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Abstract

Lightbox: Dynamic DaylighƟ ng in a Portable Gallery System

Louis Caldwell

This thesis explores the qualiƟ es of daylight in a portable gallery environment by 
suggesƟ ng alternaƟ ves for how light interacts with art.  Daylight is manipulated 
through a dynamic shading system to generate mulƟ ple interpretaƟ ons of a single 
piece or collecƟ on of art.   These scenes are then are analyzed through digital 
simulaƟ ons and designed to refl ect a set of lighƟ ng guidelines.  The daylighƟ ng 
system works in conjuncƟ on with a modular building system that is designed to 
provide maximum portability with minimal on-site construcƟ on.  The result is the 
development of a highly adaptable universal gallery with the ability to be located on 
a variety of sites and tailored to meet the specifi c needs of the exhibits on display.
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-And arƟ fi cial light is staƟ c light…where natural light is a light of mood.  And someƟ mes the 
room gets dark- why not?- and someƟ mes you must get a close look at [the art], and come 
another day, you see, to see it in another mood- a diff erent Ɵ me… to see the mood natural light 
gives, or seasons of the year, which have other moods.

-Louis Kahn 1 

1  Kahn, Louis I., and Nell E. Johnson. Light Is the Theme: Louis I. Kahn and the Kimbell Art 
Museum : Comments on Architecture. Fort Worth, TX: Kimbell Art FoundaƟ on, 1975. Print

v
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1 IntroducƟ on

Too oŌ en works of art are rendered as staƟ c objects displayed in neutral 
environments.  These spaces are typically devoid of a sense of Ɵ me or place.  The 
dynamic qualiƟ es of daylight have the ability to acƟ vate these spaces and redirect 
focus to the art.  The incorporaƟ on of daylight in the gallery environment plays a 
vital role in a viewer’s ability to fully comprehend the depth, shadow, tone and 
color in a work of art.  It also reveals a dimension of Ɵ me, as each passing cloud 
and the movement of the sun alters how art is viewed.  The use of daylight as a 
primary light source and design tool should not be ignored in museum and gallery 
design.

The environment in which a work of art is displayed will ulƟ mately dictate how it 
is perceived by a visitor.  Research in the US and UK has indicated “that it is not 
the quality of the collecƟ on which is the main factor for potenƟ al visitors when 
deciding to visit a museum or gallery; it is much more the environment as a whole 
and the interacƟ on with the collecƟ on that proves to be the key factor.”1   LighƟ ng 
is just as integral to the museum environment as any physical boundary.  Its ability 
to alter how art is perceived is criƟ cal to the viewing experience.  This thesis 
explores the development of a dynamic daylighƟ ng system designed to enhance 
and improve a visitor’s interacƟ on with works of art.

1 Waltl, ChrisƟ an. “Museums for Visitors: Audience Development- A Crucial Role for Successful 
Museum Management Strategies.” Lecture. Intercom 2006 Conference. Taipei, Taiwan. 1-4 Nov. 
2006. INTERCOM: InternaƟ onal CommiƩ ee on Management. NaƟ onal Museums Liverpool, 25 
Feb. 2011. Web. 5 May 2011. <hƩ p://www.intercom.museum/documents/1-4Waltl.pdf>.

1
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1.1 Current PracƟ ces in Museum LighƟ ng

Standard museum and gallery design relies on electric lighƟ ng as the primary light 
source.  This stems from issues of both cost and daylight control. Toplight systems 
tend to cost more than a tradiƟ onal roof structure and lead to issues of thermal 
control and weather proofi ng.  AddiƟ onally, unregulated daylight can be extremely 
harmful to works of art.  A set of lighƟ ng guidelines has been developed for the 
museum industry to ensure the protecƟ on of valuable works of art.   Electric 
lighƟ ng is the most convenient method for meeƟ ngs these requirements.  Electric 
light provides constant and predictable lighƟ ng by delivering predetermined levels 
of illuminaƟ on.  When daylight is incorporated into gallery design it is oŌ en used 
to provide diff use and even lighƟ ng throughout the gallery.  Areas of focus can 
then be augmented with electric lighƟ ng if necessary. 

1.2 DaylighƟ ng in ExisƟ ng Portable Galleries

As theories in museum design change, daylight must respond in kind.  One 
such example is the development of the portable gallery.  Designed to intensify 
community involvement, these galleries can reach new and specialized audiences 
by bringing a collecƟ on directly to its visitors.  To date, these spaces are 
predominately lit through electric lights, creaƟ ng staƟ c environments in what are 
otherwise acƟ ve spaces.  

1.3 The Challenges of Portable DaylighƟ ng

Successful daylighƟ ng of a space must take into consideraƟ on many variables 
including site, climate, geography, sky condiƟ ons, solar gain, aperture locaƟ on, 
and shading techniques. Dominant to all other factors is the locaƟ on of the project 
site.  The site’s laƟ tude, or locaƟ on relaƟ ve to the equator, determines the sun’s 
path in the sky throughout the year.  Understanding the sun’s movement across 
a site will begin to defi ne the strategies and techniques best suited to controlling 
daylight at that locaƟ on.  However, a portable structure has no permanent site, 
and must be designed to account for any number of solar and climaƟ c condiƟ ons.  
An operable louvered system is the best soluƟ on for meeƟ ng the needs of daylight 
in such an environment.

Fig: 1.2  GAD Gallery

Fig: 1.1  The Kimbell Art Museum, by Louis Kahn

2
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1.4 Proposed SoluƟ on

This Thesis explores the development of a portable gallery system designed to 
enhance the viewing experience through the use of daylight.  It looks at the 
implicaƟ ons of viewing works of art under a variety of daylight condiƟ ons at 
mulƟ ple locaƟ ons.

The thesis focuses on the development of a daylight control system integrated 
into a larger modular building system developed to be both re-confi gurable and 
portable.  The shading system is required to deliver a broad range of lighƟ ng 
condiƟ ons within the gallery at a mulƟ tude of sites.  The success of the system 
depends achieving a combinaƟ on of both technical and experienƟ al design goals.  
DaylighƟ ng condiƟ ons within the gallery will be analyzed through a combinaƟ on 
of digital and physical simulaƟ ons to ensure the intended success of the system.

In addiƟ on to meeƟ ng a set of daylighƟ ng goals, the gallery is intended to funcƟ on 
without the assistance of a uƟ liƟ es infrastructure.  This off -grid approach allows 
for the gallery to be located virtually anywhere; bringing art to anyone, regardless 
of their access to major art insƟ tuƟ ons.

1.5 Methods of Inquiry

The process of development can be broken into three main paths of discovery; the 
development of a portable gallery, the implementaƟ on of a daylight control system, 
and the creaƟ on of lighƟ ng scenes generated by the system.  By no means, does 
this imply these processes will be performed in isolaƟ on.  A successfully integrated 
gallery must take advantage of the benefi ts each concept off ers the others.  An 
eff ecƟ ve shading system is not possible without fi rst understanding the space it is 
intended to control.  Likewise, the gallery experience is highly dependent on the 
atmosphere and spaƟ al qualiƟ es generated by the daylighƟ ng system.  

3
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Detailed below is the path of exploraƟ on to undertaken for this thesis:
 
1. Understanding the needs of a Portable Gallery
 Understand the relaƟ onship between art and the gallery environment.
 IdenƟ fy current trends in museum design.
 IdenƟ fy current trends in visitor-museum relaƟ onships.
2. Museum DaylighƟ ng
 Explore the importance of daylight in a museum.
 Understand the role light plays in art degradaƟ on. 
 IdenƟ fy a set of lighƟ ng standards for the museum environment.
 Explore various methods of museum daylighƟ ng to determine the most   
             appropriate soluƟ on.
 Analyze successful strategies for museum daylighƟ ng.
3. Container-Based Architecture
 IdenƟ fy the basic dimensional qualiƟ es of container modules.
 Defi ne the methods of construcƟ on for various types of container    
              architecture.
 IdenƟ fy the benefi ts of container architecture as a modular system.
 Analyze the strengths and weaknesses of exisƟ ng container galleries.
4. Programing
 Generate basic deployment confi guraƟ ons based on the urban fabric of a           
 site.
 IdenƟ fy locaƟ ons for tesƟ ng the gallery:
  Mexico City, Mexico (19° N)
  New York City, USA (40° N)
  Nome, Alaska, USA (60° N)
 Establish the gallery’s ability to operate off -grid
 Develop an operaƟ on schedule based on available daylight
5. Develop Design Criteria
 IdenƟ fy technical daylighƟ ng criteria.
 IdenƟ fy a method for daylight tesƟ ng in the gallery.
 Outline the tesƟ ng parameters for the gallery.

4
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6. Development
 Discuss design development of the building module
 Discuss design development for the daylighƟ ng control system
 Discuss the creaƟ on and development of daylighƟ ng scenes
 Implement the gallery at the selected project sites.

1.6 Conclusions

This thesis explores the relaƟ onship between daylight and artwork in a controlled 
gallery environment.  This is achieved through the development of a dynamic 
daylight control system that can provide mulƟ ple lighƟ ng confi guraƟ ons under 
similar condiƟ ons.  A modular gallery unit based on portability frees the system 
to be deployed in various locaƟ ons without the need for an exisƟ ng uƟ lity 
infrastructure.  The collecƟ ve gallery system is designed to deliver a unique and 
widely accessible viewing experience.

5
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2 New Trends in Visitor-Museum RelaƟ onships

This chapter explores current methodologies in museum design.  It focuses on the 
relaƟ onship between art and its environment, defi nes various museum approaches 
to arƟ fact-visitor relaƟ onships, and examines current trends in aƩ racƟ ng museum 
audiences.

2.1 Art / Gallery RelaƟ onships

In his collecƟ on of essays Ɵ tled Inside the White Cube, originally published in 
1976, arƟ st and criƟ c Brian O’Doherty examines the Modernist interpretaƟ ons of 
a gallery.  While the pure white galleries were intended to be devoid of Ɵ me and 
poliƟ cs, O’Doherty argues that in reality those concepts are in escapable.  Rather, 
he argues “the gallery space is not a neutral container, but a historical construct. 
Furthermore, it is an aestheƟ c object in and of itself.”1   The white gallery with 
its clean, pure lines and hard edges has the potenƟ al to overpower the work it is 
intended to display, thus becoming its own arƟ sƟ c expression.2

O’Doherty’s essays have been seen as a revelaƟ on in the arƟ st-gallery relaƟ onship, 
turning the focus from two dimensions to three and from isolated works to 
contextual elements.  His noƟ ons on art as it relates to context, Ɵ me, poliƟ cs and 
the environment have lead the movement in contemporary theories on installaƟ on 
art.

