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¢ o3 -~ ABSTRACT :

An Malysis of the Integration of Daylight
in Museum Display Spaces
‘\
Mehdi Ghafouri
Museuns and gaH'eries -have been 1it by daylight since their
inception. Although artificial 1lighting took precedence during the

middle of this centur'y, daylight has been used again in recently built

museuns for its high color quality, modeling and variability.

The requirements of the museum's visual environment, such as

contrast,’ glare avoidance, modeling, brightness, color rendering' and

interior finishes are studied. The special limi_tat’ions imposed by

conservationists due to the deterioration caused by radiation on obJ@ts .

are analyzed. Daylight and artificial lighting systems are evaluated
with respect to these requirementd. The interaction and conflicts
between competing requirements of damage control, visibility and color

rendering are studied and related to the spectral power distribution of

¢ . - ’
source radiation and reflectance., Daylight luminaire design co/n;epts
5. /,

and the geometry of openings are evaluated through a taxonomy of

designs.

L

-

A :
! Built examples of many methods of integration of daylight in
, museum display spaces are evaluated thr"ough findings of 16 case
studies. It was concluded that da‘yh'ght, if“skillfully employed, can

‘ meet the communication and conservation requirements.
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'spati’a] docunenta‘bionj,d\'awings details, photos), and interviews were R

to affect the resulting quph‘.ty>of the visual environment.”

, /,\—_”
N
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"

» - -

Data (illtminance mlevels, U.V:, U.V./lum,- color temperature),

collected in 7 recently built museuns through field studies. ‘Th-e

conclusions shoued ¥xcessive illuminance levels, varying color
M

temperatures and color rendering, and excessive veiling glare in all

examples when compared to estabhshed standards. Daylight luninaire

design, the geometry of opemngs, and the finterior finishes were found
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CHAPTER [ ¥

1.1 INTRODUCTION

»

Light makes the museun possible. To view works of art in museums,
light ts the most  important factor of the functionla\ environment. In

creating a visual environment, the designer should know museum funct-

" ions, and significant advances of lighting in museur and similar build-

ings.

The appropr'iaf:ene'ss\)f this topic rii particularly timely today as _

there has been a burst of museum building‘in the past few years continu-
ing into the present. In Ottawa three major museums are being designed.
In Montreal the Musée d'Art Gontemborain will be built. The FRoyal
Ontario Museum inl Toronto will soon open after a.major renovation and in
the United States there are major recently built museums (Dallas, New

York City, Boston, Los Angeles) - all of them predominately daylit.

! [
This study examines the "reql;irements'and'characteristics of the
visual environment in relation to museun functions. Factors ffecting
the visual environmment such as sources of h'tjht, finishes of museums,
human perceptual limits, color and finally the conservation of works of
art particularly in relatjon to daylight will be studied. In-designing
the required visual environment, we will study daylight Tluminaire

design, in terms of concepts and existing museums. In order to evaluate

" and set quidelines for future deéigns, existing museums are documented

and collected -data are analyzed. Finally a nunber "of museums are
studied in relation to factors affecting the integration of daylight in

museun display spaces.

~
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1.2 MUSEBM FUNCTIONS AND LIGHTING

f ")
Today's museuns are defined as: Institution? ‘devoted to the care

and display of objects. of lasting interest, in such a manner and
enviromment that communication between the viewer and the works of art

. i
for education, and pure enjoyment can take place indefinitely. The

origins of museums and the evolution of their functions are discussed in

detail in Appendixi (1).

The key functions.that affect:1ighting design are communication and
conservation. With respect to communication, 1ighting shoﬁd provide

for a detailed study, as in a school room, and should'catch the eye as

in a store display. The object is primary and dominant in the visual

environment.  As an original it must be shown accurately with respect to

- form, texture, and color. If this is not done a copy can replace it,

but Lhen' we would not need a museun. With respect to conserving the

object for the future, 4lighting should have the: minimun damaging effect

on the gbject. - -

L -

o

The requirements of these two functions are in conflict. For

{ .

example the first demands high illuninance and the second requires

minimun illuminance levels. The visual requirements imposed by museums {

are vto ‘allow: - -
. . "

-

1. Critical Qiewiﬁg to study details.

2. Oramatic lighting to get the viewer's attgnti’é;.

: S
3. Viewing Hy a constantly moving observer./

kY 4 .

<
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| 4. A constantly changing content of, the cone of)vision, with

A respect to size and numbers (one object dr several #
- ' N ‘ ) ’
. a § objects). . . C e .
h * + 5. A long duration of viewing: ‘ '

* 6. Illumimante adaptation as -he/she moves from gallery tq

-

! . - gallery. One ga.llery may' be .dimly 1it and the "second

" “brightly 1it which requires time for adaptation.
* 1. Perception of color.:

8. .Thé correct placement of the object on display. This is

T )

“an integral part of the visudl/ enviromment, in a, direc}, -
_three way relationship to the hght source and the view[
In other building types the ef fect” of hght on ‘the object
is. incidental to its ﬁunctxon,_but in the museun the

o . . .
quality of the " Tit %bject affects the message "being

LRl P,

; ‘ \ ,
/ * f communicated. N ) ’

e,

9. Minimal damage by the effects of radiatipn on irreplacable

' object, since the object is held by the museun in  trust
- . ) A

fo'r future generations . Note that in store d1spl ays the

T

e LT

obJects are replaced qu1ck1y and have no Tong term value.

; 10. Mlmmlzatlon of exposure to’ hght The museun must re-

solve the magnitude pf potenQia"’l damage with the communic-,
- \

ative requirements.

These requxrements make the lighting of museuns a pmque prob]em

As we shall see, the research and experience with lighting for o\chqa

"

building types are only applicable té museums in a ge:gﬂ sense,

L
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T, 1.3 USE OF DAYLIGHT . ' . _ '

///ﬁ\e use - of 'daylight in early and recent museums is ‘discussed in {
- ¢ i
{Apper‘\dix (1). 7 Daylight!was necessarily the only source of light in

-

museuns for decades, before it was -replaced by artificial light in the
20th century. ' Recently built museums have.again introduced daylight as

At

, ‘

the primary. source of light in the ‘gallery spaces. A number of older
~ museums, which_have effect.i'Ve daylight design, such as the Dulwich Art

- Gallery, are being used as a-precedent.. The changing methods of museum

displays makes the copying of these examples dangerous.

¢ P

? . t

Daylight is used for many reasons. . It's changing character, the

needs make the use of daylight a

5

color response, and ttie viewers'

necetsity—in order to communicate the object's multiple characteristics.

The decision of whether to use daylight has‘usuaﬂy been baﬂsed on

personal experie'nce and taste of curators, directors and architects.’

-Lack of research in_ this area has made decisiom making very difficult.

N One has to apply °the existing information on.artifiqia1 and natural

- '1ightiﬁg'for other building types /to the muséum's needs, in order to
evaluate deéiqn options and predict' performance. This study will assess ,
these. needs and provide the designers with the required tools Ifor making

- . ’ . \

decisions.
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1.4 METHODOLOGY : ‘

i

,* A major issue for this thesis was to determine. how to study the

problem. ’Lighting research has met with considerable scepticism by

[ 4
ldesigners due to the complexity in understanding the nature of primary

visual procesées. For example, the fundamental theory of color percept-
ion is being ‘revised by Land [117], which raises questions with respect
to the. interaction of sgurc'es' and object reflectivities. The ESI
concept to evaluate the effect of contrast reduction due to veiling
reflectionﬂs for a fixed task and observer has been dismissed by many
eminent researchers as inadéquate for most important visual tasks. The
other\ major area of research which attempts to refine the mathematical
approach to 1lighting design favoured by illuminating engineers has
stressed the calculation of these quantities that are easiest to calcul-
ate rather than the measures of what‘ we actually see. These major
research areas require that the _para;neters be reduced in number and that
major simplifying assumptions be made.' See for exan_ple the careful work
of Rea [134] or Dilaura [135]. Such assumptions are. the reasons for

their limited application and for the difficulties in bridging the gap

between the science and the art of lighting.

i

For example, the basic radiative transfer equations require that

-

© surfaces have uniform luminance, that they are Lanbertian, that the.

source direction and output remain constant and that all room surfaces
and geometrical relationships can é described and calculated: For even
a simple room however it 1is possible to have 100 different surfaces

which \;Joul}j require the solution of a 100 x 100 matrix. . Similar

PRI

E »
b * * ‘:
T i st 0t 200 i B it it b 1



TRV L

A e o

“ I
» R u . . 2

assumptions, by no'mela.ns insignificant, are required for glare studies.

In fact for modeling, discomfort élare and color constanFy, np accepted
mathematical description exists. What we do know is how to identify the
prdblen where and when it might occur and qualitative ways to eliminate
it. Major design failureslare due, it seems, not to the inabilify to
make one of the limited t;;eg of calculations, but the neglect of all
the parameters that affect the lighting design and especially their
interactions. Lam [72] and others ha&e tried in different ways {

175

resolve the problems but the current discussion in the IES Journal [137

‘shows that these issues are real and urgent. ‘ >

;

It would thus seem difficult to resolve the- same Cypes of issues in -

a difficul;-iighting problem .- museums - with an intractable \ightinq

source, - daylight. However, if the above discussion is correct it is

the lack of understénding of all, the parameters and the limits fo’theié
understanding that has led to pbor lighting sb]utions. If the designer
is ignorant of some parameters, then no matte; how skillful the use or
understandﬁng of the others may be, the design is 1ikely‘to be defic-
ieﬁt;w/ﬁccordingly, the first priority for an undérstanding of museum
daylighting is to ident{fy'andlunderstand the nature of al]ﬁthe para-
meters affecting it. These must be relatkd to museuns and not borrowed
unchanged from other applications.. Fo; example, we are interested in
vert{cal (not horizontal) luninance and illuninance, moving (qot seated
fixed) viewers,' exact color rendering and deterioration of organic
materials under a variety of radiative -sources. A precondition for this

parameter study is to determine the function and nature of the museum

o e bm ow s = e
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_includirig the location of displays, the' nature of movement, the

characteristics of tasks and contemporary practice. This is best

obtained by looking at the evo]utioﬁ of museums  and un&erstan&in’g why
museuns have begun and how they ar’e\éGected to chaﬁge. mq'ése studies

are found in Chapters 2,3,4 and in Appendices 1 and 2.

N

Secondly, one must identify the nature of the s{urce and the

"fixture" that will distribute 1ight in the space. Daylight sources

ld‘iffer greatly from the artificial sources an}1 thus design techniques

must be related to the nature of.these sources. The use of daylight in
museuns would seem to further restrict the types of daylight luminaires
that could be used. 'Since daylight is so involved with the room
geon:etry and architectural features, the kinds -of daylight openings in
the room s~hou1d be determined. Chapter 5 describes the range of day--

light 1luminaires organized into a taxonomy. These categories are

derived from an extensive survey of contemporary museums. Altogether 16

_museums  were documénted 1in a resource file including 650 slides.

Unfeasible daylight options never seen in museuns were not included.

. The taxonomy .is useful to show the range of practical options and

variants possible to the designer. The examples of luminaires are rated

with respect to illuninance distribution and veiling glare.

The individual parameters disﬁcussed in chapters 2,3 and 4 are

inadequate to understand the interactions in real museuns. Note that no

two museuns were alike. The study of museums was done in two parts.

Field studies in Chapter 6 were made in seven museums to determine the

o e ooy o e b bt st e o s
»

|
j
|
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distribution of vertical  illuminance, color temperature &t wall sur-
faces, ,U.Y. levels "and the luminance distribution. The measurements

made call into question the standard 'design criteria for deterioration,

illuninance levels suggested for museums and show that daylight sources

pose considerably different lighting design considerations than do
artificially 1it museums. » Ca§e studies (16) in Chapter 7 establish a
wider context to gxtend the results of the field studies. The field
study eianp]es included "in the case sthdies«provide a:tie between thé
two approaches. Finally a set of recommendations has been made to guide

future designers of daylit museums.’

1.5 THE INTEGRATION OF DAYLIGHT ‘ Co-

n

The integratidn of daylight and artificial light sources with other
factors affecting vision is the key to a successful design. The follow-

ing are a list of factors that will be considered in this study:

I. Light Source & Luminaire:

ution

E - The modifiers of light, ie. re-

\

!
reffectors and lenses

o v—

»
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1.6 A BRIEF REVIEW OF LITERATURE RELATED TO DAYLI?HT IN MU§EU&S*

Museum 1lighting has been studied by three gro'ups of professiéna]s.
Each group has looked at the problem from their point of view and often
has ignored the concerns of.~others, since museun lighting requirements

’

are most'ly in conflict with each other.

1. Conservationists

This group has documented studies of damage and deterioration due”
to 1ight, U.V. content and its effect on museum objects, such as: 'Fe_l]er

[3](5][6], Harrison [1](32][38], and Thomson [2][3][14-18][29]. Due to

ore extensive literature review by topics is ilnc1uded in Chapters

* A mor
2,3,4.

-9 - v ’
]
" 11, Viewer: ‘ L /
, - | )
- A - Contrast
B = Glare (ve111'ng and disco;nfort)
C - Modeling
" D.- Perceived Color
N
E - Visibility
F - Adaptation
’ JII. ObJects and Space: "
) A-- Object's reflectance, ‘éw and -
vy characteristics -
B - Display methods'
C - Wall, ceiling and floor finishes
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*

problems with experiments,. such as duration for normal deterioration and
over heating in light fastening processes their conclusions are not
applicable to 1ighting® design. For example the U.V. content and its

Qanaéing effect is used to rejeét' daylight, without the proposal of any

- standard, the evaluation of alternatives or the stuc}y of means to

minimize its effects through design. The damage factor method has been

+

dgvised, but it has not ben based on long term experiments, with musem;
ot;'siects. The conclusion suggested by conservationists is that we have
to | e;ep museun objects in as dark as possible spaces (dark basements).
The dharacteristics of 1ight sources have been studied in the laboratory

but no useful recommendations for on site apphcatwn have been made.

This 15\ due to the fact that a light source functmns very differently,

’in \iso] tion due to interreflections with spatial surfaces [IES

Handbook].\ Brommelle [26][39][35](51], Thomson [70] have documented
studies in useun lighting apphcatwns but do not provide any apphc-
ab]e recommendation in building des1gn and construstmn For example
the recomnenckd illuminance 1eve1§5 by various conservationists .have a
range of 50 lux\to 250 lux. In application, measured ranges are from 30

lux to 2000 lux.

2. Lighting Designers

This group has tried to apply techniques used in othei; building
typés with predomin\ ntly artificial systems t(; daylit museums. The
lighting designer's raole 1'»5{,’5’6 provide what is recommended by conserv-
ationists and asked for by the architect. h; neither know what. they

want, the final productﬁ'is unsatisfactory.

[T .
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The I.E.S."s.reconm_endat{ohé),for lighting [71] are oriented towards.
artificial mh’ghting and conservation.  Unfortunately the. illuminance
criteria is eapplied to. daylit museums. 'The integration of factors are
not considered_by the .,I.E.S., and light.ing engineers. Thére have been
no systématic studies by Tighting designers of built museums. P:Jblished
po;t occupancy evaluatio; studies by lighting designers are non exist-
ant; thus the potentially rich resource of buift_ examples of museums has:
been ignored.' Indeed there seems to have been a coverup of lighting
problems as discovered -in several promiﬁant museuns visited by ‘the
author. Curators wanted anonymity and were sometimes very careful about
their statem.entS to th‘e duthor. A few articles have.discussed daylight
in museums, encour{aged its use and showes how to control and calculate
the relative damage due to light. .See Ne'ent;n [33] and McCandless
[361(37). - |

3. Architects and Building Engineers
P

This group has studied museums with respect to architectural

concepts, such as planning, circulation, orientation and zoning. See

for example Stein [48], Rosenfield [42], Weiss [73], Rykwert [78] and -

Scully [84]. Brief descriptive studies have been done with respect to
daylight and buildings in general, such as Brawne [92], Lam [72], and

Evans [68]. The museun interior and exhibition design have been

docunented by Brawne [132] but overall studies in museun lighting

recommendations and the evaluation of the performance of existing solut-"

ions have not been undertaken. There is no systematic study and

.
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documentation of daylight luminaires, as exist for artificial lighting.

Where prototype. -daylight fixtures have been studied the results are

a

[60]. The distribution of vertical illuminance or UV has not been done.

\ ?

, =~ Architectural studies have discussed the- \issue of daylighting in
museuns at a conceptual level, however no form of gu.ideHnes for future
designs exist. Many other articles and studies are published in the
museun and 1ighti‘ng field that affect the integration and study of day-
light in myseums, such as Hopkinson [123], McDoweH'[IZO] Pevsner [114]

and Searing [109].

)
URp—
1

1.7 PRESENT PROBLEMS AND MUSEWM LIGHTING

It is thus evident that museum daylig.hting requires an apalysis
that integrates previous research, examines apparent conflicts, assesses
the state o‘f\contemporary museuns and esiablishes guidelines for'design
and future research. The mare \important problems that should be

addressed in the folloying are: N

1. Museun functions: 1lighting should be'.designed according t'o

\ functional requirements. . . - (
’2". Museum's L{ghting Sources: this study will help the
desiggers evaluate thejr options and makel decisions. '

‘ e g, Application of .lighting methods used for other building

S~
types tohugems: for example the problem of veiling glare -

¢ . t

-
s
>
-

* . given in terms of daylight factor contours for horizontal illuninance

e da oo A o e e st A vt

o
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I’“v
as .studied for offices cannot  be direct]y' used for
mhseuns, but it can be used to evolve solutions to museum
conditions, , -

4. Deterioration in actual museum conditions: how can the : !

. damaging effect of 1ight sources be minimized? -~ What
standards and recommended levels of illuminance,. U.V., .

I.R., etc.’ are required? These standards should be based

e A s o e e ain

on experiments and documentation in fﬁnctioning museums.

The Museum's Visual ~Environment with respect to all the i

-

‘1\\ 4
w

A
o

effecting factors, i.e. contrast, color, glare ett. The . o

visual environment with respect to all factors (particul-

‘

arly in daylit galleries). .

L4

) 6. Lack of study of daylight in general, so prediction fo}_

future performance of dayligﬁt Tuminaires can be made.

This study did not attempt to.resolve all these issues however it

was. felt that it was important to:

b —

.1. determine the scope of museum functiohs

~
ST gy

2. determine if daylight is practical for museun lighting
3. examine if current' recommendations for illuninance and

U.V. are observed in recently built museums -

vy e Ak g TUATE S T

4. determine where important aspects of ‘museun lighting

3 ‘ interact and how they might be injegrated.

| N To make these assessments it was important to determine the scope of

historical and contemporary examples of daylit museums including the
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\

types of spaces and their components such as daylight luminaires.

Finally becau'se of the comblexity of all the fact;)rs it seemed essentﬁia1
to survey several important recently buﬂ't museuns, to ‘look at the
results of the best professional practice and to use this d\ocunentation
for further studies in creating a systematic evaluation, since this
s.;cudy is clearly a beginning which creates as many questions as it may

- S

answer.

1.8 OVERVIEW

The scope of museun ;”unctions is discussed in Appendix I. Through
this study, the use of daylight and its application to museum ‘functions
has been defined. Factors affecting th:z visual environment, i.e glare,
c.ontrast, modeling, color, and their app]icationﬂ to museuns are
discussed in Chapters 2 and 3. These factors are examined with respect
to museums docunen"tgd. In Chapter 4 the deterioration of objects dt;e to

light is undertaken. The cause of /deterioration and means to ‘reduce it,

are di scussed.

The taxonomy of daylight luminaires are collected, studied, and
evaluated in Chapter 5. Dmight Tuninaires, are evaluated and rankefd

with respect to illuminance distribution and veiling glare.

The application of factors, discussed in Chapters 2-5 to actual

museuns and the evaluation of existing museun'si/ lighting is undertaken

in Chapter 6. The analysis of data and ranki/hg of museums are

presented. Finally a number of case studies are discussed in Chapter 7.

g

Sy, —
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as a continuation of Chapter ‘6. Some of the case study museums have

been visited and one of their galleries is, dqcuﬁen'ted and analyzed in

) .

