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Natural Lighting at the
Kimbell Museum

The inspiration for the Kimbell Museum design isfound in
the museum's architectural program written by the original
Kimbell Museum director, Richard Brown. Brown devotesa
section of the programtolighting and, in particular, to natural
lighting. Were natural lighting excluded from the museum,
writesBrown, visitors would seem " vacuum packed inacan.”
Moreover, "The visitor must be able to relate to nature
momentarily from time to time—actually to see at least a
small slice of foliage, sky, sun, water. And the effects of
changes in weather, position of the sun, seasons, must pen-
etrate the building and participate inilluminating both the art
and the observer."'

Architect Louis Kahn held similar viewsabout the impor-
tance of natural light to all buildings, not only museums.
While designing the Kimbell, he asked, " How can oneimag-
ineabuilding of spacesnot seen in natural light?" In contrast
to the " static qualities™ of artificial light, he preferred "...the
endlessly changing qualitiesof natural light, in which aroom
isadifferent room every second of the day."?

Out of discussion between client and architect came a
design whose natural light wasadmitted to galleries through
skylights. Nature was not visible through the opaque perim-
eter walls of the museum, but people moving through the
museum would see naturein glass walled courtyards cut into
the museum's interior. In the galleries, the changing light of
the sky is reflected by ceilings which act as natural lighting
fixtures.

The chief source of natural light to the galleries are 2'-6"
wide linear roof skylights. From thedesign's beginning, the
roof was planned as a series of parallel channels or half
cylinder shapes and these skylight slitswerelocated at the top
edges of the spanning shapes. Roof forms were aligned from
north to south and the building entrance was located on the
west at the edge of a park. Thisorientation ismost efficient
for gathering the sun's light though most of itsarc and avoids
angular differences sun angle differences between summer
and winter. This orientation also prevents too much or too
littlelight at the ends of the enclosure when the sun is at the
horizon. In the completed design, the west porches shield a
narrow strip of horizontal glass above gallery wallsfrom the
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Fig. 1. Site plan.

setting sun and the museum is not opened until the rising sun
has climbed into the sky. (Fig.1)

Skylights admit natural light to asuspended reflector that,
inturn, illuminates thecycloidal concrete gallery ceilings. A
seriesof sketchesfoundin Loud's The Art Museums of Louis
|. Kahn?reveal that thecycloid and reflector were products of
along period of design work. Early sketchesinclude angled
configurations and some reflectors also housed heating and
cooling ducts. Marshall Meyers illustrates the evolution of
reflector and ceiling design in his "Masters of Light: Louis
Kahn.”* Hisown drawings,made in Kahn's office, first show
aceiling section formed by two quarter circles connected by
aflat plane with the skylight at its center. A gently curved
suspended panel both reflects light onto the ceiling and
transmitslight tothefloor below. A later version includesthe
cycloid shape Meyers suggested to Kahn and another trans-
parent reflector inahalf circleshape. Fromtheinterior, it was
hoped that thereflector would allow anarrow view of thesky.

Initial reflector designs considered bent glass sheets cov-
ered with a thin deposit of aluminum. These ideas were
simulated in architectural models by lightly mirrored heat
formed Plexiglass. Although modelling was promising,
translating the ideal into reality presented formidable prob-
Ilemsand no engineering or construction inventions appeared
toresolvethedifficulties. The expense of glassforming, the
durability of thedeposited surface, and coderequirementsfor
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overhead glass all stood in the way of this proposal.

Some progress was made when Richard Kelly, alighting
consultant, joined the design team. After consideringacrylic
solutions, he proposed that therefl ector bemade of perforated
aluminum sheet chemically polished on one surface. Kelly
sketched the approximatecurverequired to bouncelight onto
the concrete ceiling. A computer calculated the curve pre-
cisely andlight intensity levelswereestimated. Noneof these
calculationsconfirmed that thedesign would distribute natu-
ral light asintended. Meyers admitsthat "...we were really
flying by the seat of our pants.”"' Only tests within the
completed cycloid could demonstrate the success of the
design.