1  Sheikh, Simon. “PosiƟ vely White Cube Revisited.” E-fl ux. E-fl ux, Feb. 2009. Web. 14 Sept. 2011. 
<hƩ p://www.e-fl ux.com/journal/posiƟ vely-white-cube-revisited/>. 
2  O’Doherty, Brian. Inside the White Cube: The Ideology of the Gallery Space. Berkeley: 
University of California Press, 1986. Print. 

7
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The introducƟ on of dynamic daylighƟ ng into the viewing experience builds on 
these noƟ ons of viewing art in the moment and removing the forced constraints 
of an object in isolaƟ on.  While O’Doherty refers to ‘Ɵ me’ in the sense of a cultural 
period or arƟ sƟ c movement, his theories have relevance in the physical passage 
of Ɵ me as well.  The physical quality of Ɵ me provides context to both art and its 
environment.  This thesis explores Ɵ me as a contextual element that alters the 
percepƟ on of both the art and the gallery.  It embraces the physical presence of 
Ɵ me (as experienced through daylight) and uses it to modify and defi ne how art 
is perceived.

2.2 Art / Visitor RelaƟ onships

In her essay “The Museum Eff ect” Valerie Casey idenƟ fi es three models of visitor-
object relaƟ onships in respect to changing theories in museum pracƟ ce: legislaƟ ng, 
interpreƟ ve, and performing. These relaƟ onship models follow a chronological 
progression beginning with the legislaƟ ng model of the late 19th century. 
 
The legislaƟ ve typology treats museums as a container for the display of art.  The 
value of the art is not up for debate as it was pre-determined to be exemplar 
representaƟ ons of a subject.  In this model the art is meant to speak for itself and the 
visitor is expected to view and appreciate the art without an explanaƟ on as to why.  
The LegislaƟ ve model fell out of favor in a post- World War II environment where 
the visitor-object relaƟ onship shiŌ ed to an informaƟ ve one based on a museum’s 
interpretaƟ on of the art.  The InterpreƟ ve model makes use of a mediator to spark 
conversaƟ on and debate about a work of art.  This model promotes conversaƟ on, 
but the visitor is sƟ ll removed from the arƟ fact, separated by the interpreter.
  
The Performance model developed as museums shiŌ ed away from displaying 
art in isolaƟ on, in preference of a holisƟ c viewing experience.  The performance 
museum is experience-oriented and designed to aƩ ract audience aƩ enƟ on.  Rather 
that viewing art in isolaƟ on, the Performance model promotes an interacƟ ve 
environment that breaks down the perceived barriers between a visitor and an art.  
It places equal importance on both the object being viewed and the experience 
as a whole.  This is typically achieved through hands-on exhibiƟ ons that promote 

Fig: 2.1  1,200 Bags of Coal, by Marcel Duchamp- 1938.  
This early work in installaƟ on art took advantage of the ceiling 
place, a space ignored by convenƟ onal arƟ sts.

8
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physical interacƟ ons with either a piece of art or display screens.3 

Similar to the performance model, the use of daylight encourages visual interacƟ on.  
A strong art / visitor relaƟ onship is paramount to the success of the gallery.  Even 
the most technically superb space fails if it cannot aƩ ract, excite and inspire its 
intended viewers.

2.3 Visitor / Gallery RelaƟ onships

Current theories in museum programming have seen a shiŌ  in focus from product 
led to audience centric design.  The Heritage fund refers to audience development 
as “the acƟ ons we take to involve people, to understand their needs and interests, 
and to create an environment and experience that appeals to them.”4   This approach 
involves idenƟ fying visitor groups and markeƟ ng to new audiences in engaging 
ways.  Key to this process is researching an audience type and determining the 
needs of the community being severed.

The portable gallery defi ned in this thesis has a special role to play in audience 
development.  It is a highly tractable space, capable of many modular confi guraƟ ons 
based on the size and needs of the audience.  This fl exibility allows the gallery 
to be curated based on a specifi c audience type at each locaƟ on.  When one 
exhibit comes to a close, the gallery can simply be moved to a new locaƟ on and 
reconfi gured to meet the needs of a new audience.

2.4 Conclusions

The tradiƟ onal view of the gallery as a vessel to contain art is being replaced with a 
contextual approach that unifi es both art and the gallery into one singular viewing 
experience. These current trends in museum design include the transiƟ on from 
arƟ fact-driven to visitor-driven spaces.  Museums are looking for ways to dissolve 

3  Casey, Valerie. “The Museum Eff ect: Gazing from object to Performance in the Contemporary 
Cultural-History Museum.” Lecture. ICHIM 2003 Conference. Paris, France. 8-12 Sep. 2003.  
Archives & Museums InformaƟ cs Europe, 2003.  Web. 25 May 2011. 
4  Waltl, ChrisƟ an. “Museums for Visitors: Audience Development- A Crucial Role for Successful 
Museum Management Strategies.” Lecture. Intercom 2006 Conference. Taipei, Taiwan. 1-4 Nov. 
2006. INTERCOM: InternaƟ onal CommiƩ ee on Management. NaƟ onal Museums Liverpool, 25 
Feb. 2011. Web. 5 May 2011. <hƩ p://www.intercom.museum/documents/1-4Waltl.pdf>.

Fig: 2.2  InteracƟ ve museum exhibit featuring an digital touch screen

9
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the tradiƟ onal separaƟ on between visitors and art in order to create a more 
interacƟ ve viewing experience.  

This thesis explores contextual relaƟ onships through the visual interacƟ on between 
the viewer and art.  Daylight and the passage of Ɵ me guide these interacƟ ons and 
encourage the viewer to conƟ nually examine the art in a changing light.

10
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3 Museum DaylighƟ ng

This chapter focuses on both the quality of light and its importance in a museum 
seƫ  ng.  By understanding how daylight interacts with art, one can defi ne the 
technical design criteria necessary to properly light a museum.  This secƟ on 
will also explore successful and unsuccessful design approaches to daylight in a 
museum seƫ  ng.

3.1 The Importance of Daylight When Viewing Art

“Light, being both sensual and emoƟ onal, is central to the percepƟ on of a work of 
art.  The quality of the light in a gallery is determined not only by its source, but 
also by the character and confi guraƟ on of the space, the way the light strikes the 
objects and the architecture (being variously absorbed and refl ected), and the way 
it is received by the mind and eye of the viewer.”  1

 
Daylight improves the quality of the viewing experience by providing a full color 
spectrum and represenƟ ng the passage of Ɵ me through the movement of the sun 
in the sky.  These factors inform the ways in which Ɵ me materializes and expresses 
itself in art.  RepresenƟ ng them in a thoughƞ ul and well-arƟ culated manner is key 
to a successfully daylit gallery.

1  Broudy, Liz. “Appendix D. LighƟ ng.” Museum Design: Planning and Building for Art. By Joan 
Darragh and James S. Snyder. New York: Oxford UP in AssociaƟ on with the American FederaƟ on 
of Arts and the NaƟ onal Endowment for the Arts, 1993. 263-71. Print.

11
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Color

Color should not aff ect the “original appearance” of art.  In other words, light 
should not be used to enhance or mute colors outside of an arƟ st’s intent.  Daylight 
provides a conƟ nuous spectral curve, meaning it reveals all colors in a material. In 
contrast several forms of electric light rely on the combinaƟ on of only a few hues 
to mimic a complete spectral range.  This leads to spikes in color levels and the 
potenƟ al for color desaturaƟ on. [Fig: 3.2]

 Another major factor in determining the color appearance of art is the correlated 
color temperature (CCT) of the light source.  CCT is used to describe the perceived 
warmth or coolness of light.  A light source’s CCT is based on the temperature at 
which a black body is heated in order to achieve the same hue.  Color temperature 
is measured in degrees Kelvin. The low end of the spectrum is comprised of warm 
red light.  Cool blue light completes the upper end. [Fig: 3.3]  Unlike electric light 
sources that have a constant CCT, daylight varies across the color temperature 
scale based on atmospheric condiƟ ons and Ɵ me of day.  A warm sunset is around 
3000k, while aŌ ernoon sunlight reaches 6500k and blue sky reaches upward of 
10,000k.  In overcast condiƟ ons, daylight can reach 7500k.  This is important to 
the overall quality of light when viewing art.  Most convenƟ onal forms of electric 
light do not reach the higher color temperatures of daylight and tend to provide a 
warmer light that can distort color.  In addiƟ on, shiŌ s in the CCT of daylight allow 
for a more dynamic viewing experience. [Fig: 3.4] 

A link to the exterior

An enclosed gallery space without access to natural daylight tends to become a 
staƟ c environment.  Daylight by contrast, reveals the passing of the day and the 
changing of the seasons in the arƟ facts it illuminates.  It provides a dynamic light 
source and fi ghts off  faƟ gue by forcing the muscles of the eye to contract and 
relax in response to minimal changes in illuminaƟ on.2   Daylight incorporates the 
element of Ɵ me into the display of art and allows a visitor to view the object under 
a conƟ nuously changing environment.  This requires an extra level of engagement 

2  “Museums.” Daylight Performance of Buildings. Ed. Marc Fontoynont. London: James & 
James (Science) for the European Commission, Directorate General XII for Science, Research and 
Development, 1999. 71-110. Print

Fig: 3.1 ElectromagneƟ c Range

Fig: 3.2  Spectral Curve of Various Light Sources
12
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from the visitor and encourages acƟ ve parƟ cipaƟ on when examining the color and 
material of a work of art.

3.2 Harmful Eff ects of Light

While it is important to illuminate art with enough light to achieve visual comfort, 
over exposure to light can cause irreversible damage.  Visible light perceived by the 
human eye is only one from of light in the electromagneƟ c spectrum.  Ultraviolet 
light (UV), infrared radiaƟ on (IR) and visible light must all be accounted for when 
daylighƟ ng a surface.  Because light is a form of electromagneƟ c radiaƟ on, it 
has a deleterious eff ect when directly striking the surface of most materials (in 
prolonged situaƟ ons).  