Chapter 6. The rest present solutions.to application of factors affect-

. ~ » . .. . y
® ing the visual environment as have been discussed through Chapters 1-5. -
] ! . ,
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CHAPTER II N
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MUSEUM VISUAL ENVIRONMENT AND DAYLIGHT ; e

3

2.1 INTRODUCTION . L

Light, as part of fhe sun's radiant spectrum and as reflected or
emitted radiation from gther .sources has certain cngraé"c‘eiistics, which >
separately or together “affect human perception and the conse‘rvationwof‘

works of art. These characteristics differ considerably, depending upon ' 3

the source (natural - artificial) and their perception b)} viewers. Thjs

perceptual interaction and.the influence of the visual enviromment . _{'

1

|\
3

§
4
B

particularl\y in relafi;)n to daylight will be discussed below. The
characteristics aﬁcl_nature of 'm,useun 1ight S(;UI‘CES' possibifitiesnand
. problems in the usg of each source and finally’ fac_tors affecting the
visual &erformance of the viewer, such as édaptation; contrast, glare ' i f
and modeling will be'lstud'ied.‘ , . “, : g
. T . » ,
2.2 NATIRE OF NIGHT
: . N
- Seeing and understanding, 4s comprised of thr:ee”'functi‘ons: 1. the
physical process of producing an optical image of t}1e objects on the
light sensitive receptors in theneye; 2.. tnhe transformation ;)f the
_ signal to the brain; 3. the interpretatibn of the signal by the br"‘ain..q
| . Here we 1imit ourselves to thg first process; we'\lo“ok at: (a) the light

(signal); (b) the prodgﬂction of an .image, ’ \/\ — 4

The radiant energy spectrun extends'from 10'15';to 1015 meters; but -

LRV N
N
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.the visible radiation is from 380 x 10~ to 770 x 1079 m (380 to 770

nm). Visual radiation is generated by: (1) syplight (2) skylight (3)

{
‘moonlight - (4) 1ightning (5) northern and southern light (6) biolumine

scencé (7) man made sources, i.e, incandesgence and luminescence [71]. .

N ”
.

) ) 3
The common museun” 1ight sources are Daylight: (1) Sunlight (2)

%

Clear sky light (3) Overcast’ sky light, and Atificial light: (a) -«

. . %

Incandescent lamps (b) Fluorescent l.amps. _ Often twod})r more sources are
combined, or some radiation of a source is eliminated in order to obtain
a required radiant spéctrum.

]

2.3 ARTIFICIAL LIGHT

e ( , ]
\ As was described *in Chapter ‘I, the{' use .of electric .1ight had )
increased ‘during t\h\e 20th century particularly around ‘the 1950's With’

the avai]gbilify of f]uorescent lamps. There are different sources'

[ Y

‘(i.e. color lamps) avaifable in the market for artificial lighting, but

-due to their spectral power distribution we will be 1limited to

incandescent and fluorescent lamps, which are commonly .used in museum
" \ .

~exhibition areas (other lamps such as mercury vapour and High Pressure:

. Sadium lamps - are used in storage areas [47])."

&
*

\

3

v

- ——l




IR LB e g L

R,

- erin g RS

Y

“1.  INCANDESCENT LAMPS

Light is produced by a wire orﬂfﬂament heated to incandescence
(2400°K to 3650°K) by the flow of electric current through it. Only 10%
of the radiation ir(:_ these lamps is visible. The lamp life is short and
its limir;ous efficacy (Tum/w) is Tlow, ranging from 4 to 24 Tun/w

(averaged 15 1un/v})*. The luminous efficiency or relative’ spectral

" sensitivity depends on the spectral distribution of the Yamp. Plate

(2.1) shows the relative energy distribution of two typical incandescent

.

1amps.

4 :
150 =

g .
T

g
T

RELATIVE ENERGY

0 il | 1 1 '
300 400- 500 §00 700
WAVELENGTH nm

150

2

O

o
o
3

RELATIVE ENERGY

WAVELENGIH

Plate_ (2.1), The spectral power distribution of 2 incandescent lamps(23]

* See chart£ (2.2 ‘a,b,c) at the end of this section for comparisons

¢ With other sources.
"
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I1. FLUORESCENT LAMPS :

)

The fluorescent * lamp is an electrical discharge source where a
merc‘:ury arc generates -ultraviolet energy which in turn activates the
phosphor coaf.ings to produce light.' Due to their "{negativé resistance",.
fluorescent 1amps require a ballast to start and 1imit the current flow.
This process of hght productlon creates many possibilities in terms of

spectral power distribution (SPD). Depending on SPD there are 9 differ-

ent lamps available, Table (2.1) and Plate (2.2). The va]uelat certain

'have]engths (the 1ine spectrum) is due to the production of visible

e W s

[

radiat'ion directly by the mercury arc. The smooth curve is due to the

r

U.V. radiations' attack on phosphors coating of the tube and creation of -

visible radiation. Halophosphates are used in fluorescent lamps which
absorb radiation at £53.7 nm and emit at a wide range of wave lengths,

depending upon the phosphor and colors of tubes.

ap

Fluorescent lamps have a much higher efficacy than incandescent
lamps; 22% of total radiation is in the visible region g'iv‘ing g.higher
efficacy 'of. approximately 40-85 m/w. Fluor'escent' lamps also have
longer lifetimes (7“500 hours) . ‘ Charts (2.2) i]lystrate’the comparison
of artificial sources in terms of efficacy. | The color variation and
high efficacy have made these 1amps° popular in museun 1lighting,

particularly in conjunction with daylight, as in the ‘Boston

* A substance is said to fluoresce if it absorbs radiation and re-
emits it at a longer wavelength. ot

-
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, TABLE 2.1
Name - Tint . Color Temp. |1um/40 w
i m .
1 | Softwhite As Incandescence | 2700 1700
2 | Deluxe warm white | white 2800 1750
3 | Warm white  © | white 2950 1800
4 | Warm white waym’ white 3000, 2000
5 | Daylight white 4000 1750
6 | white white 4000-4300 3200
7 | o1 white cool white 5000 1900
Artificial day- sky white 6000-6500 | 2400 .
light : .
9 { Color matching cool white 6500 3050
north Tight
Principal Fluoredcent Tubes and their Characteristics [23]
\\ . /
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250
200
150

50

300 * 400 500 600 ~ 100

a) Artificial Daylight, C.T. = 6500 °K

150
100
.50

300 400 500 . 600 700

-

b) Warm White, C.T. = 3000 °k '

Plate (2.2), The Spectral Power Distribution of two types
of fluorescent Lamps. ‘
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CHART 2.2(a) [116] - Source Compariéon Based on Equal Watts (400 W)

LR Sk TR g e .

g Y S

sl

Source |
*AMP Quantity | Watts [ Lumens | Efficacy
) (Total)| (Each) (Each)
m/w
Incandescent 4 400{ 1,740 17.4
Tungsten-halogen 1 { 400 7,500 18.8
Fluorescent 10 4001 3,150 78.9
*Low-pressure 3 4051 21,500 159.3
sodium '

!

.

°

Total Source
LAMP Quantity | Lumens Watts | Efficacy
(Each)*| (Each) (Each)
v m/w
Incandescent 17 29,580 | 100 17.4
(1,740)
Tungsten-haloegen 4 30,000 | 400 18.8
(7,500)
Fluorescent 10 31, 500 40 78.9
(3,150) '
Low-pressure 1 33,000 | 180 183.3
sodium (26,000)
* Values in parentheses are for individual lamps

CHART 2.2(b) [116] - Source Comparison Based on Equal Lumerns (30,600 m)
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- CHART 2.2(c) - Light Source Summary

V4

Source System*

LAMP Watts | Lumens | Efficacy | Efficacy
g ' m/w
\ .
Incandescent standard 100 1,750 17.5 . 17.5
Tungsten-halogen 250 4,850 19.4 . 19.4
Gaseous discharge - _ 1, )
low pressureé 40 3,150 78.8 68. 5%
fluorescent
Low-pressure sodium 180 | 33,000 | 183.3 150.0

* System is the luminaire
**. HPF-RS two lamp ballast, 92W

I e S
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Museun of Fine )\rts. " Other artificial sources are nqt. usually used in

museuns,' particularly due to their SPD, lumen output and the colour of

.the source which is directly related to the SPD.
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_2.4 "DAYLIGHT

Daylight, if skil1fully employed can be effective as a means of
energy conservation, of orientation and perception. Radiant energy from
the sun is emitted over a very wide range of wavelengths. However, mosi\

wavelengths shorter than about 292 mm 'or longer than about 2500 mm are

absorbed by thé atmosphere layer of ozone before they.reach the earth's

_surface, and ordinary glass filters out radiation less than 310 nm [11].

Thus light radiation passing through conmon glazing materials is Timited

. from 310 mm to 2500 nm. : " ,

A belt of maximum radiant energy: moves back and forth across the
equator as the seasons change and from east tq west as the earth rot-
ates. Its' luminance is evaluated in terms of clear sky or totally over-
cast sky. The bartTy cloudy sky is hot considered since the present
data is insufficient for use in calculations. Overcast sky and clear
sky each have their own “characteristics and differ substantially in

) AN . . .
terms of spectral power distribution, color temperature, and liminance

{ , < . . .
values Plate (2.3). Overcast sky lumimance varies as a function of

location, timé, 'density, cloud cover and unigormity of cloud cover. The
luninance of a point in the sky is independent. of its azimuth angle but
varies with the altitude angle, and for no snow conditions it is three

times greater at the zenith than at the horizon. Clear sky or blue- sky

v \ ;
luninance is a function of the sun's location and it is greater near the

horizon than at the zenith, except around the sun. The average lumin-

ance of the sun is 1600 mega. ca.ndelas/m2 viewed at sea level. The

L

-
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& VISIBLE ST
: SKY .

A |-~ ;.E%EE ) CLOUDY SKY

-
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A 1

300 400 500 600
MAVELENGTH nm

-

Plate 2. 3. Gr‘aph of SPD of 3 phases of dayhght (sun diffus
sky, cloudy). [2 3

)
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illuninance on the earth's surface by the sun may exceed 100 kilo lux or

drop to 10 kilo lux on cloudy days. "~

The daylight factor is used for daylight calculations of the’ 1evel
of 1ight reaching any point inside the room. It is defined as daylight
illunination at a point inside, expressed as a percentage of the simult-
aneous i]]um’ngtion from the whole sky, on an unobstructed horizontal
plane. The d.ayh'ght factor has -two components, a sky compon‘e’nt and a
reflected component. These factors are used for calculating the level

of light reaching a point, in order to design for maximun 1illuninance.

But as will be seen later, due to the introduction of many more factors,:

a max imum of interior i1luminance is not a concern in museum lighting.

Daylight varies in -quantit’y and quality with respect to 1oc§tion,
time, orientation and cat;nospheric conditions.,' 111 wninance levels of
daylight change throughout the _yéar; this is shown in Plate (2.4), for
Montreal, from January to Decémber. The contours indicate radiant
energy® on a surface of 0" slope in Kj m2 hr-1 which is equal to

approx imately 35 Tlux.

These variations impose special problems in museun lighting design.
They could be advantageous with respect to comfort in the visual
environment Qr disadvantageous with respect to controls. These
contradictory needs and problems are what make museum lighting a unique

design process.

f
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() Indicates horizontal diffuse illuninance (lux)

Plate (2.4), Diffuse, monthly mean radiation on the surface of!
slope 0°. (kjM-2 hr-1}, in Montreal Quebec [137]
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\ radiation on a horizontal surface for one to ten day
averaging periods for Montreal [137]
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2.5 QUALITY OF DAYLIGHT L b’ .

The I.E.S. suggests, two approac;es to the lighting deéjgn process:

(1) Tuminous environment (2) Visual \Q\ It states that the design

process must be considered on a larger scale than that ef an analytical

and engineéring one. .zgThe common ‘factors between the two approaches
emphasize the quality of tht‘. In the visual task qpproaéh; ‘the

factors to be considered are [71]: ° i .
2 5 .

»

1) Quality of illumination

@

1

2) Quantity of illunination ¢
3) Selection of a lighting sysfém (sources and luminaires)
4) Selection of a lighting control system
5) Economic, considerations
6) Coordination with the mechanical system

l 7) Coordination with furniture
8) Interior - exterior ;'el ationships .

4

In the luminous enviromment approach, which is more applicable to.

museums, in addition to'the above factors, these are suggested:

-

1) Visual composition of space

2) Desired appearance of objects in space

These factors are very general and they cannot be applied to all
building types, bl;lt considem:n‘g the fa::tors‘“which are applicable to
museuns, the need for a qualitativé' approach .is apparent. This is

stressed by the ”fact\that museums present a unique problem, since they

"

[
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occupy an undefined area.,b'etween the theater and the school room: to

Y 3

achiéve‘ emotipnal acceptance by dramatic effect and to provide eyé

comfort for. examination and 'study. By quality of il1lumination we mean

-

freedom from glare, .good model#ng - not unidirectional or too diffuse -
. a '

and variability to show the static object by some “"movement" in the
. ! p

~

a
a
L 3

4

In orcjer ;.o provide the'required lig‘hting quality, one has to
consiger all the points_not only from a technical p;oint of view but also
from a Eonceptual point of view. "... Concepts, not r_lardware, Jre the
missingv i}mgredieqts in thé conventional approach to the design of éhe

luninous enviromment (1)". "

2.6_ USE OF DAYLIGHT

-

The ,use of daylight in museuns is the most controversial subject in
museun lighting, from ore extreme view that "Natural 1ight should be as

available in a museum as water from a faucet or cool air from a duct"

(2) to "...it is really desi‘rable\ from a display point of view to have a-

building wjth no windows .." (3). The evolution of.the eye which has
deve]opéd under natural light makes it necessar’yéfor us to see and judge
our environment under natural 1'1'ght. Paingings and rscu]ptures atJPe
~ generally conceived under natural 1ight and should be viewed under the
same quah'ty. of Tight. Evaluation of the quality of artifical light is

' +

based on natural illunination [36].

)
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\ During discussions with museun curators,-a majorit_y'of them pref-
. ,‘“}{errpd daylight as 'swnt&ai ilﬂluqiﬁnﬁatjor} but under certain conditions.
%or. example the curator of the ‘Pmerican.;v“i’;llé‘,\“the‘curator of the Johnso.n
Mus;eurl and the curator‘ of the Lehman Galleries, have stated, based on
their pract%cal exper-ienced that day'iigift is tHe most desired NT of
illumination in'museums. * ... a museum is a daylight institution. 'Any

. works of fine art it may cohtain v;ere made in daylight and were méant to

be. looked at in‘daylight" (4). The idea that daylight is reproducable,

or, not all works of art are being produced under daylight will be
looked at later on, but it has bee‘n stated that even “if the museum's
. policy is to employ artificial 1ight to reveal paintings as they really
are, then the illumination e'nployedt should translatel to viewers the
widest possible’ scopg of color differences. Such rendition is of

. ¢ course, produced by sunlight or daylight" (5). L

N o

2.7 THE' CHANGING NATURE OF DAYL IGHT

5, [ 4
N

ﬁtg constant- variation of. daylight is one of i‘ts‘most important
characteristics evoking both positive and ﬁegative reactions.  James
Gardner énd Caroline Heller in their work on daylight concluded that
"Dﬁyh’ght is rarely satisfactory as exhibition 1lighting: it is too
temper;nentﬂ in cold climates; in any climate it changes direction and
qquality throughoxﬁ; the day (6)". Whereas Louis I. Kahn emphasized the
-changing character of daylight as an import§nt factor for his love for

daylight, which is so expressive in his musetm designs (see Chapter 7

. kd
for his works), "... the museum has as many moods as there_are moments
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in time and never as long as a museun remains as a bui‘lding will there

be a single day like the other .." (7).

‘ (‘” The variability of daylight ‘affects the distribution of sky lumin-
{

ance, the exterior illuminance and the SPD which in turn affects the

‘ color rendering and deterioration of objects. The yearly average varia-

» N ¥ [y
tions in illuminance and daily variations are.shown in Plates 2.4, 2.4a

~ .
,

and  2.45. Instantaneous variations are random and will, fall in the

extreme limits for the siison or month of the year' but are documented

a

LR )

with respect to daylight.

o et g

) . There is a critical lack of weather data on these vartations in -
N ' > . North America. Plate 2.4, derived from total radiation data shows a

yéar]y \'/ariatfon of 35000 Tux to 3500 lux from June to December at mid-

.

day or 10 times. If sunlight is excluded from tr;e gallery space, the

v

‘ %
extreme variation throughout the day can be roughly derived from the

- e e
o s bt b

daily ranges shown in Plates 2.4a and 2.4b. Note that the dramatil

e

changes due to the partly cloudy sky "switching" the: sun off and on _

directly in the space, are discounted 1imiting the range to variations -

S

in the diffuse sky. For example, o,rt‘day variations can be expected, at’

o gt e o T S

' the 10 and 90 percentiles, to be 40% below to 65% above -the 50% values

»
\ in February. Instantaneous variations can be even higher.

- Interior illuminance- and its effects are proportional to- the
- exterior illuminance; thus the perceived brightness distribution on
¥ L“ -

: ‘ surfaces. will be changing as the exterior illuminance changes. There is _

considerable adaptation to brightness variations'gthic/h is not very well

o /

i - ¢
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understood; thus the fpregoing deba'te about the value of illuminance «

variation can not be resolved. A

The va|riations-in sky luminance distribution will affect the inter-
%or brightness distribution. Hoxlever since most 'good daylight lumin-#¢
aires are skylights or clerestories, see Chapter -5, which are in turn
well baffled, the Tuminance distribution variations from clear and over-

cast skies are not great for altitude angles above 35 degrees. Also

A

atmospheric pollution will not greatly affect the distribution, however .

much it may reduce .levels in the spéce.

As will be discussed in Chapter 4, deterioration is .a function of
exposure which affects. daylight in two ways. First’ is the actual
disjcribution of daylight and UV and second is the level of exposure.
Proper controls are required for both aspects which will be discussed in

chapter 5 dealing with the daylight luminaires.

1 s

The variation in the SPD of daylight affects the color temperature
(CT) to the object and 1its color rendering. Daylight exhibits wide |
variations in CT from low values (2500K) at sunrise and sunset to

extremely high values from the blue sky (11,000 K) [71]. A skylight

" that "sees" the sky away from the sun wi)] thus transmit 1ight of very

different color pro‘perﬁies which is very difficult to control. As long
as deterioration is controlled, the variations in color rendering will
probably t;e an advantagé to allow the object to be seen "under a

different light". No research exists exploring this problem-in museums.
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2.8 VISUAL PERFORMANCE

fhe hunan eye mechanisn has. its particular needs. If viewing méans

communicating", then the needs of the eye ‘mus'f be understeod in order to
provide the required environment for better performance of the eye. The
apparent brightness of an object, accommodation and adapt\ation of the
eye, the presence of contrast and glare plus modeling are .examp1e's of
the requirements that affect museun lighting design which either have’ to

be provided for or minimized.

- . |

i

/ . .
"viewing and understanding”, /and in museumns, it means "viewing and

.
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2.8.1 BRIGHTNESS ‘

Brightness is defined as a subjective evaluation of luminance
(1uninance is dependent on the amount of light striking a surface and
the anount‘of light reflected back to the eyels-L= x E for a matte sur-
face). There is no conventional system of q'm'tso. far brightness, but

scales of apparent brightness 1unino‘sity have been devised [116].

? .
According to Fechner's law ([70] which applies to touch, taste,
sound and smell, the subjectively felt strength of the stimulus is

9

‘propqrtional to the 1ogaritt1m of“the stimulus' strength. In other words
to double the sens’ation we- have,i to square the strength of :che source,
This;theory does not hold with respect to lighting in‘terms of absolute
value; a ratio of 10 to 1 creates twice the apparent brightness due to
the contrast in the visual environment.A Objects of the same surface

luninance will be seen as brighter or darker depending upon the relative

s

Tuninancé of the visual enviromment. This is illustrated in comparing:-

the three galleries in Plate (2.5) (a) objects are seen much brighter
than in (b), and objects in b) have higher apparent brightness than in
(c). Abparent brightness in itself is not the key to comfortable view-

“%ng although the illuminance decreases in c, b, and a, respectively.

Comfort is dependent upon the Tluminance patterns in the visual field

while visibility is affected By the adabtation state and quality of

luninance patterns, As shown in (a) the -eye: would be under strain to

A
atapt to a high level of variation. —Viewing is therefore a function of
. h\ 4

visual‘ capacity, ' the level of light fprovided on the‘work'and the dis-

/
tribution of light to avoid exadgerated adaptation [123].
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Plate (2-5), ~Comparison of contrasts within three galleries.
' (a) only objects are 1it, (b) the paintings and
walls are 1it but ceiling is kept dark, (c) the
overall flat lighting system needs m%re light to
create the same contrast as (b). (72
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2.8.2 ADAPTATION

Adabtation is defined as changes in she eye's sensitivity to light
s0. that it can detect details in low luminance and not be overloaded by
brighter sources [71]. The luminance range over which the eyes can
function is very large but it caﬁnot adapt in a veryAshort'f;;e Plate
(2.6). Adaptation is very important in museum lighting since gai]eries
Whiih require 1oy levels of illumination may be located ‘adjacent to

bright areas. Adaptation should not take place in the gallery but

rather before. entering the gallery. Therefore the planning of galleries

should take this into consideration and provide transition areas. In

the Rockefeller wing of the Metropolitan Museum of Fine Arts, New York,
trans1t1on was not planned for the visitors were asked to close their

eyes for a few minutes in order to adapt to the Tower i1lumination 1eve1

of the gallery they were about to enter Plate (2.7) [70]. In the -

Johnsoh Museum no solution was sought to the problem of adaptat1on from
dimly 1it orlegtal art galleries to the bright view of the scenic
mountains around Ithaca. As illustrated in Plate (2.8).(c) is the view
of the galleriés at the door (a) turning the eyes 130° is the view of
the exterior to the unadapted eyes b) is the :;me view to the adapted

eye. The unadapted eye migses a lot of informatton in the visual field

- and suffers from strain and fatigue.