When two reflector prototypes were finally lifted into
place in June 1971, neither was satisfactory. One version
containing large perforationsin the aluminum sheet admitted
too much light. The noon sun shined directly on southfacing
walls. Such light would injure art hung on these walls. A
second reflector with smaller widely spaced holes wasinsuf-
ficiently transparent. It was a dark skylight shield whose
perforations Meyers called " stars in a night sky.”¢

Thefailure of thetest reflectorsdisappointed all and led to
thoughts of abandoning transparency altogether. A sugges-
tion from Frank Sherwood of the associated Fort Worth
architectural office initiated new thinking about the perfo-
rated sheets. Sherwood proposed that the very top of the
reflector be madeof opaqueal uminum whiletheremainder be
perforated. This eliminated direct sunlight at noon, but also
curtailed views of the sky. (After building occupancy, a 6"
vertical fin was extended from the reflector top to shield
galleries from direct natural light during al seasons.) In
places where art is not displayed, such as the lobby, it was
decided to perforateall thereflector despitesunlightentry. In
these locations, it is possible to glimpse the sky. Reflector
experiments went on for eight months before afinal design
was approved.

A visitor to the completed museum would hardly imagine
the anguish that accompanied the perfection of its natural
lighting. The Kimbell Museum fulfills Director Brown's
vision. It lives up to Kahn's prediction made early in the
design process. “... 1 felt that theroomsstructured in concrete
will have the luminosity of silver. ... This light will give a
touch of silver to the room without touching the objects
directly, yet give thecomforting feeling of knowing thetime
of day.””

The illuminated cycloid ceilings give the museum a life
that can't becapturedin photographs. Theexperienceof light
in the museum derives from its subtle variations. As the
positions of sun and clouds change, so changes interior
lighting. Asvisitors move only afew steps, the character of
the cycloid surface and the light it reflects also change. The
ceilings amplify exterior light variations by concentrating
them in the skylight aperture and projecting them onto a
concrete surface of great depth and character.

Cycloid surfaces were left untouched after the removal of
forms just as Kahn directed. It's possible to inspect the

cycloid surfaces from the upper library level where the
cycloids are within reach. There one sees the imprint of the
butt jointed marine plywood form and its fastenings. The
concrete surface retains the plywood's linear wood grain
patterns and there are lines of finish nail head impressions
along the faint plywood joints. It appears that the forms
required patches between poursbecause smeared outlines can
befoundintheconcrete. Astheconcreteset, puddlesof water
collected along thecoated formsurfaceand, from some points
of view, the puddles appear as splotches of white haze. Form
coating and oiling was not uniform andoverpaintings and drip
lines add to the imperfections of the cycloid surface.

Thedetails of theseimperfectionsare not easily seenfrom
the gallery floor whenthecycloidsareilluminated by abright
sky. Looking up, visitors see an obscure circumferential
pattern that derivesfrom rivulets of water and plywood sheet
joints. Morestriking arelarger but generally circumferential
areas that appear lighter and darker or glossier or duller.
Thesearetheremainsof puddling, patching, and coating. The
surfaces offer a beneficial effect as a visitor proceeds along
thegallery. Withjust onestepadark areaturnslight and what
wasglossy becomesdull. Illuminated by thereflectors, these
imperfect cycloid surfaces no longer appear to be made of
concrete. They are silver light sources of varying depth and
changing pattern. Onewould never recognizethat theillumi-
nated ceiling and the support columns below the light are
made of exactly the same material.

Natural light entersthemuseum fromseveral other sources:
two interior courtyards, curved lunette windows between
cycloidsand outside walls, vertical glazing at joints between
thebuilding's threesections, and agl assentrance wall leading
to the lobby and bookshop. Two walls of the of the smaller
south courtyard are glazed and it is covered by a white net.
Light entering the larger north courtyard is tempered by
flowering rose vines winding within steel cables stretched
over the courtyard's top. There are vertical blinds on the
inside of three courtyard walls and the fourth, nearest the
lobby, is glazed from floor to the underside of the cycloid
ceiling. A Maillol sculpture—a horizontal bronze figure
whose hip perches on a pedesta —is an attractive court
feature that serves as an orientation point for the lobby,
restaurant, and an adjacent gallery.

The remaining light sources project stripes of sunlight
ontointerior surfaces. When thesunislow in the sky, lunette
windows and apex skylights project diagonal stripesof light
onto travertine faced gallery end walls and the ceiling ends.
These thin bands add another changing light pattern to the
interior. Asthe sun sets, sunlight crosses under the entrance
porch to create aline of light that advances across the |obby
floor and onto the oak doors at the rear of the bookshop. This
light isabetted by reflections from poolsthat line most of the
museum'’s west elevation.