Two forms of radiant degradaƟ on are radiant heaƟ ng and photochemical acƟ on.  
Radiant heaƟ ng causes a temperature rise in the surface of a material exposed to an 
energy source.  This can be the result of direct exposure to sunlight.  As a material 
is heated, the moisture is driven out of it resulƟ ng in cracking, fl aking, and loss of 
color. [Fig: 3.5]  DegradaƟ on due to photochemical acƟ on may appear similar but is 
the result of a more harmful process.  In this case, a chemical change takes place 
at the molecular level, permanently altering the material’s chemical structure.  
Photochemical acƟ on can result in darkening of colors, yellowing, briƩ ling and an 
overall loss of strength in the material. Both processes of degradaƟ on aff ect paints, 
leathers, fabrics and other organic materials.  Care should be taken to eliminate 
UV exposure (wavelengths below 450nm).  UV radiaƟ on can be minimized through 
the use of fi lters or lenses on apertures and luminaires.

3.3 LighƟ ng standards in a Museum

In an aƩ empt to balance exposure to radiant energy with the need for proper 
illuminaƟ on, a set of lighƟ ng standards has been developed based on the type 
of art displayed.  These standards are derived from the maximum amount of 
instantaneous illuminaƟ on (lux) and annual illuminaƟ on (lux-hours per year) 
reaching the surfaces of a material.  While exact levels of illuminaƟ on are based on 
the specifi c qualiƟ es of an individual piece and should be determined by a curator, 
general assumpƟ ons can be made based on the art’s characterisƟ cs. [Fig: 3.6]  Due 
to the extreme light sensiƟ viƟ es of certain materials, a designer must seriously 

Fig: 3.3  Correlated Color Temperature Scale

Fig: 3.4  Color Temperature of an gallery under various 
daylight condiƟ ons

13
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consider whether daylight will be the most appropriate source of illuminaƟ on.  
Art that can receive illuminaƟ on levels of 200 lux and higher are beƩ er suited to 
handle mild fl uctuaƟ ons in daylight due to passing clouds.

3.4 Eff ects of sky condiƟ ons 

There are three basic categories of sky condiƟ ons based on the percentage of clouds 
in the atmosphere. They are clear, partly cloudy, and overcast.  Each condiƟ on 
plays a role in defi ning exterior illuminance levels.  Clear condiƟ ons are defi ned 
by the bright disk of the sun set against a dark blue sky, resulƟ ng in high levels of 
contrast.  Overcast sky condiƟ ons provide a more even light distribuƟ on due to the 
scaƩ ering of the sun’s rays through clouds.  In overcast condiƟ ons the azimuth is 
the brightest point in the sky.  Light is less direcƟ onal in overcast condiƟ ons and 
therefore easier to diff use within an interior space. 

3.5 Methods of Museum DaylighƟ ng

Like all buildings, a museum can be daylit either from the top or the side.  Each 
method has its advantages and disadvantages.  As direct solar radiaƟ on is harmful 
to most types of arƟ facts, it is important that all artwork is shielded from direct 
sun throughout the year.  This can be achieved through the use of translucent 
glazing, shading louvers or a combinaƟ on of both.  

SidelighƟ ng (in the verƟ cal plane) emits direcƟ onal light into a space.  It can 
be used to create sharp shadows (when oriented to the south, east or west) or 
indirect ambient light (when oriented north).  SidelighƟ ng also provides a direct 
visual connecƟ on to the exterior which can be benefi cial in a museum.  Views 
out can be used to break up the staƟ c feel of an enclosed space and allow for a 
dialogue between art and nature.  If not properly controlled, sidelighƟ ng will emit 
harsh, direcƟ onal light into a space and can cause intense contrast and glare— 
neither of which is desirable in exhibiƟ on spaces.  

ToplighƟ ng is used to provide an even and conƟ nuous distribuƟ on of light through 
an aperture in the ceiling.  The direcƟ onal qualiƟ es of toplighƟ ng can be more 
easily controlled than with sidelighƟ ng, providing a more comfortable space with 
conƟ nuous light levels.  At the same Ɵ me, toplighƟ ng provides a link to the exterior 

Maximum Illumination

50 lux

200 lux

200+ lux

Types of Material

Highly Susceptible Materials
works on paper, watercolor, photography, 
textiles, furs. feathers, upholstery

Moderately Susceptible Materials
oil and Temera Paintings, wood fi nishes, 
leather, textiles with stable dyes

Least Susceptible Materials
metals, stone, ceramic, glass, hard 
minerals

Lux-Hours per Year

50,000

480,000

based on situation

Fig: 3.5  BriƩ ling due to solar exposure (before and aŌ er 
restoraƟ on).

Fig: 3.6  LighƟ ng guidelines for the museum environment
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through the changing sky above.  However, skylights can be costly and introduce a 
myriad of building envelop concerns in the form of thermal control and moisture 
leaks.  Apertures can take various forms.  Below are several common examples 
used in museum lighƟ ng.  

Skylights are typically defi ned as horizontal or domed apertures in the roof of 
a space.  A skylight will deliver the most conƟ nuous amount of light because it 
is exposed to the sun’s path for the majority of the day.  It also performs well in 
overcast condiƟ ons because it is exposed to the sky’s zenith (the brightest point 
in overcast condiƟ ons).  However, horizontal skylights lead to weather-proofi ng 
issues.

Sawtooth monitors and clerestories provide direcƟ onal light as they are only 
able to capture daylight from specifi c orientaƟ ons.  This leads to a non-uniform 
distribuƟ on of light on verƟ cal surfaces and can create high levels of contrast
.
VerƟ cal Monitors are glazed on two surfaces and allow for bi-direcƟ onal lighƟ ng 
which can reduce the amount of contrast in a space.  Monitors tend to perform 
poorly in overcast condiƟ ons because all glazing is located in the verƟ cal plane.

Diff uses are typically found inbound of a glazing system and provide an addiƟ onal 
means for diff using light.  A diff user captures and spreads light along its surface.  
The absorpƟ ve qualiƟ es of light colored fabric diff users allow for increased 
luminance and minimize contrast between an aperture and the space it is lighƟ ng.
 
3.6 Conclusions 

DaylighƟ ng, both maintains the original color appearance of a work of art, 
and provides a link to the exterior environment.  With few excepƟ ons, special 
consideraƟ ons need to be taken to protect art from the harmful eff ects of light.   
Prolonged exposure to light will lead to degradaƟ on in the materials and pigments 
of an object. 

As is the case in most interior spaces, museums can be daylit from the side or 
above.  However direcƟ onal light has the potenƟ al to cast shadows on an arƟ fact.  
In most condiƟ ons non-direcƟ onal diff use light is preferred. 

Fig: 3.7  Skylight Apertures

Fig: 3.8  Sawtooth Apertures

Fig: 3.9  Monitor Aperture
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Case Study- FondaƟ on Beyeler

Renzo Piano’s Beyeler FoundaƟ on, built in 1997, is located in Basel, 
Switzerland.  From the onset of the project natural daylight was a top 
priority.  Both Piano and the client desired a light roof that would fl oat over 
the gallery spaces and the art housed within.  As Piano would later note, 
the construcƟ on of the roof “focuses on using natural light to illuminate 
the art objects below and is hardly perceived as such by the visitor”. 3 

 At its most basic level, the museum is designed as a steel and glass roof 
fl oaƟ ng over earthbound masonry walls.  Four long walls running north 
to south create the foundaƟ on of the gallery spaces.  The museum’s 
permanent collecƟ on is housed at ground level in the toplit galleries.  To 
the west, a glass winter garden connects the main galleries with a special 
collecƟ ons gallery buried into the hill below.  The winter garden provides 
visual relief to the consistent light levels within the white galleries.  It also 
aff ords exterior views to the valley and vineyards beyond the museum 
grounds.  AddiƟ onally, several key galleries include view windows and 
side lighƟ ng to interact with the art.  Several sculptures benefi t from the 
shadows cast by direcƟ onal southern daylight while other works of art 
form a dialogue with the landscape beyond the gallery walls.  The main 
gallery walls are spaced 7.5 meters (24’-6”) apart and are 5 meters (16’-
6”) tall.

Piano consulted with Arups when designing the gallery spaces.  One 
of his goals was to achieve even lighƟ ng throughout the enƟ re gallery.  
Based on the locaƟ on and climate of Basel, it was advised to create an 
enƟ rely glazed roof that would diff use daylight through a combinaƟ on of 
glazing and shading mechanisms.  Such a glazing system would allow the 
environment within the gallery to change with the fl uctuaƟ ons in external 
sky condiƟ ons.

The ceiling aperture assembly consists of fi ve component parts. Visible 
from the building’s exterior are the friƩ ed glass sunshades.  These angled 

3  The FondaƟ on Beyeler, ed. Renzo Piano: FondaƟ on Beyeler : a Home for Art. Basel: 
Birkhäuser--Publishers for Architecture, 1998. Print.

louvers, which give the roof its disƟ ncƟ ve look, block 50 percent of direct 
sunlight.  Double-glazed, UV coated glass bellow the louvers forms the 
top of the building envelop.  The clear glazing gently slopes to assist in 
drainage and extends beyond the building’s façade to prevent direct sun 
from entering the galleries.  A second layer of clear glazing sits below 
the top glazing.  The loŌ  space between the glazings works in tandem to 
create a thermal buff er in the roof of the museum.  Operable horizontal 
louvers located in the loŌ  space, can fi ne-tune the amount of sunlight 
entering the galleries without exposing any moving parts to the weather.  
These louvers are set perpendicular to the fi xed louvers above.  Finally 
a metal grate defi nes the visible ceiling of the gallery space.  This fi nal 
diff user is designed to evenly distribute light throughout the galleries, 
hide the mechanics of the operable louvers, and obstruct dirt and buildup 
collected on the roof.4  

CollecƟ vely the aperture system emits only four percent of exterior 
daylight into the galleries.  The enƟ re system is automated to precisely 
control interior light levels.  The automated system also acƟ vates electric 
lighƟ ng when daylight levels become too low.  The museum is designed to 
achieve an average interior illuminaƟ on of 280 lux.  Electric lighƟ ng, which 
is discretely hidden above the metal graƟ ng, provides uplight, downlight 
and ambient light to the galleries in the evening and when daylight is not 
saƟ sfactory.  The absence of visible luminaires adds to the pure form of 
the galleries and reinforces the dominance of daylight as the main source 
of illuminaƟ on.