Note that the eye can see a very wide range of luminance simultan-

eously called "transient adaptation" which doés not require-adaptation.
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.

The Tight to dark adaptation process. [115].

Sign adyis%ng visitors to close their eyes before
entering darker galleries.
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Plate (2.8), The view of the exterior to an unadapted eye (%),
and to an adapted eye (), looking away from 1oy
1it gallery (c). :
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To avoid the effects of aéaptation, the eye should be given time to
adapt. Entgring a dark gallery (50 1ux) from® a brightly 1it gallery
(500 1ux) requires 1.5 minutes 3; transition (chart 2.3 illustrates the
time and distance). For example if one walks 1 M/Minute. In a museum
then one must walk throbgh a transition space of 1.5 meiers. This speed
is assumed based on discussion with curators and it could be modified if
it is too fast or too slow. Based on any assumed speed the required

distance can be calculated.
\ )

RATIO OF ILLUMINANCE} TIME REQ'D | DISTANCE
( .LEVELS MINUTES REQ'D METERS .
u . T - - \“ :
1 ’“P‘“"" & . -
0o5 0-7 0.7 r
0.1 1.5 1.5
0.15 9 9
0.01 13 13 J
\

L]

Chart 2.3 - The distance and time required for bright to
dark adaptation in the transition space.
Ratios larger than 1 to 100 should not exist
in museuns.
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2.8.3 CONTRAST

A work of art can be seen because of its contrast with surfaces or
objects ‘which are adjacent to it (called the "background"g. The
"contrast" of a task is the relative difference in luminance between an

object and its background as defined by the Blackwell Formula [116].

| Lo - Lp l Lo = luninance of the object

C =
b [ W

i

Tuninance of background

For the work of art, itself, it un\b‘e shown that putting 2 times the
light on objects does not cause 2 tlimes the contrast and therefore
bétter viewingy since the law of diminishing return applies. If the

background is receiving the same amount of light, at 1 F.L., the eyes

~have 574 of maximum visual acuity*; at 10 F.L. it is increased to 78%

and at 20, the increase is only to 81%, or from 1 F.L. to 20 F.L., the
increase is 24% of maximum visual acuity.
Qeneral]y the factors that cause or affect contrast in a gallery

are:

1) room dimensions

2) surface reflectances

3) luminance distribution of -luminaire -
4) illuminance levels |

5) intensity distribution from the luminous surface

* "Yisual acuity' is defined as a measure of the ability to distinguish
+ fine details. :

[ -
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6) the reflectance qualities of workg of \art (specularity,

—

value and hue)

7) viewing angfe , . ‘ )

8) viewing direction.

A1l these factors should be considered|when the texture and colior
of gaﬂery surfaces are chosen. High contrast between the art object
and- its background not only does not provide \‘for better viewing, but it
‘causes another major problen in museum 11‘ght\ing namely glare. This is
cﬂ\aﬂy demonstrated in unprotected windowedl\gaﬂeries and dimly 1it
interiors which have very high contrast aré‘as and thus high glare

indices as shown in the Johnsoh Miseum (Ithaca) Plate (2.13). R
- :‘ \\
A boutique or a department store tries to qapture the attention of
visitors and not to communicate .with them but this is not the function

>

of a museun. In museums harsh contrasts in light| are not needed. There .

- can be bright sources at points in the space, but the lack of 1ight frqm

walls, ceiling and corners, confuses the viewer (in 1ocating himself in

the space and cr}(t/es ‘an overall sense of . discomfort. " The visual.

_environment as a whole should provide the required contrast for viewing.

Certain methods are used to create “contrast*: .
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1) To keep the space vei‘y dark and to concentrate the light
on the painting as in Plate (2.10) A

3
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2) The illuminance of the space—ts kept -low, but the walls
are washed with light as illustra in Plate (2.11). .
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3) The Hhminance level in the space is kept at a comfort-

able leYel. At the same time contrast is created on the

.

‘wall in reﬂation to the space, and on the painting in
L

relation to- the wall by control of reflectances and

\
illunination. Plate 2.12 illustrates this type of Tight-

.
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Plate 2.12 @

In comparing the three methods it is concluded that the- third .

method- is most desirable since it creates a comfortable ambiance as well

» {

as -a needed co%ast. The required level of contrast for comfortable
viewing is a ratio of 1 to 10 between the object and the background:
whereas in some measured galler!es the contrast prov1ded is much hlgher

. ¥
(in the range of I' to 20). Hindows can be sources of high contrast

Plate (2.13): For daylit galleries, skylights provide the visual .

environment required for comfort and the avoidance 6f.fah’gue as wél'l as

proper contrast. Two exceptions must be mentioned: 1) where very
sensitive works on paper are exhibited, transitwn spaces for adaptatwn
should be provided 2) when exhibiting t‘hree& d1rqensiona1= objects to ‘be
1it in a special manner, as tﬁe sculpture in t\he Museun of Contemporary~

Art, Plate (2.14).
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The view of the window, creating high contrast.
veiling glare, Johnson Museum.
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Plate

(2.14)

4

.Special’ lighting (a),
object or display (b)
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the ‘space as will be illustrated in Chapter 7.
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In the American wing, overall lighting 1:;. provided by the skylight
and spots are employed to create contrast as task Tighting. ‘In the
Everson Museun the artificial light haéz created very dark anbiancé and
very bright objects. For conservation purposes it is suggested that ir;

prder to reduce the Tevel of 1ight we should create very dim environ-

ments [19] [23] [122]. Therefore a very low density kight will appear

very bright, but catching the eye is for selling goods and not communic-

.

ating ideas. Many museums which have used general daylighting as ambi-
9 -
ent lighting in combination with spot 1ights as task lighting, to create

'contrast, in addition to other factoré, ‘have been -successful in provid-

ing the recommended level of contrast between the object, background anci

' “

2.8.4 -GLARE ¢ >

L

Glare s one of the most important phenomena for designers of
museums since the viewer is not in a fixed place 4n the gallery and
L}

o
his/her directions change constantly. Glare is defined as excessive
\ ' ‘ |

luninances or excessive cantrast in the field 6f view [115]. There are -

three types of glare: a) Disability glare is caused by very bright
sources of light in the field of view, as illustrated in Plate (5:15),

resulting in loss (of visibility”in the viewing direction. b) Discomfort

glare. ) Vsih‘ng glare is caused by the reflectéd source's brightness

off the pajnting and other semi-specular surfaces causing a loss in

oo :
visibility as seen in Plate (2.16). The reflection of the spot light is

super imposed on the pain7ing, making seeihg) jmpossible. In the .Johnson

—
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Plate (2.16), '
'‘Reflection of spot light
into the glass of the show
case, causing Ve111ng

® glare, MMFA.

J
1
Plate (2.17), Reflected glare from the painting due to the
window on the right. The viewer is not able to
see the corner of the ‘painting.
3
Y
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" Museur; Plate (2.17) the corner of the painting is invisible due to tfe

reflection of 1light corhing from the window. Veiling glare is alkso
caused by a specular or glossy surface sug,h as glass over the painting
which reflects a bright source reducing contrast of thé surface, as can

be seen in Plate (2.18).

. A - Discomfort Glare

Discomfort élare‘ﬁs measured in terms of visual comfort probability
(VCP) which takes into account the field luninance, position index, size
and hminance of the source. It uses the‘ discomfort glare formula as
described in the I.E.S. handbook. Indirect or disabﬂi‘vty glare is more
:ﬁfficu]t. It is usually judged s.ubjectively or E.S.I. values are used
to indicate its magnitude. ‘Because of the varying position of the
viewer no adequate glare index exi'sts. ~The designer st{ould analyze each
problen graphically and locate potential sources of glare. At times,

compromises should be made in Mﬁch one of the two kinds of glare is

eliminated.

B ‘a‘"VeHiﬁg Glare \ . : e

The problem of veiling glare is ‘due to the geometry 'of the '

relationship between the viewer, the picture and the source. The first
assumption is that the source intensity is sufficient to cause }/eiling
glare which is true for typical artificial Jﬁxtures and daylight sources

including windows and roof 1lights. The second assumption is that the
%

'pict_ure surface/is semispecular which can essentially be represented by
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a plane mirror to determine what sources cause veiling glare. The view-
ing position, picture height, width, tilt and distance to the ceiling
all ?ffect the size of the veiling .glare zone. If the picture surface
is curved then the zone is further enlarged or compressed depending on

whetbz-r it is concave or convex.
m

As one moves through the gallery space, the viewers position, view-
ing direction and distance to the object constantly change. Thus the
veiling glare* zone moves, expands and contracts. When the veiling
glare zone overlaps a fixture with intensity in a direction fo the
surface,w veiling glare will occur. If the source is bright the glare
problem is very distinct.  If the surface is very specular then the

source is seen more distinctly reflected from the surface.

" The key to locating the glare zone with geometry is the\f\act that

the angle of incidence 1is equal to the angle of reflection. Plate

(2.19) illustrates the process graphically. The viewing angle of 30° is
assumed. The observer can move back and forth-between E and F. At F
position any object below F' is—in the glare zone. At E position' any
object below E' is in the glare zone. Therefore _in order to avoid‘ the
glare zone the object should be located below E' for (E) position. The
geometrical analysis of glare is discussed in Chapter 5, with respect to

daylight luminaire concepts.

-

* Vei]ir{g glare at a small scale gives objects their sense of "shini-
ness” or sparkle.
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CLERESTORY

Plate 2.19 Incident and reflected rays are shown for positions A, B and

C on a wall. The possible viewing zone is from E to'F. Pictures

mounted high on the wall have more VG than lower positions if,

the room is large. For high narrow rooms there 4s a zone E' to F' on

the wall on which is reflected the clerestory as seen from E to F. This

assumes the viewer is perpendicular to the wall; for oblique orientat-
. ions the objective is.to effectively widen the room. :
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Plate 2.20, Clerestory window is blocked from the view °
_ and Tlight is reflected to the wall.
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The problem of glare has been with designers since the first

drawn in order to decide where the painting should be loca@ed and how to
bfock the window from the field K of view Plate (2.20). In terms of sky
lights, the offending zone can be graphically illustrated, since -the
arig]es of incidence and refiection are equal. It was indicated by

museun curators that “glare cannot be avoided" since the use of point

sources of light, such as track spot 1lights shining in  several

directions creates almost inescapable glare problems Plate (2.21).

\ Glare can be avoided by proper planning and lighting design as in the

Ontario Art Gallery Plate (2.22). In other museums such as.the Mntreal -

Museun of Fine Arts the sources of light are left bare and shine into

the eyes of the viewer Plate (2.23).

The prablem of avoiding glare has to do with the location of the
source in relation to the ceiling height, =the distance of the viewer
fron the wall and the location of the painting oNhe wall. Plate
(2.24). j1lustrates where the light source should be located and at what

angle it should be directed in order tb avoid glare and provide for
. .

integral, part of glare solutions. : -
H

i The curator of the Montreal Museun of Fine Arts stated that the
i problen of glare cannot be solved in museums.. The Tlight is coming from
! , many directions and a moving observer is bound to suffer from it. One

can demonstrate very easily by looking at- existing examples that it

galleries. At that time windows were the concern. Pseudo windows were-

seeing details. Note that. the concept of modeling becomes almost nén.
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Plate (2.21), Spot
1ights shine in all
directions creating
glare problems in
some directions.
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Bést zone Location of fixtures that
for capse veiling glare

fixtures

.-
X j(_)(;.. Beam

Axis
-
| T Y701 |
2 )"//I g 60° Flood Cone P
gf‘.#w/’j*jf Spot Cone ' .
gé’"&' / AL
8 (a4 n06° Critical
BN i
"sight iine S _'T'\I"{':J atlon
s ’ 2 b / 7& /
- gl =
Q JK‘/ Vé § ) ,
= [ !/ Eled
s E :
° / / sl & '
A VA-{ I ;
K J/ T | -1 B
,  F olom{zinyl  |Clreulacing Aich
]1600mm§?531n) — Perixr@ter Zone

,

I 4
.

-~

™

Modél perimeter {viewing) zones at normal ceiling

-height.. Model based on: (1) primary diffuse

component (of vertical illuminance) at approx-
imately 40 per cent of horizontal illuminance at

S, (2) height of wall-hung display,

(3) idea

ufilization of beam cones, and (4) minimum effective
viewing distance relative to a nominal height of
object (A to B=1320 millimeters.(52 inches) for a
30-degree cone, A to C=1650 millimeters (65 inches)
TJo calculate viewing zones
‘for higher objects, increase horizontal dimensions

for a 60-degree cone).

38 millimeters (1.5
(1.0-inch) "increase in h

X=(ceiling height - eye

eight“gf object.
height) (.577)

inches) for each 25-millimeter

S

for an aiming angle of 30 degrees-from the vertical,

[122].

Plate (2.24),

.

)

Optimum tocation and aiming direc"tion} ’
\ for artificial fixtures. '

-
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Plate (2.25)} The source is aimed in such a way as to minimize

glare. Yale Art Gallery.

t

F,

Plate (2.26), The st\rong glare caused * Jooki;»g at the source. —
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/ can be solved or at least minimized. Having to look up and seeing the |

\ source is a glare situation which can be avoided by the viewer; viewing !

. B
* a painting and seeing reflections and light sources on the painting is !
.

another type of glare which cannot be avoided. For example at the Yale

Art Gallery, Plate (2.\25),one hds to look up at the ceiling in the \ ;,
direction of the light 1in order to be affected by glare. In normal . |
fields of viewing art works there is no glare. In the (L) Aallery of ’

the Montreal “Museum of Fine Arts the glare source is in thé field of -

view Plate (2.26). Ve

Design for Glare Control

r Daylit museums must block direct sun rays and light must be intro-
Y
*
duced through multiple reflections. Still the problems with veiling
ref]eqtions and indirect glare exist, particularly with windowed galler-

ies. (See Gallery (14.A) of the Johnson Museum in Chapter 6). Dis-

~

comfort glare is the most serious probiem in museums . In daylit galler-
ies, glare 1% removed by the use of.a reflecting surface and proper
' o

location of the sowrce. In older galleries the pseudo window or clere-

story is used to locate the glare zone to avoid exhibiting in this area.

-

@ s AR IO AT IMCUNA, S 1 mrgs oo

’ Since the daylight source is so bright, quantitative distinctions are

unimportant. % - o ) L .

P

,

The calculation of veiling reflections from specular surfaces is

mathematically defined ,but tedious in practice. If however, the

! designer defines véﬂing glare zones '‘on 'a ceiling plane and locates
. ‘n w

e
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sources outside that zone the glare problem will be minimized. Only a

' .
full scale mockup of the space can detect all glare problems and while

this is a common practice for a typical museun gallery, all conditions

in a gallery cannot be mocked up.

- % ' .

Models are of use but are limited by their dimensions and,survey
techniques. Better modeling techniques need to be developed foé glare
studies. Polarized light sources can eliminate veiling glare; however
polarizing filters are expensive especially when used for large area

sources like daylight.

Pt




2.8.5 MODELING

The direction of 1ight whether direct or diffused :causes works of

-

art to be seen differently. To designers the process of designing the*

.

angle of light direction is called modeling. ' -

Modeling is c]earl‘y il]u‘strated in Plate (2.27); depending on _the
direction of the light, different shadows are cast at a large and small
scale. The designed angle of incidence is based (gn, a) what has to be
revealed b) the avoidance of glare. Modeling is also employed to

create patterns on the wall, Plate (2.29). In Plate (2.30), a,b,c,d are

comparisons of angles of incidence of light on the works of art, with
i,
3

'vary'ing effects on texture rendition and coverage.

‘Modeh‘ng is characterized according to how dir;gctiqnﬂ it is. Two
opposite descriptors are direct and diffused light. When the rays come
fr:)m a predominant direction, strong shadows are cast on the object.
Diffused 1ight is either reflected from a surface or transmitted through

a glazing material. An examplg of reflected or diffused light is the

skylight system in the sculpture Gallery of.the Ontario Provincial At
Gallery Plate (2.31). A diffusing material located between the da'ylight
source and the object such as the daylighting system in the American
wing at the Metropolitan Museun of Fine Arts Plate (2.32) is an. example
of diffused transmitted light. Color will be discussed later on in
relation to modeling. Colors 100k different depending on whether the

light is direct or diffused. This is due to interreflections of 1ight

LINRTY
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Plate (2.27),

©

Plate (2.28),

- 64 - .
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The way object is seen is directly related to the ' ,
direction of the light. 2

4

-

i

The spot light s aimed to minimize glare.
Yale Art Gallery.

d

LS TTRIY (L el anamtinse -




Pt

i ’ ¢
.
N o
r
i . v )
Plate (2.29), Pattern created by spot lights. Note that the
| painting in the middle is missed. '
> . © ° OL\
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Yo Plate (2.30), The.wall washers are/used for modeling,
. j1lustrating modeling. techniques.
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Plate (2.31), Scu]ptureﬂ gallery of Ontario Fiovincia] Art

ok

Gallery.

Plate (2.32), Transmitteg diffused Tight. American wing
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from the colored surface. Modeling 3hould cénsider the works of art,
background and the possible positions of the wviewer. Glare and
modeling, as was indicated, are two basic problems in museun/lighting
design, but unfortunately they have not been resolved even though they

f\\kave been discussed at léngth- and solutions have been proposed.

Modeling is directly related to glare; the location of the source
is very crucial in order to avoid glaré. In museums, light should be
partly directional and partly diffused. As in our exterior environment,
1igﬁt comes from above, partly direct and partly diffused. The location
of a light source should be designed in relation to the ceiling height.

* The location of a source is more critical with glazed works or~glass
cases due to reflections. This problen can be avoided if theﬁlz:lce is
not installed in the glare zone. As seen previously veiling glare

control 1}mits where fiktureé can be located.

The texture of a work of _art and its kind of finish is important.
If highly textured, the [ight source should not be installed in high

angles since it will cause strong shadows. The optimun incident angle

is suggested to be 60-30, since the light will be reflected from the

glass to the floor and not to the eyes of the viewer. Glossy finishes
-are more diff}culi to illuminate particularly with beaﬁ Tighting, since
they will reflect the light into the eyes of the viewer and at times
distort the shape of the)object. Therefore reflected-light or ambient

1ight is best for glossy finishes. Matte finishes reflect the light in

e pg e
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a cosine distributio} and thus diréctiona] beams can be used to light
these types of surfaces. /'

‘The curator of the Johnsdn Museun pointed out that the carpet in
some galleries altered the quality of light. The H‘ght beige color
carpet, made the light much softer, whereas in the wood floor gallery
the light s more red\. In some museums, thé& use of extensive sky-light
tends to create a sense of flatness and monotony which can be overcome
by the use.of a proper finish. This was the case with the Israel
museum. The curator complaired about the lack of co_ntr.ast in the space.
In changing the carpets on the floor a new plane was Ereated in allowing

the viewer to concentrate on the wall, the focal point.

\d

In ordef to avoid glaré in Upartiaﬂy artificially Tit galleries,
the \i;acandescent light can be 1ocatea behind a layer of laylight, which
creates a uniformly 1it ceiling. (A good‘ example of the use of laylight
is at the Chagall Museum in Nice where the density of laylight is
changeg to create 3 zones of brightness which creates concentrated as

well as general lighting Plate (2.33).

Design for Modeling

Display lighting shouldphave two designed components - diffuse and
direct light such that the vector to horizontal scalar illuminance is
1",2 (angle of vector at 30° from the horizontal) ‘:co 1.7 (angle of vector
at 75°) according to unpublished studies carrie& out by Lynes in the

U.K. [94]. The minimum 30" angle 1is usually unacceptable for veiling




ya

e

- 69 -

g]arn\r'easons because daylight changes. A galléry with‘direct fixed
artificial lighting and diffuseldayligh,t will have_ those ratios c'ha'nge
thus the moc“eling condition is constantly changing. "This can produce a
dramatic difference between day and night; thus an anbiQQ artificial

system should imitate \goughly the daylight system.




AT A A e e e aaem e

-

e e v oot 4y oAbk aee a

C
E 1 '. F ) E
Nt

Pf;te

_ Suspended ceiling

» Central part higher :
density

Skylights

Paintings
Fluorescent lamps
Spot 1igh

Mmoo o >
-

- w

(2.33), Section and reflected ceiling plan, Chagall Museum in Nice,
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2.9 CONCLUSIONS

\\\ . RN ~

~.

~

Human perception, the eye's charédferistic and response, the Tight .

