methods combine to give
characteristics of color and create aesthetics of design.
Thus, our plants (pigments), our assembly (medium), our

space (paper), and our design (methods) must be in relation

to each other and thought of in a cohesive whole. Although

color theory can be the focus of the study, many other

aspects such as contrast, assimilation, a sense of place, a Figure 11: Pigment mixtures of blue

orange, and black
sense of beauty, and perception must be applied and g

allowed to mix and complement each other.

Color Mixing and Harmony in the Representation

There should be a dynamic view of the space, not a static view in our minds. The space that we
design changes over the years, with the seasons, the weather, the number of people present, the lighting
conditions, the form of the space itself, and much more. The subsequent representations created by the

designer need to show a way of experiencing the sense of place proposed by the representation, and the
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possible built construct. The designer should represent a desired experience or mood to the space. The
representation should be an approximation of the desired physical stimulation combined with a mental
response, filtered by the memories and innate nature of the individual. The individual creates a personal
phenomenon of interacting with architecture, one that we can never completely know, but can attempt to
represent.

Utilizing all of these ideas of vegetated walls, knowing their research and historical context, and
evaluating these walls based on color theory, we now can re-imagine a designed space. We, as humans,
perceive and attempt to generate an image of balance, or harmony. Referring back to biophilia described
by Edward O. Wlison, and the Apri mal i mageo described |
together a desire for harmony and balance that is also found in nature.

Simulation and representation are the two main components of how a vegetated assembly would
be described or visualized before the actual construction and implementation. The architect should seek a
composition that is in balance, especially in reference to color theory. When simulating a space, the
production of the representation and color balancing play a critical role in the final result. You simply
cannot mix plants by color the same way a printer makes colors. There are differences between the three
dimensional world of the built environment and the two-dimensional world of graphic representation which
make them not directly translatable. However, representation can and does inform the final construct.
This study will look specifically at how predictive simulation models for the aesthetic appearance of
vegetated walls can be used in the design process and how the representations relate to the built form
and aesthetic qualities.

As Arnheim explains, colors can be determined by three different dimensions: hue, brightness,
and saturation (Arnheim, 1974). These three qualities show up in color pyramids by J.H. Lambert in 1772
and in color graphics of Philipp Otto Runge in 1810. What is derived from the work is the inter-related
nature of hues. Arnheim contends that this type of color harmony is incomplete, only focusing on
connection of the hues, and neglects separations of color. Ruskin, as described by Arnheim, and others
find that this is mainly found in the instability of colors that hot and cold hues remain relative to the new
colors placed on the canvas, and with each stroke new relations are established, that hues and colors are

relational and interact (Arnheim, 1974; Birren, 1969; Holtzschue, 2006; Renner, 1965). Furthermore
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Albers describes this in his work in the Interaction of Color (Albers, 2013; Arnheim, 1974). Itten also
describes color harmony as the interaction of two or more colors (Holtzschue, 2006). He st ates t hat
concept of color harmony should be removed from the realm of subjective attitude into that of objective
pr i n c(Hgltdsehae, 2006; Itten, 1961). Thi s i s countered by Al bedr s who st
first and lastd is not so-called knowledge, but visiond s e e i (#Alpersp2013; Holtzschue, 2006). Geothe
found that harmony was present when the totality of color was present in a composition (Goethe, 1971;
Renner, 1965). Renner, a German educator and designer, viewed a harmony as a combination of a few
main colors, and each color should be in relation as a subordinate or coordinated color (1965). While art
will always be subjective in nature, it is interesting to see the interpretations of color harmony are
dependent on the artist and their perceived method of knowing and philosophical stance.
The color studies and philosophies of color harmony differ by the artist. Albers viewed cold and
warm colors to coincide with dark and light. Itten saw red-orange +blue-green as temperature opposites,
that red was warm or sunny and blue was cold or shady. Kandinsky saw colors as shapes that yellow was
a triangle, blue was a circle, red was a square (Arnheim, 1974). This concept of using multiple words in
language to describe similar hues via different thought processes is inherent to color, that an image or
hue is meant to be seen and represented, that words cannot describe and image in its entirety.
Birren speaks of the color harmonies developed by Chevreul in 1839. These six color harmonies
can be summarized as the harmonies of adjacent colors, of opposite colors, of spilt compliments, of
triads, of a dominant tint (Birren, 1969). This method of color harmony addresses the incomplete nature
described by Arnheim of only viewing a similar set of hue as a complete composition. What Arnheim
discussed is termed the harmony of adjacent colors by Birren and Chevreul, for example yellow, yellow-
orange, and orange. Then the shortcomings noted by Arnheim are addressed: the harmony of opposite
colors as in blue and orange, of split complements as in orange with blue-green or orange with blue-
violet, of triads as in red, yellow and blue, and of a dominant tint such as a light source washing colors
with a light orange from an incandescent bulb (Birren, 1969). Birren also explains that the eye looks for
simple and clear divisions of color. Perhapsthiscanbe f ound i n the ingrained human
focus on edges and color divisions. Compositions that are vague or blurred are disturbing, and the mind

desires order and neatness. The eye will notice dis-harmony and will be disturbed until balance and
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proportion are once again evident (Birren, 1961). These experiences are characterized by the absence of
gaps in the color harmonies (Holtzschue, 2006).
Holtzschue, after explaining color harmony in depth, suggests four near-universal observations

about color harmony (2006):

The complementary relationship between hues is a strong basis for harmony, but it is not the only
basis. Any hues used together can be harmonious. Even intervals between colors are
harmonious. Even intervals are pleasing whether they exist between colors of different hue,
different value, different saturation, or any combination of these qualities. Color compositions are
most harmonious when the level of saturation is relatively constant. Complex compositions, with a
great many colors, tend to be most successful when there is a dominant family of analogous hues

that is supported by lesser areas of their compliments.

This series of observations combined with the harmonies developed by Chevreul and distilled by Birren,

makes a solid foundation for the study of color and color theory.

Two Types of Color Mixing: Light and Pigment

Since only in specific cases are representations monochromatic, mixing color and understanding
the harmony or contrast in color is essential. When mixing specific color hues in light, they should give
white (complementary pigments in paint will yield a grey), and when placed in proximity to each other
these color pairs enhance each other, becoming complementary colors. Colors can be grouped to be
pleasing to the eye, or to clash in order to draw attention. Architects, such as Barragan and Legorreta use
color to their advantage in order to make a composition of colors like Barragan (Alfaro et al., 2011) or for
example, Legorreta uses color as a symbol of emotion as a premise of the world around the individual,
and specific to the cultural and geographic location (Legorreta Vilchis, Attoe, Brisker, & Box, 1990;
Mutlow, 1997). These two architects certainly use other motifs in their architecture, and color serves to

enhance their stance in architecture.
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Figure 12: Color Mixing RGB (additive) and CMYK (subtractive)

A

Diving deeper into the concept of complementary colors, two colors that mix together and give

white are generative complementary colors; however, colors that appear to be complementary to the eye

are called fundamental complementary colors (Arnheim, 1974; Birren, 1969; Falk et al., 1986). The

generative primary colors, not strictly based on red, green, blue (additive primary colors), are: blue with

yellow, cyan with red, and magenta with green. These additive colors combine to make a new color, while

subtractive colors cancel out wavelengths to make a new color. The traditional pairings found in art and

art pigments, based on red, blue, and yellow are: blue with orange, green with red, and yellow with

purple.

| / )
Figure 13: Traditional Color Pairings
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Furthermore, using the color circle we can generate complements (Birren, 1969). For example
blue and yellow give green, the complement of red and in this example green is a secondary color. (Falk
et al., 1986). There are different sets of pairings based on the interpretation of color and its medium.
Color can be viewed from a physical, artistic, or biotic view.