For those who were present during construction, the evo-
lution of the illuminated ceilings and the interiors they light
must have taken place over a long period. Photographs
showing the beginning and the end of site light design
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accompany Marshall Meyers's article "Masters of Light:
LouisKahn." Ineach photograph thecameraispointed at the
end wall of agallery and the small courtyard isvisible to the
right. Whenthefirst photograph wastaken, only themuseum'’s
concrete shell wascomplete. Lunette window, skylight, and
courtyard appear as glaring light sources. Dark walls and
cycloids are not illuminated; parts of the gallery floor are lit
by a stripe of light from the skylight and by reflected light
form the court walls. The later photograph shows the lumi-
nous finished interior. Here the reflector has activated the
cycloid skylight sourceand it illuminatesall interior surfaces.
An oak floor and creamy travertine walls are resplendent in
the ceiling light. The reflector itself is a satin anodized
aluminum frame supporting bright translucent curved sur-
faces. What first appeared static and dark has been trans-
formed into a bright interior filled with natural light.

A museum guard explained that the cycloids are at their
brightest during clear summer days. When a cumuluscloud
obscures the sun, there is an abrupt change in gallery light
intensity. The change is sufficiently sudden to unsettle
visitors. At onetime the museum turned off all incandescent
lights during a summer period so that works would be lit by
natural light only. Even on clear days, however, there wastoo
much variation in the lighting of works to allow long term
inspection.

The museum's artificial light comes from incandescent
lampsin steel cylindrical fixtures. The cylinders are painted
to match the anodized aluminum reflectors and mounted
either on tracks mounted on flat ceilings or at the bottom
edges of reflectors. Some of these lighting fixtures are low
voltage units with adjustable transformers; others are 120 or
150 volt lamps. Bulbs and baffles located at the lower ends
of the fixtures provide a range of light beams from a narrow
spot toageneral flood. A usual method of lighting paintings
is to focus lights on the paintings and provide general, less
intense lighting for the travertine or linen covered walls.
Since the paint surface of some old paintings is not perfect,
sometimes lights are adjusted to illuminate only the best
portions of the painting. Experiments with haylide lamps
prior to construction demonstrated that these bulbs provide
toowhitealight. The paintingslost warmth under these bulbs
and travertine's character was bleached away.

On March 22, 1996 the author measured light levelsat the
Kimbell Museum. Two methods were used: periodic mea-
surementsby automatic instruments set infixed locationsand
readings from a hand held light meter in many locations. On
this sunny day there were high thin cloudsin the sky. (Fig.2)

Unfortunately, this data was collected by a beginner at
light measurement. |In retrospect, more useful results would
have been obtained fromalarger number of sampling devices
positioned to record readings on both halves of the reflector
surface, bothsides of thecycloid ceilings, opposite walls, and
the floor

With the help of Museum Superintendent Larry Eubank
and the museum staff, automatic light measuring devices
known as ""hobos" were placed in the gallery adjacent to the
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north wing light court. They were placed atop the skylight
aimed toward the sky, at the top and bottom edge of the
reflector face aimed at the east facing cycloid ceiling, in the
middle of the west half of thecycloid ceiling, onthe west wall
4'-6" off the floor, and on the north end wall 10'-0" off the
floor. All functioned throughtheday with theexception of the
top reflector hobo. This hobo produced erratic results.

Although museum visitors may imagine that the museum
interior is as bright as outside surroundings, there is a great
reduction in light levels as it passes between skylights,
reflectors, and cycloid ceilings. Generally there is only one
2'-6" skylight aperture for every 23'cycloid span plus 7' of flat
ceiling. The intense lighting of the cycloid ceilings, the
shining lengths of reflectors, lunette windows that 'lift' the
cycloids above opaque walls, side lighting from courts and
windows, and the light colors of the interior all encourage
visitorsto fancy that the building does not establish conven-
tional spacial boundaries, but that its surfaces hover about a
luminous atmosphere.

The hobo measuring sky brightness atop the skylight
produced areading of 899 foot candles at midday. Readings
ontheceiling (21.5fc) andthewall (5.34 fc) alsoreached their
high points a midday, but their readings were a great deal
lower than the sky, similar differences were discovered
throughout the day although all other readings werelessthan
thoseat midday. At9:03 AM and 5:03 PM, sky readingswere
145 fc and 133 fc. Simultaneous wall readings were the
exactly the same at 3.17 fc. These times mark the outside
limitsof useful natural light on the museum interior. Earlier
or later thecycloidscease to shineand thecycloid half toward
the sun isagreat deal brighter than the other.