< that makes seeing possible, the sources of light,'should be considered

individually ‘and as they interact with each other. Providing for oneor

two of' these factors shou‘1d not cause the designer to ignore other

_factors. The integration of these factors becomes more acute in
"museum” lighting design. - ‘

Nith' a proper design of museum lighting, taking advantage of avail-

able daylight and color of sources, adequate illumination of objects can

be accomplished by satisfying the regquirements of the visual environ-

[N

ment. Daylight should be used extensively and controlled substantially
in order to meet the requirements. It should be capable of being

introdyced in the viewing area from above, behind and from each side of

the viewer in varying proportions depending upon the object being
viewed. It should be capable of being regulated and varied in intensity
according to the nature of the material being 1it. It should be so
diffused and so directed to the object that glare and reflection are
minimizedf. We shall see examples that meet if not aﬁ, most qf these

criteria.

“1) Daylight and artificial sources are very different in the
stability of illuminance, modeling direction, color temper-

ature variations and glare potential. Average exterior illum-

s 3

inance can.vary from 40X below to 65% above the mean value
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4

" thus affecting interior 1lighting conditions. Therefore

it should be &éed for ambient 1lighting. Artificial
lighting can provide a good base for the task visual
enxifonment if the CCT 1is matched with daylight.
fﬁéylight's variations then allow subtle qualifies of the

object to be shown.

Very bright sources as well as flat 1ighting should be

avoided. .

& ]

Transition spaces should be provided for adaptation.

'

These spaces should be designed with respect to the éime

required for adaptation.

L3

4) The glare problem should be analyzed analytically and

geometrically. The glare zone should be located and its
effect on the viewer should be removed or minimized. The
veiling glare zone from one viewer position can be defined
exactly. For the space as a whole the optimum positions

for sources to avoid veiling glare can be defined.

5) Modeling is the key to seeing an object's texture, form -

and. size. - The distance of the viewer from the object, the

object's characteristics and the angle of incideﬁce of

light should be considered in designing modeling. The
ratio of vector to horizontal scalar 111um%nation should
[ 3

be greater than 1.2 at a 30° vector angle.

My
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The above points affect each other. For example, the

“relationship of the viewer to th&ﬂ:rce( s-) affects the

interaction of veﬂing glare. and modeHng f\

Sc’aled model studies can be used with some cauf.,ion" to

analyze the yisual enviromment; howeﬁver, full sr.ale
° .

e e
mockups are the most satisfactor_y solution.
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CHAPTER III
* COLOR <A -

3.1 INTRODUCTION

) ¥4 )
The human eye is ‘able to discriminate between approx imately_:

7,500,000 diffgref;t colors through a matrix of intensity, wavelength and
purity. If wavelength alone is considered, the eye is able to distingu-
.‘ish 128 different colors, some as c\vrose as 1 nm, some as far apart as 22
nm. Seeing in color is such a common experience thit it is difficult to
imagine how many factors are involved in studying Qcolor [22]. d]These
factors in isolation could be put in three groups: (1) The physiology

and psychology of the human receptor, the sensitivity of the eye,.color

adaptation, color constancy, colorN 'memory and metamerism (2) the

.characte}'istics of the:objett, the combination of pigments and their

overall spectral distribution (3) the chhracteristics of the sourée such
as spectral ,distrib:tion," color temperature, color ’rendering ingex, etc.
A "study of col‘or in museun lighting must consider these elements
together and how they interact. Needrless to say color is one of the

T
most important factors of communication and conservation in museums.

,

3.2 RADIOMETRIC SPEGTRAL DISTRIBUTION OF COLOR

The sensation of color is created by the action of\visible radiant
energy on the retina of the eye. The normal eye is most sens1tive in

the green and yellow region and least sensitivé to blue and red light.’

/
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The band of visible 1ight (apprdximate]y 300 nm to 780 nm) contains
the whole color spectrum from dark purple to dark red, depending on the
wavelengths. The color response of every light source fits into this

spectrum, depending on its relative energy content at each wavelength.

To be precise, three distinctions have to be made regarding the
question of color a) color b) color of an object c) the perceived color
of an object, depending under what illumination the object is seen.

Color is the basic distinction made by an observer between different

~ matches of light in terms of relative energy content at each wavelength.

-

museuns .

The reflected ‘color of an object is a spectral power distribution

reflected from that object illuminated by a standard source (CIE). The

perceived color of an object is the psychological response to the object

4

when seen by an observer under daylight [71]. The eye does not behave
as a spectrophotometer t_d détect each wavelength; instead it detects
relationships amgng wavelengths by cones and rods (cells in the retina).
The exact mechanism is not well understood. (The visual clarity of
scenes contdining colored objects is dependent on the illunjnation. The

perceived color of an object therefore is dependent on:

v

1. the riesponse of the eye/brain

| . -

.

2." the nlature of the ‘Iifght cast on the object ..

>

3. the reflectance of the object .

These three factors are used in studying and evaluating color in

© 4

ow
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3.3 THE EYE AND COLOR

Plate (3.1) i1Tustrates the relative sensitivity of the human eye.
The spectral radiation of any source seen by the eye could be trans-
formed into the visible spectrum in order‘,_\to find out theoretically what
colorbs'homd be perceived. Actual perceptior\z is sut;jective and highly
dependent on context and thus predictions are risky. For example P1atg
(3.2) illustrates the spectral energy curves of an overcast sky and ;
"daylight" fluorescent tube (dottedﬁline). In mulfiplying each curve by
the luminosity curve of Plate (3.1) we get the reflected luminosity
curves for the two sources Plate (3.3). It is apparent that the<ultra-

violet and infra-red regions of the sources have registered zéro in the

eye.

v . —

. Platé (3.1), The relative Sensitivity of husan eye to mferent me- -

length of 1ight [18].

o &
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Plate (3.2), Spectral energy curves for an overcast sky (fulene), and

a 'daylight' fluorescent tube (dotted 1ine). . Nearest
colour temperatures 6400°-6500°K. [18].

anm .

Plate (3.3), Luminance curves for -the two illuminants. These curves

have been obtained dirgctly from those in 3.2 by multiply-
ing each curve by the luminosity curve shown in 3.1. The
color -rendering quality of the tube compared with true
north sky light may be assessed by measuring the differ-
ences between the two luminance curves. [18] i '
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3.3.1 COLOR ADAPTATION

Visual adaptation was discussed in Chapter Two; the concept of
colpr adaptation basically follows the same principle in the eye. It
has ' been experienced for example that: if the eye is viewing red light
for a long time, then it is exposed to a yellow object, it will see
green. This is due to the reduced sensitivity of the red receptors of
the eye. The response to the green region of the reflected 1ight from
the yellow object becomes predominant, but the eye will soon adapt to
the new SPD of the reflected 1ight and will see yellow. The idea of
a&aﬁétion is taken to extremes in justifying the use of any light
source in museums, regardless of its color characteristics. Y.
magever the 1ight sourcé, as lc;ng as it can roughly be called white,
the eyes will see ;lhite dbjects as white under it." (9). Color
adaptation is determined by the total visual enviromment which is

composed of objects of different color and 1ight sources of different

color characteristics.

k)

L

" 3.3.2 COLOR CONSTANCY .

4

Color constancy is a phenomenon that cmpen%atgs for minor differ-
ent changes in illumination in a normal' (vs. ‘critical) eye as lor/wg as,
the same object.is not illuminated by a different ‘source in the field of
view. For example the view from a window reveals the same green color
of grass whether illuminated by the sun or blue sky. Color constancy

requires time to be effective, along with adaptation, ahd 1f changes are
' i
l -

B el S AAVEVSRAS U Y

v

-




- 80 -

too fast, color constancy cannot compensate. Color constancy relates to
color memory (a psychological phenomena) [72] and is such a common
experience that we tend to take it for granted. These functions take
place in general viewing conditions of day to day life experiente. But
how much compensation could be made by a critical viewer in nature or
the museun visitor who looks at color and its relationships for
communication? The eye/brain do not behave like a‘ camera, but if we
record a scene with color film which is responsive to different color
temperatu;res, Ehe change of color is apparent. Thjs change migh't’ be
insignificantcté» the passer-by but not to the artist viewing the scene
with critical eyes. One ¢can imagine these scenés, a) the snow which is
1it by both the sun and the sky (seen as white), b) the snow in a light
shadow (seen blue if one pays attention) <¢) the snow under the tree
mostly in darker shade (seen as darker blue). Due to color constancy,
color memory 'and color adaptation, ip all locations the snow is said to
be white to the skier coming down the mountain. A person who pays
attention is aware of a tint of b]ge in the shade and a darker blue in
the trees, which is the case in museuns. The viewer is aware of colors,

he/she has come to see. The design should provi{de the 1lighting that

makes the viewer aware of the color, even if he/she tends to ignore it.

Celor constancy, is useful to a certain limit but should not be taken to

extremes.

[V
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3.4 MEASUREMENT OF COLOR

The C.I.E. chromaticity system, correlated color temperature, color
rendering index and Munsell are some of the methods used in measﬁring
color. These methods are discus§ed in Appendix (2). Color teniperatqre !
in evaluating museun lighting will be briefly defined in the following

section. -

3.4.1 CORRELATED COLOR TEMPERATURE

Color temperature is a'specificatidn of chromaticity only and does
not express anything about the SPD of the source' '[70]. Two sources may
be plotted very close in the color temperature locus but have totally
different SPD curves. Plate 3.4 illustrates spectral distributions of
different color temperatures. (For a basic discussion of color temper-

ature see Appendix 2), - .
. y .

In museuns, the measurement of color temperature indicates the
effects of all the color sources :on the objects in the actual visual
environment. The mixing of two sources (daylight and inéandeséent) with
different color temperatures gre not additive ie. the two C.T. cannot be
added.  The séurce with a higﬁer intensi.ty'has more G‘inf‘ruence on 1':he
reading. The §PD of sources are aflditive and are a better indication of
the color properties of the combinéd sources. Table 3.1 shows the color
temperature readings taken at museums studied. One fimis targe vaﬁat-n

fons in measired color temperatures in daylit spaces which raise. quest- .

fons as to the effectiveness of color constancy and ‘color “adaptation.

’

>

.

)
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Table A-2.1 1illustrates the color temperature of common museum 1light

sources, It is recommended that a C.T. of 5000 K be pfovided in

Omuseuns (51].

The color rendering index is defined ?n ‘Alppendix (2). The key
element in the definition is the (CT of the unknown sc;urce compared to 2
known (CT referenced source. If the CCT of the ;ou;ces to be compared:
are diff,er:ent. logically, the CRI has no meaning. Thus one cannot -
compare the (Rl of incandes::ent and daylight sources. In certain

galleries measured in the field (Plate 3.1), the CCT varied greatly.

Thus the CRI will not be a useful concept for daylit museums.

%
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Plate 3.4 Family of Planckian distribution curves. [71]

. TABLE 3.1

Color Temperature ('K) Measured in Museums Documented.
(See Table (A.3.1) for C.T of Common museum sources)

!

C.T. (°K)
Museun »

Min. Avg. | Max .
Johnson Museum . . 3000 4200 8000
Museé d'Art Contemporai 2800 | 3000 3400
American Galleries 3100 | 3200 3700
Istamic Galleries " 3000 3700 4200
Everson Museum 2800 - 2900 3000
lehman Galleries ¢ 3000 /3200 3500
Montreal Museum 3000 3100 3100
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3.5 COLOR OF DAYL IGHT

Museum objects, paintings, carpets and scuiptures demand lighting
which expresses their true color. Color depends on the lighting source,
museun objects and museun interior finishes. The 1ight source shou]d
have the widest spectral distribution, in order to provide the viewer\
with a tool to\see colored objects. The question to ‘be asked: is the
color of the source important, and if yes, are wsa trying t'o reproduc e
daylight?  The answer to the first question is obviously yes, since
color has been used by artists under daylit conditions. The answer to
question two is also yes. We are trying to imitate day!l ight‘becéuse alil
existing artificial sources are compared with daylight for evalt;ation as
seen in Chapter 2 (some are more different such as inc andescent and some
are less different such as daylight f]uor:escent). It has been stlressed
many times throughout this study that daylight is our benchmark for
seeing color. To reproduce daylight artificially in gallery areas is
not economical . and has not: been techdically developed sirgcel its
continuous spectral distribution would require artificial light sources
filtered approximately to 5000°K (ndtural white 1igt)t) [51]. By combin-
ing cool-white, deluk fluorescent 4300 K and daylight incandescent
lamps 3200 K in the ratio of approximately 4 t4 i, a color temperaturﬂe
of 4200°K can be produced [1] [35] which is still below the recommended
1evel. ‘nn"s could be achieved if one has to cut daylight for some
obscﬁre reason and ignore other qualities of daylight, but the question
is if we can have something at our disp;)sal why try to reproduce‘it,

although it could be done with limited success. "The true presentation

)
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of a painting painted under north light would be to show it under this

1ight."{10)

»

!

It is stated that under low levels of light the viewer is more

comfortable with a low color temperature [51]. We do not have to lower

ke o e =

the light levels at all times; besidzéther reasons, colors gradually

— become more and more- -desaturated as t

¥ \

range of 10-1000 lux [50]. "Nhen\\:le have to reduce the light level from

level of light is reduced in the

an aesthetically desirable 1000 lux to 100 lux or lower, to preserve an ‘

object, there will be a loss of discrimination of color in the order of

| 20%." (11)

The measured color tempera?ure of mus:.euns studied, illustrates }hat

a combifation of day,ligint with incandescent 1light can produce the g

| desired color temperature, since daylight is reflected and transmitted
and U.V. radiation is filtered. An sunny days daylight alone results in

’ a very good color response (5000 °K to 6000 °K). If only artificial
light is to be used,; the incandescent source must be combined with a
fluorescent 1light. The color of finishes in the gallery play an #mport-

ant role in the resultant color temperature of the thtir.lg system.

i

This is experienced clearly in the Amgrican wing of the Metropolitan.
Daylight (clear day) of 16000 lux in the exterior is transmitted through
glass ‘combin/ed with incandescent spot'light,s, filtered through a
laylight system producing a color temperature of 3600 'k, which is iow
for a daylit space. This is due to the fact that the warm color of wood

floors is reflected on the wall to the height of 6', Plate (3.5), plus

A
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the color temperature of wam incandescent spot lights. Therefore the
color -temperature and spectral power distribution of sources should be
considered in the context of the whole visual environment. The SPD of a
light source should be ;s close as péssible to-that of daylight and also
the final finishes of the space must’ be considered at the same time,
along with the spect'ral/ power reflectance of the objects Dexhibited. The
full color spectrun of dayl’ight‘ provides the possib?h’ty of .viewing

objects as they are seen by the artist.
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Plate 3.5 Gaﬂery 218 of the American wing at the Metrof)oHt‘én Museum ¢ . -
of Fine Ats. The gradual change of color from floor to !
ceiling
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‘ ‘\c n be used to detect the change of color, if any, and—’deterioragjon of

“3.6 COLOR OF OBJECTS

_ (appr‘oxi]mately) and finishes of ‘the gallery must be known,

I

I3 . \ Q\ ‘\\ s ’ A’ ‘ ¢

4 An objecf's color is defined™as the color of the light reflected by
the object when it is illuminated by a standard light source. Object

color is due' to selective reflections. The properties of an abject's

- 13
_pigments’ determine the process of .color absorption and reflection. ’

\
Platg (3.6) illustrates the reflectance vs. wavelengths.of three colors.

4

h :
Color at any point on a painting can be measured as a spectral

v Q . '
power raflectance, td produce a curve showing the energy content of

reflected lighfﬂ from the painting. Two methpds have been shggested:\ )

N

measuring the, complete” spectrum at chosen points on paintings b)* -

measuring the reflectance of the whole painting (points are measured And
averaged at 6 wavelengths s'baced through the visihle region). Plate
) [ ) L, . . . . .
(4.7) illustrates the rt}ef’lectmn cug‘ve of zinc oxide pigments and their

strgng absorption of ul}raviolet 1iéht.

7 [}

@

The spectral reflectance distribution of paints on the .paintings
. .

wbnks of art.” The spectral power distribution of light sources used in

museuns, the spectral reflectance distribution of paintings and other

objects and the perceptual r;fechanfsm of the eye \are the deciding

elen;ents of color perception and changes of the object overtime. There:

fore in designing lighting for a gallery, the yg‘ualit_y of objects
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3.7 CONCLUSION . L ¢ ~

/

~

1. There is a‘direct re]ati.onéhip between illuminance (100 lux to 1000
“Tux) and the perception ofxcolor. C}]or discrimination deteriorates as
the 1_Huni.nancé is lowered [66].. Thus there is’ an important trade off
between 'cc;lor .discr'imination ahd' gotentia]_ damage as :eb;t':\d to
‘ﬂ]uninar'mé Yevel. Filtering of light is’ crucial to optimizé _this

condi;ion.

. ’

-~

2. Modeling or the ﬁiréctional ity of illuninance affects the percept-
jon of color due in part to veiling reflections from surfaces. When lit

’

by a diffuse source, colors look darker and moré saturated.

3. Colornterﬁperature (CCT) and the jPD of sources and objects ‘should -

be ideally specified'\bgfore any judgément ’caff be made regarding sthe

color of the works 3f art.

4, %The color qualities of the sohrce are one of the importi‘nfc factors
to be considered a*f the d;zsigﬁ-stage. If daylight's color qu%Hties are
desired the ‘co,(n\ceptual design should- provide \for correctly located
openings, Chapter (5). The visual enviromment i desi'gned as a whole;
the fini,she»s, the propor:tions, the quality ot works; exhibited- and
finally the source.of light are part of this visual enviromment. We can
depend on the viewer to take advantage of his/her natural abilities such
as " adaptation, but' there are 1limits which mn,:st be recognized.
Mismatched color sources caused large variations in color temperature in
several visited galleries‘&(See Chapter 6).’
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5. The Color Re?'dering Index has no logical meaning foydaylit' museuns

i

with mixed stf\ﬁgess giving a varying CCT. The perception of color is

more complex than can be described b! a sigg1e number,
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. | . CCHAPTER IV, N

-~

DETERIORATION AND WORKS OF ART

- . . . . a ™~

v 4.1 -Irm\ooucnou .

£

b In ci\a'pter one we congluded that museums have evolved to be multi .

4 a

functiona]l institutions and it was pointed out that communication and
con.servation are two of the most important functions. - The two functions
‘ are related and often inuc'onf’lict. The conservation of works of art
should take ;phic in order to proviqe for long 1astirfg; communication.
Oon.se.r»v’a’ﬁ’bn\h‘ai’b en considered important for over a century in order

to repair, maintain or to avoid deterioration to the works of art.

Deterioration - has become ‘an unavoidable 'fact, since the only way to o '

—dax‘mid—wwt‘s—by—sw#nq—the—mm—eLaﬁ—iH%aMe— -dark-—controtled———
enviromments.  Althodgh extensive relsearch in deterioration. has been- ‘ e
60ne, particularly 'by conservationists (see Chapter 1), the problem in
relation to other factors involving the viewing of the works of art'in

museun building design has not been considered.

This study attempts to clarify the issues and show the inter- -
#  actions. In this chapter the causes of deterioration, the types of

deterioration, the process of deterioration due to light (espéhiaﬂy ’

Daylight), the measure of deterioration in relation t6 museun objects
and finally ’'the possibilities of minimizing deterioration, are

discussed.
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4.2 DETERIORATION - v

¢ s

\
|

/ Deterioration is defined as the degradation of a material at a

.

certain pace, and leadin'j'.to a “partial or total destruction of that
material. Deterioration takes place in three "ways: 1) Natural 2)
Mechanical 3) Biochemical ahq Microbiological. Natural deterioration

usually takes place‘as a result of the presence of Hdht and other air

ations -are due to bacteria and fungi. For the study of 1ighy in muséums

we only need to be concerned with natural deterioratio Nevertheless

the possibility of the other two types taking pldce in a museun should

not be ignhored when deal ing with museun environments.

-~

' Light shows the characteristic preferties of

v

both waves and
‘ . 7 '
particles. Waves of light carry particles of radiant energy called:
. (J’
photons: E = hv, where h is the planck's constant, v is the frequency

of light, and v = L , where C is the speed of 1i\ght, and A is the

A , — )

Cwavelength. Therefore E, the energy of gam‘n; is inversely}' pro-
' 4 o .

portional to the wavelength [5]. As the wavelength gets ~ shorter the

photons possess more énergy. . ;n order to cause any reaction on the

N

\ . material, the radiation should be absorbed by the material.
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4.3 DETERIORATION DUE TO LIGHT

‘Déterioration due to the described energy of . Tight could be of
three Kinds; 1) photdlysis 2) photoox idation 3) thermochemical [11].