If we use these three methods of interacting with color, physical is of physics or the scientific
measuring of light and its properties, artistic is of the arts or the application of color in physical
representations, and biotic is of physiology or the view of the conditions by the eye. However, this does
not mean that one particular method of viewing color is dominant, nor does this mean that these methods
are mutually exclusive. When attempting to understand color for its entire worth, it is important to review
color for the combination of each of these methods. Color is not a binary, it is a spectrum and it should be
viewed as a continuum, thus its methods of viewing should be treated as a spectrum.

The art of design is also a process, and a spectrum of work that begins with the inception of the
idea, continues to the graphic representation, and manifests as the built construct. During the design
process other questions will present themselves, but this study will focus on the kind of harmony that is
designed into the project by using color. The color that is seen in the mind is different from the color
viewed in its physical, artistic, or biotic manner. This is not a hurdle to overcome, but a dynamic to be
embraced and understood. The color palette for the design needs to be considered along with the kind of
color mixing that will occur in each method of viewing to maintain a harmony at all stages of the design.
When thinking about colored mixing, there is additive and subtractive mixing (Albers, 2013). In additive
mixing, the intensities of wavelengths combine to make another color and include: simple addition,
partitive mixing, and color mixing. The first kind of additive mixing is simple addition. Simple addition is
when colored light overlaps and combines wavelengths to make a new color.

Partitive mixing is when the eye combines sources of colored light in proximity together. Color
mixing with positive afterimages is when the eye adjusts to a set of prior conditions and then a new
condition is imposed rapidly. The time it takes for the eye to adjust can result in color mixing. Subtractive
mixing occurs when combining filters or dyes to admit some wavelengths and block others. However,
subtractive mixing will depend on the light source and its distribution of light (Falk et al., 1986).

Furthermore, a particular scene will look different under different light at different times of day.
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If this next image is viewed on a digital screen it will behave as light in partitive mixing, however if

the copy is printed out it will behave light color pigments, explained below the figure. In the portion of the

image below, the lines show a generalized field of a color green if viewed long enough as the blue begins

Figure 14: Partitive Mixing

to influence the lighter yellow, making a light green
mixture.

If this image is printed out, colored pigments
behave in a different manner and the partitive mixing is
almost impossible to achieve. The colored pigments
mixing first begins as a subtractive process, that is
concluded additively when seen by the eyes (Falk et
al., 1986). For example, a pigment will be mixed and
applied to the media.

If two artistic pigment colors (blue, yellow) are
mixed they additively combined to make a new color

(Birren, 1969; Falk et al., 1986). When light strikes the

pigment on the page light travels into the pigment, and

all light other than what is reflected is absorbed and

subtracted out. Light is also then reflected off of the media behind the ink, back through the pigment

again. The light from the pigment and the light from the page are then additively combined in the eye. If

designs are done digitally, colors in printers can be cyan, magenta, yellow, black (CMYK) or red green

blue black (RGB), which is called four color printing. (Falk et al., 1986). These different types of mixing

light and color are a result of combining different forms of pigments, medium, paper, and methods

combine to give characteristics of color and viewing them from physic, artistic, and biotic methods of

observing light. When designing with color theory in mind, the color balance of the computer and the

program (such as vectorworks, revit, or maya) used to render the space is also an important

consideration.
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Wat ercol or St udy Irderactibo af Edlor Ahis btedy wilBbe conducted to see the
interaction of light and pigments. The way watercolor paints and paintings combines both the interaction
of additive mixing in mixing the pigments, but also the subtractive mixing of light through the layers of the
watercolor painting. This study will be conducted in conjunction with the analysis of vegetated assemblies
in regards to color theory. The study was brought out of a larger set of interventions and studies into color
theory and the interaction of color that was conducted by Josef Albers, and will contribute back to those
studies of color and design.

The themes of perceiving depth, texture, and qualities of space, with the characteristics of color
will be critical to representing and understanding the spatial representation that is drawn. These qualities
of color and texture will then later be applied to vegetated assemblies and their representation, which is
the main focus of my Masterds study. The purpose of thi
students who participate in its implementation to determine how theories of design translate into different

media, in this instance watercolor instead of colored paper, both in performance and aesthetic quality.

Background of Albers

In order to understand the work of Josef Albers, it is first important to understand his own work as
a designer and artist. Albers studied and taught at the Bauhaus until 1933 when the school was closed by
the Nazis. Albers then moved to the US and taught first at Black Mountain College, and then became the
head of the design program at Yale. When Albers moved to the United States he began to paint more,
devoting most of his career from 1949 on to a long series of paintings called Homage to the Square
(Morris, 2011). In the work Albers attempted to achieve a totally flat surface using different shades of a
family of colors. These colors react with each other, appearing to enlarge, diminish, or change hue when

viewed. His 1963 treatise, Interaction of Colors is a seminal text and his work greatly influenced artists.

Short Review of Interaction of Color
This is not a critique of the work that Albers has provided. That would not prove helpful in learning
about color and the ability to utilize or adapt it in design. Instead the review aims at seeing what is offered

and then coming to an understanding of the methods and information provided. It is first critical to
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understand information and then review it though a particular lens. Then, over time and experience can
one begin to understand the subjective and relative nature of color and its interaction.

Al bers very quickly explains that  (2083Cmtheworki s t he
have seen and in the projects | am currently developing, scores of different colors and hues are used.
These colors can be enjoyable to some and then found displeasing by others. It is our own individual
interaction with color that determines our appreciation for a composition of color. Only through trial and
error have | begun to understand the subjectivity that can be found in contrasting hues and tints of color.
These observations and experiences into learning and understanding color result in a phenomenological
understanding color and its presence. Therefore color and its theory is something that can be taught,
perceived and understood differently by every individual.

Albers then continues by explaining that the name of a color can and does invoke different
recollections of the color (2013). This concept is interesting because even in the specific language of the
user can the individual find variance in the interpretation of color. These subtle differences in color can
sometimes only be found in a particular language and do not translate into other languages. The
interpretation of the colorcanalsobebased on the persondés r e hevmberitence of
important that this difference in the interpretation of color is not negative, but rather an indication of how
widely varying the hues and tints of color are and how there are perceived by people. It allows for there to
be as many interactions of color as there a people to interact with it; that color is a semi-infinite realm of
representation and the resulting interpretation.

He finds that successful studies of color require representation, and therefore are not as often
misunderstood (Albers, 2013). He explains that in some instances it is not important to achieve color
harmony, but that color is understood. The study of color, even a particular one such as blue, has so
many different possibilities that limits have to be placed on the field of colors. Albers conducted this by
using studies in separate pairs to show desired effects. Even in the studies based on pairings and
families of color, it is difficult to distinguish lighter vs darker in close interval of hues and the interaction
that each hue has on adjacent hues. The nearby graphic shows how small increments in hue changes

can create a different color over a gradient.
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Figure 15: Color spectrum index numbers by multiples of 10 on the color index of complementary colors
red and green

Albers describes how the eye interacts with colors as compared to photography. For example,
afterimages can be created by the eye with the overlapping of different hues. He explains that the eye
has scotopic seeing as well as photopic seeing, and can adjust to low light conditions. He mentions that
photography can alter color balances and that it turns darks darker and lights lighter, scarcity of middle
range greys (2013). Photography has progressed since his studies and has changed to include digital
photography. What is similar across the medium is that the light that enters the lens of the camera is what
is recorded and the mechanisms to do so will always alter the color. Just as analog technology changed
the resulting image, digital process of changing an image to information also affects the clarity and
brilliance of colors. This augmentation of images as compared to the original is less apparent, but still
needs to be addressed when copying, printing, and using non-original images.