4  The FondaƟ on Beyeler
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Fig: 3.10

Fig. 3.14

Fig: 3.16Fig: 3.15

Fig: 3.13

Fig: 3.11 Fig: 3.12
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4 Portable Architecture- Container Based Modules

Container architecture has evolved out of the basic need for a temporary shelter 
that can be quickly and easily erected.  The fi rst buildings adapted from freight 
containers were tool sheds and storage units.  LiƩ le adaptaƟ on was necessary in 
the development of these structures since the units served similar funcƟ ons to 
the freight containers from which they were made.  Today, containers have moved 
beyond their original funcƟ ons as temporary or mobile forms of architecture and 
are developed as modular elements to provide permanent offi  ce, living and civic 
structures.  AddiƟ onally container architecture has become a desired aestheƟ c 
among designers and clients.  The temporal imagery associated with container 
architecture also makes it well suited for event architecture.

4.1 Container Types

There are several types of container systems used in current container architecture, 
all stemming from the most basic fundamentals of the original freight container.  
These types include the freight container, building container and modular frame.  
Each system is designed to meet certain criteria universal to container architecture.  
All systems are designed as structurally independent modular elements.  They 
have the ability to be stacked (although the exact number depends on the system) 
and the ability to be connected to similar units.  While exact dimensions will vary, 
each container type is designed to work with a transport system, thus limiƟ ng 
their overall size to a dimension that can be transported either by ship, rail or 
truck.  While the overall appearance of the diff erent systems may seem similar, 
they diff er in their structural make-up, adaptability and components.

Fig: 4.1 Freight Containers

Fig: 4.2  Freight container used as a barn
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Freight Containers

The main advantages to designing with a freight container are its universal 
dimensions and sheer abundance across the world.  A standard shipping container 
is constructed of load-bearing COR-TEN steel walls that combine with the fl oor and 
ceiling to create a rigid moment frame.  As a result, all loads are transferred at the 
four corners of the container.  Only minimal modifi caƟ ons can be made without 
the need for addiƟ onal structural reinforcement. In accordance with the need for 
a global standard, freight containers are based on set dimensions regulated by the 
InternaƟ onal Standards OrganizaƟ on (ISO).  Typical containers are either 20 feet 
or 40 feet in length and eight feet wide. They Range in height between eight feet 
and nine feet, six inches. A 45 foot container is the largest allowable length to be 
transported by road on a standard chassis. [Fig: 4.3]    In their unadulterated state, 
freight containers off er liƩ le in the way of thermal and daylight control.  In order 
to become habitable for extended periods of Ɵ me, modifi caƟ ons must be made 
to the container.  There are several deviaƟ ons on the standard container including 
the hard top with a removable roof and reinforced frame and the open side with 
a door running the length of its longitudinal wall.  These special containers have 
several architectural implicaƟ ons due to their reinforced frames.  They allow 
for potenƟ al openings and provide possible modifi caƟ ons in façade and glazing 
treatments in certain planes.  

Cast steel corner fi ƫ  ngs are located at the eight corners of each unit.  They have 
openings on their verƟ cal and horizontal surfaces for verƟ cal stacking and to 
aƩ ach liŌ ing equipment.  Bridge fi ƫ  ngs can be used to secure horizontally stacked 
containers as well as transfer lateral building loads.1

Building Containers

Building containers developed as an architectural answer to the freight container.  
While building containers maintain aestheƟ c, modular, and fabricaƟ on properƟ es 
similar to a freight container, they are designed with a lighter structure, more 
suitable to architectural design.  Building containers are also beƩ er suited to 
handle the envelop requirements demanded of a building.  They take advantage of 

1  Slawik, Han, Julia Bergman, Maththais Buchmeier, and Sonja Tinney, eds. Container Atlas: a 
PracƟ cal Guide to Container Architecture. Berlin: Gestalten, 2010. Print. 23.

Fig: 4.3  Freight Container Dimensions

Fig: 4.4  ApplicaƟ on of Freight Container System
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the prefabricaƟ on process, allowing for minimal work on site.  The system is based 
around a primary steel frame with secondary members to support the container’s 
surfaces.  Because of this construcƟ on method, openings within a surface are 
allowable to a certain extent (large openings will require structural modifi caƟ ons).
Individual units are oŌ en deployed as single rooms with the ability to connect in a 
series or stack four units high.  While they can be used as permanent structures, 
their primary funcƟ on is that of a temporary structure.  The units can be adapted 
to incorporate heaƟ ng and cooling equipment, sanitary faciliƟ es, and sewage tanks 
that are located outside or beneath the unit, or in an adjacent container.  Because 
they do not need to adhere to ISO standards, building containers come in a wider 
variety of dimensions, based on a manufacturer’s capabiliƟ es. [Fig: 4.5]  Units are 
manufactured in a two-step process beginning with the structural frame that is 
then infi lled with surface panels.

Due to the methods of construcƟ on, building containers have drawbacks as 
permanent buildings.  The steel structure leads to issues of thermal bridging 
and moisture infi ltraƟ on.  Roof leaks are also common aŌ er extended periods of 
exposure.2

Modular Frame

Modular frames are based on the same structural system as building containers.  
However, aŌ er the structural frame is prefabricated, the modular frame’s building 
envelop is installed on site, joining mulƟ ple units into one visually homogeneous 
form.  This reduces the building’s ability to be disassembled or relocated.  Modular 
frames are designed and built specifi cally to the needs of an individual project.  
Since each unit is designed to be project specifi c, there are not standard dimensions 
beyond the frame’s ability to be transported.  

Modular frames are most compaƟ ble for buildings with repeƟ Ɵ ve spaces.  Because 
the system’s façade is applied as a single unit on the exterior of the framework, 
thermal bridging is minimized in comparison with a building container.  Modular 
frames also allow for fl exibility in roof forms (verses the fl at roof necessary for the 
shipment of a building container) that will improve the structure’s impermeability.  
Due to the aƩ achment methods of the fi nal assembly; the individual units of a 

2  Slawik, 33.

Fig: 4.5  Building Container Dimensions

Fig: 4.6  ApplicaƟ on of Building Container System
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fi nished building have reduced mobility and no longer act as a true “container 
system”.3

4.2 Container Architecture as an ExhibiƟ on Space.

Containers are cheap structures that can be assembled and located on site in a 
relaƟ vely quick Ɵ me frame.  This makes them popular as pavilions for exposiƟ ons 
and fairs.  The transportability and implicaƟ on of mobility associated with a 
freight container also make it an ideal building type for a mobile exhibiƟ on.  The 
modular qualiƟ es of the container allow for a gallery to vary in size depending on 
the collecƟ on being displayed.  In addiƟ on to housing art within them, mulƟ ple 
containers can be stacked to create the foundaƟ on of a larger structure.  Because 
of their industrial aestheƟ cs, container buildings oŌ en become a form of arƟ sƟ c 
expression in and of themselves and hint to the type of art displayed within.
  
4.3 Conclusions

Container buildings have advanced from improvised adaptaƟ ons of freight 
containers into a fully defi ned typology of temporary and portable architecture.  
As the requirements demanded of container architecture have progressed, so too 
have the methods of construcƟ ng container structures.  

Each container type has its own advantages and disadvantages.  The key is 
discovering the goals and intenƟ ons of the design as a means to understand its 
most appropriate method for construcƟ on.  These factors are based on aperture 
sizes, spaƟ al requirements, methods of transport and means for environmental 
control, among other factors. 

The following are examples of several exhibiƟ on and gallery spaces which uƟ lize 
container systems in their designs. 

3  Slawik, 39.

Fig: 4.7  Modular Frame Dimensions

Fig: 4.8  ApplicaƟ on of Modular Frame System
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GAD
Designer: MMV Architects of Norway
LocaƟ on: Oslo, Norway
Container Type: freight container

GAD is a semi-temporary gallery located near 
the shipyards of Oslo, Norway.  The use of 
shipping containers for the gallery responds 
to the history of the local shipping community 
while at the same Ɵ me providing a means 
for easy transportaƟ on.  It is designed to be 
deconstructed and relocated within several 
days if necessary.

The gallery’s artwork is lit in part by circular 
transparent skylights and large view 
windows.  This provides intense direcƟ onal 
light and strong shadows within the gallery 
space, posing a potenƟ al problem for visitors.  
Contrast and glare can quickly disrupt visual 
comfort when the long narrow gallery opens 
to a bright sky beyond. 

source: Siegal, Jennifer. 114.

Fig: 4.9

Fig: 4.10
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Fig: 4.11 Fig: 4.12 Fig: 4.13

Fig: 4.14

Fig: 4.16Fig: 4.15
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Container Art
Designer: various
LocaƟ on: various
Container Type: freight container

Container Art  is a travelling urban installaƟ on 
that takes on various forms depending on the 
city.  Typically, the containers are stacked 
two high, forming an arcade.  In other cases, 
containers are scaƩ ered throughout a city.  
The temporary containers exhibit various 
forms of visual art.

The exhibit makes use of unassuming freight 
containers, doing liƩ le to modify them.  Each 
container houses an individual installaƟ on.  
The program also partners with sponsors by 
uƟ lizing the container exteriors for signage.

source: Slawik, Han. 136.

Fig : 4.17

Fig: 4.18

Fig: 4.19
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Fig: 4.20 Fig 4.21

Fig: 4.23Fig 4.22
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Papertainer
Designer: Shirgeru Ban
LocaƟ on:  Seoul,  South Korea
Container Type:  freight containers

Papertainer is a semi-temporary exhibit 
pavilion created by Shigeru Ban and developed 
for the Seoul Olympic Park in Seoul, South 
Korea.  The exhibiƟ on hall houses a large 
mulƟ purpose space and a container gallery.  
The container gallery is a long display hall 
fl anked on either side by stacked containers.  
Several ground level containers open off  of 
the hall into smaller exhibit spaces.