- i

4.3.1 PHOTOLYSIS

X

'Photolysis is p}imarily‘ caused by the breaking of chemical.bonds
~ between molecqles. Light provides‘ iﬁe activation energy for excitation

and \breakage of molecules. \The excited molecule may then lose the
absorbed energy by 1) heat 2) the emission of radiant energy in the fom
o% ﬂuoresceﬁce [131]. Light excitation, in some cases, can promote the
rdpture of certain bonds forming free radica1s.' The rate of photolysis
reactions are often;direct;y proportional to the intensity of the
l'gght. ,In addition, photo ' induced reactions are dependent wupon the
‘penetration of visible - ultravioTet radiation into the pigment. In'a
thick pol ymer layer the surface 1ayer-'s act as a prptective coating for
succeeding inner po}tions of the sample [16]. Therefore, the process of

. [
deterioration is very slow and is related to the intensity of 1ight and

the qualities of the object. . X s

s

For example in a po]y;ner substance, the Bhotd]ysis will cause a
décay or depolynerizati;)n 615 the polymer, Suppos'ing the material has a
chain polymer, -A-B-A-B-A-B, the activation energy must be equal to or
large;* than the energy required to break up’thé connltéction -A-B- in the
molecule, so it can lead to a total breé&age of bonds and depolymeriz-

ation. ' .

a
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We have seen that the energy of a light photon is E = ﬂ; . For

f

example one can calculate vd\ut wavelength of thi would be able to
'break\ a2 C-C bond. The" energy -requili'ed to break this bond lies between
' 58.6 x10° cal/mol and 80 x 102 cal/mol [5). -

~h

6.6 x 10 =% erg—seé

3 x10*® em/sec

\ , * c

m ( Avogadro number) = 6.03 x 10%° ‘ .
1erg =24 x.10° can ' / ‘

_ he

A= 3 .

A =6.6 x 10027 x 2.4 x 10-® x 3 x 10! x 6.03 x 10?3
’ 958.6 x 10%) to (80 x 10%) .

'
2

A Jies betwgen 486 rm‘,anq 358 nm or any wavelength shorter than 486 nm.
can break. a C-C bond .\ Thérefore once the requireci energy to brea'kwihe .
bond in any material is known, the wavelength of_th-e light abie to break.
this bond can be found. Tis range lies partly in the ‘vis-i\ble spectrum.

Other bond -types will have‘tﬁeir characteristic wavelengths. * &

. M - 3
.
. ,
. . . 3
, ) . .
R ) K]
. N &
. . v
] - e X

N eI . ¢



e ey e e o .

e e o e e O Ny 4 Ve

-9 -

4.3.2 PHOTO-OXIDATION /!

\

, o '
Photo-oxidation is always induced by light in conjunction with air’

. content. It can be defiﬁed as light induwed ‘burning,' < due to the

oxygen and watet vapour content of the air./ Oxygen in the air can cause
oxidati‘ve decay of the polymer material. The acttve oxygen, with water
vapour will form hydrogen peroxide, which causes decay. For example
considering. a dyed cloth, the oxidati;e ,décay process has primary

processes and secondhrx processes [5]. \

_Primary process: a) Excitation

HD (dye) + hv (light) - HD* (activated dye)

L. b) Transfer

HD* +.02 *+ HD + 02* (activated oxygen)
Secondary process: 02* + 2H20 + 2H202 ' (hydrogen peroxide) '
] H202 + cellulose * H20 + oxycellulose "

or. H202 + HD + H20 + HOD (decayed dye)

Plate (4.1) illustrates the trace of the activation spectrun of a
phythahc polyester resin (note the peak at 325 nmm). The energy
required for photochemical determratmn can be much lower than that for
photolysis. It takes place with light of very long A, almost ‘into the
I.R. 'region (1200 nm wavelength) . ‘Since the energy of the photons is
related to the wavelength, there is no threshold of the intensity of

l1ight below which photochemical reactions will cease to take place.[5].

Y
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Microphotometer trace of the activation spectrum
of a phthalic-maleic polyster resin, showing peak
of photochenmical deterioration at 325. [5]. -
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4.3.3 THERMOCHEMICAL DETERIORATION

-

Thermochemical detemoratwn is caused by the regwns of 'hght
wh1ch contain less energy, such as I.R. y 700 nm - 1200 nm. The heatx,ng

effect of this region causes detemoratmn in visual appearance (shédes

of‘cplor) and embrittlement of the material. Plate (4.2) illustrates ‘

the weakening of fibers occured due to the thermochemical process. The
. .

pr:i'marxefﬁects of heat are drying and speeding ub of deterioration.’

© Exposurq to light - I\R) ‘causes embmttlement which wm lead to.
crackmg, breaking and other permanent danage [47] Th1s proc?s? is
- also a function of .relative hun1d1ty and the” rate’ of a1r' change in the
museum, Therefore in- evaluatmq sources’ of hght' the ‘I.R, content
shoiﬂd be cons1dered Conservatmmsts tend .to . ignore this prob1em and

concentrate on u.v. content [11]
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S apparent until after cleaning). [70].
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‘Plate (4.2) The two effects' pf UV and visible radiation: colour change

and weakening. The chan

ges have occurred predominantly on

PR - the edge of.this cotton curtain where it was turned to the L

1ight. Whéreas the black dye has been bleached though its
E textile support is still strong, the yellow dye is unchanged

but has passed on the absorbed radient energy to the tgxt-

"y ile, tausing its destruction. (This destruction=wasF not
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4.4 MEASURE.OF DETERIORATION o+ A

s . s

»

By knowing how the deter texation process takes place, one, is able
to measure the changes in the works of arth which, have occured as a ,

o G -
résult of deterioration. Thissshubject is very popular with conserv- ,

+

ationists but unfortunately practical - studies to relate _to actual
! 4 - > )
museun’s functions have not been done. As was explained deterioration

takgs place-primarily due to*U.V. and secondaridy due to visible light

. © .
and 1.R. These regions exist in all museun light sources, in different

LY

‘ﬁegrees, but most studies have looked at thesé sources in isolation ang
\

not as part'of the overall lighting systems and visual environment.

. <3 Al
4
¢
bl

In order to note any objective changes in the"c;]/m of a painting,

spectrophotometry has to Hbe, used.' The éhift in? spectrophotometric

B
{ .
curves can be used to - distinguist changes a) that.may be due to the

principle sorptiom band of «the pigment and b) that come about through

.. alterations in the tolor of the  vehicle (mi'xture).

> 7 Colorimetry can be'u‘lsed (to detec£ changes in coTofﬂ.' Units ‘of co]br
*ﬁ'dif'ferencgis which correspond to the ability of the human eye to detect
slight. differences in coior‘are used. This method is subjective, and.
accuracy is -l i‘mited;,to the ability of ihe hunan eye. Duration in time

is the main problem with any practical study.
4 ’ .“ - N - «
N | :
Spectrophotometry has some serious 1limitations in its use.. For
example sintfiyco]ors of 031 paintings change ver:y slowly, accuracy is

!

Timited and problems such as: a) thé calibration of \in\strunents is

-
n( -
.
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a’]tere'd duroing the time (at least 10 years)_that deterioration ta!ges
-place and t_>,) ;'epositioning and aiming at. the sam; spot i wvery
difficuit t?]. . ﬁ I / -
. S g |

Althowgh it is difficult to measure, deterioration does take place

and has been proved 'through time. Plates (4.3, 4.4) illustrate the
éhange in the cqior of pigrpents Ldue to light. Spectrop;hotometry is the
most .viable method among exi%ting methods i.n judging the effect of any
lighting system, before any damage is done as will be shown. We have to
account for a) the U.V. b) the visible ¢) the I.R. radiations preset{t in
the light. Two methods have been used ig measure the rate of poésib]e

danaée or the need 'f'or remedy (U.V. filters). Both mefhods take U.V. as

their prime concerns;

The first method is the Crawford U.V./Tum m-om'tor. This device
indicates the rate of U.V./lum in‘light. The dial indicates the reading
by f’lashimj the two red tamps. It is suggested [27] that the readin‘g
should not be more than 75 wW/lum which is the U.V. content of a
'Eungsten lafp; if it is mbre than 75, .U.V. filters sho\u1d be used.
Knowing the illuminance, we ¢an find the U.V. content [77]. The con((:ept

of U.V./1un is logically absurd since by definition a lumen is a measure

of visible flux. Thus the U.V./lum will always be zero! One cauld

-

describe the U.V. content for the total radiant flux of which a portion:

- is visible flux. In any event, the Crawford method was found through

/ .
field studies to be erratic and unreliable despite its common use by

conservationists. .

4

¥



Plate (4-3) Detail from the
edge of a Madonna and child

G. Signorelli (1441-1523). The
frame has protected half of a
small plant from the light, so
that, it has remained green.
The exposed half has turned
dark opaque brown. [70]. °
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Plate (4-4), Landscape with-sportsmen and game by Adam Pynackner
© (1624-73), detail. The large leaves, now blue, in
the toreground were painted with, blue underpaint,
glazed or mixed with yellow, looking green. -The
. ‘ yellow glaze has disappeared 1eaving the blue. [70].




~and museun 1ighting:
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:lhe second method was put- forward . by T.S. Harrison “in- a very

detailed study, prepared for the Metropolitan Museun of Fine Arts [1].

The Hérrison damage factor is well respected by museum conserv-
ationists. The aim was to study four factors concerning deteriora‘tgion

‘-

. RS
1. To determine the radiation hazards of the respective energy

. bands, both visible and invisible whjch are produced ljn sources
of natural and artifical light. ' | *
2. To determine the relative energy values of all such 'baLds
which are emitted frc;m light sources as they are specified
to be used in the Metropolitain Museum: a) sunlight b)
‘clgar skylight c¢) overcast skyiight d) incandescent 1amps
e) fluorescent 1amps. - .
3. To interpret the forégoing determination in a manner useful
for‘galler_y ng,lt»ing design
4. To investigate practical means and methods for redi:cing
' such risks of damage as might be found to exist. T
The study was aimed at these four factors but it was based on aséunpt-
jons, not applicable (‘as~ will be shown) to actual museun 1ighting, and

-
did not accomplish its objective number 4.

~  The D/fc rate of damage per illuminance is produced for each source

which can be used to compare sources in terms of index of exposure. The

basic formula used for calculations.is [5]:

\j

J""“’""‘m,ﬂ" .
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N s

D/fc = LHy D, B8/ LH, Yy 8,
0 ’ o]

H, is taken from the spectral_ power distribution of sources as was dis-
cussed.in Chapter'anee. Table (7\-4.1) 111ust’r,;ates the value H, for

~N
various sources at 20 nm intervals. )

{D)"is the re]ative\ damage factor of various wavelengths. This
factor is taken from studies Pperformed Q)y the National Bureauv .of
Standards (U.S.) to detect the rate of ‘damage due to eagh wave‘length‘ -
(300 to 640 nm) on low grade paper Table (A-4.2). Most ;)f the museum

objects are more resistant to light than low g‘rade paper.

|
'

4, is the wavelength interval (20 nm). Y, is the luninous effic-
iency of radiant energy at each wavelength for the average normal eye or
C.1.E. standard observer. A number of glasses and filters are examined
to find out the D/fc of transmitted 1ight. Table (A-4.3) iHystra;és
the spectral transmittance of these materials. MNote that Corning Novial .
0. and Plexiglass LPC - 518K éo not transmit any ray below 400 nm. The .
details of calcu]a.ting D/fc for a zenith sky 1light and a zenitr_u sky
Hgtit;\fﬂtered through Corning Novial O gla'ss are il]t;strated in Table
(A-4.4). " Table (4.1) indicates fhe d/fc of,§ources under 'study. The
D/fc for a zenith sky 11000 K is 4.8 and assumed to be 100%; other

sources are tabulated as a percentage of this source [1].

[ €3 4
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\ By studying this Yable we find out that for an incandescent lamp,

the D/fc is 0.136 and for 3em‘t/)4 sky it is 4.8 or almost 40 times as

much. - Béfore reaching any conclusions we have to notice that:

" -

1) Average muse(m objects are less sensitive to light than

low grade paper. . :
7

2) All deterioration studies are performed with the source in
isotlation and not' as. an’ integral part of the visual

environment. Therefore direct rays are considered and not

inter-reflected light. <9
v 3) At the beg.ining ofh the report, it was suggested that in
daylit galleries with sun louwers, the average annual
) valuves (based on measured and predicted values) to be
considered are: : )
Hor1izontal Vertical (35% of horizontal)
169 fc 59 fc
1 , In calculation, 1t makes use of the source and .
-* ‘ ' | suggests a standard source (sky ;‘sun) of 8000¢.

4) Considering the foregoing, by ex.amim'n'g Table (4.1) we
see that the D/fc for a zenith sky transmitted~ through
U.V. filters (i.e. Pittsburg Laminated X-ray) is 0.134,

which is dsually the case since U.V. filters are always

T e SRS ) 20
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_ . . ’
* used with daylit galleries, whereas D/fc for an incande-
scent lamp is 0.136 or 0.147 for fluorescent (4300 °*K)
- through plekiglass LPC-518 K." This comparison suggests
that based on the study daylight can still be used 5%

g having the séne effect as artificial 1light on musebn

objects. v

4 . ” .
\\ ‘ ~ The use of da;ﬂigbt is discouraged by cohservhtionists,'bfﬁmarily
\ | due to its damaging effects (U.V. contént). This conclusion’reveals._
that the danger due to daylight is not as high as suggested, or "at least
not much higher than that of any other source. On the other hand the
analysis of data taken in actual museums illustrates the high 4ev%1 of
\\ : U.V.content in all museuns, Table (4.6). The U.V. content is a_qu& tog—gj

\,>( \ live with and it oply can be minimized. In dis&ussiﬁg the deterioratipn"

of museum objects and evaluation of iight sources, the control- of Tight
- levels, the control of U.V. and I.R. and the quality of museum objects

oshould be considered.

R AN ot
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' 4.5 LEVELS OF LIGHT .

Museun conservationisis propose Table (4.2) which expresses a-

maximum ilTuminance of 50 and 300 lux, depending on the sensitivity of;
materials. Since deterioration is proportionate to illuminance and time
of exposure, then the dyration of exposure is an important factor

[26][105][14] [70].
ILLUMINANCE (LUX) X TIME (HOURS) = LUX HOURS

_ghigmer words 100 lux for 10 hours has equal damaging effects as 50 lux

1

for 20 hours, which is equal to 1000 lux hours.

.o

Required illuminance levels that have been suggested do npt affect
the lighting designer, since the\]ighting designer is not prov%ding a
maximm level of light - as it is believed to provide better working
conditioﬁs [23][122]. One stu&y in the U.S. revealed that peoplelwefe
comfdctable in mugeuns that had 100-200 lux light [104]. Table (4.3)
illustrates the il]gninances measgred in functioning museums. It is
that actual Tlevels afe, on average, higher than the Spggésted

b
values by conservationists.

-

The comparison of these two sets of data make it clear that the
suggested values are nothing more than subjective feelings of conserv-
ationists. The level of illuminance (lux) is not an important criteria

in museuns as in other building types. "Once one understands that the

4

brain analyzes and perceives the entire visual field, and not its -

individual aspects, the irrelevance of single parameter numérical

criteria such as foot - candle levels is immediately apparent." (12).

..
et
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) ITluninance| IES
Museun (bjects - (Tux) (Tux) 1ES * o
[122]|Lux Hrs/yrq
1 | Extremely sensitive material 25-50 50 | 120,000
2 | Moderately sensitive material 150 75 130,000 .
3 Leasé sensitive materials 300 - -
' TABLE 4.2

Recommended I11uninance levels by Conservationists, and IES for

different Museun Objects [71

. Assumes (lux) (8 hrs/day)

I
x 300 days/yr

¢
x*

Iluiinance (lux)
Museum -

— Min. Avg. Max .
Johnison Museum 325 750 1330
Musee d'art Contemporain - 210 | 285 400
Mmerican Galleries ‘ 280 | 400 | 600
Islamic Galleries 150 210 300
Everson Museum 32 95 200
Lebman Galleries ' 250 350 400
Montreal Museum " 140 | 205 | 240

TABLE 4.3

I]]unjnaince Levels (tux) Measured in Galleries Documented
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Conservationists suggest an optimum level of light for muséums. It
has been uo}lc)uded that when we reduce the illuminance level from 1000
Tux to 100 Tux or lowev:, to preserve an object, there vn"ll be a loss of
“discrimination. On the other hand it is stated that "while performance
improves as the thting-‘level ‘is raised, the improvement even for the
smallest 'detail. is not very considerable above about 500 lux." (13).
Therefore the levels above 500 Tux and below 100 lux are undesirable for

optimum visibility,

~

The museun object is the deciding factor in terms of what level
should be provided. Very sensitive material should be il1luminated 'with
low levels in the order of 150 Tux. In this case since daylAight
%ﬂtered apd reflected to this level is very "cold" (hi‘;I:"colonr
temperature), it is preférable to use artificial 1lighting for’ viewing
the objects. Very Tow levels of daylight can be used for ambient
lighting, as is practiced in the Istamic Act Lallery of the Metropolitan
Museun. Sensitive materials such as works on paper and tapestry are
exhibifed in" an average illuminance of 150 lux. The general lighting
level s kept low and more interllse light is concentrated on the exhibits
for. 1imited periods. The white washed skylight and high ceiling along’
with spots provide the desired environment. We can conclude that the

average museum object and overall 1light level in the enviromment should

" be approximately 250-350 lux which will be taken as a bench-mark. The

»
exception is for very sensitive materials which should be 1it with the
combinations of artificial },ight and natural light below 150/ Tux or
nonsensitive materials which could be 1it with high levels.

S ANHYE., WK A aH Gond iRl
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Numerous me’tpods are available to '?-ed\uce daylight to desir"ed levels
as will be illustrated in Chapter 5. The geometry of openings, mater-
ials and louver systems 4re some of the opgi/ons Qpen' to designers.'
Lpuvers have been used'extensive1y for many purposes s‘uch as avoiding
glare, besides reducing the 1light ‘level. The amount of 1o‘st light
varies according to the depth and slope of the louvers. The only useful
statistics are records of daylight transmission in an actual situation

before andfaffe(]ouver‘s have been inséa]led.
\ : . ' .
It is easier to control artificial lighting. Although strong spot
1ights produce.very high levels of 1light on the abject, S:e general
illumifiance Tevel is kept low. Fluorescent 1ights are usually used to

rep1ace. iiayh'ght or to make up for lack of daylight on c1ouby days.

The gossibﬂity of controlling levels of daylight and even b]otking
it during closing hours’provides the required condition to use daylight
ds desired. This has to be considered at the éarly sfages of c;esign
since the choice of hardware is limited and the“\'geometry of openingé

(1uminaires) are important (Chapter 5).

Because daylight lasts for 12 hours at the equinoxes and up to 16_

hours for- Qtreal ’at the so]sti’ce, daylight luminaires can cause ~

exposure during non gallery hours. Thus any daylight system needs to be

controlled to function only during opening hours. Small aperatures

o

allow easier control than large skylight systems. -

| /

=

)
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4.6 ELIMINATION OF U.V. ~ ° ¢

Studies .were conducted and the U.V: content of various Ssources

were measured during field studies. Using the U.V./lun as defined on

. Page 101. Table (4.4) illustrates the laboratory values measured with

sources in ~isolation. Table (4.5) illustrates the quantity of U.V.\_
measured on site in galleries. As ‘indicated in gal]e'ries w?th daylight,

the proportion of U.V.. is far less than su@;gested; since the theoretical -
values considered daylight before enter'ing the space and béing.
rgﬂected. Even when consider;ng theoretical data it is stated that

once the density of light is reduced to between 250 lux and 350 Tux the

damage 1is of little signifi‘cance if the length of exposure is
minimized. In reference to comparing the U.V. content of di~fferent
sourees D:ﬂ Ne'eman states: “Here again bne may Jjump ,too quickly to the
conclusion that electric light .should be ove{rwhelming'ly preferred ‘from

the pm:'nt of vjew"'of conserving the artifacts. Howevér, this is trug;y

only fn extreme cases with very sensitive materials.’ In most cases the‘
overall dosage of U.V. radiation even with north sky daylight stays .
below the permissible maximum exposdre to ultraviolet radiatioln" (14).‘ ‘
ifj,l,ters can also be used to cut near U.V. radi;tion for extréme]y
sensitive works of art.  Nevertheless damaging wavelengths cannot be
filtered out without decreasing our perception of the correct colors. 6f‘l, '

. Some U.V.

\

displayed objects, or our ability to view the art works.
filters cause yellowing effects to the 1light, but do not créate “any -~

[;roblem in viewing colors. Since some damage occurs through, visible
. ’ . ’ ( .

. L]
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' » «
.Ultra violet content, per lumen of visible 1ight, calculated

from data taken in Museums documented.
. D el .