Since the eye is more complex and flexible than a camera, Albers suggests some methods for
how to train the eye to detect and differentiate hues such as gradation studies which use a stepping of
grey from white to black, looking for smooth steps in scales (2013). In my own education this method was
employed to teach me and my peers how to create, differentiate, and organize different greys. After
creating a series of steps in the greyscale, we were asked to create a mosaic of all of the tiles using the
contrast in the different levels of grey to develop a language in the grid. It was also asked to try to find the
whitest white and the blackest black among the tiles, which was difficult as competing shades either
reduced or enhanced the relative darkness or lightness of a particular piece.

After looking at the process of differentiating the varying greys, Albers describes the idea of trying
to identify the middle color of two different hues (2013). This is very difficult, especially if the pair is a set

of complementary colors. The complementary colors of green and red (through yellow) are shown in
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figure 9. Trying to find the middle color between green and red would be much more difficult, even with
the spectrum, than the middle of a set of greys. Furthermore the spectrum above is only one method in
moving from green to red, or the reverse, from red to green.

Then is the idea of how the method of lighting in a space can alter the visible colors that are
viewed by the eye. For example you observe a shirt in the store that is a specific hue and then when the
shirt is taken outside a different color rendering index, namely the sun, is introduced which alters the
color. While this is a specific example of how the change the appearance on one color to two, Albers
speaks of how color differences are caused by hue and light. He felt that it is more interesting to make
two colors look the same, not one color look different (2013). The experiment that Albers uses is as
follows and has been reproduced using a laser printer and resulting color squares from photography. He
describes that on a white page three colors of a similar hue can look the same. This is because there is
not a reference from the red to compare to except each other. In figure 10, there are three different
shades of the same hue. However, chances are if you have printed this out the colors are actually printed
the same since many printing devices are not sensitive enough to print a difference. This difference on
paper as compared to a computer screen shows how methods of representation and the quality of media

can change a result.

Figure 16: Three hues of red with no background to use as a visual comparison.

Now if these same colors are placed on a hue of same color, then the differences emerge. Next, if same
hue of one of the three color samples in used, that color will be absorbed, subtracted into the page. This
can reduce, or eliminate, the apparent differences in color. In figure 18, a printer may not distinguish
between the different hues of red, solely printing out one rectangle of red. This again shows how the

method or representation can change the effect of or a representation. In the electronic format, three
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squares appear, each as each hue approaches the hue of the background, which causes the squares to

recede.

Figure 17: Three hues of red with a fourth hue background

After doing the exercise above, | noticed the next concept that Albers explains: the idea of
simultaneous contrast. This is an afterimage that remains after exposing the eye to a particular color for
an extended period of time. For example, red on a white surface yields green and orange yields a blue.
He suggests that this is due to the light receptors in the eye, that after staring at a particular primary color
for an extended period of time, the eye fatigues, and with a quick adjustment to a more complex
secondary or tertiary color (most easily seen with white as | have found after doing the previous exercise)
an after image appears. This kind of result can also be made in very abrupt contrast in different levels of
light. For example, while I do not recommend this, staring at the sun or right after a camera flash an
afterimage of a purple hue occurs. This can also occur through colored filters. If you stare through a red

filter for a period of time, and is then removed, a green hue remains for a period of time.

Color Hues In Watercolor

Albers does most of these studies in colored paper in order to have an even amount of color
throughout the object used in his studies. There are three concepts from Interaction of Color that are
important to realize about color mixing. The subtractive mixture that is created by pigments is not as light
as the lighter color nor is it as dark as the darker of the parents. The mixture result is dependent on the
proportion of the colors used in the mixture. Finally, when a color is read above or below another, an

illusion of space or depth is created as shown in figure 8 and 12 (2013).

43



In any given situation, a color can be defined by at least two characteristics: color intensity or
saturation (brightness) and light intensity (lightness). In the study below of Frank Lloyd Wright, a
watercolor collage was done in the three sets of complementary colors and resulting range of
intermediary hues. In such images color harmony was desired, but in this color study as a whole, such

harmony is not a necessity.

Acasest udy was done with Mario Cortes6 watercol

The students were asked to color two complementary 7.5 inch by 7.5 in squares that would then be cut
into 25 smaller squares for use in a different representation of the colors. The purpose of the project was
to show how relating tones and hues could be used to make an image out of a regular grid, similarly to
how pixels operate in screens and monitors. The one difference being that such screens will use RGB or
CMYK to make a color-correct image, while this study was in false color. The false color image is below
as figure 12.

So how does this pertain to the color theory of vegetated walls for use in prototype tool for
vegetated facades? The prototype tool will have a limited palette of colors that the designer can select

from, thus the limited set of colors that would be provided by the students in the study using only the six

colors found in the artistds complementary pairs

purple.

Why is it important to have a limited scope of colors and their complements? It is important
because this makes the designer think about the relative nature of colors. Below is all four of the tiled
images that were made. The left two are the ideal images, made only with colors that exactly matched the
value (amount of black) in the original image. The right two reflect the realistic setting, where the tiles
available could not be duplicated as needed. This difference teaches the eye to see relative differences in
depth, eliminating the false color of the initial images, reading the underlying depth. It also teaches the

designer how to create an image with intensive limits placed on the products available.
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Figure 18: All of the images as part of the full composition.

All four of the images together a person to see the differences in using a rigorous computer program to
create and i mage, as compared to an amateuro6s first at

color filters.
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Figure 19: Tiled image of Frank Lloyd Wright

Since there is a limited amount of each value, the colors that are placed next to each other need
to have the appropriate difference in value, but not necessarily the same color as the ideal
representations made by the computer program. Through a process of making and iterating the final
image, an approximate image of Wright is made out of a grid of smaller squares. Using tiles of a darker
value delineates shading, while tiles of a lighter value fill brighter surfaces. It is the process of placements
and then assessing the image that creates a final composition. This process will be taken to be used in
the prototypical tool. If the false or not realistic color hues are taken out and only the tones of the colors

remain the depth of the image is retained, still show the image. This can be achieved by color filter.
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Figure 20: Black and White tiled image of Frank Lloyd Wright

This concept of creating depth with hues and tones will be important in developing the depth and
aesthetic qualities of the living walls in relation to color theory, and later in the ability to represent these
walls through computer simulation. These steps then will become part of the method for teaching the

aesthetics of living walls in a studio environment.
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Vegetated Assemblies in History

Examples of Vegetated Roofs and Walls through Time

In the process of attempting to design a contemporary building envelope, specifically a vegetated
facade, it is vital to understand the historical background of such designs. Without understanding the
impact designed vegetated spaces had on history and its people, contemporary projects would be without
context. These vegetated spaces exist all over the world, each with a different method of implementation
and aesthetic. These precedents begin to inform the designer of each aesthetic, but also about what
types of local flora can be used when applied to vegetated assemblies. Every climate creates a context
for the plants and systems used in a design, and this pallet of plants is critical in the design of a vegetated
wall and its simulation. While this study will refine its focus to a Southwestern Virginia climate, an initial
global perspective is important to the overall understanding of vegetated systems. There is something
fascinating about seeing a vegetated wall, whether it is a juxtaposition of vegetation where a wall should
be; an innate connection with nature; or the walls inherent aesthetic qualities, experiencing its unique
nature is exhilarating.