The museum is constructed of 166 containers 
and 373 paper tubes (reminiscent of other 
Bahn works).  Despite its size, the Papertainer 
Museum does have the potenƟ al to be 
deconstructed and rebuilt in other locaƟ ons.

source: Slawik, Han. 204.

Fig: 4.24

Fig: 4.25

Fig: 4.26
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Fig: 4.29 Fig: 4.30

Fig: 4.28

Fig: 4.27
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5 Programing

This chapter focuses on the basic programmaƟ c requirements set forth for the 
design process.  Unlike a tradiƟ onal museum, the gallery does not adhere to a set 
of rigorously programmed spaces and site relaƟ onships.  Rather, basic guidelines 
have been developed to direct how the gallery will funcƟ on when deployed.  This 
fl exibility in design allows the gallery to adapt to each individual project site. 

5.1 Gallery Program

The galleries are based on the idea of temporary pavilion architecture.  Because 
the exhibiƟ on space is the driving element of the program, and due to the desire 
to minimize the total number of modules required for each site, the majority of a 
typical museum’s pre-funcƟ on has been eliminated from the program.  Instead a 
simple gathering space and front desk welcome visitors to the gallery.  AddiƟ onal 
spaces such as restrooms and staff  offi  ces can be integrated into the program on 
an as-needed basis.

5.2 Gallery Confi guraƟ ons

The gallery is designed to accommodate any variety of user types.  The user-gallery 
relaƟ onship is not based on the physical walls of the space, but rather on the 
artwork exhibited and the manner in which it is displayed.  With that in mind, it 
did not seem appropriate to devise gallery confi guraƟ ons based on the people 
who visit.  Instead each gallery is developed based on the density of the site and its 
relaƟ onship to the built environment.  The types are classifi ed as urban and rural.
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Urban

Urban confi guraƟ ons have small or narrow footprints that allow them to fi t on Ɵ ght 
plazas or act as urban infi ll.  This requires the project to grow verƟ cally, mimicking 
the surrounding built landscape. [Fig: 5.1]

Extreme examples of urban confi guraƟ ons may include only two or three modules 
that can be quickly assembled overnight in high profi le locaƟ ons, such as public 
sidewalks or on top of buildings. 

Rural

Rural confi guraƟ ons are one story galleries that can aff ord to sprawl across the 
landscape.  Larger footprints also create the potenƟ al for exterior gallery space.  
In addiƟ on to natural landscapes, rural confi guraƟ ons are well suited to large city 
parks suburban neighborhoods. [Fig: 5.2]

In the end, the number of modules required for each gallery site depends on the 
collecƟ on being displayed and the number of intended visitors the collecƟ on will 
draw.  For the purposes of the thesis each gallery was limited to roughly 11 full-
size modules, with the assumpƟ on that many more will become cumbersome for 
purposes of transportaƟ on.

5.3 LocaƟ ons

A portable gallery must be able perform at several sites.  Because a site’s laƟ tude is 
a key factor in daylighƟ ng, it is important to test the gallery for a range of laƟ tudes.  
The climate of these locaƟ ons is also important in determining how the gallery 
will operate.  While this thesis does not focus on environmental factors such as 
temperature and humidity, the daylighƟ ng of a space is aff ected by cloud coverage 
and direct solar radiaƟ on.  Thus, it is important to choose sites with a range of 
annual climaƟ c condiƟ ons.  

Fig: 5.1   Urban Massing Confi guraƟ ons

Fig: 5.2   Rural Massing Confi guraƟ ons
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Three project locaƟ ons have been chosen based on laƟ tude and climate.  They are 
as follows:

Mexico City, Mexico
 LaƟ tude:  19.4°n  Longitude 99.1°w
 Sky CondiƟ ons: Predominately overcast year-round
 Gallery Confi guraƟ on: Urban

New York City, New York USA
 LaƟ tude:  40.7°n  Longitude 73.5°w
 Sky CondiƟ ons: Predominately overcast year-round
 Gallery Confi guraƟ on: Urban

Nome, Alaska USA
 LaƟ tude:  64.5°n  Longitude 165.4°w
 Sky CondiƟ ons: Predominately overcast in the fall and winter months
 Gallery Confi guraƟ on: rural

While each of these sites is located in the northern hemisphere, the daylighƟ ng 
conclusions drawn from them are applicable to similar laƟ tudes in the southern 
hemisphere with one notable excepƟ on.  In the southern hemisphere, June 
receives the fewest number of daylight hours and December receives the most.  It 
is because of this potenƟ al confusion that all project sites are located in the same 
hemisphere.

5.4 Self-suffi  ciency

OŌ en, people outside of major metropolitan areas do not have easy access to 
collecƟ ons of art.  As a result museums and art galleries can be perceived as stuff y, 
un-relatable insƟ tuƟ ons.  Portable art galleries have the ability to make art more 
accessible by bringing it to potenƟ al viewers.  The thesis intends to take advantage 
of portability by creaƟ ng a gallery that can funcƟ on without the need for addiƟ onal 
infrastructure.  This off -grid approach will allow the gallery to be sited almost 
anywhere without the need for external power or water.  To achieve this properly 
the project must take advantage of natural resources like the sun’s energy.
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5.5 Solar Clock- Hours of OperaƟ on

To reinforce the associaƟ on between daylight and Ɵ me, daylight is also the 
only lighƟ ng source for the project.  This means the building’s operability relies 
completely on the sun’s path over the course of a day.  When it becomes too dark 
to see the art, the gallery closes unƟ l the next morning when the sun is again 
bright enough to open.  The lack of electric lighƟ ng emphasizes the importance 
of daylighƟ ng for art and the built environment.  AddiƟ onally it helps reduce the 
overall power consumpƟ on in off -grid locaƟ ons.  

5.6 Conclusions

The gallery is programmed to funcƟ on in much the same way as pavilion 
architecture.  It is developed around a simple program in order to remain compact 
and focused on the art being displayed.  Two basic confi guraƟ ons organize the 
gallery in response the local built environment.  They are developed to create a 
degree of design standardizaƟ on when locaƟ ng the gallery on site.  The thesis 
will focus on three project locaƟ ons in order to demonstrate the gallery’s ability 
to perform in diff erent confi guraƟ ons at mulƟ ple laƟ tudes.  The gallery is also 
designed to funcƟ on off  grid, relying on the sun for both energy and light.   
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6 Design Criteria

In order to maintain a level of comfortable viewing within the gallery a set of 
technical design criteria needs to be established.  Illuminance and luminance are 
analyzed to ensure consistency and quality of light within the gallery.  While the 
amount of daylight reaching the surface of the earth varies based on Ɵ me of year, 
Ɵ me of day, and cloud condiƟ ons; the gallery’s interior spaces are designed to 
maintain a specifi ed range of light based on performance criteria.  This necessitates 
the use of an operable aperture system and the need for adjustable elements 
that regulate the amount of daylight entering the gallery.  The following secƟ on 
outlines the methods for daylight tesƟ ng and analysis in the gallery.

6.1 Illuminance

Illuminance is a quanƟ taƟ ve measurement of the intensity of a light source 
striking a surface, and is measured in lux.1   As stated in chapter 3, the intensity 
of light on an arƟ fact is calculated in both instantaneous illuminaƟ on and annual 
illuminaƟ on.  Like it sounds, the maximum annual illuminaƟ on is the total number 
of lux/hours an object can receive over the course of a year before long-term 
degradaƟ on will begin to occur.  This number is specifi c to an individual work of art 
and is determined my mulƟ ple factors including the type of media and any applied 
pigmentaƟ on.  However general rules of thumb have been created for diff erent 
categories of art.  

1  The US standard unit of measurement for illuminance is the footcandle; however this 
document will only refer to the lux unit.  One footcandle is approximately 10 lux.  Lux is 
determined by the number of lumens per square meter. 
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Instantaneous illuminaƟ on is derived from the annual illuminaƟ on divided by the 
number of annual hours an object is exposed to light.

instantaneous illuminaƟ on = annual illuminaƟ on (lux/hr)  ÷  operaƟ on hours (hr)

It is assumed a standard museum will operate 2400 hours a year.2   This is the 
equivalent to a museum operaƟ ng for 8 hours a day, six days a week.  As a point 
of comparison New York City’s MOMA operates roughly 2500 hours a year and the 
SeaƩ le Art Museum operates roughly 2400 hours a year. 3  

Because the proposed gallery will be in transit for a porƟ on of the year, it is 
assumed the museum will only operate for two-thirds the Ɵ me of a normal gallery, 
or 1600 hours.  Based on the rule of reciprocity, a reducƟ on in operaƟ onal hours 
will increase the amount of instantaneous illuminaƟ on an arƟ fact can receive, and 
allow for more generous lighƟ ng limits.  Figures 6.1 and 6.2 idenƟ fy illuminaƟ on 
levels for various types of arƟ facts and the target illuminaƟ on levels for the 
portable gallery.  These levels are the basis for illuminance tesƟ ng in the gallery.

6.2 Luminance

Luminance is described as the percepƟ on of brightness on a surface.  It is measured 
by the intensity of light emiƩ ed or refl ected off  a surface divided by the surface’s 
area (candela/m²).  While, illuminance is quanƟ taƟ ve, luminance can be thought 
of more in qualitaƟ ve terms.  High levels of luminance on adjacent surfaces will 
not harm art but can lead to zones of contrast making it diffi  cult to view the art.  
In order to avoid issues of glare, the gallery should be designed to achieve an even 
distribuƟ on of luminance between adjacent surfaces.

6.3 Artwork and Surfaces Tested

Rather than designing a gallery to display all types of art, the gallery is intended 
to display only moderately suscepƟ ble and non-suscepƟ ble art.  The space will 
be designed for both hung works of art, free standing sculptures and installaƟ on 

2  Rea, Mark S., ed. The IESNA LighƟ ng Handbook: Reference & ApplicaƟ on. Ninth ed. New York, 
NY: IlluminaƟ ng Engineering Society of North America, 2000. Print.
3  These hours of operaƟ on were determined in June 2011.