4

( o
‘ Blue sky at 15000°K ' 1§99ﬂ~JN
Q]oudy to overqast north sky 800 ‘
~oirecc«mvr// 400
Fluorescent 1amps 40-250
. P 1ips .37 i 40
* | Tungsten - iodine through glass up to 130
Normal. tungsten u -60-80 .
TABLE 4.4 A
’ Microwatts of U.V. per Tumen daylight and' artificial sources [77]" ¥
. . . - [U.V. content (U.V./lum)
- Museum —
. ' ‘Min. Avg. Max. .
1 | Johnson Museun 200 | 380 | 500 .
RN 2 | MGSEE T art Contemporain 19 | 59 | 47 o
/ ‘American Galleries 57, | 45 | 330 A
K 4 | Islamic Galleries . 150 | 185. | 240 ,
| 5 | Everson Museun 123 | 170 | 400 :
6 | Lehman B3 leries 64 60 | 80 ‘
7 Mon}rea] Museum $50 . 43 50 2
' R i
. a = ;;
w - §
\ TABLE 4.5 - y :
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. the.concrete surface cuts up tp 65% "of the U.V.. This is due to one

Ao

- . P -

. - 114 - I

light one has to live Awith this factor, or lock the works up in a dark
Ry ’

basement. . . . 0

e \
The!U.V. content of any light soufce can be eliminated by: 1) trans-

mission through 'filters 2) inter-reflection of a U.V. absorbing plane.
U.y. filters uSually have "a gharp cut-off at about 400 nm [2]; The

ideal filter would have a vertical cut at 400 nm but nevgrthe]es; most

. futers have 1oy{&~ansmiésion at shorter wavelengths [61[12]. Radiat-

= ’ . © T b

ion ‘below 280 mm do not *reach the® earth amﬁ}ordinary glass cuts ahy
[ < * N N

radiation less than 300 nm Plate (4.5). The stability of the filter is

very important and should be checked often, as it wears out with time.

. Plate (4.6) illustrates a sample of U.V. filters with their respective f'

spectral transmission curves; many more are available in the markeg..

e £ , 1 v
'Interfr:eﬂ:ected light frém certain materials, which have high

absorption in the U.V. region, is free from U.V.. Litt‘1e reséa_rch has

been ddne in this area .and not many such U.V. absorbing materials are

3

well known.
below 400 nm Plate (4.7). Exposed concrete is very absorbent in the

u.v. région. This was experienced in the Jerusalem Museum- of Fine Arts
-

but no graph of its performance is dvailable *[33]. In the Johnsoﬁ

' museun the readings: of U.V. fallipg on the concrete surface and reflect-

ed from it were measured during the site visit and it was concluded that

>
; "
s

a »

Zinc Oxide paint (white paint) has very high gbsorption /

-

>
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reflection; we can expect that all the U.V. content will ‘be eliminated '

_ due to multiple reﬂgct‘ions from a concrete surface ie. .353 = 0.042

reﬁaining.

Table (4.6) illustrates the U.V. content measured in galleries

docunented. The values are above the recommended level (4.5 mw/mz)

[71]. These values are analyzed in Chapter 6.

T~

~
U.V. .- m/m*
Museum

Min. Avg. Hax.
- Johnson Museum n 160 200 260
Musée d'art Co'ntempo’rain" 4 17 19
American Galleries 160 180 200
Islamic Galleries 36 39 4.6
‘Everson Museum’ 14 17 32
Lehman Galleries 16 21 32
Montreal Museun 7 9 12

" Ty

! L

TABLE 4.6

13

‘ - . . (
The ultra violet content (rm/mz) measured in galleries ‘documented

B n e i e e e i e n £
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4.7 MUSEUM OBJECTS

N

.

Plate (4.8) illustrates a list of museun objects and their relative
sensitivity*. Sensitivity is importapt due to the above stated factors:
in the manner in which radiation would react to the pigments and the

spectral powerareﬂectance (or absorption) of the object.

~ According to the degree of stability to light, museum objects are

divided into three groups;

1) Higt;h light \stable matéria1s such as: métgls, stone, porce-
lain, ceramics, glass, enamels, part of minerals,
2) Mderate light stable materials .such as: paintings, waod,
bones. ) |
. 3) Low light stable mater%a]s such as: paper support - water

colors, textiles, dyed-leathers.

'l"herefore when we consider artificial tht%ng we also have to study
the spectral power distribution in rel ation to the object's cha;\r;cter-
istics. Forﬁ exanple ashillustrated in Platg (2.2) the SPD ‘of'fluorev-
'scent lamps have very higﬂ energy peaks at certain Wavelengths,;.and if

the object has high absorbancy at this wavelength, deterioration %wﬂi be

!

1
!

* Sensitivity is defir:ed as. the strength of fnolecu1ar bonds Jof the
‘matter, the weaker the bond, the more sensitive fs the object, ‘

|




GROUP 1
Extremely Sensitive '
Textiles
Papéer (works on paper) ~
. Dyed leather
oy
" Feathers

Vegetable-dyed materials

Lacquer

Multi-material constructed objects |

Pigments N particularly watercolor

g

GROUP 2

Moderately sgnsitive
Béne, Ivory, Horn
Cellulosic ﬁxateria]s'
Wood, Tapa, Baskets

Reeds, grass

Leather, parchment, raihi«?e. skin®

Fur | ‘ %

Furniture

Plate (4.8)

t

GROUP 3

[

Least sensitive méteria'l'f;

Metal
Stone
Ceramic

Glass

Relative sens‘it‘ivlity of museun objects [26].

\
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4.8 EFFECT OF HEAT

The other region of spectral power distribution to be c’énsidered'is
the I.R..region of a source. | The study on spectral power distribution
of sources reveal; what proportion of rédiation is in the L.R. region.
Plate (4.9) is the SPD of incandescent 1amps. Thermal degradatw‘oh must
be considered at the same time as 'photolysis and photochemical deterior-
ation. "A measurable and large amount of IR radiation emitteq by
ordinary incandescent 1amps bombards textilés, for example, leading- to

the detérioration of the fibers of the material 'particu]arly‘ the long-

chain molecules in a slow but steady rate as time passes., As Xhe

radiation bombardment proceeds over the years, more and more molecules

are disrupted and the textile weakens and begins to tear increasingly

easﬂ'y, until finally it falls to pieces from its own weight. (15)"

~The I.R. radiation is absorbed by mc);t objects regard]eis of their
"S.P. refiectance distribution. - This is proved by exposing a black and
white surface to an' I.R. heater that emits primarily the longer of
}'adiat'ions. The difference in the heating rate will be very little
since white and black absorb the I.R. at the same rate. The LR. is the
main cause of deterioration due to heat, and ‘temperature rise is
directly related tf’ the illuminance level. Filter;s are available to cut
the I.R. radiation. Incandescent laxqps are the main producers of heat
in the museun environment; nearly 67% of input wattage is emfttgd a§

[.R. radiation. Table (4.7) i1lustrates the different light sources and

their res;')ect‘i've Im/w.  That means if a source is producing 4 as many

-
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; ~ daylight.

heat. For example, a tungsten lamp produces B times more heat than

14
o DI T R

; o
, . ' m/rad.W (In/elect.H) |
Sunlight from which all UV and IR has
: been removed (theoretical) 220 -
h ' Daylight through glass, about - 130 -
| High-ef ficacy fluorescent lamp’ 130 70
N ‘ [
: Low-efficacy (high fidelity) fluorescent 85 45
—%, . . ]a"p T . 'b ) .
. Tungsten lamp with dichroic reflector .
{ (Coolbe am) i - 40 , 12.6
Tungsten - fidlogen lamp 20-25 }5-22
Ordinary tungsten Yamp o Lo 16 12.6
f i . :
:{; I wt - ’
t TABLE 4.7 -
— . Radiant heat and light (Iluhens/RadHnt watt) [35]
* s A ) /
3
: * -
/

].unens’ﬁ/ight) as another source, then it is radiating twice as much -
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4,9 VISIBLE RADIATION

b ' ' ; i

The deterioration process due‘ to visible radiation,is also, of

cor:cern to conservationists [8](9]1[105]. As was discussed the photo- -

chemical process of deterioration, is mainly due to visible radiation.

The. control-of the visible radiation hazard is a function of the

, i]l_uninance level, 1.e. blocking -the 1light at times that it s not

required. Elimination of visible radiation is contrary to the function
of the museun as a place of communication; controlling the Tevels,
Creating contrast and proper modeling are used to minimize the daﬁage.

Table (4.8) 'ﬂlugtrates a comparison made between museun sources, with

respéct to the above factors.

©
o

A i o

B L T -

THRe psaan S SRl Do




[,

T T A W B

A

- 124 -
‘ Lun Effic- Heating " |
Source IT1 Tuninance  iency . u.v. Effect S.P.D.
L Imfelect. W
Lux
(Visible rad-
iation)
Daylight 200 -up . - High Low Full
Daylight filtered 100 -up - Low Little Full
or reflected -
F1 uorescent . ‘
Lamps (D.L) - 200 - . .70 Low Low High in
- ) certain
A, could
cause
h . damage
Incandescent 50 -up 20  No damage High High in
: except for I.R.
¢ quarts
iodine
' . lamps
Incandescent 50 - up 15 ~ No damage Low ' - High in
filtered , " I.R.

¢
/

TABLE 4.8

Comparison of Museum 1ight sources -in terms of damaging effects
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&.10 CONCLUSION - )

. Daylight can be used wi thoh\additional risk as’ éompared to artif-
icial sources, Thy'.s 'only applies to average museum objects that are
illuminated at 1évéls between 2}30 and 350 lux. Very sensitive materials
could be 1it by artificial - sources, and’ daylight should be used for
ambient light. If an object is i11um inated by an incandescent 1light, as
task lighting and the space is illuminated by daﬁight, the damage (if
any) will occur due to the incandescent light and ;not daylight. "An
exhibition case st;ands in a, foom dimly'lit by daylight but the objects
in the case are brigﬁt]y Tit by tungsten lamps. In this manner they may
get most of ?ﬁeir d amage from tungsten lamps* (16) As a result of the

foregoing studies and f1e1d investigations we can state that

1. The damage due to U.V. ‘from daylight need not be ds severe
a problem as feared by the conservationists.

2. The U.V. content of daylight could be.e‘l'_iminated with , i
fﬂters‘ and reflection vnthout greatly affecting the . B
quality of dayhght such as color rendering. ‘

3 The damage due to I.R. content and visible 1light is as
important as daiage due to U.V._rad‘iation. Therefore in

choosing the source of light all three compofents should

- .
ERETOE

be evaluated. ‘ : ' .

4. Artificial 1light can be used for task lighting of sensit-

Y

ive materials, and inter-reflected daylight as agbient

%
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1ighting. “The 1imit of 50 lux however’makes the use of

daylight 1imited and requires special design.

Daylight should be continubusly controlled and blocked

during closing hours to “limit the daage factor. - The

damage factor approach alTows the integration of the SPD,
the objects' characteristics and the intensity of radiat;
ion exposure to minimize deterioration. Th1'§ has not been

-

a common design method.

A1l the factors involyed, 1i.e., 1lux-hour, U.V., I.R.,
cont.roHing techniques, and other factors affecting the

visual environment such'as color (the relationship between

the illuminance and color pgfception, Chapter '3), have to

be coﬁ;e,idered in evaluating light sources in museums.

- \

\
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GEOMETRY OF OPENINGS
\— . ) " (Luminaires) \
-
.. 5.1 INTRODUCTION R 3
{ - ) B | : AN
S A light fixture .is referred to herein as any object ‘or opening
‘\.." _which emits ’Iighti For'~ example an incandescent buylb with fittings énd
% shades is called a light fixture! Since a wim;ow brings light into a -
é o« room it too ig a light fixture without regard td such factors as: the
z ' weather outside,t‘ the position of curtains or blinds and the glass trans- .
{{, ‘- mittance. To be more precise a source should be referred to as the
Y ' light emittiné device in its pure form. For exawple an incandescent
; 1amp without any sh‘;de( of reflecting ‘surfagé is a light source. Day- ll
T > light from the diffuse sky is also a h'gr:t source. In artificial 1light- }
g E —~ ing the combination of fittings, shades, filters and louvers is called a

1&niqaire. By the same analogy, any intermediate means of bringing day-
light in suc:h as a window could be called the daylight luminaire. This
is illustrated in Plate (5.1), where the sun and diffuse sky are the

hght sources and the opening as shown is the Tuminaire.

i
1

. . In this chapter we shalt stdﬁy the des1gn and geometry of lumin-

aires wused in museun daylighting. The theoretical requirements and

‘ o characteristics of'lum‘naires, Jome existing solutions “and means to

E ° -a
4

evaluate solutions will be described.

4
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SUN + SKY (SOURCE)
e 1
i | | |
! | DAYLIGHT LUMINAIRE
l - -
| 40
VISUAL
ENVTRONMFQT;E |

Plate (5.1)

Source, Daylight Luminaire and Visual
Enviranment




PR T

e o

P
™ ¥ R L R PP

NN ST

_ 5.2 DAYLIGHTING LUMINAIRES ,
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(3 f

I
It was stated that daylight should be introduced in museums and art

galleries. It should be brought to the viewing area from above, behind
and each side of the viewer in varying propo}‘tions It should be cap-
able of bemg regy]ated in intensity and direction. The veiling glare,
strong ref]ectlons and heating effect should be minimized., It should
offer the fle;ibility whﬁich is required with the charge of exhibitions.
Light should offer all these possibih’ties if one is to believe that:/

"the effectweness of a museun is 1arge]y dependent on the contrlbutwn
!

' made by hghtmg“ (17).

In daylighting design we refer to luminaires as a means to control,

direct or redirect the natural light as desired. As light goes through

. this Brocess, its characteristics are altered. In order to analyze

these changes in detail, further investigations are required but at this

-~ —

stage we ar}e interested in knovnng the possible geometries for openings

in museams .!

ParaHe1s could be drawn between luminaires in artificial
lighting and daylighting. The Tluninous intensity distribution
repreéents the intensity of 1light of a 1luminaire in a particular
direction and is used for the design of luminaires in artificial light-.

ing. Similar concepts can be developed for daylight luminaires although

as yet none are available. ~ ’

The daylight luminaire has no defined- luminous intensity distrib-
ution since it is so large and thus must be treated as a collection of
«radiative transfering surfaces. Contours of illuminance on a plane at a

I3
~
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fixed geometry to the daylight luninaire could be co_nstructed in order

to give"an _indication of 1light distribution on the' planes Qf the
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5.3 LUMINAIRE TYPES

The luminaires in daylight can be divided into four categories: A.
windows (side lighting), B. clerestory (side and top lighting), C. Sky
light (top lighting ), D. Courtyard lighting. '

A) A window is referred to as any luminaire that introduces

B)

c)

D)

duces light from the upper wall or vertical p1ane in

b 132 -

]

[°]

!

/

light into the space from the sides and approximately at

the viewers eye level. Windows can be introduced as a .
\

source of light or solely for contact with the exterior or

N

N

for elevation designs, Plate (5.2a).

A c]eresdory is referred to as any luminaire that intro-

the ceiling above the eye level of the viewer, Plate (5.2b).

A skylight or roof light is referred to as any luminaire
that introduces 1light into the space from the siope or

horizontal 'plane; Plate (5.2c). '

Courtyard lighting is referred to as any luminaire that )
introduces l'ight through a courtyard. Two kinds of spaces
can receive light from ‘a courtyard. ‘One is the court
itself if it is used as a gallery space which receives
1ight from the top. The second kind space are the galler-
ies on the perimeter of the court which receive light

through vertical luninaires from the court, Plate (5.2&). .

- cpen & diDmpn erede s e ) ae N . - a1 n — .
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(d) COURTYARD - SECTION

‘Plate (5.2), -Window, side lighting, (p) Clerestory, -
(c) Skylights, (d) Courtyard 1ighting.
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5.4 LUMINAIRE DESIGN

-

Alsh'ght alteration in 1um‘nai‘re design for artificial lighting- in
‘the Yens quality, geometry and 'ma'ter:i’cﬂ of the reflector will vartl the
]gﬁinous intensity di;tribution.- The same applies to the luminaire of a -
daylighting system. Besides the geometry, the material of finishes and

hardware are important in the luminaire performance.

The choice of glass is very important. Here we are concerned only
with -the 1light transrﬁi‘tted through the glass but the choice should
consider other factors, such asdenérgy gain, Llouvers are used exten-
sively, both in fhe exterior and interior of the glass. At the Yale
- o Center for British Art the louvers are installed in the exterior over
the sky light Plate (5.3), and at the Lehman Gallery Plate (5.4) the

- louvers are installed inside.

.

The choice of material, hardware and detailing are very‘important
since t;hey have a direct effect on how'the 1uni.nai're will function. The
‘- : weather, orientation and the geometry of the luminaire should be consid-
ered in designing the daylight luminaire. As W.M. Lan states: "If
perception-based lighting is oncé again to -assupe its proper place as a
form giver for arch'itecture, it will not be bel{:se of the avai]abih"ty
.of cheaper gTass, the introduction o‘f more efficient light sources, or
the generation of more sophisticated computer programs for calculating
light levels..." (18). Although one cannot go this far and underplay
the importan7¥of hardware, the concept and the resulting quality should:

be decisive.
9 : 4
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ipstalled on the roof. Yale

plate (5.3), ,Louvers are
. Center for British Art.
f * ) .

Lehman

r System is- nstalled inside,
Galleries. ) .

Plate (5.4), The Lowe
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5.4.1 EVALUATION SYSTEM OF DAYLIGHT LUMINAIRE DESIGN

A detailed evaluation system has to consider all the factors
affecting the vi%ua] en&ironmen§*\that' have 'Beeﬁ dfscussed in "the
previous chapters. Model studies are required and a matrix of vari-
ables, ie. geometry, finishes, i11uminance distribution, co]or,' etc.
should be set up and each concept evaluated. In order tg get an
approximate'i&ea of how these concepts will function we 1imit ourselves
in this study to the two most important factors: illuminance distribut-
ion:and veiling glare since these tyo factors can be appfOximated by

graphic means (see chapter 2 for discussions).

A. Illuninance Distribution

“With respect to this_ factor the following points should be con-

sidered:

1-1Is light evenly,distributedlacross ihe gallery?

2 - Do all planes rgceive»even light?

3-Are theréldark planes?

4 - Are there dgrk corners?

‘5 - Are there very bright planes?

6 - Is light direct, partly direct or diffused?

Depending on the answers to the. above questions one can appoint the

following evaluation system:

DE Distribution is excellgnt. The ratio of illumninance on

any plane is less than 20 to 10.

0
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D& Di,str:ibution is good (acceptable).

®

DP Distribution on any plane is excessive. {

B. Veiling Glare

Veiling glare can be detected graphically .and the veiling glare

zone can be located.

)

For this particular analysis the object is assumed to be specular

or semispecular; thus the angle of incidence is equal to the angle of

. reflection.  The ‘effects from a specular surface are so strong that

quantitative evaluations are of secondary importance. If the viewer
" 4

- sees the veiling image at all it will be a severe problem. Thus the

analysis is a simple yes or no. No‘ other model including ESI can

a¢count for qualitative effects due to the moving observer. A geometric

' ru]eﬂ of thumnb can be used to locate the zone in which a source can be

4

located. Two assumptions are made 1. A maximum of 30° general viewing

"angle, is used. 2. The angle of incidence is equal to the angle of

‘reflection Plate (5.5).

H = distance from eye level to the luminaire sill

[}

observer's distance from the watll

distance of the luminaire sill to the exhibition wall.

]

observer's horizontal distance from luminaire

"

e O = =
1}

viewing ang]re
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« W

0

It ‘can be seen that -

-r . R
tan ¢ =5 e
: -,
‘and -thus
2. .2 2.n2
v _VE? Q
W W= or W= iy M

e

If the one cone of vision is 30" from the horizonfal
w=v3 Vi +0% -

thus for a given luminaire height to room width or depth ratio one can

%

assess the viewer positions that would have veiling glare. This allows
- ‘- . I- # I3 L »

one to determine permissible viewer locations, room proportions, object

locations, or luminaire ldc%tions depending on what parameters are

fixed. Note that the viewing angle is critical in controlling these:

relationships. More generally Plate 5.5 shows the whole room with the

veiling glare ray intersecting the observers horizontal line of sight.

~

In gengraluifiphg_intersection occurs at the réar second half of
the gallery fram the exhibgiion wall, the gkpre problem is minimal
(excellent); if it happens in the proximity of the cenier the‘glare
problem exists but one can avoid it by moving forLard in the gaMery
(good), and finally if the intersection happens close .to the pictu;e

wall the glare zone is very large and the system is poor. This graph-

" ical evaluation only gives an approximate idea of how the concept will

function, but in detail studies of other factors such as gallery and

-
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o opening's dimensions should be altered and evaluated. To evaluate the

following cbﬁcepts one can establish this system:
©

Vf Veiling glare absent -
V& Veiling glare preéent in some locations

VP Veiling glare present in most locations

This method is used for a moving observer, other methods are used .to

locate the glare zone with respect to a fixed observer. l

Daylight Liminaire
B4

7 "" X
¢ pucal Corner i i
. L
"
H :( .
A o
4 R
{ i
L 1
b4
y 2

Exhibition Hall . . ..
Cone of Yiston from liorizonta)

30°
Eyes position
/ye p

. ' ¥4
Plate (5.5), Graphical method to locate the glare zone and the H/W ratio

T . LI
"

N ety 3 kit )

i ‘li foep - :.,"e»‘x s




TR T S T - e -

O T o

ot

' 5.5 SIDELIGHTING - WINDOWS -

£ \ '3
\
The use of windows was very popular but it was replaced by sky-

lights. One important concern |was the growth of collections and the

& .
need for more wall space for exhibikion. * Windows are introduced in

museuns for two important reason%: 1) to create contact with the outside

2) to bring light into the ga]JFry. Louis Kahn believed that "Natural

light plays a wital part in il]uﬁination ... the visitor must be able to
relate to nature momentarily ...\to a&tua]ly see at least a small slice
of foliage, sky, sun, water. Aha the effects of change in weather,
position of the sun, seasons, musi penetrate the building and particip- .
ate in\illuninating Bch art and observer.. we are after a psychological
effect through which the museun v1§itor feels that both he and the art ‘

he came to see gfe still part of the real, rotating, changeable’world"

(19). This fundamental need requ1res contact with the outside, but as a

" source of 1ight windows are not useFul unless a very effect1ve contro]

l
1 ®

system is provided.

w1ndows can be designed in a var1ety of forms and geometry depend-
ing on or1entat1on and function. IF windows .are 1ntroduced to create
contact with the exterior they shod]d be 1nstalled in nonexh1b1t1on
areas such as corridors and other ?ransient spaces. Seldom are they
installed in gé]feries due to glare écoblems; The following.are a list
of possible window designg. These/concepts are arrang;d based. on the
system that each is followed by an! addition to the luminaire design.