This history of vegetated assemblies
begins with the Ziggurats of ancient
Mesopotamia. These temples were built in
stages with each flattened terrace including
plants to all ow fjoorneyr J&m
upward. These gardens exemplified the power

of aruler as Osmundson (1999)e x p | ai n s

[the ziggurat] was completely remodeled by the Flgure 21: Hanglng Gardens of Babylon
lastneo-Babyl oni an king, Nabonidus, [é] in an

effort to surpass the spl eThaHamgingpGarddhs of Babylomarekanothern Baby |l o
example of the grand nature vegetated gardens held. What is critical to note is that the gardens were

supposedly built by the ruler, Nebuchadnezzar I, for his wife who desired and missed the landscape of

her homeland. (Osmundson, 1999). While the tangible evidence of these ziggurats and hanging gardens

no longer remain, the inspired grandeur of raised gardens above expansive plains in a desert must have
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been extraordinary. The natural beauty of the landscape was an aesthetic quality that people admired
and desired. These massive undertakings had to be considered in both as an aesthetic and engineered
marvel.

Vegetated assemblies continued to be constructed in the Middle Ages and Renaissance. Mont-
Saint-Michel in France, Palazzo Piccolomini and the Tower of the Guinigis in Italy, and Tenochtitlan all
continue the tradition of vegetated roof gardens. In the Industrial Age such gardens continued to be built
in Germany, Russia, and the Nordic Countries. At the turn of the century summer entertainment gardens
were built on the rooftops of theaters in the United States such as Madison Square Garden. Frank Lloyd
Wright and Le Corbusier also designed vegetated assemblies in spite of radically different architectural
philosophies. In San Francisco, Union Square by Timothy Pflueger in 1942 is a raised garden on a
parking structure and was renovated in 2000 (Osmundson, 1999). The tradition of vegetated roofs
continues into the present with projects such as
the M2 Metro Station in Lausanne, Switzerland,
the Consorcio i Santiago Building in Santiago,
Chile, and Acros Fukuoka in Fukuoka, Japan, to
only name a few (van Uffelen, 2011). These
vegetated assemblies continue into the present

and continue to be built in a variety of locations,

at all scales, with many different aesthetic
gualities. The use of vegetated assemblies can Figure 22: Vegetated tower in Davis, California
also be more modest in scale, for example this vegetated wall in Davis California.

These vegetated assemblies were commonly roof gardens, a horizontal application of vegetation
and construction. The roof garden produces a sense of place and nature in places that were not
commonly vegetated. The peculiarity and uniqueness of the raised roof gardens were found in the
grandeur and infrequency of their recorded implementation. As the history of the vegetated assembly is
covered, there is a dramatic shift in its complexity. If we consider that such assemblies were typically
found in high-class institutions, it makes sense that vegetated assemblies were costly. In many cases

these assemblies were also not reliable and prone to leaking, requiring extensive maintenance (Dunnett
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& Kingsbury, 2004; Osmundson, 1999). Many of the previous examples were for the entrainment of the
privileged classes, however, the Nordic vegetated assemblies (sod roofs) investigated by Dunnett &
Kingsbury were used for their measurable characteristics: the abundance of sod, effective insulation, and
water retention. Once again we find that these vegetated assemblies are implemented for both the
aesthetic and performance qualities, however from this history, we find that vegetated assemblies are
much more common on Europe, and much of this research is not available in or has only recently been
translated to English.

As we approach contemporary design, the implementation of vegetated assemblies increased
and the types of the assemblies begin to vary widely. These vegetated assemblies were not only chosen
for scientific characteristics or a point in a system for accrediting sustainability such as LEED. These
vegetated assemblies were also chosen for their aesthetic qualities and the spaces that were produced
for the users. What must be understood though is that in contemporary times design must merge these
two important concepts of performance and aesthetics, and produce qualities that perform in the site and

bring out the quality of aesthetics desired in its existence.

Local Flora for Vegetated Walls and Facades
Plant Characteristics to Consider

In a vegetated assembly the vegetation and plant selection is one of the most important things to
consider both for aesthetic and performance reasons. According to Edmund and Lucie Snodgrass,
authors of Green Roof Plants, the initial considerations for plants include:thede si gn i ntent ,
needs, expected outcomes, budget and maintenance parameters, life expectancy of the green roof,
access and safety issues, location, micro and macro-environments, exposure, humidity or dryness,
temperatures, medium weight, depth and composition and irrigation (Snodgrass & Snodgrass, 2006).
While these considerations are specifically listed for green roofs, these considerations are also necessary
for vertical green walls and green facades. Plants that are taken out of a completely natural environment
and place on the facade must be tougher and less nutrient dependent. The new planting medium that is

created must have a specific organic content, pH and nutrient levels, weight, porosity, and water retention
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capability that suit the conditions above. Both roof and wall medium must be lighter, more porous, and
less rich in organic matter (Snodgrass & Snodgrass, 2006).

The surrounding environment and geography certainly play a role in the development and
success of a vegetated assembly. The heat and hardiness zones that the site is located in combined with
the reasoning that site-specific temperatures are more localized than the temperatures on high-low
temperature hardiness maps and do not account for micro-climates, is a driving factor for development
(Snodgrass & Snodgrass, 2006; White, 2005). The climatic conditions including sunlight, wind, shade,
and temperature fluctuations are critical to consider. Sun, heat, and wind are more damaging to an
exposed plant on the envelope of a building and mounting plants will stress the plants. Therefore, plants
selected are commonly heat, cold, sun, wind, drought, salt, insect, and disease tolerant, requiring minimal
nutrients and maintenance (Snodgrass & Snodgrass, 2006). For example, if a plant is nutrient dependent,
local riparian zone pollution can occur due to fertilizers that are washed out of the assembly and into
stormwater (White, 2005). Furthermore, depending on the location, irrigation systems or watering may be
needed (Kolb, 1995; Snodgrass & Snodgrass, 2006). The vegetated assemblies need to be considered at
multiple scales in order to be successfully implemented in design and construction.

There are many different types of environments in which plants thrive. These environments can
include: mountains, high-latitude, coasts, limestone vegetation, Sclerophyllous woody vegetation, and
semi-desert (Dunnett & Kingsbury, 2004). Southwest Virginia is a mountain climate, though not as
extreme as others. The more extreme alpine plants can be found in meadows above the tree line with
shallow soils, scree slopes of greater of lesser stability, and rock faces. Depending on the direction of the
slope face, plants can also be subjected to harsh sunlight or very little sunlight. (Dunnett & Kingsbury,
2004). The Appalachian Mountains are a mountain environment and this should be reflected when
selecting plants for use in design applications.

These vegetated assemblies are living systems and certain issues can arise from plant selection,
invasiveness and maintenance. Globalization and bioengineering also can contribute to the changes set
forth in incorrect plant selection. The use of native and local species in this study is supported by the
literature as a means to curb the influence of invasive species. There are a variety of things to consider

including: invasive root systems, using a trial period to verify a new species, self-sowing or short lifecycle
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plants, berries or wind-blown seeds, large quantities of seeding, climber and climate characteristics.
Finally, maintenance such as feeding, plant protection, drainage, and weeding also influence the success

of a vegetated assembly (Dunnett & Kingsbury, 2004).