The intensity of outside light must be tempered for two
reasons. First, its ultraviolet component will injure paintings
and must beremoved by bouncing thelight before it reaches
theart. Second, it would beimpossible to examine a painting
in any detail under direct midday sun especially when it is
surrounded by light surfacesthat arelit with the same inten-
sity. After all, the paintings were probably made in a studio
where light levels were substantially less than those in the
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midday sky.

Viewers can also best study art when the light on the
painting is constant or changes gradually over long periods.
TheKimbell’s cycloids moderate the shiftsin sky intensity to
produce tolerable levels and shifts on the museum walls.
Measuring through the9 AM - 5 PM day, the sky differential
was899fc- 139fc=760fc. During the same period the wall
readings ranged from 5.34 fc to 3.17 fc for a differentia of
2.17 fc.

The constant character of wall lighting was due to incan-
descent lighting which contributed towall readings. Inatwo
hour period after the sun had set, the wall readings measured
2.45fc. Thismight be taken astheincandescent contribution
to wall light intensity during all periods. When the incandes-
cent figure is subtracted from the 3.17 fc readings at the
beginning and theend of the measurementday, it isevident that
the incandescent contribute most of thewall illumination when
thesun islow. At midday, when wall readings reach 5.34 fc,
54% of wall illumination is supplied from the ceiling. As
mentioned above, incandescent lighting also maintains con-
stancy when clouds make abrupt changesto natural light levels.

Visitors areawareof light intensity differenceswithin the
skylight-reflector-cycloid-wall system aswell asdifferences
between midday and low sun periods. When the sun is high,
the reflector offers a bright band of curved panels within a
duller silverframe. Atsuchtimesthecycloid ceilingsarealso
silver, but their bright surfaces seem deep and varied. Both
reflectors and ceilings have a great deal more illumination
than walls. Thereflector reached 31.7 fc between 10AM and
11AM. Theceiling's maximumwas21.5fcat midday. Little
data was gathered about light levels at the floor, but this
relatively dark oak surfaceappearsto be morebrightly lit than
the walls. Hand held readings at 3:30 PM yield wood floor
readingsof 8.5 - 9.5fcandtravertinefloor (under flat ceilings)
readings of 7.5 - 9.5 fc while wall readings were 5.96 fc.
(Hand held readings were consistently higher than hobo
readings. Hobo sky and ceiling readingswere 256 fcand 5.58
fc at the sametime.)

Variation in reflector and ceiling illumination in periods
before and after midday adds to the lively character of
museum lighting. It appears that the high reading from the
hobo located on thereflector's lower edgeoccurred at 10AM
-11 AM when the rising sun shinned directly on the device.
Presumably all the lower reflector edge also achieved its
maximum illumination at the same time. Asthesun's angle
changed, the lineal area of maximum illuminations moved
along both the aluminum fabric reflector surface and the
cycloid ceiling. This phenomenon is most apparent when the
sun is so low that only the half cycloid on the sun's side is
illuminated. Another test that placed lines of hobos on both
the reflector and ceiling surfaces would verify the movement
of light intensity through the day.

It is the combination of skylight frame depth and the
reflector's extended fin that exclude low sunlight from half
the cycloid. When the sun's angle reaches about 36 degrees
abovethe horizon, it nolonger shinesinto the opposite half of

thereflector, but only ontothereflector frameface. Thelower
the sun goes, theless of thefaceisilluminated and thesmaller
the amount of light that can bounce from face to reflector to
ceiling. On the sun's side of the cycloid, low angle sunlight
strikes the fin and reflector top directly offering moreillumi-
nation to thesun half of the cycloid. Conversely, the highfin
is necessary to keep thelow angle sun from skipping past the
oppositereflector's |ow edge and placing ahorizontal band of
direct sunlight on the ceiling's low edge.

Observations, but not measurements, were made on the
following day, March 23. Thiswasacloudy day when clouds
or groups of clouds ranged from white to middle grey.
Without the sun's direct light, the cycloid ceilings lost their
brilliance and depth. The patches that were placed upon the
original coated form were apparent asdull grey areas. Occa-
sionally the clouds brightened and so did the galleries, but
they never brightened to the levels of a sunny day.

The absence of high intensity sky lighting changed some
of the sunny day characteristicsof theinterior. Differencesin
half cycloid lighting occurred closer to midday. Shadows of
the struts across the skylight frames appeared. Windows
played amorevisibleroleinlighting. Light admitted through
ahorizontal slit window wasvisibleasanilluminated band on
the opposite half cycloid. Lunettes offered triangular light
patchestothecycloids. Probably thisnewly apparentlighting
was overwhelmed by reflected sunlight on the previousday.