Maximum Illumination

50 lux

200 lux

200+ lux

Types of Material

Highly Susceptible Materials
works on paper, watercolor, photography, 
textiles, furs. feathers, upholstery

Moderately Susceptible Materials
oil and Temera Paintings, wood fi nishes, 
leather, textiles with stable dyes

Least Susceptible Materials
metals, stone, ceramic, glass, hard 
minerals

Lux-Hours per Year

50,000

480,000

varies

Average Illumination

200-400 lux

400+ lux

Types of Material

Moderately Susceptible Materials
oil and Temera Paintings, wood fi nishes, 
leather, textiles with stable dyes

Least Susceptible Materials
metals, stone, ceramic, glass, hard 
minerals

Lux-Hours per Year

480,000

varies

Fig 6.1  Illuminance Chart for Typical Museum

Fig 6.2  Illuminance Chart for Portable Gallery
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pieces that may be a combinaƟ on of the two.  This will require tesƟ ng illuminaƟ on 
levels in both the horizontal and verƟ cal planes. 

6.4  Design Tools for TesƟ ng Daylight 

Digital tesƟ ng for daylight uses Autodesk Ecotect Analysis and Desktop Radiance.  
Three dimensional models developed in Ecotect are analyzed using the Radiance 
plug-in to generate two-dimensional illuminance analysis grids in both the verƟ cal 
and horizontal planes.  
Physical models of the gallery are analyzed in the ‘overcast sky box’ a tesƟ ng 
facility associated with the University of Washington’s Integrated Design Lab.  The 
overcast sky box simulates daylight condiƟ ons on a cloudy day and can be used to 
photograph the percepƟ on of ambient light within a space under such condiƟ ons.  
MulƟ ple photographs of the same scene at mulƟ ple exposures are then merged 
into a single HDR (High Dynamic Range) image that is more similar to how the 
human eye truly perceives a space.  Falsecolor images are generated from the HDR 
images using the imaging program Photosphere.  Falsecolor images are used to 
depict a range of luminance levels within a real space.

6.5 Gallery TesƟ ng

Illuminance is the main method of daylight tesƟ ng in this project.  While luminance 
is studied, it is used to gain a fi rmer understanding of overall lighƟ ng quality rather 
than as a quanƟ taƟ ve analysis tool.  In order to develop a series of daylighƟ ng 
scenes, a baseline condiƟ on needs to be established.  All illuminance tesƟ ng is 
performed digitally.

TesƟ ng parameters for the baseline condiƟ on are as follows:
TesƟ ng is designed to meet the daylighƟ ng criteria for hung painƟ ngs- the most 
suscepƟ ble types of art displayed in the gallery.  IlluminaƟ on levels are measured 
on a verƟ cal test plane off set one inch from the gallery wall.  (AŌ er iniƟ al daylighƟ ng 
tests proved similar results on all interior surfaces of the gallery, the western wall 
was chosen for baseline tesƟ ng.) The test zone is located between 24 inches and 
96 inches above the fl oor.  Because the display galleries are designed to be at least 
two modules wide, a double module oriented north/south is used in the baseline 
tesƟ ng.  [Fig: 6.4]

Fig 6.3  Luminance  Study of a Gallery Space Using Falsecolor Imaging

Fig 6.4  Illuminance Study- 
HighlighƟ ng the verƟ cal test zone for the 
gallery baseline scenario.

150 cd/m20.50 cd/m2

view zone
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Material properƟ es for the digital model are as follows:
Wall refl ectance:    80%
Floor Refl ectance:  60%

Successful baseline lighƟ ng is characterized by an average illuminaƟ on ranging 
from 200 lux-400 lux, never exceeding 500 lux at any one point.  AŌ er the baseline 
tesƟ ng is established and the gallery’s low end performance is set, any number 
of daylight scenarios involving higher levels of illuminaƟ on can be expected to be 
achieved. 

Each site is tested under the assumpƟ on that it receives uninterrupted exposure 
to the sun throughout the year.  In other words, no adjacent objects cast shadows 
onto the roof of the gallery.  In reality this will not pose as big of a problem as it 
may seem.   Because the designed lighƟ ng levels in the gallery are low, adjacent 
obstrucƟ ons may not pose much of a problem, especially in summer months when 
the sun is at its highest alƟ tude and intensity.  
 
Note: it is assumed that the daylighƟ ng system has the ability to be calibrated for 
even lower illuminaƟ on levels, but uniform distribuƟ ons below 200 lux were not 
analyzed for the purposes of this thesis. 

6.6 Determining the Gallery’s OperaƟ ng Hours 

A major feature of the gallery is its ability to operate without the need for electric 
light.  As a result, the gallery’s operaƟ ng hours respond directly to the path of the 
sun over a given day.  For the gallery to operate without electric light, the sun 
must be high enough in the sky to provide adequate light within the gallery.  The 
baseline illuminance average of 200 lux is set as the lighƟ ng threshold to open 
the gallery.  In this case, the 200 lux threshold is measured horizontally at a plane 
located at 36 inches above the fl oor.  

Rather than tesƟ ng when the illuminance threshold would occur at each site 
on each day, it was determined that the sun’s posiƟ on from the horizon would 
provide an eff ecƟ ve and simpler tool to determine the gallery’s operaƟ ng hours.   
TesƟ ng across various laƟ tudes showed that a cut-off  angle ten degrees from the 
horizon consistently met the 200 lux threshold.  AŌ er establishing the gallery’s 

Mexico City

New York City

Nome

Fig 6.5  Annual Sun Path Diagrams for Selected Gallery Sites

38



www.manaraa.com

operaƟ ng parameters, operaƟ ng hours can easily be gathered for any locaƟ on on 
any day by using a sun path diagram to determine at what Ɵ me the sun’s angle 
is above 10° from the horizon.  Gallery operaƟ ng hours are rounded to fi Ō een 
minute increments. 

6.7 Conclusions

The success of the gallery lies in its ability to illuminate art work under a set of 
strict lighƟ ng condiƟ ons.  These illuminance levels are based on a modifi ed version 
of industry accepted lighƟ ng requirements.  Illuminance levels are tested using a 
series of digital models.  A baseline target for the gallery is defi ned as an average of 
200 lux - 400 lux on a verƟ cal test plane.  The gallery’s baseline condiƟ on is tested 
at a mulƟ ple laƟ tudes under a variety of sky condiƟ ons.  This results in a daylight 
control schedule for each laƟ tude.  

Because it relies solely on the sun as a light source, the gallery cannot open unƟ l 
the sun is suffi  ciently high in the sky.  OperaƟ onal hours are based the point at 
which the sun reaches an angle of ten degrees above the horizon. 
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7 Development

Due to the technical lighƟ ng design restricƟ ons required of a daylit gallery and the 
need for an organized modular system, no single element of the thesis was studied 
purely in isolaƟ on.  Every design decision directly impacted mulƟ ple aspects of the 
gallery in appearance and performance.  When possible, a single design soluƟ on 
was developed to solve mulƟ ple issues.  This was necessary to increase effi  ciency 
and eliminate waste in a compact building.

However, for ease of explanaƟ on, the development of the thesis is broken down 
into three concepts: the modular gallery in which art is viewed, the technical 
system required to deliver daylight to the gallery, and the daylighƟ ng condiƟ ons 
generated from that system.  This chapter details how each concept is developed 
and integrated into the gallery.

7.1 Building Module

Because the gallery is intended to be easily erected, dismantled and transported 
via convenƟ onal means, a modular frame based on container dimensions and 
prefabricated building systems proved the most eff ecƟ ve method for construcƟ ng 
the gallery.  Modular frame construcƟ on allows for the majority of the gallery 
to be constructed off -site and requires only foundaƟ on preparaƟ ons, frame 
connecƟ ons and weather proofi ng at the building site.  This allows for a small team 
of professionals to erect or dismantle the gallery in a minimal amount of Ɵ me.  

  



www.manaraa.com
42

The gallery module is developed on an 8’-6” grid (the maximum allowed width for 
U.S. highway transportaƟ on) to increase confi gurability between modules.  The 
module’s length is either 17 feet (two modules wide) or 34 feet (four modules 
wide), and the overall module height is 11’-6”.  This dimension is also based on U.S. 
federal regulaƟ ons for highway transportaƟ on. 

The building module is comprised of a rigid frame and infi ll parƟ Ɵ on panels.  This 
system provides increased design fl exibility in comparison to the use of converted 
shipping containers.  It also eliminates the high energy and material cost needed 
to structurally retrofi t containers.

The module frame is built of 8”x 8” tube steel in order to minimize defl ecƟ on and 
allow for connecƟ on points to puncture the frame while maintaining structural 
integrity.  A thicker frame also allows for thicker infi ll panels, resulƟ ng in beƩ er 
insulated fl oors and walls.

Transportability

Due to their base dimensions, the gallery modules are able to be transported to 
virtually any locaƟ on.  While the most common method for transport is truck, rail 
and container ships allow for large numbers of modules to be transported greater 
distances at a much lower cost.  AŌ er they have arrived at a larger transportaƟ on 
hub, trucks can then deliver the galleries to a specifi c locaƟ on.  Once on site, a 
crane places the individual modules into place.  When cranes are not an opƟ on 
or a site is too remote, helicopters can also be used to transport and place the 
modules. 

Frame connecƟ ons

The modules are connected in a similar manner as freight containers during 
transport.  The module frames are bolted together at reinforced connecƟ on 
locaƟ ons located 8’-6” on center. [Fig: 7.3]  The same bolted connecƟ on allows for 
both parallel and perpendicular modular confi guraƟ ons. [Fig: 7.4]  A rubber gasket 
located between the two frames acts as a moisture barrier.

Fig: 7.1  Gallery Module Dimensions

Fig: 7.2  Gallery Modules in Transit

34’ -0”

8’-6”

11’-6”
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Building FoundaƟ ons

The structural load of each gallery module is transferred through its corners.  Many 
foundaƟ on opƟ ons are possible depending on the project site and permanence of 
the gallery.  The most basic foundaƟ on designed for relaƟ vely fl at, paved sites 
consists of concrete pads and an anchor plate at each corner of the module frame.  
The module is then aƩ ached to the plate using the same techniques used to aƩ ach 
the modules to one another. [Fig: 7.6] 

When sited on uneven terrain, piers are joined by a horizontal steel deck.  Again 
the gallery modules are aƩ ached to the deck through a bolted connecƟ on. 

Wall and Floor Panels

Prefabricated panelized walls and fl oors are connected directly to the frame.  This 
is done off -site, but there is the potenƟ al for walls to be removed and relocated 
on-site if new confi guraƟ ons are required.  VariaƟ ons in wall panels off er verƟ cal 
glazing and alternaƟ ve interior surface materials.