Determining Plants for Southwestern Virginia in the Literature

Since this study is specifically for the climate and vegetation of southwestern Virginia, natural
plant communities will be used as a guide for the vegetated assemblies to be designed later in the study.
For this study the examples will show natural regions as models for types of green roofs and walls, and

then the focus will shift to southwestern Virginia in USDA Plant Hardiness zones 6a and 6b.
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Figure 23: USDA Hardiness Zones by ARS and OSU

To narrow down the types of plants that could be used, the plant hardiness zone for Southwestern

Virginia must be determined. Looking at the USDA map of hardiness zones, southwest Virginia is mainly
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a mix of zone 6 and zone 7. These zones are determined by the average annual minimum temperature

for an area with zone 6 at 0 to -10°F and zone 7 is from 10 to O°F.
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Figure 24: USDA Plant Hardiness Zone map of Vlrglnla by ARS and OSU

In this round of plant selection the study will also look at plants that can survive harsher conditions, such
as zones 2 through 5, and are perennials as well. Using a plant directory from Dunnett and Kingsbury,
cross listing for plant origin or invasiveness (also in the chart below), starts with: Ampelopsis cordata
native to southeastern US (zone 6-8), Aristolochia macrophylla native to the eastern US (zone 4-7),
Celastrus scandens native to eastern North America (zone 2), Cocculus carolinus native to the
southeastern US (zone 6-9), Parthenocissus quinquefolia native to eastern North America (zone 3), and
Vitis aestivalis native to eastern North America (zone 3-9). This list of plants does not include some of the

more commonly used plants in vegetated facades, such as Wisteria sinensis from eastern Asia (zone 4-
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9). This diagram of the possible plant species is below, followed by a table of the short list of possible
plants generated by |l ooking at the literature. This

commercially available plants too how theory and application interact.
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Figure 25: Method for generating the literature based short list of plants
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Table 2: Working List of Plants for Use in Dissertation Explorations

Photograph
Common Heartleaf Pipevine American Carolina Virginia Summer
Name Peppervine Bittersweet Coralbead Creeper Grape
Scientific Ampelopsis | Aristolochia Celastrus Cocculus Parthenocissus Vitis
Name cordata macrophylla scandens carolinus quinquefolia aestivalis
Hardiness 4 7 2 6 3 3
Zone
Range S. Eastern Eastern Eastern S. Eastern Eastern Eastern
us us N. America us N. America N. America
Growth Rate Moderate Fast Fast Fast Fast Fast
Climbing Style | Vine-tendril | Vine-twining | Vine-twining | Vine-twining Vine-tendril Vine-twining

Images: plants.usda.gov with the Natural Resources Conservation Service

Short List Characteristics

The short list includes Virginia Creeper and the Summer Grape. After creating a short list of
applicable plants for the study, the plants must be reviewed in depth to understand how their
characteristics and growing methods could cause them to interact with each other. This interaction can be
both positive and negative. For example, the colors could not be compatible, or one plant could dominate
the other over time, causing one plant to die out of the system. The characteristics listed here are a
combination of physical observations as well as characteristics reviewed by the Natural Resources
Conservation Service (NRCS), a part of the US Department of Agriculture.

The database that is maintained by the NRCS uses a set of characteristics that helps to design
resource conservation plantings, and includes growth form and growth requirements to suitability for
uses. Some of the characteristics used for reviewing the morphology and physiology of the plants include:

the active growth period, dormancy period, fall conspicuous, flower color, flower conspicuous, foliage
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color, foliage porosity summer, foliage porosity winter, foliage texture, fruit/seed color, fruit/seed
conspicuous, growth form, growth rate, height, leaf retention, lifespan, shape and orientation, and toxicity.
The next set of characteristics from NRCS concerns growth requirements. These include adaptability to
soil types, drought tolerance, fertility requirements, frost free days, hedge tolerance, maximum and
minimum soil pH, planting density, precipitation, shade tolerance, and minimum temperature. After growth
in a plant is the ability of the plant to reproduce. These characteristics include the bloom period,
commercial availability, fruit/seed abundance, and periods, method of propagation, seedling vigor and
vegetative spread rate (USDA, 2014). The ability of the plant to be used for commercial product will also
be considered, but is not a major part of the study into which plants are useful in vegetated assemblies.
Definitions of these terms can be found in the definition appendix. Each plant will be considered for many
of the characteristics to determine if the plant will be useful in a vegetated assembly and if its use will not
negatively impact other plants or passerby.

The characteristics that will be used for reviewing the morphology and physiology of the plants for
the purpose of color theory in the study include: texture (fine, medium, bold i may be one texture during
growing season and another in winter), foliage size, color, and shape, and dormant season appearance,
and flower and fruit [conspicuous or inconspicuous, size, color; month(s) of appearance]. Most of these
characteristics can be found in the NRCS plants database. Two plants from the previous list will be
explored further: Virginia Creeper (Parthenocissus quinquefolia) and the Summer Grape (Vitis aestivalis).
In regards to color documentation for color theory applications, the Royal Horticulture Chart will be used
as the standard reference for plant color identification.
This same color chart is used with food colorings,
chemical engineering companies and fabric designers.

The plant that will be engaged at full scale will
be Virginia Creeper: Parthenocissus quinquefolia.
Virginia Creeper is commonly used for erosion control,
restoration, and wildlife. It is used as a groundcover
for is fast growth and open canopy. It also is a native

plant of eastern climax forests. The foliage provides

Figure 26: Virginia Creeper on a block wall
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cover and food for birds and deer. Virginia Creeper is a coarse (bold) textured, deciduous vine whose
green leaves can turn red in the fall before dropping. The leaves are toothed and grow to be about six
inches long. The vine is stoloniferous, and most active during the spring and summer, growing and
spreading very rapidly, and blooms in late spring. Overall the plant is conspicuous in the fall, whereas the
green flower clusters are not. The vine will have dark blue, non-conspicuous berries in low abundance in
fall as well (USDA, 2014). The vine has a high resistance to drought which makes it suitable for wall
application, adhering to walls with adhesive disks.

These plants could be used as models for vegetated and living walls when representing local,
Appalachian mountain climate in theory using the literature. The characteristics of the plants will inform
the design of vegetated walls and how the plants are introduced to surfaces and what materials are used.
When reviewing local flora for use in the modeling simulations, we must understand that as designers we
are attempting to reconcile two very different things. We are attempting to rationalize the natural beauty
that nature provides through evolution, and model it in an imperfect binary computerized world, foreign to
its existence. These plants and vegetated assemblies can be mimicked in computer simulations, but not
replicated no matter how precise the model. No matter how much a designer can attempt to control for,

nature will chart its own course and make every living thing unique by its own mechanisms.

Defining Native and Non-Native

Types of plants can be great in theory, but what is actually grown and distributed by industry
growers in Virginia, that can be used in zone 6a and 6b? To view possible plants, it is important to not
only understand who is providing the information, but what the desired outcome becomes. Therefore the
hardiness zone maps provided by the USDA and not strictly man-made delineations of states will guide
what is considered native and non-native in the study. Referring back to table 2 for example, a pipevine
might be found in a native nursery, but American bittersweet is most likely not, whereas Boston Ivy is
preferred over Virginia Creeper, but both are viable and colorful over the seasons. What this shows us is
that we can be limiting the usefulness of the preliminary prototype tool by not gaining information from the

growing industry.
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Figure 27: USDA Hardiness Zone map

To take a look at the full United States map of hardiness zones again, we find the plants native to zone 6a
and 6b are much father reaching than t he ouwhhtisne
native vs non-native i the study will be looking at plants for the prototype tool that can grow in the climate
of a Appalachian mountain climate, specifically zone 6 as natives, while those that can grow in this
climate and are not from the regions in the US, but that can grow in zone 6 are considered non-natives.