Starting with a plane window, other elements are added progressively.

]
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a) SIMPLE WINDOW

DISTRIBUTION IS EXCELLENT
DISTRIBUTION IS ACCEPTABLZ
DISTRIBUTION IS P@ﬁR

-

VEILING GLARE IS ABSENT
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i

VEILING GLARE IS PRESENT IN SOME LOCATIONS

VEILING GLARE IS PRESENT
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These basic. concepts could be manipulated and adapted to individual
%chemes. The geometry employed ip the overall design should provide

for the. designer the use of other variafions.

-t

B « ‘o
b .
13 ' i, R

'~»~.. The ;o1lowinNg:fantagés and disadvantages can be concluded:

a) Advantages: - 1. Provide contact with the-exterior.

2. Can be a light source.

. 3. Effective in relating the musewn to its
. o T
surroundings. Y-
; .

4. Effective in elevation design.

b) Disadvantages: Takes awéy wall space,
Source of ‘glare.

hJ
Creates high contrast with adjacent surfaces.

ol A e

Imposing controls are in conflict with the above
. “ N
, advantages i.e. blocking.

. 6. Spurce Qfmhe_at, depending on orientation.

7. Causes probiems of sequrity.,

12

' The following are some existing. examples of window 1it spaces in

museums illustrating the application concepts to t?ﬂt designs.
- LE» 4
a

Based on the evaluation system one can say thgt concept (a) is the worst

examplé and toncept (e) is ihe best folTowed by (f). This"is based on
the opening design alone ‘wighout‘ any added control Btements such as

blinds. - ’

~

- e eSS B

ot

b
<3
I
#
A
:
z
;l




s

' ’//

/

1.

c) GENERAL VIEW

Johnson Mugeum
Concept (a) °DP,VP

b) INTERIOR ELEVATION
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b) SECTION ' ¢) INT. ELEVATION
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111, Yale Center for British Art
Concept (a) DG, VE I ‘

e) BLINDS REMOVED
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d) GENERAL VIEW

Concept (9) 06, V6
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V. Artificial Njnddg, Rijksmuseum
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c) GENERAL VIEW
- VI. Museum of Contemporary Art . ' .
Concept (a) ® '
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5.6 CLERESTORY - LUMINAIRE _
Lo | o
Clerestories are introduced to c‘onsérve wall space for exhibition
purposes and to bring light in as far ;)ack as possible into the rooms.
They do not provide direct contact with the outsid’e in general but can
give a view of the sky. . The luninaire provides light diagbnal]y which
is very important for modeling as this angle of incidence is réquired

for creating desired shadows and contrast. As windows, clerestories

could become a source of glare if not properly designed, eﬁthough little .

reflection is produced from the floor -as is with window luminaires.

The following are some examples of clerestory Tuminaire designs.
These concepts are arranged based on the geometry of the reflective
planes, starting with the simple opening on the vertical planewleading

to the .opening on the roof beside the exhibition wall.
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~ We'can conclude the following advantages and disadvaitages of
cle;'esto}y Tuminaires. | - .
~
a) Advantages: 1. Provide contact: with the outside.
2. Effective Luminaiﬁre (1ight source) .
3. Effective in relating the museum to its
surroundings.
4. Effective in elevation design.
5. Effective in modeling. r) )
6. Effective in Tight distribution in -the
gallery. v

7. Easy to control.

‘b') Disadvantages: 1. Source of glare.._
' ‘ 2. Creates ‘high contrast with adjacent surfaces.
3. Diffi'cul't to introduce in all 4 walls, if
desi/‘ed. .
Based on the establi's;hed evaluation system at the -begining of this
cﬁaptgr one .can conclude that concept (a) will pose the most problem and
cconcept (k) followed by (i), (j) and (b) respectively would pose ythe

least praobl ems.

. To illustrate the application of the foregoing concept we will

study the following existing cClerestory luninaires.h

s

H
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“MOVABLE COVER FOR
BLOCKING DAYLIGHT
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‘I. Arts Centre, St. Andrews University
Concept (g) p, ve L
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a)  GENERAL VIEW
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b) SECTION

IT. Huntington Museum, West Virginia
Concept .b) pE,ve
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5.7‘%09 LIGHTING - 7

" This system of daylighting luminaire . is most conmén'ly used in
It provides ambient lighting as well as exhibition 1ighting.

In a skylight design a very careful consideration must be given to the

L glare zone on the ceiling. It should be so designed that the light #s

A ]

directed on the Qa]ls and not on the floor in order to a\)oid_

re_flecbibns, and direct the l,ight towards the task.

Overall skyhghts, partlaf skylight and repehtwe c1eres§ory

* ’V,-
The following are some examples of conceptual

hghtmg are used

designs. These concepts are arranged b&ed on the size and geometry{qf

the skylight. 'Sirfgle openings concepts are followed bg\their repetitive

design. The concepts whu:h are s1milar mth respect - to the aove
<.

criteria and the geometry of the reflective planes are considered for

arrangement.
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3 1

We can conclude the following advantages and disadvantages of top

lighting ]un1na1res
'

' a) Advantages: 1. Provides psychological contac} with the outside.
2. Is a luminaire (light ;ource).
3. Effective .in ambient 1%ghtihg.
4. Effective in dibtributing }\?ht in the gallery.
5. Easy to control. ,
6. % Effective in creating interesf in the visual

it

o environment,

7. Effective in massing and geometry of the

museum.

Creates interest in viewing the museum from

a above.
b) Disadvantages: 1. Not effective for modeling.
' 2. High level of control will e]iminate advantages.
3. Lack of hardware, ie. 1ouvres etc. ’
4. Source of heat loss and heat gain.

Based on the established evaluation system one can conclude that con-

cepts (0) and (m) will have the most problems. Concepts (r), (u), and

(k) will have the best performance. &

To illulStrate the possibilities of top kit luminaires we'll study

the following existing examples:

L
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1 - EXTENSION TO THE TATE GALLERY
CONCEPT (b) DE,VE
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2 - HISTORIC AND FINE ARTS MUSEUM, ALASKA

CONCEPT (f) DE,VE
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LOUVERS
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(a) SECTION THROUGH GALLERIES

DIFFUSER &
TRANSMITTER
PANEL

. (b) DETAIL OF SKY LIGHT SYSTEM

KIMBLE ART GALLERY,  CONCEPT (r) DE,VE
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GLAZING

6. GALLERY OF MODERN ART, TURIN’ 7. BIRMINGHAM CITY MUSEUM AND i
CONCEPT (p) DE,VE . ART GALLERY | . _
- ' | CONCEPT (h) DE,VG !
Y
> ' MOVABLE | |
SLAZING <*SUNBLIND
~ _ ’

OPENING ~
COULD BE CLOSED -

' =z .. 1
8. NATIONAL'ART GALLERY, LONDON 9. BOYMAS-VAN BEUNINGEN
CONCEPT (c) DG,VP MUSEUM, ROTTERDAM

CONCEPT (c) DG,VG
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(a) SECTION THROUGH GALLERIES

| TRIPLE GLAZING WITH U.V. FILTER

(b) SKYLISHT DETAIL

10. ADDITIONS TO LOUISIANA MUSEUM, DENMARK
CONCEPT (0) DE,VE '

A

. '
. GLAZING GALLERIES
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11.  MUSEUM OF MODERN ART, KOREA
CONCEPT (j) DE,VG
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(b)

(a)" SECTION THROUGH GALLERIES'
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(b) ONE MODULE OF GALLERY
12." Portland Museum of Fine Arts
Concept (i). DE,YE ~
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Municipal Museum,
Linkoping, Sweden

Concept (m) DE,VP
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Duveen Gallery, .
Tate Gallery, London

Concept (b) pe,vp
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14. Guggenheim Museum, N.Y.C.
° Concept (m) DP,VP
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Fitzwilliam Museum,
Cambridge, England

Concept (d) DG,VG
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17. Extension to the Kunshalis Zurich . o ‘ '
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R 18. Vincent Van Goh Museum . ‘*: |
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19. Hayward Art Gallery London. s
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20. Boston Museum of Fine Arts -
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21, Boymans, Van Beuninhngen Museum, Rutterdam .-
Concept (n) DG,VG

T i ntiedal st pTet S g e ast s e

[ - PR



Y TR 1P

- ‘ 168 ~

>~ - : ° /
‘ q \\\ . GLAZING e
- L :
~ <
- 4 L]
N St
* P
é—-DIFFUSER
' “BLINDS
. REFLECTING SN
SURFACES (WHITE) \\~ v

22. Commonwealth Institute, London

« Concept (m) DE,VE
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5.8 COURTYARD LIGHTING - LUMINAIRE

__ One could assune that courtyard lighting is a top 1it space and the

%jac nt ganemes are side 1it spaces. The courtyard itself generally '

¢

functwns as. an entry court or a gsculpture court.

The qual 1ty and

quantity of 1ight 'entering in the agjacent galleries is very diffepent

in comparison to mndows opening to the outside

g1azing exists in the vertical openings

to control tl'(e level of ilhminance\entering the perimeter galleries but .

No barrier such as

to the court, Shutters are used

the filtering ‘of U.V. should take p1ace in the skylight of the court.

— Depenging on the scale, rarely does a courtyard function as a satisfact- -

\vory Tight source. Courtyards or atriums @ mostly used for the creat-

ion of space and ot.her activities.

-
J

Examples of design concepts are

following are illustrations of existing

;.

a

illustrated on' page '133. The

museums with courtyard lighting..

-
P
n
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. -We can conclude the following advantages and disadvantages of
7 courtyard lighting: . i
2
' a) Advantages: 1. Proyides limited contact with the outside.
. % Provides contact with the Court spaces.
| , " 3. Effective in viewer orientation.
* 4. Could be "a light source.
) b) Disadvantages: 1. Takes away wall space. N
& 2. Source of glare. "dd \
3. Creates high conirast with adjacent surfaces.
4. Not effective for modeling. '
“ Difficult to control direct sun rays.
' 6. Nyurce of heat loss and heat gain.
g . : ' 7. Priblem with adaptation. . - .
* i , l VX ‘H.
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. c;‘ Detail of skytht and -general view of the garden court.

~ DP, VP, Everson Museum, Syracuse;N.Y.
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2. The entry court, Museum of Contémporary Art, Montreal
a. Floor plan tndicating the court, b. The ‘view of the
skylight. ' w7,
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3. The view of the court at the Lehman Gallery, Metropo]/t/én
. Museum of F.A., . N.Y. DG,VP -

4. General view of the galleria (long court), at the Louvre
Paris, DE,VE
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5.9 DAYLIGHT DESIGN ANALYSIS TECHNIQUES

These are a short list of possibilities for introducing daylight in
museuns. There is a need to investigate these concepts and to find out
how they would function in an actual building. For ongoing designs,
however, one way to analyze the lighting performance is by the use of
models. If po_ssib]e full size mockups should be used. If these are not
possible, scaled models should be employed. One of the characteristics
of lighting is that, the quantity and quality of 1light is almost
constant regardless of the scale of the model. Thus observations made

through model studies can be applied directly to actual museums.

The museun 1lighting design is not only an analytical design
process. To study the quality of lighting one must be able to see the
effects and take measurements. The case studies are used as guidelines

for similar designs.

The Portland Museun of Art i< an example of the use of a scaled and

full size model. The scaled model is used for preliminary investig-

ation. Then the full size model is constructed on the site for a

detailed investigation. Unfortunately or}ly the level of illuminance
(Lux) is measured and other factors that ﬁave rpeen discussed throughout
this study (U.V. for exxample)l .havel been 1gno'red.l Nevertheless the
process is valid if the transmissi\)ities and reflectances of materials
are the same as' the real space and .if room proportions are the same.
Plate (5.5) illustrates a number of model ‘studies in the visual environ-

ment design process.




LY .
Plate (5.5,2),
N v' .

em

Two inferfor views and roof of modéls used for
day]jght studies, for Monchengladhach Museum.
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Piate (5.5,b), The view.(abov'e) of interior of model used for
R daylight analysis at Portland Museum. Below is
“v. ~_* the view of the actual gallery after opening. '
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Scaled models can be studied in artificia'l skies. The artificial
sky provides the possibilities of simulating the exterior 1lighting
conditions and taking measurenerfts. Again it 1is used just for studying
the illuminance and luminance levels. The model must be transferr:ed to

the-exterior for site lighting constraints, glare and color rendering.

In addition to models, other techniques, such as computer programs
are being developéd and used. ‘Howevver, these programs compute only
horizontal \:Huninance and do not determine glare, color rendering or
visibility for vertical displays. The use of existing examples as
analogies to be modified is one method used regularly duﬁ'ng the design
process. In Chapter 6 and 7 we will study a number of examples which’

have been documented.

5.10 CONCLUSION

By comparing the advantages and,disadvantages of daylight lumin-

aires we conclude that:

o

1‘. The geometry of ;)penings is a very important factor in how
the lunjnaire functions. Openings which see b;'ight ,sky.
will cause veiling glare, and uneven ﬂ'luniaancé distrib- i
ution. Openings that cause light to be inter-reflected
reduce veiling glare, give even illuminance and control UV

[

d amage.

o . Q

2. Model studies, graphical studies, and E:\iise studies should

' be used to predict the performance of luminaires dlﬁ to
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the 1large number of different viewer/object/source
relationships possible in a space. A statistical system
approach needs to be developed to fully evaluate the

visibiTity in the gaHery[ space.

Controls should be designed as an integr;ﬂ part of the
luninaire. Smaller source openings give smaller control
surfaces and reduce costs. Glare control should also be

prov ided.

A1l luminaire types must be used with 1imiting devices and
controls. Daylight is admitted during viewing hours and

should be blocked when the museum is closed.

Top lighting luminaires followed by clerestory luminaires

have the most potential to limit veiling glare and control.

illuminancec distribution without aid of complicated

" control devices.

. "The geometry of the viewer/object/source is the fundament-

al retlationship that controls veiling glare, modeling and

visibility.

¢
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5.11 FOOTNOTES.CHAPTER V
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180 '
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J.B., Harris, Practical Aspects of Lighting as Related to Conserv-
ation, (paper fo ICOm Conference in London, 1967), p. I33.

Willian M., Lam, Perception and Lighting, As Formgivers for

Architecture, (McGraw-Hill, Inc., New York, 1977}, p. 12.

Barbara, Weiss, American Museums, Three examples, (hotus Inter-
national, No. 34), P. 104.
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CHAPTER VI

FIELD STUDIES . h
6.1 INTRODUCTION .

It was necessary to wvisit some existing museums particularly

museums which emphasize/'daylighting and see how these museuns function

with respect to lighking. A number’ of ﬁuseuns in the East (oast which_

“are know for their degigns were selected and visited.

Through the literature survey it was concluded that no comprehen-
sive standards exist which consider al1 the factors affecting the daylit
museuns visual environment.  Two choices were considered. drne was to
assume the existing standards for artificially 1it museums and evaluate
museun's daylighting based on these standards. This option was
questionable with respect to some of the assunptions. The second option
was to evaluate the theoretical conclusﬁns reached from studies of
Chapters g-4 and see to wha'li. extenﬁ'they are really applied to functiony—l
ing museuns. In order to undertake these studies it was necessary to

visit a nunber of existing museuns,

-~

" The choice of museuns to be visited was. based on the fo11ow1n§

'

{

factors:
.

light source for other functons e artificially 1it museun (I“bntreal/

Museum of Fine Ats) was also‘ invest igated for comparison wjth day]it’é

museums. ’ i

1} The. use of dayhght as an exhibition 1ighting source and/or as a

\

.

N\
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2) The Taxonomy of daylight luminaires. In Chapter 5 daylight lumin-
aires were divided into four categories. General concepts and existing
designs were evaluated. It was decided that in order to further analyze
the four categories, museuns which have used at least one kind of day-
s

light luminaire should be investigated so that - a more detailed

cqnpa'rison could be done. Unfortunately no clerestory 1it museum’ was

" dogumented, due to the other conditions set for the choice of museums

(Museuns with clerestory 1un1'nair\e are part_of the case studies). One
gallery which is best representative of.daylit galleries in each museum

was investigated and data was collected. Also each museum was

/ .
‘ documented as a whole for the study of other factors, such as planning

which are included in the case studies. ) .

- 3) Distance from Montreal and the budget. Due to budgetary

constraints one cannot investigate any museun which is known for its
daylight design. A 1list of museums in E1urope and North America was
prepared in consultation with experts in the field, but it was found
unfeasible due to 1long travelling distancé and budgetary reasons.

Therefore museums in the proximity of Mntreal were chosen. It- was

decided that some of the well known museums which were 'not visited, be

included in the case studies for comparison with museums visited.

Clearly many more museuns can be investigated, but the choices had

to consider‘ the above(cond'itions and respond to the conc)usioﬁs made

“
o

through Chapters 2, 3 and 4.

+

(AU vy
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destigated: 7 .
The following museums were in st1ggied. -
- . .

1. Window Lit
a. Johnson Museum, Cornell University, I'thaca, NY

b. Museé d'Art Contemporain, Montreal

4
(¥ 2. Sy Lit . |
’ }/P;nericqn Galleries, MetropoliAt’ain‘Museun\. NYC Sy
\ .
N b. Islamic Galleries "o ‘ " \ "
3. Courtyard Lit . : ° ’
| a. Ever;on quseum, Syrécuse, er .
§ b. Lehman Galleries, Metropolitain Museum, NYC i

4. “Artificially 1it

Pt

a. Montreal Museun of Fine Arts, lﬁontreaﬂ
. o o» ! s
6.2 METHODOLOGY AND msmmsm}non‘ i } L
. ) ‘ ;
The qim of the field study was to CQllect information, data and

4 documentation in’ the following areas: . o
\* co 9
1) The extent, type and nature of interior finishes.

’ 2) The general lighting system.
T . ~ . \
1 3) Graphic documents such as pl ans, sections, etc.
’ i .

, 4) Data on exterior conditions including daylight and sky

( .

conditions. N %
5) Data on/interior Tighting conditions: illuninance Tevels,
U.V., U.V./1un and color temperature.

——

65 Color documentation.
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6.2.1 GENERAL INFORMATION -

Y L
6.3 DESCRIPTION OF GENERAL LIGHTING SYSTEM

e

4‘ . .
. ' Y
o ' ' d

~

~

. ‘,This section recordec,l information regarding name, location, dimen-
i ) e ' IS . .
sions and 1ryterior surfaces. The interior surfaces were recorded M{Q

~trespect to ma'terial,‘ texture,’ color and condition. -I'nteri‘pr element3—~
~ such.as ;eﬂinlg, skylight, walls, uinc(ows, floors, shades or blinds and

‘the 9bject'§ surfaces werd recorded. This information was mostly

~

collected by observation and photography.

¥

This section recorded information regcz-ding ‘the lighting system
binatfon of the two. In a

such-as daylight, artificial 1light, of the ¢
daylit_ museun the mature and. number of ]unin'aiares (windows' and
skyli/gt;s) were recdrded. In artificial lighting the Tuminaires were
r;corded with respect to qua.ntity', vgattage,; h'g,ht source, distribution,
description, spacing, mounting and conditions. A lot off information was

’

obtained from museum and maintenance personnel.

.

o
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Sketches of.th)gaﬂery under study were dravﬁ%

’ ¢
| . ' -
+ VA ' ' ’
6.4 GRAPHIC no'cmsum S

/

. i
) ’

Plans, sections and the detail of. skylights were gathered.