Fig: 7.3  Frame ConnecƟ on Points.  |a| corner, |b| mid-span

|b||a|

|1|

|2|

|3|

Fig: 7.4  Frame ConnecƟ ons based on connecƟ on Points
|1| Mid-span connecƟ on, |2|corner-to-corner connecƟ on 

|3| corner-to-mid-span connecƟ on Fig: 7.5  Bolted Frame ConnecƟ on 
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Specialized Modules 

In addiƟ on to the typical gallery module, several specialized modules are 
necessary in order to increase overall building funcƟ onality under a variety of 
physical condiƟ ons.  These modules include both internal and external stairs, an 
elevator, restrooms, and a mechanical unit.  Empty frames also provide structural 
support for mulƟ -story galleries.  The 34-foot restroom module contains two 
restrooms as well as a sepƟ c space housing both fresh and waste water.  The 17-
foot mechanical module houses equipment necessary for heaƟ ng and electricity 
in off -grid locaƟ ons. 

Environmental Controls

In order to operate off -grid, the gallery’s environmental controls are designed to 
minimize energy consumpƟ on while taking advantage of natural resources.  The 
gallery is heated by an in-fl oor hydronic radiant system.  Evacuated solar tubes 
located on the roof of the mechanical module work in conjuncƟ on with a closed-
loop pressurized glycol boiler to generate solar hot water.  The mechanical module 
also houses the control valves for radiant fl ooring.  A ballcock valve in each fl oor 
unit controls the radiant connecƟ ons and isolates the fl oors during transportaƟ on.  
When located on site, the valves are reopened and the radiant system is restored.  
The system is also zoned by modules to increase effi  ciency and allow for individual 
control based on solar gains within the galleries.
 
A venƟ laƟ on system is developed at the conceptual level, however further 
exploraƟ ons would be necessary to create a truly viable system.  The following is a 
proposed study of how a venƟ laƟ on system may work.

Passive intake vents are located at the base of each fl oor unit.  A desiccant 
dehumidifi er removes excess humidity before air enters the gallery.  The air is 
tempered by the radiant fl ooring in an under-fl oor plenum before entering the 
gallery.  Passive diff users are located where the fl oor meets the gallery walls and at 
breaks between modules.  Air is exhausted through a small mechanical fan located 
at the top of the wall system. [Fig: 7.8]

Fig: 7.6  Typical FooƟ ng Detail

Fig: 7.7  Mechanical Module- highlighƟ ng the solar hot water 
collecƟ on system.
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Through the course of design, several studies looked at the potenƟ al sources of 
electric power for the gallery.  While solar power is an obvious choice, the number 
of panels required at various site locaƟ ons can vary dramaƟ cally and potenƟ ally 
require large amounts of space.  However conceptual studies of the issue looked 
at the development of integrated photovoltaic awnings with a control center and 
storage baƩ ery in the mechanical module.  The awnings would be mounted on 
modular frames.  Backup generators would supplement any addiƟ onal required 
energy not provided by the photovoltaic panels.

7.2 Daylight Control

In developing the toplit shading device, it was quickly determined that operable 
louvers would be the most successful method for achieving the lighƟ ng quality 
desired.  Louvers off er the most fl exibility within a system and can be programed 
to provide similar results in a variety of laƟ tudes.

Fig 7.8  Environmental Controls
The gallery takes advantage of effi  cient  
heaƟ ng and venƟ laƟ on systems.  

|1| Fresh air is passively drawn in from 
underneath the gallery and over a linear 
desiccant dehumidifi er.   |2| The air is 
tempered as it moves through a plenum 
under the radiant fl ooring and enters the 
gallery.  |3| AcƟ ve exhaust fans expel air at 
the top of the wall system.

|1|

|2|

|3|
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Approach

The daylighƟ ng system was developed based on three methods of control; 
diff usion, intensity, and distribuƟ on.  Diff usion, in the form of translucent glazing, 
redirects and scaƩ ers light.  This results in an even, indirect distribuƟ on of light.  
Translucent glazing blocks direct sunlight and eliminates shadows.  The intensity, 
or amount of light entering the gallery, is the controlled by operable louvers.  The 
louvers have the ability to block up to one-hundred percent of available light when 
fully closed (0° to the horizontal), or allow for complete transmission when fully 
open (90° to the horizontal). The fi nal distribuƟ on of light is determined by the 
surface materials of the gallery itself.  A second layer of translucent glazing scaƩ ers 
any direcƟ onal light resulƟ ng from the louvers and reduces the visibility of the 
louvers themselves. 

Each of these levels was individually tested in order to determine how it aff ected 
daylight distribuƟ ons and intensiƟ es in the gallery.  This was done in order to verify 
the assumpƟ ons of the system’s performance.

Louvers and OrientaƟ on

An early study looked at the distribuƟ on of light on the verƟ cal test plane based 
on the size and shape of the louvers.  The study showed one-foot deep louvers 
to be the most eff ecƟ ve.  However, due to a desire to minimize the system depth 
and maximize the interior gallery height, the six-inch louver was determined to be 
more benefi cial for the gallery as a whole. 

A series of studies in orientaƟ on determined that louvers running north-south 
and opening to the west proved the most eff ecƟ ve at evenly distribuƟ ng light 
within the gallery.  This decision informed the orientaƟ on of the gallery modules 
as well.  Although they can perform in mulƟ ple orientaƟ ons, the most eff ecƟ ve 
module orientaƟ on is north-south along its longitudinal axis.  The appropriate 
transmiƩ ance levels for each glazing component were determined by tesƟ ng the 
operaƟ onal extremes required of the louver system (low laƟ tudes under clear 
June condiƟ ons and high laƟ tudes under overcast November condiƟ ons.)
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Fig: 7.9  Three Methods of Daylight control
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Material studies

Because the habitable porƟ ons of the gallery also play a large role in how light 
is distributed, material fi nishes and methods of interior distribuƟ on were also 
studied.  While the color of a surface will not aff ect the intensity of direct light 
striking its surface, it plays a large role in the percentage of light redirected 
throughout the space and the perceived brightness within the gallery. [Fig: 7.10]  An 
early luminance study explored the eff ects of surface colors within the gallery.  The 
results suggested that several wall-fi nish opƟ ons may be advantageous depending 
on the desired mood of the gallery.  Paint color could be used to enhance or de-
emphasize certain aspects of the gallery or a work of art. 

Several types of ceiling diff users were studied to understand the eff ects of masking 
the daylight control system, and to break up the conƟ nuous ceiling plane.  Eggcrate 
diff users have the posiƟ ve benefi t of evenly distribuƟ ng light in the horizontal 
plane, but quickly reduce the overall height within the gallery.  It was determined 
any posiƟ ve benefi ts of the eggcrates were off set by this reducƟ on of height.  
AddiƟ onally these diff users would increase visual contrast when looking directly 
up at the ceiling.  A perforated screen was found to provide similar results while 
greatly reducing the overall depth of the daylighƟ ng system.

Site Performance and a Louver Scheduling

AŌ er establishing the basic design of the louver system, the galleries were digitally 
tested under the most demanding condiƟ ons required of the system.  The baseline 
scenario is designed to deliver an average illuminaƟ on between 200 and 400 lux 
without exceeding 500 lux at any point on the verƟ cal test plane.

The gallery was tested for June 21 (summer solsƟ ce), December 21 (winter solsƟ ce) 
and September 21 (fall equinox) under clear condiƟ ons and for September 21 
under overcast condiƟ ons.  Each site was tested under these four condiƟ ons in 
two hour intervals Between 6:00am and 10:00pm.  The resulƟ ng louver schedule 
acts as the foundaƟ on of an automated Ɵ me schedule for the system’s operaƟ on.  
(The louver schedules are discussed again in Chapter 8.)  

Fig: 7.11  Eggcrate diff user Study- varying spacing (Images taken in 
overcast sky box.)

Fig: 7.10  Material Analysis using falsecolor imaging to compare two wall 
surfaces.  The gray wall on the leŌ  appears to be darker even under the 
exact same lighƟ ng condiƟ ons.  (Images taken in overcast sky box.)
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The successful development of a daylighƟ ng control schedule at the low end 
of the system, verifi ed the gallery’s ability to perform in the most restricƟ ve of 
condiƟ ons.  These results served as a baseline for the generaƟ on of subsequent 
daylighƟ ng scenes.  

System ConstrucƟ on

The daylighƟ ng control system is designed to be compact, allowing for increased 
head-height within the gallery.  The enƟ re system is aƩ ached to the modular frame 
as one unit.

The louvers are segmented into eight independently controlled secƟ ons.  Each 
louver group is located between two- inch thick extruded aluminum frames that 
house control actuators.  A single actuator operates each louver secƟ on and 
regulates the louver’s rotaƟ on up to 90° from a closed horizontal posiƟ on. [Fig:7.12]  
The lower glazing panel and anchor points for the hung diff using screen are also 
integrated into the aluminum frame.  The louver actuators are accessible for 
maintenance by removing the glazing panels. [Fig: 7.13] 

7.3 DaylighƟ ng Scenes

Museum lighƟ ng is intended to conƟ nuously light an object at low levels of 
illuminaƟ on.  This prevents a piece of art from becoming over-exposed throughout 
its lifeƟ me.  However, by shortening the duraƟ on of Ɵ me a work of art is illuminated, 
its instantaneous illuminaƟ on can be increased.  The potenƟ al to increase light 
levels in short duraƟ ons provides more fl exibility in how artwork can be lit.  The 
Gallery takes advantage of this by using light and contrast to increase the drama of 
the viewing experience.  It examines the relaƟ onship between art and daylight in 
both instantaneous confi guraƟ ons and over a period Ɵ me.   

The key to the gallery’s success lies in its ability to deliver a broad range of 
daylighƟ ng experiences.    Using the same control system, lighƟ ng scenes have the 
potenƟ al to quietly illuminate a work of art or dramaƟ cally enhance a provocaƟ ve 
installaƟ on.  In addiƟ on to examining the instantaneous relaƟ onship between 
art and daylight, the dimension of Ɵ me provides dynamic lighƟ ng qualiƟ es that 
enhance the overall visual experience.  This noƟ on of Ɵ me is what separates this 

Fig: 7.12  Louver OperaƟ on and Actuator
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gallery from other daylit galleries.