A second way to determine native plants is the type and abundance of local insect larvae that will
grow on the vines. The more larvae that grow, the more birds will be attracted, weaving a web of ecology
for the entire system. This concept from the work of Douglas W. Tallamy from the University of Delaware,
shows another method for determining what to plant in the US mid-Atlantic region (Tallamy, 2009, 2014).
A portion of an excel sheet he provides includes woody, herbaceous, and vining plants, including Virginia
creeper with 32 native larvae species. The inclusion of Virginia creeper in this list is what leads it to be the

vining plant to be used at full scale in the project.
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Looking at it from twee grower

Vines r
Bignonis capreclate (Cress Vine) find a modest list of vining plants that would be suitable
Koo Crock Nurseny TS7 483 6) x
Compsis  (Trumpet Creeper) for projects in the western Appalachian climate, with
Arwntts C reeh Nanwery TSHT 483 638) x
Clomatis “Assarted Varisties® (Clematis) zone 6a and 6b. These plants are shown from the 2013
ety e ¢ SO0 M348 x
34203 o082 . . - . . ..
e : Guide to Virginia Growers, provided by the Virginia
| Ko Creeh Nueser 187 4x3.008) x Nursery and Landscape Association, as well as contact
Hydrengeo anomala subsp Petiolarss
(Chmbing Hycrangea) information.
clede Plantation \Narwres L2224 1111 x
Knwes ( reed Neureery ST 483 808) . . . . . .
#00-552: 2084 : The plants included in this list will be included
Lomcers ‘Assorted Vareties' (Honeysuchie)
K Creek Nersery 7574836300 x with Virginia Creeper as plants to be studied for use in
| Perthenccissus tricuspidate (Boston Ivy)
Kacets Creek Norsery 57 483638 x the prototype tool. It is important to not only include
\ Passifiore incarmety  (Pession Flower Vine)
Kot Crock Nurser e x plants that will work in the tool from the literature, but
} Polygomum  (Siver Loce Vi)
PO L2002 Py P45 S X those that will respond to the site and bring ecology
Trachelespermum jesmamonstes
(Confederate or S Ji . . . g
el ""‘:‘ - back to the site, in an effort to re-enliven the building
Vines (Assorted)
T’ RN —— 5 envelope and vegetated walls.

Figure 28: List of vines by VNLA

A Story of a Living Wall

Re-enlivenment in Designing a Living Wall: Reconciliation Ecology

Re-enlivenment and humanity are not mutually exclusive. This method of interacting with and
respecting the environment, beyond reservation ecology and reservation ecology, is termed reconciliation
ecology. Reservation ecology serves to save untouched ecosystems. Restoration ecology attempts to
revert partially used ecosystems to natural settings. Rosenzwieg believes that these first two have
reached their full potential and humanity needs to utilize the dormant form of interacting with the
environment: reconciliation ecology (Rosenzweig, 2003). Restoration is looking to resurrect the past,
reservation looks to adjusting the present, and reconciliation ecology looks to the future for potential. Re-
enlivenment and living walls are rooted in the contextual past, existing currently in the present and have
potential in the future. Re-enlivenment is a continuum that includes facets of restoration, restoration and

reconciliation ecology. Vegetated walls and Living walls can move beyond the current view of many as
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ornamentation and decoration using re-enlivenment principles. If these walls can create a sense of place
and stewardship, they can rebuild the connection humanity has with nature.

This shows that re-enlivenment is a contextual, human condition that can mold the future. It not
only suggests the returning of life to the built environment, but to provide for life and nature in the future.
Re-enlivenment is an extension of humanity to interface with its own inward nature and the surrounding
environment, interfacing itself with a natural context. Living walls within a community can show a possible
interface humanity has with nature. These vegetated and living walls are visible. This visibility is
informative, interactive, inspirational, and can transform the understanding humanity has for nature. This
change is not rapid, but slow and meandering. The same patience in waiting for plants to grow exposes
the resilient qualities of nature and shows the impact re-enlivenment can have on humanity in the future.
Specifically, living walls can reduce the perceived loss of nature, especially in the dense built
environment. Furthermore, if biomimicry can be combined with living walls, biological resiliency can be
brought to the walls themselves. The story of living walls in relation to re-enlivenment hinges on not only

facilitating nature, but adapting it for future potential.

Types of Living and Vegetated Walls

Ecotechnology and biotechnics are used in the design and construction of vegetated assemblies
and living walls. Vegetated walls often are the literal application of plant organisms to the building wall
structure. The first type of vegetated wall uses a growing medium at the base of the wall and climbers
with self-clinging mechanisms to cover the surface of the wall. The other type of living wall directly covers
the surface of walls with vegetation but is rooted in a separate artificial medium attached to the wall.

In the first type of vegetated walls there are many methods of wall plantings, for example: dry
stone walls, stacked construction and modular walls, gabion walls, or mortared walls. Dry stacked walls
are where plants have begun to grow in open spaces between the stones in pockets of soil. Modular walls
are made of repeating and replaceable units that are assembled to form a wall surface and plants grow in
a more regular fashion. Gabion walls are wire baskets filled with rocks. The wall is supported by the
baskets, not the rocks and often there are too large of gaps and air spaces for plants to grow effectively

without assistance. Commonly the spaces are filled with medium, typically on top for growth (Dunnett &
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Kingsbury, 2004). These walls are actually quite common and are often overlooked as areas for design
potential. There is an abundance of biodiversity even within the smallest of spaces.

The second type of vegetated wall requires use of a medium on the outward facade of the wall.
There are two types of such walls: hydroponic systems and living fences (Dunnett & Kingsbury, 2004).
Hydroponic systems are blankets that require a considerable amount of watering due to relatively little
medium, but are much lighter. The plants root into the felt/ synthetic cloth layer instead of dirt or
engineered soils. The other style is living fences. These are self-contained living walls constructed with
lightweight media and geotextiles within a frame work of wood or metal (Dunnett & Kingsbury, 2004).
The living fence is the vertical application of the deck and planter design, where it contains medium or
other growing material between two layers. These are treated almost as screens for plantings and as
temporary structures.

There is merit in addressing how vegetated walls can be an adaptive form of biomimicry directly
for humanitydés use and then can become a living
adapted vegetated walls have impacts on the built environment not only in terms of performance, but also
in a difference of aesthetic. Typically, very few species of plants are directly planted onto walls due to
their destructive nature, both superficially and structurally. For this reason plants are typically used on
non-structural walls. These vegetated walls and facades change during the seasons. Traditional styles of
climbers in Europe were self-clinging and applied directly on facade. The tendrils of the climbers often
attached to the weaker points of the facade, such as grout in brick walls and deteriorated it over time. In
order to ensure the stability of the facade, the modern style of vegetated walls and facades uses separate
structures such as cables or trellises, and a variety of plant species (Dunnett & Kingsbury, 2004). It is also

noteworthy living walls can be applied to interior spaces as well as exterior walls.

Benefits of Vegetated Facades

These vegetated walls and facades change during the seasons. Traditional styles of climbers in
Europe were self-clinging and applied directly on facade. The tendrils of the climbers often attached to the
weaker points of the fagade, such as grout in brick walls and deteriorated it over time. In order to ensure

the stability of the facade, the modern style of vegetated walls and facades uses separate structures such
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as cables or trellises, and a variety of plant species (Dunnett & Kingsbury, 2004). There is potential
aesthetically for vegetated walls and facades as walls typically are more visible in the built environment
than roofs. According to the work of Jeffery Price at the University of Maryland, the qualitative and
guantitative effects of vegetated assemblies have produced positive results, such as reducing solar gains
and air pollution, mitigating stormwater runoff, and improving quality of life (Price, 2010).

A study by Manfred Kohler, showed the potential of vegetated roofs to maintain some types of
human planted species, but also a much larger set of volunteer species that rooted into the systems. This
set of 90, 1.2 meter square containers utilized on soil mixture and maintained 7 of 22 planted species, but
allowed 24 other natural species (Rosenzweig, 2003). If this sort of activity is happening on the vegetated
roofs of buildings, could it not also be used in the walls as well? These walls serve as a scaffold of our
chosen plants to grow but also species from the built environment that come to thrive with our own. The
mix of human and natural systems forms the success of reconciliation ecology and living walls.

According to the work of Jeffery Price at the University of Maryland, there are numerous benefits
produced by living walls: they reduce solar gains and building temperatures; they absorb air pollution,
mitigate storm water runoff, and improve quality of life (Price, 2010).