On cloudy days and after the sun sets, the museum looses
the lively character that makes it so attractive in sunlight.
Cloud reduced light levels turn the brilliant cycloids into
concrete. In the evening, the cycloids disappear because
artificial light isdirected only to walls and floors. Paintings
receive the greatest amount of this artificial light and they
stand out asilluminated rectangles against arelatively murky
background. Because the painting light comes from can
fixtures directed at the paintings, there are points of glare or
shadowscast by visitors. An evening inthe galleries demon-
strates how important the contribution of natural light is to
both the paintings and the museum interior.

A second examination of Richard Brown's original pro-
gram reveals that the museum's objectives did not focus
primarily upon the natural lighting of art. Brown asksthat ...
asmany peopleaspossible...experiencethose[art] objectsas
effectively and aspleasantly aspossible ...” Heelaborateshy
saying, “... avisitor to an art museum ought to be charmed;
otherwise, why should we expect him to come? ... architec-
tural conditions should be so disposed as to encourage the
visitor's completeabsorption in contemplation of that world
[of art]." Recalling Kahn's statementsitisevident that heal so
concentrates on the interior environment for art. Hisaimis
roomsfor art enlivened by the “endlessly changing qualities
of natural light.”" When the program considers lighting
paintings, it acknowledges that natural light cannot be the
only source. “... artificial light must be sufficient to do the
whole job of making complete visual appreciation of art
objects a pleasure.”®

Director Brown was experienced in museum work when
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hewrotethe Kimbell program. Nodoubt he had hung works
in the artificially lit white walled and ceilinged galleriesin
vogue at thetime. Probably he knew first hand how artificial
lights could be manipulated to make paintings appear their
best. But he rebelled against the prevailing views of art
presentation on behalf of viewerswhofelt “... vacuum packed
in acan™ under such conditions.

What Kahn achievedat the Kimbell M useum went beyond
focussing natural light on paintings as if it were a natural
spotlight. Borrowing terms usually associated with work
place lighting, the Kimbell Museum successfully integrates
ambient light and task lighting. Ambient light in museum
galleriesisthenatural lighting that originatesin theskylights.
Incandescent fixtures direct task lighting to the works of art.
These fixtures are close to illuminated objects and produce
such a controlled intensity that viewers' attention is focus
upon the works alone. Natural light participates in wall
lighting, but, more important, it does not distract from a
viewer's " completeabsorption™ by intensely illuminated art.
The achievement of thisdesignisreconstituting natural light
inacontrolled enclosure without either destroyingitsessence
or overwhelming the art on display.

ACKNOWLEDGEMENTS

Theauthor thanks thefollowing peoplefor their assistancein
the preparation of this paper and other Kimbell Art Museum
writing in progress.

Patricia Cummings Loud, a curator a the Kimbell Museum who

providesacomprehensivehistory of the museumin her writings
and offered gracious assistanceat the museum.

Larry Eubank, Kimbell Museum Superintendent whofacilitatedsite
observations and offered both recollections of museum history
and technical information.

Frank H. Sherwood, P.E., F.ASCE, who offered a wedlth of con-
structionhistory, clarificationof draft writing, and on site obser-
vations.

Marshall D.Meyers, FAIA, who was kind enough to share his broad
knowledged both design and construction of the Kimbell Art
Museum.

Bruce T. Haglund, University of |daho Professor, who provided
advice, equipment, and calculationsfor light measurements.
Kenneth Carper, Washington State University Professor, who an-
swered questions about architectural and structural engineering

issues.

REFERENCES

' Richard Brown, "Kimbell Art Museum Pre-Architectural Pro-
gram,” in PatriciaCummingsLoud, In Pursuit of Qualiry (Fort
Worth, Texas: Kimbell Art Museum,1987).

2 Louis|. Kahn, “Architecture: Silence and Light," in Arnold
Toynbee, et al. On the Future of Art (New York: Viking Press,
1970).

* Patricia Cummings Loud, The Ar+ Museums of Louis |. Kahn
(Durham, North Carolina: Duke University Press 1989).

4 Marshdl D. Meyers, “Masters of Light: Louis Kahn," AIA
Journal September 1979, pp. 60-62.

5 Marshall D. Meyers, letter to author August 30, 1997.

¢ op. cit. Meyers 1979.

7 Louisl. Kahn, " Spaceand Inspirations," Lecturefor thesympo-
sium " The Conservatory Redefined" a the New England Con-
servatory, November 14, 1967.

§ op. cit. Brown.