The daylighƟ ng scenes are intended to create an interacƟ ve environment that tells 
the story of the art on display.  This is accomplished by using light to transiƟ on 
between several works of art or allowing the light to change in intensity as a result 
of natural or arƟ fi cial factors.  Programmable daylighƟ ng controls allow arƟ sts to 
create unique lighƟ ng condiƟ ons for their installaƟ ons.  

Several lighƟ ng scenes have been developed for the purposes of this thesis, but 
the potenƟ als of the system are in no way limited to these confi guraƟ ons.  

ConƟ nuous LighƟ ng

The most basic visual scene is also the most technically complex.  This baseline 
condiƟ on provides even light throughout the enƟ re gallery.  The louvers act in 
unison to distribute light with minimal contrast and no lighƟ ng hierarchy.  As the 
sun’s light intensifi es, the louvers automaƟ cally dampen, maintaining a conƟ nuous 
level of illuminance. [Fig: 7.15]

Progression- ContrasƟ ng Elements

The scene is designed to place several works of art in stark contrast to one another 
by developing a temporary hierarchy of the art being displayed.  Light is redirected 
throughout the gallery, illuminaƟ ng several objects on display in sequence, but 
never fully illuminaƟ ng two at once.  As the lighƟ ng intensity on one object begins 
to fade, a second object slowly becomes illuminated, redirecƟ ng the focus of the 
gallery and forcing a physical response from the viewer.  The viewer has the opƟ on 
of moving to the next piece or remaining to see how the fi rst work of art responds 
to a new light source. [Fig: 7.17 - 7.18]

Daily TransiƟ on- Seeing Things in a New Light

This scene focuses on a single work art over the course of a day (or for a set period 
of Ɵ me).  In this case, the control louvers are fi xed in a single posiƟ on over an 
extended period of Ɵ me allowing for exterior condiƟ ons to control how the art is 
viewed.  As the sun rises in the sky, the brightness in the gallery intensifi es.  Shadows 

Fig: 7.13  SecƟ on of Louver Frame

Fig: 7.14 Conceptual studies of lighƟ ng scenes

|1|  Skylight Glazing
|2|  Structural Frame
|3|  Louver
|4| Louver Mullion
|5|  Actuator

|6|  Glazing

|1|

|3|

|5|

|2|

|4|

|5|
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from passing clouds provide instantaneous fl uxes in lighƟ ng, forcing the eye to 
momentarily refocus on the art under new condiƟ ons.  As evening approaches 
a warm fog appears to materialize in the gallery and the art work slowly fades 
away into the darkness.  The daily transiƟ on is similar to how art would be viewed 
outside on an overcast day.  Although, this process can be sped up by operaƟ ng 
the control system to mimic the sun’s path over a shorter Ɵ me frame. [Fig: 7.19]

Fig: 7.15 Diff use LighƟ ng (Image of physical model taken in the 
overcast sky box.)

Fig: 7.16 Diff use SidelighƟ ng- One Side (Image of physical model 
taken in the overcast sky box.)
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Fig: 7.17  Progression- Focal shiŌ  from the center to the backwall of the gallery (digital simulaƟ on).
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Fig: 7.18  Progression- Focal ShiŌ  around the gallery (digital SimulaƟ on).
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Fig: 7.19  Daily TransiƟ on (digital simulaƟ on)
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8. Onsite: Gallery Development

The following chapter looks at the three test sites for the gallery.  Each gallery 
has the ability to generate the daylighƟ ng scenes developed in chapter seven, so 
specifi c collecƟ ons or lighƟ ng scenes were not generated for each site.  However 
the procession through the gallery was studied. 
 
These processions are designed to move visitors through the building by using 
light as a focal point.  The fi nal paths of procession are developed from earlier 
conceptual studies of light and dark. The project sites are not fi xed locaƟ ons, but 
generic environments conducive the gallery’s intended deployment.  The thesis 
did not focus on site analysis or specifi c user capaciƟ es at any of these sites as it 
was not a primary goal of the project.  Rather it takes a conceptual approach to 
how the gallery interacts at various locaƟ ons based on genialiƟ es of the urban 
fabric.
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8.1 Mexico City, Mexico  LaƟ tude 19.4°n  Longitude 99.1°w

The gallery in Mexico City is confi gured as an urban gallery and sited in one of the 
city’s many local plazas.  Due to the warm climate the gallery has the potenƟ al to 
be operaƟ onal year round.  It is transported to the site on trucks and deployed 
using a crane.

Visitors enter into a bright lobby on the fi rst fl oor.  From there they move into a 
darker narrow hallway.  Brightly lit stairs at the end of the hall guide the visitors 
to the galleries above.  Once at the second level the visitors move through a 
light vesƟ bule and into the gallery space.  The light vesƟ bule is intended to block 
undesirable light from disrupƟ ng the scenes within the gallery itself.   

Fig: 8.1  LocaƟ on of Mexico City
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Fig: 8.2  Plaza Deployment
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Fig: 8.4  Hours of OperaƟ on

Fig: 8.3  Louver Schedule
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Fig: 8.5  Daylit Procession Fig: 8.6  Gallery Constructed on Site

Fig: 8.7  Daylight Procession-stair Fig: 8.8 PotenƟ al Gallery Scene
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8.2 New York City, New York  LaƟ tude 40.7°n  Longitude 73.5°w

An urban gallery is also deployed in New York City.  However it is an extremely 
compact system designed to be erected quickly.  This “guerilla architecture” has 
the potenƟ al to appear anywhere without warning.  Its small footprint allows the 
gallery to be deployed in a variety of urban locaƟ ons including broad sidewalks or 
in the parking lane on a street.   The gallery is transported to the site via truck and 
deployed by crane. 

Its temporal nature is accentuated by an open stair that brings visitors directly 
into the uncondiƟ oned gallery.  For this reason it is beƩ er suited to milder seasons 
where mechanical heaƟ ng or cooling is not necessary.

Fig: 8.9  LocaƟ on of New York City
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Fig: 8.10   NYC Park Deployment
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Fig: 8.12  Hours of OperaƟ on

Fig: 8.11  Louver Schedule
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Fig: 8.13  NYC Street Deployment
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8.3 Nome, Alaska  LaƟ tude 64.5°n  Longitude 165.4°w

A rural gallery is deployed in the tundra outside of Nome in conjuncƟ on with a 
hypotheƟ cal exterior installaƟ on like those by the arƟ st Christo.  Because of Nome’s 
laƟ tude, the gallery will not funcƟ on ideally in winter months.  However, heavy 
snows beginning in early October and lasƟ ng through April will prevent access 
to the site well before then.  Therefore this site is operaƟ onal from late spring to 
early fall.  This gallery has the potenƟ al to be transported by truck or helicopter 
depending on road condiƟ ons.   Due to the natural terrain the gallery is located 
atop a pier structure.

The one story gallery also directs movement through the use of focal points.  A 
view window at the end of a dark hall moves visitors through the building.  Light 
from the galleries then enƟ ces around a corner and into the exhibiƟ on spaces. 

Fig: 8.14  LocaƟ on of Nome
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Fig: 8.15  Tundra Deployment
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Fig: 8.17  Hours of OperaƟ on

Fig: 8.16  Louver Schedule
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Fig: 8.21  PotenƟ al Gallery SceneFig: 8.20  Daylight Procession-view Window

Fig: 8.19  Gallery Constructed on Site

Fig: 8.18  Daylight Procession
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9 Conclusions

This thesis never set out to completely resolve the relaƟ onship between displayed 
artwork and its light source.  Rather it is intended to suggest alternaƟ ves for how 
we visually experience art based on lighƟ ng condiƟ ons.  The daylighƟ ng control 
system and the daylighƟ ng scenes it creates are intended to challenge current 
theories in lighƟ ng art.  This is achieved through the introducƟ on of daylight as a 
dynamic element that requires viewers to experience a work of art under a variety 
of condiƟ ons over a period of Ɵ me. 

The original intent of the gallery was to explore the extent to which a universally 
adaptable daylight control system could deliver similar lighƟ ng results at a variety 
of locaƟ ons under mulƟ ple condiƟ ons.  However it was quickly realized that such 
a system has the ability to do far more than simply regulate levels of illuminance.  
By switching focus from the technical to the experienƟ al aspects of daylight, a new 
set of possibiliƟ es and design issues were generated.

While I do not advocated this soluƟ on for every environment, it is my believe that 
in certain cases the introducƟ on of a dynamic and interacƟ ve light source not only 
adds drama and excitement, but also challenges a viewer to confront the art under 
a variety of condiƟ ons, enabling them to come away with a more comprehensive 
understanding of the art itself.  
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9.1 AddiƟ onal ApplicaƟ ons 

In addiƟ on to the applicaƟ ons set forth in the thesis, individual components of the 
system have pracƟ cal applicaƟ ons in other Environments.  

Single LocaƟ ons

While the thesis explored the possibility of mulƟ ple sites, the designed daylight 
control system is perfectly suited to fi xed locaƟ ons as well.  As long as adequate 
daylight is present, the system can be used to reshape any gallery space.

Technology and Industry

The daylight control system has the potenƟ al to also funcƟ on in the verƟ cal plane.  
While not funcƟ onal as view windows, this system can perform well in space with 
a variety of lighƟ ng needs ranging adequate daylighƟ ng to black out condiƟ ons.  
The system is well suited to for spaces with highly specialized audio/visual display 
requirements.  Recently computer and soŌ ware retailers have begun developing 
highly interacƟ ve showrooms to display their products.  A dynamic system would 
not only provide light control but also avoid the need for a black box isolated from 
the exterior environment.

9.2 Feasibility

For this project to become feasible addiƟ onal research would need to go into the 
development of the gallery’s environmental controls.  The concepts outlined earlier 
in the thesis may serve as a starƟ ng point, but thermal and moisture controls in 
the museum environment are just as important as those for lighƟ ng.  Extensive 
research would be needed to determine the most appropriate thermal control 
system for a wide range of locaƟ ons.  UlƟ mately, several control systems may be 
required based on appropriateness for the climate of the project site.
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Fig: 9.1 Acropolis AirliŌ 
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