In regards to the reduction of solar gains, climbers can reduce the temperature of the building
envelope more effectively by shading large areas of the facade (Kéhler, 1993). Laura Schumann, from
the University of Maryl a n d , devel oped a retrofit shading system cal
was suspended over a structure in order to shade it and the interior air temperatures in un-conditioned
structures were reduced (2007). The cooling of the facade is further supported by the work of Millward in
2014, stating that vegetation can reduce the solar gains of buildings, depending on the leaf area, plant
size and proximity to the building, and plant location to the solar path (Millward, Torchia, Laursen, &
Rothman, 2014). Work by Steven Sandifer at UCLA finds a series of positive results to lowering the
temperature of the fagade to almost that of the ambient temperature at 12-14 inches thick, eliminating the
effect of color, that vines on western facades can reduce the problem of western heat gain, and spaces
such as vine-covered pergolas can provide more comfortable exterior conditions (Sandifer & Givoni,

2001).
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Vegetated facades also are a benefit in the winter by reducing heating demands from wind chill
(Peck, Callaghan, Kuhn, & Bass, 1999). The ability for vegetated walls and facades to shade the building
envelope can reduce the urban heat island effect (Akbari, Pomerantz, & Taha, 2001; Bass, 2001).
Vegetated walls can cool the building envelope through the latent heat released by evapotranspiration
performed by the plants during photosynthesis.

Price maintains that the benefits are not limited to heat flows between the building and the
surrounding environment. They can trap dust and pollutants into plant material. For example heavy
metals can be taken out of rain and stored into dead tissues. The ability to trap contaminants is greater
with larger leaf areas (Kéhler, 1993). This reduction is most evident near ground level, in which
particulates are deposited and retained in plant tissues (Thoennessen, 2002).

Vegetated facades can reduce damage from driving rain and hail and shade susceptible
materials from ultra-violet light (Dunnett & Kingsbury, 2004). Furthermore, experiments and computer
modeling have shown the capacity for vegetated roofs and walls to retain storm water (Grant, Black, &
Jones, 2014; Roehr, Laurenz, & Kong, 2008; Schumann, 2007; VanWoert et al., 2005). These vegetated
walls also slow runoff from urban environments (Tilley & Schumann, 2008). The vegetated materials can
also begin to create new habitats for animals and insects. Climbers can be a benefit to wildlife, for
example, birds and bats which prey on insects that live among the plants (Dunnett & Kingsbury, 2004;
Lundholm, 2006). While vegetated walls can bring wildlife back to harsh urban conditions, they can also
help the quality of life for residents. For example: the view through a window of a natural scene positively
influenced recovery from surgery (Ulrich, 1984). Living walls bring nature back into the urban landscape
producing an aesthetically pleasing and visually interesting living membrane to the urban built

environment.

Types of Walls and Attachment Mechanisms

From all of these benefits that vegetated walls can provide, how do they interact with a wall and
its materials? It is a balance of these benefits of reducing temperatures and providing habitat for animals
against that of the integrity of building envelope that creates either a great success or a dramatic failure.

The type of vine is either self-adhesive or matrix dependent and this becomes critical in determining what
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types would be useful for, or safe for different materials. The most critical aspect of any of the types of
plants is that annual maintenance be performed to remove plants from undesirable location on the
structure.

Plants that are on a separate matrix from the building structure are typically vining or twinging
vines and are not detrimental to the fagade. The self-adhesive vines need more scrutiny. There are two
different types of adhesive mechanisms: some cling to the surface with holdfasts while others a much
more aggressive with rootlet systems. Both of these two types of clinging mechanisms cling directly on to
the wall and do not have a separate structure (Niemiera, 2014).

With self-adhering vines, two material groups are made: masonry and everything else. Masonry is
excellent for self-adhering vines, although rootlet systems will get into cracks from disrepair and can
destabilize mortar over a very long period of time. Holdfasts are a safer form of the clinging vines. Both
types should be treated as a permanent vegetated scree
facades such as stucco, wood and shingles. Climbers on these surfaces can retain moisture and cause
rot. If the building surface is not made of masonry, it is recommended to use a matrix that the vines can
grow on separate from the building itself (Niemiera, 2014).

The work of Josh Stoneman makes a few suggestions on what types of vines might be useful for
the direct use on buildings as compared to using a separate matrix. He looks at English vy (Hedera
helix), Boston lvy (Parthenocissus tricuspidata), Virginia Creeper (Parthenocissus quinquefolia), Trumpet
Creeper (Campsis radicans), and Creeping Fig (ficus pumila).

English Ivy is an invasive species and can smother other speices, thus it is not recommended
due to its ecological impact and its very aggressive rootlet system. Boston Ivy is native to East Asia, but
does not grow over other species and is not classified as invasive, thus it is a good chice for direct
application on buildings since it uses the holdfasts and not rootlets. Virginia Creeper (Parthenocissus
quinquefolia), is a close relative of the Boston Ivy, native of the Eastern US. It uses holdfasts as well and
it good for direct applications with annual maintanence like the Boston lvy. Trumpet Creeper is very
aggressive with adhesive stems, thus it is good for matricies separate from the building. The Creeping Fig
is not suitable for a Zone 6a, b climate, but is a good choice for direct applications if kept away from paint

and wood (Niemiera, 2014).
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From this list and the list from the Virginia Nursery and Landscape Association, a number of vines
will be picked and matched for use in the prototype tool, as some of the vines overlap on the two lists and
should be considered highly useful for inclusion in the prototype tool. Specifically, Virginia Creeper

(Parthenocissus quinquefolia), will be used in tests at full scale.
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Case Studies

The examples shown below highlight how humanity can provide or design places and spaces
within the built environment intentional or unintentional. The combination of potential habitats and the built
environment set the stage for reconciliation ecology. This potential can then be translated to the concept
of the living wall, allowing it to become a facilitator for plants and animals, creating a new type of
ecosystem in the built environment. The analysis of such living walls can provide one of the reasons for
why humanity could change its relationship with nature from that of dominance and destruction to that of

appreciation and protection i embracing biophilic qualities.

Patrick Blanc: Series of Living Walls
His projects are high profile vegetated assemblies which use a variety of plants to influence color
and provide a sense of awe. This sense of awe is not only found at a biophilic level, but also for the
potential these systems have to bring nature physically back to the built environment. Hi s wor kés goal
to replicate what was found in nature, not by a singular geographic region, but from an entire climatic
range. There is merit in addressing how vegetated walls can be an adaptive form of biomimicry directly for
humanityodos use and t he panentivenedbhabita fordife.'ahebeicanirolieg and/a | |
adapted vegetated walls have impacts on the built environment not only in terms of performance, but also
in a difference of aesthetic. Typically, very few species of plants are directly planted onto walls due to
their destructive nature, both superficially and structurally. For this reason plants are typically used on
non-structural walls." Therefore, Blanc created a separate system for the plants to interact with that was
not the structural wall and allowed the plants to fully interact with the substrate of synthetic cloths.
There is one project thatshowst he devel opment of Blegadstdo®e- veget ated
enlivenment: the Quai Branly Museum in Paris in 2005 (Fig. 30). The facade of the museum was for the
interaction with applied nature. Blanc worked under the premise of re-introducing humanity back to
nature. When asked about protecting the vegetated wall from people, Blanc describes that he argued
against a barrier between people and the vegetated wall, citing previous experience that most would be

respectful of it. As with anything new or unknown, the neighbors were not sure of the vegetated wall in the
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beginning but now defend the project. He also had the biodiversity of species in the wall reflect the
cultural backgrounds of the artists which ranged from Africa, India, Southwest Asia, and the Oceania. The
species used come from the main temperate zones around the world which reflects a similar climate to
Paris. He also believed that the plants can also grow back if removed or disturbed (Blanc & Lalot, 2011).

In terms of the larger project, the plants were an added feature, that the wall is a true fagcade, and
the project needed to remain within a small budget. This is often the case with projects where the
vegetated wall is considered an additional expense. Routine maintenance of pruning around the windows
is needed or else the plants would grow over them completely (Blanc & Lalot, 2011). This shows that the
composition created by the plants is inherently about the presentation of the plants that leads to the
perception of the installation. All of the plants have different values and sizes create depth, where smaller
and darker plants recede while lighter and larger plants come to the foreground.

The project covers 8600
square feet of fagade with
garden with taller shrubbery at
the top to soften the facade
edge (Blanc & Lalot, 2011). In
the built environment plants can
provide visual stimulus and
break the redundancy of large
walls. There are also added
educational opportunities and

visual impact for the public. For

Figure 29: Mar Vegetal, Quai Branly Museum, Nov. 2009

example, Blanc deliberately
plants walls to teach others the potential vegetated walls contain. This is a design choice and aesthetic as
to deliberately or inadvertently create vegetated habitat for plants in the built environment.

A majority of people live in cities and more will move to increase the population there, combined
with an overall increasing world population resources will become limited. Growing plants vertically on a

wall is a completely different adaptation of a living nature, now applied to a wall. This fascinates us.
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Humanity has started to adapt nature to its own desires, mounting it to wall systems specifically designed
for i mplementation on wall s. I f we wondét protect
it to our own constructed environments, not allowing it to fade completely from view? By increasing
visibility we can perhaps re-introduce its importance in the human mind and then re-enliven the places in
nature that we ourselves come from, and owe. The wall is the threshold between the exterior and interior,
becoming the mediator between nature and the man-made environments. These walls can become living

wall, even living screens that reduce the division between man and nature.

University of Califonia at Davis i Organized Growth
These examples show the different types of vegetated assemblies that can be used to preserve
materials that are not suitable for directly clinging vines as explained previously. Masonry is a great

candidate for direct-clinging vines, while wood and paint, and shingles are not. While traveling through

Davis, California, there were a number of examples that illustrate this point.

Figure 30: Vine covered trells
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Figure 31: Vegetated matrix over siding

Figure 32: Vegetated wall on UC Davis campus

These examples from Davis show each
of the three concerns in using vegetation on
walls. Figure 31 on the previous page, is a
separate trellis structure for the vines, though it
is a twining plant, not a rootlet based vine.
Figure 32 shows direct-clinging growth on
structural concrete and a concrete block vent,
which shows that maintenance is needed as to
not cover them completely. Figure 33 shows a
separate matrix over a facade which would not

be suitable for a direct-clinging vine.
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Virginia Tech Campus Growth - Opportunistic Nature

When we are not facilitating nature in the built environment how does nature take hold in
localized areas? Currently, the majority of people live in metropolitan areas, and larger and faster growing
super cities of population of 1 million or more will continue to appear (Adams, 1994). These cities are the
built environment. They have waterproofed ground as sidewalks and paved surfaces. They have lower
water tables and less infiltration. They have disturbances to the environment which yield more erosion
especially during construction. They have streams and riparian zones modified for increased flow during
storms. They alter climates with differing wind and sun exposure and great pollutants such as greenhouse
gases and acid rain (Adams, 1994). They have increased noise issues, but when available humans have
tendencies to enjoy natural sounds over that of man-made noise (Adams, 1994; Dawson, 1988).

This built environment can limit the biodiversity of plants; however planned interventions such as
Bl ancds walls and other opportunistic plants can incre.
implement vegetated systems that mimic the nature of established ones as compared to opportunistic
nature that happens to take hold given the chance. What is nature and should or could it be incorporated
into cities? What position does the built environment, or the civilized activity of design have in response to
or in relation with nature (Eckbo, 1969)?

These questions still have importance today and into the future. As technology progresses
designers not only have the opportunity but also the responsibility to reflect on the past in order to have
an informed design for the present. While these questions are not tied to technology directly, the
guestions are useful in determining how we as designers use or allow nature to be present in the built
environment. The method that Patrick Blanc uses in creating vegetated walls is entirely different from how
nature manifests itself in other built environments. In the past nature has been excluded from the city,
now the question should be howcanwenot only include it, but then adapt
guestions start the beginning for how nature can be approached in design.

Owen Manning, in Nature in Cities, describes nine tasks or questions that the designer can begin
to work from: exploit the full potential of the site, conserve or develop diversity of habitat; encourage a full
range of organic life, encourage the full cycle of growth from birth to decay, develop balance self-

sustaining communities, control the system of management, create maximum variety of opportunity for
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man and nature to coexist, create a coherent landscape structure and design in four dimensions (Laurie,
1979). The designer needs to look at the site and habitat diversity and determine how man interacts with
nature, building in the possibility for flexible designs in the future. Much of the thought on nature in cities
stems from the naturalist movement in the 19" century. It provided the mindset for including natural or
countryside scenery to be adapted into the built environment (Laurie, 1979). Is it important to take
advantage of the example nature has provided for us that we may learn from its worth. Designers should
deliberately and intentionally create space and habitat for plants. Often plants do not need help to grow.

Plants can enhance and bring life back into the built environment. If the designer can understand
the facets for why and how plants are successful even on concrete and stone surfaces, then a deliberate
attempt to create a living wall is closer. There is a vast biodiversity that has been recorded on older walls,
suggesting that plants do not necessarily damage the structure and could be incorporated into the
aesthetic qualities of the built environment. Plants look for irregularities of small ledges to grow from as
this mimics cliffs and crevices (Laurie, 1979). These cracks are often inhabited the more irregular a wall
is, or has places to grasp gives more plants (Segal, 1969)."

The following images show examples of plant growth around Blacksburg and surrounding areas
based on both deliberate and unintentional growth. The campus of Virginia Tech in Blacksburg, Virginia
creates an unusual density in a rural landscape. The core of the university has a larger scale of buildings
with an adjacent downtown that dissolves into surrounding suburbs that quickly disperse into rural
farmlands. The density of Virginia Tech allows for examples of both the built environment and its nature.

These photographs show four instances where plants were deliberately brought into the
landscape to benefit the built environment. Figure 34 is outside of the Architecture building on campus.
Over time, the ivy covering this wall has been very successful. Figure 35 is outside another residence hall
near a loading dock area. Unlike the vegetation in figure 34, these vines have not climbed the fencing
framework. All four of the figures above show how vegetation responds to the physical environment,
especially in regards to orientation and sun exposure. While vegetation growth is also determined by
plant species, sun exposure can actually hinder growth. However the environments due to the orientation
of the alcoves and the coverage from surrounding vegetation drastically effects how vine grow in the

space. Figure 36 shows how the physical environment can guide vines up a wall in a certain way. In this
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instance the vines have followed the groove made by the concrete masonry units and then begun to spill
over the top. Figure 37 shows how the built environment can influence vine growth. Condensation from
the pipes of the air-conditioning units provides a steady source of water, and the vines have grown the
thickest further back in the alcove where there is less harsh sunlight. There is a cord that runs along the
upper left side of the picture and the vines have followed the cord, actually leaving the wall.

What can these examples of vegetation growth show us? Plants are particular to the site in which
they live. Each kind of plant has a particular niche that allows them to be most successful. When given
the correct conditions plants are fast growing and tenacious, especially vines and crawlers. But the
conditions that we attempt to mimic and create must match the species of plants designers want to
implement. As shown best in figure 35, designers cannot mix up types of climbing mechanisms and
attachment structures while not providing water, adequate amount of sunlight and space. This sounds like
common sense but each plant is particular to its speci

environment.

"ﬁ ?Kﬁ

[ — —
Figure 33: Boston Ivy vine covered concrete walls
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Figure 35: Boston Ivy on fencing matrix

Figure 34: Virginia Creeper in concrete blocks

Figure 36: Vegetation on stone walls between
buildings
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