»

:)
6.5 DATA ON EXTERIOR LIGlT ING CONDITIONS ‘
The’ weather condit‘ions were recorded. 'lhe da_ytht level was
recordgd ms synchronization with mterlor measurgnents in order to

mvestigate the 1nter1))r conditions with respect to exterior light level

The _foHowing instruments were used:

A) Two light meters by Evans Electro Selenium, Model A One

was placed in the open and the second under a shade\ ring
' to assure that it would read the diffuse sky at all t1mes

«

Since the direct light levels were above the sensit1v1ty
of the instrunents, a neutral density grey filter was used.
with the cell exposed directly to the sun rays. Wratten

gelatin filters, number 96 and number 60 (CAT. 1‘49-63{63)

- were used. )‘

B) The Chart  Recorder, ‘Mode 288 by Gulton Industries was
used.. The chart mecorder was calibrated and amplified to

-

record the readmgs every minute. . .

C) The Power Supply for the ‘rechargeable portable package,
was Model 3584 by System Research Corporation.
The instrunents were packed for transport and shock resistance.

. /.

¢
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Plate 6.1, . Set up of equip'q‘ent, fgp exterior readings. .
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: Thé set up was placed in a convenient location; this caused a

problem in
some museums with respect td the public and security. Plate (6.1)

illustrates the set up in the sculpture court of the Johnson Museum.

\v
¢ . \ ’ N
6.6 DATA ON INTERIOR LIGHTING CONDITIONS

The illminance levels, U.V.  content, U.V./lum and color

temperatures were racorded. The* following instrunents* were used in

this section.’ L

A)’ Hagﬁ/er i > Photometer, Model S2, the cell is ‘well

P . ,
filtered to the photometric CIE standard ® observer and

<« LY

Cosine corrected. Two readings were taken; one lower at 1M

tevel-and—one-upper —at 2" level—above the floor. It was
calibrated prior to the measurements at the National

Research Council, Physics Department.

B) Gamma Scientific, portable U.V. Monitor, Model 900 with
Detector Head Model 820-17 (calibrated at ‘the WRC Physics

Department). (1)
7 a

b 4

* These inhstrunents were installed and arrangéd in order to be portable
around the galleries for taking readings and also to be packed for
long distance travel. , . '

(1) These were on. loan from the Canadian Conservation Instit-

" a ute (Ottawa). ) .

LN
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C) Crawford Type 260 U.V. Mnitor, 'EDR6 to measure U.V./1m
(). o

-

In ana]_yzmg the data it was concluded .that the Crawford monitor
was very ineffectwe in. me‘asur‘mg the U V.-content. As was exp!ained in
Chapter 4, one is - able to calculate the U V./Im through dividing the

" 1'11umnance readmgs with Hagner by U.V. content readmgs with Gamma |
Scientific. It was concluded rthat the measured values of u. V/lm by the
Crawford monitor were very erratic 1his can be illustrated by .
plotting 'the measured valu{and the deriv’ed -vdlges. ‘Theré is no

corresgondence between the two sets of data as seen in Plates (6.3

a,b,). t

This can be due to

-

1. The SPD réBponse of the U.V. Monitor
2. The SPD response of the Tux Monitor
4 3, ‘The method of calculation used in the Crawford Minitor f8’r

’

obtaining UV/Im.

C A
. This monitor is evaluated against the Hagner photometer and the -Gamma. °
\ Scientific UV radiometer, both of which were accuratme\d in

k1

the same NRC 1ab. " \ 'f b,
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D) Cplor tem‘perature' meter Gossen Sixticolor Serial ¢4 668837.’

;/‘\—;he readings were made . at each station point with, a support that placed

each instrunent in the correct vertica] location perpendicular to the
wall, Five readings were then made in quick succession during 1 minute
and the time was noted. These readings were 2 111uninancev levels at I m
‘and 2 m, .UV at 1.'6 m, color temperature at 1.6 m and UV/lumn at 1.6 m
hight. - | ,
In this section the speed was crucial since the ideal situation was
to be able to record the space in one instant befor; the daylighting
changed. In fact readings were quite stable in time for constant sky

conditions. The mstrunepts were set up in such a manner that one

© person was able to perform the experiment.

In order to'perform a color study of the spaces with respect to the
works of art, qualities of finishes and luminaires, it was realized at

that one should have a spectrophotometer. Due to cost it
4

was impossjble to obtain this equipment.

of the aims of thé study was<to determine how to make a quick

comprehensive field measurement. Photography is commgply used by 1ight-
.

' ‘/ing engineers to record spatial conditions and the lighting effects on

//surfacesw It is well icnown that. color photographs do not record images

.
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as the eye see% them [138]; however they do accentuate differences,

- —

expecially the SPD of sources.
. , .

" A tripod mounted 35 mm camera was loaded with Ektachrome B 160 ASA
prqfessional filn from one batch lot. The camera was fitted with a 20
m lens giving almost a 90" angle of view. Thus 4 photos of ea;:h room
were usually sufficient to record the effe'cts.ﬁ Two slides were taken,
one with a b]ﬁe 80-B Wratten filter and or'te withdut,” The B80-B filter
corrects indoor type B film for 6500 °K daylight, A standard Kodak
color test strip was -placed in the scene along with a 6 panel grey
scale. 'Knowing the SPD responsé of the filter, one could theoretically
determine the color ‘shifts in the space across the color test strip.
Howeve;, it was apparent on return from the field visits that the test
strip was too small in the film to be ‘of use to def.ect color sh1ft§
quantitatively. The two filters ‘ho;vevgr were useful to visually detect
rather sudden .changés in the SPD of the source as seen in the slides.
Dramatic shifts were observed in the American Wing of the Metropalitan

Museun and in the Johnson Museum.

~ It. was determined that only a 4" x 5" camera would have been
feasible for the color study. Such a camera would not be permitted by

curators since it tould make unauthorized photos of the original works

. of art. It's bulk and expense would prohibit its usq in any event.

-

.
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6.8 GEMNERAL ossenmfous

In this section the general ‘conditions, gqualities and subjective

evaluation of the gallery were  recorded. General factors such as glare

conditions, control means, shadows and visual comfort were recorded.

6.9 INTERVIEWS

Before departure a questionnaire and -reques‘t’for -an  interview was
sent to architects, curators and. tht‘ilng designe‘rz,n{ the museyms. A
nunber of responses Were received and meetings were held to discuss the

‘ques'tions .
\

It was found out that each stage of the §tudy undertaken could have

been a detaﬂed and extens% study on ¥ts own. However, sin‘ce no study

of this kmd had been performed before, this study could serve as a means '

of integrating each substudy. It was also found out that one could have
studied each museun throughout the year with respect to one or more of

the above factors. However the more comprehensive nature of the survey

o
would have been sacrificed ‘and the costs and time required wuld have
increased enormous'\y’.‘ r v

3 l )

6.10 - DATA ANALYSIS

The following is a presentation and analysis of each museun. The

museuns -are arranged
discussed in' thapter 5. A table of comparison for all museums is drawn
up for quick reference Table (6.1). This comparison reveals that:

£y

with’ respect to their lighting system as was |

b
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1. Large variation of illuminance eiists, from 2 Tux to '1330 Tux
(41.5 t‘imes). L
2. Al museums exceed recommended levels )of f11uninance (Chapters
2, 4). ‘
3. The average illuminance va'lueS'(lux) for.all museuns are:
Min. - Avg. Max.

198 327 504

Thus the relev;\ce of recommendkd levels to actual practice is _seriousl_y'1

-questioned. Are all .these museums risking their collections? At the very

least‘ more rigorous research into deterioration and recommended levels

are required,

4. A very large variation in UV content exists. From 8 mi/m to
260 mW/n? (65 times). The UV content (mw/m?) for all museums are

averaged:

Min. Avg. | ngi
56 69 © 8

Almost all museums exceed the minimum recommended UV leyels (See
Chapter 4 and the comments in # 3 above).
5. Yariations in UV/Im are large but not as éreat as illuminance
Tevels. 50 UV/Tum to 400 U.V./lum (8 times).
In many galleries, the light contained above the minimum
recommended level of UV. The- average UV content (U,V;/Tm) for
all museums are
Min. Avg. Max’.
85 110 115

5
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_ ,6. Only one gallery meets the recommended color'tempefat_ure. "The ‘
' average color temperatures are: ‘ ‘ ’
, Min. o Avg. . Max. )
: 2950 | ) 330 - 4130 - |
. . |
' , , : i
: ' 7. The C.T. values suggest that the color response of thelvisual :
‘ ' a
. . enviromment may not be opﬁmun‘ since there is a dominant red o !
reSion. ’ '
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6.11 WINDOW LIT GALLERIES

Two“,windqw 1it galleries which repres.ent the two gxtremes " of
daylight luminaire performance were chosen. The first is the Johnson
museun which has a large window 1it gallery facing North at three stories
above the ground and the second if the Museé D'Art Contemporain,. where

i

windov‘llé are.a secondary light source for exhibitions.

' A. Johnson Museun °

2

Gallery 14.a of this museun has windows in three walls; but the

window which covers the North,wall is' the prime source of Tight. This

¢

window does not have any overhang, blinds or obstruction although other

openings affect the overall lighting condition of the‘ gallery. It was

found out that the window luminaire has the following characteristics:
¢ »

1. It is a source of high veiling glare.

~—

2. It causes 1arg'e contrast variations. . /

3. It has a poor illuminance distribution. -

!
Y

4. It has high color températurelvariations. -

\
By

. - 5 It provides good contact with the outside which relates the

museun to its surroundings.

The window luminaire of this gallery in relation to advantages and .

disadvantages of side lighting luminaires, discussed in CnapteF 5, shows

o

the following common characteristics:

1. It provides contact with the exterior

1 ~

.
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2. It is a Iight saurce. ) \
3. It is éffective in relating the museun to its éurroundingQ(
/ 4. It is effective in elevation design. '
5. It takes away exhibition spaces.
6. It is a source of glare. ‘
7. 1t create; high contrasts i
It differs with respect to: | ’
1. It is not a source of heat, to cause deterioration,‘due to its

L

prientation.

. It does not cause security problems, since it is located on the

3rd floor. . .
No controls are provided.

It has windows in three walis. .
UV filters are not installed.

No transition from light to dark is provided.

- -

B. Museé D'Art Contemporain

t~ r Galle%y Il of this museum has two sidelighting luninaifes which have

\‘\_Hindirect contact with the outside. * Each opening s located in one wall

and controlled. Therefore these windows do not exactly act as a source

of task

+

lighting, but they affect the ambient lighting. It was found.

that the windows have the following characteristics:’

1. They are a source of contrast.

2. They are a source of discomfort glare. .

-_ .
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3. They do:not have.any apparent effect on the illuminance
distribution.

4, They do not effect the color temperature;

5..They create contact with the outsng: .

6. They do not- affeét thesumuseum's relationshiff with its
surroundings. | )

. The Window Luminaire of this gal}ary in relation. to advantages -and

"~ disadvantages of side lighting luminaires, discussed‘ﬁn Chapter 5, shows.

the following characteristics of plane windows

-

g /
1. It provides contact with the exterior.

2. It is a source of glare.
- ' !
3. 1t takes away exhibition space.
- 4, It creates contrast.

5. The controls are in conflict with the advaﬁtages.

! !

It differs in that:

1. It reflects the light many times. Therefore the high]y diffused.
light is not effective in modeling. . - |
2. It is not a’ source of heat, since it has an indirect relation to

"

'. the exterior. -
3. It does not cause security problems.
‘4, The openings are located in-two walls.

5. No transition from 1ight to dark is provided.




- 202 «
. DATA_SHEET

FIELD STUDY (6.12.1)

GENERAL

Muééun,Name: Herbert F. Johnson Museum of Art
Location: Cornell University, Ithaca, &ew York .
Architect: I.M.Pei and Associates |
Lighting Designer: Edison Price & Assoc.
Date of Completion: 1970

Collections: 0i1 paintings, Oriental Art, Sculpture

. Space bescription: See Plate (6.12.5)

'
\

GALLERY, DOCUMENTED co T
G$]1ery‘Name Location: 14 a. 2nd Floor (Plate 6.12.4)
Date of Visit: September 1982-

Weather Condition: Clear, sunny, patches of moving cloqd
Time of Measurements: 11.00 A.M. to 11:30 A.M.

Solar Alfitude Angle: Start: 48.0 Figish: 50.0
Azimuth Anglée: Start: 23.0 - -Fihish: 12.00
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DATA SHEET

TABLE OF FINDINGS

A ]
& : = ,
— [ g
v FACTORS v -FACTORS
NO.| v . NO.| o o
1. Exposed Ducts ® 3. | o | WAl system’ intE
" o
§ Integrated W/Structure | gf g, Ceiling System 1
= | Integrated W/Lighting |@ Z | Finishes FT
2. Top Lighting e |4 2-D Paintings 0
Side Lighting (=) 2-D Paper )
Court Lighting o ) _ | 3-D ScuWighre ® |
3 O l »
v Clerestory o E Case Exhibition o
Diffusing System . § Tapestry ®
J wul
:5:;“ U.V. Control ® Wall Mounted O
= | Glare Control ® Free Standing ®
> 3 :
=3 Contrast ® 5. Luminaire Type tC
Color Rendering ®) U.V. Control o
Interaction W/Artificial| @ Modeling (=)
Interaction W.Structure O E’ Color Render‘ing ®
Heating Effect O = | Color Temperature ®
g Interaction'W. Daylight|@
Interactﬂon W Stritture|@
Heating "Effect (]
. Contrast O
' “w

R
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. - DATA_SHEET o ’

SUMMARY "OF MEASURED DATA (6.12.3)

© | CcoMPONENT OF LIGHT | Min. | Avg. | Max.

. ' "' A)

‘ * * *

IMuninance (Lux) 325 750 | 1330

* . . % : * *

U.V. (mw/m2) 160 | 200 | 260

; : * * *

4 UV Im 190 288 400
(Crawfard) ’

: B *

Colour Temp. (°K) 3000 | 4200 | 8000

* Exceeds Recommended Level
** Below Recommended Level

»

a

1. .The illuminance levels exceed the recommended Tevels.
2. \The illuninance jevels are higher near the ‘north window
and fall off, away from the window.

The variation in illuminance 1evells throughout the year
as described in 6.19 is expected to be from -20% to
\227%. Thus the average and worst case yalues in Plate
5.,}2.8 would be 266 Iﬁk to 1064 1lux. Lower points
il ﬁninaﬂ\e\levgls are higher than upper points which

are \due to the direction of daylight from,the window.

-~

\
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"4. Da.yligr_\t has | caused color 'temperatures above thé
recanmended rangé rear the window d‘ue to the adjacent
. ~c]ear sky s;urce. Other room surfaces have acceptabfe )
/. color temperatures: | " |
5. ileﬂing glare is a problem due to the window.l Several

- paintings were impossible to see, Plate 2.17.

6. The ‘cloth panel background provided qéceptab]e required

contrast for the work of art.
7. This room while very pleasant as a rest area wi'th A
magnificent views, was the worst gallery space visited |
due to the high -UV levels, excesslive and omnipresent o ¥
veiling glare ,from windows (Chapter\ 5)./ There was no -'.‘.' S
transition to an adjacent interior low level gal]er,y,;;fo:?;“: ot oy 3
works /on‘ paper.‘ There was a not.icab]ev change in col‘or, |

témperature of the sourtes at the entrance to the inter-

- ior gallery.

Iy

8. The /ngodeling direction was so strong as indicated in .. ‘
: " . Plate 6.12.8, that " the tfexture and finish of the R
'pain.tingfs near the window at positions 1-2 East and 7-8

‘ West would appear unnatural.
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DATA SHEET

. FIELD STUDY (6.13)

GENERAL
Museum Name:
Location: Montreal, Que.
Lighting Designer: NI

Date of Completion: 1969

Musée D'art Contemporain

-

=Arch1tect; 6. Gauthier, J. Bland Assoc.

Collections: _ Painting, Sculpture

Space Description: See Plate (6.13.5)

GALLERY DOCUMENTED

Gallery Name Location: Gallery 11, second floor

Date of Visit:

Weather Condition: Overcast

November, 1982

tJ

. -

L]

T\me of Meaguremenfs: 11.30 A.M: to 12 noon

Solar Altitude Angle: '
Azimuth Angle:

Start: 41.0.
Start: 10

<

Finish:

Fini;h:

42.5
0.0

i
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o DATA SHEET
“TABLE OF FINDINGS
} i
& &
- 4 =
. v FACTORS v FACTORS
NO. | . . NO.| &
1. Exposed Ducts . e 3. | | wan system et
+ o
. LgJ Integrated W/Structure | @ = | Ceiling System
’-—
- Integrated W/Lighging | o Z | Finishes =
2. T Top, Lighting ® 4, 2-D Paintw‘n?s IC]
Side Lighting -~ . [[3 2-D paper ! @
Court Lighting 10 - 3-D Sculpture ‘ ®
()]
C"lerestory ' E Case Exhibition .
Diffusing System ® = | Tapestry ®
= {
% U.VLControl ® Wall Mounted O
S | Glare Control . Q Free Standing ®
> ] .
3 Contrast ® 5. Luminaire Type TG
Color Rendering 1 & U.V. Control . |le
; 1
Interaction W/Artificial (=} Modeling ®
Interaction W.Structure| @ | Color' Rendém'nq ®
. < M
Heating Effect @ E Color Temperature ®
E Interaction W. Daylight{g
< )
. Interaction W Structure|g
i Heating Ef fect =
: - Contrast . ®
-’

&
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DATA SHEET (6.13.3)

SUMMARY OF MEASURED DATA

i
H

L8 : X
COMPONENT,, OF LIGHT Min. | Avg. | Max.
. * * *
I1Yuninance (Lux) 210. 285 400
* *
U.V. (mw/m2) 4 17 19
Uu.v./Im 50 60 75
(Crawford)
. K - *k *k *k
Colour Temp. (°K) 2800 { 3000 | 3400 v
o ¢
* Exceeds Recommended Level
** Below Recommended Level
ITluminance levels exceed the recommended levels. P

‘Color temperatures are below the recommended levels and
are constant. ' ' ’ '
Véih’ng glare does not cause problems due to

a. High ceiling light _

b. _Lack of specular reflective surfaces \

The U.V. content is higher than recommended levels but the’

values are not too high in comparison with other galleries

- decumented. Note that the daylight is reflected several

times from room syrfaces before it reaches the paintings.
At eéch reflection a-high percentage of the UV is removed
(See chapter 4). i )
The UV content drops as oné,moves away from the opening.

. - { -
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: shaded, '
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6.14 TOP LIT GALLERIES

Two Top Lit galleries were investigated. Although both—afe similar
with respect to daylight luminaire, they différ in performance. First
the A'nef'ican Galleries which are covered with sk); light and the galler-

ies are flooded with daylight. In the second, the Islamic galleries, a

"~ small white washed skylight is located in the middie of the ceiling and

illuninanée levels are much lower than expected. These two galleries:
lwere chosen in order to illustrate' the extreme poésibi'lities, in term‘s
of illuninance levels, tolor temperature and the vara‘iation of objects on
display. In the American galleries oil paintin“gs are exhibited which®
belong to the 2nd group, whereas sensitive objects of the 3rd group aré

shown in the Islamic galleries.

A. American Galleries

Gallery 218 of these galleries is illumninated through a skylight-
“and laylight system. Daylight is diffused and transmitted through the
taylight system which: creates an even lighting condition. Incandescent

spr;t lights are used for modeling.

The s.kylic;;ht system of this gallery has the following -character-
istics: '

1. It creates flat lighting in the gallery.
It is not ‘effective vn'tP) respect Lo modeling.
It causes color temperatures to stay constant.
It provides limited contact with the outside. '

A
It does not cause problems with glare.

o $n G ~N
. - . H

Y
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11 - 218 -
|

The skylight system used in gallery 218, shows the following common

. characteristic¢s with Top Lighting daylight luminaires as was discussed -

in Chapter 5.

o

E 1. It provides contact with the outside.

;

It is an exhibition 1ight source.

It is effective in providing ambient 1ighting. |

It is effective in creating interest in the visual

= wN

env-ironment.
., 5. It is a source of heat gain on clear suﬁner days .
The skylight sys‘tem differs in that:
1. It is not effective in illuninance dis{:ributjon.
2; It does 'nojc provide any contrast.
3. It is not easy to control. \

-

B. Islamic Galleries c R

£ . : 1

.

qu]ery 7 of these gaileries is illuminated by a white w'ashe%éky-

, " light system. Incandescent sgots'are used for task lighting and model-
ing. Fluorescent lights are used for showcasé lighting, which contrib-
‘ute to the ambient tht.ing. The objects on display are.of t% sensit-
ive group and illuninance levels are recommended to be 1e§s than 50

lux. Therefore ‘the glazing of the .skyh'ght is white washed in order to

‘reduce the intensity of daylight, and also being Tocated in a very high

'ceiling causes further reduction of illuminance 1evels.

]

[ 20
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] lhg, skytig'h't/o‘f‘ this g_aﬁery has the following characteristics.
i I. It provides mbient lighting. . '
2. It is effective in modeling.
3 It provides %oﬁne contact with the'outsidel. , \
4. It is effective in il]minance‘distfibution and creation of
/' contrast. |
5. 1 does not cause any glare problem. .
The skylight system used in gallery 7, shows the following 'common
characteristics of T(;p Lighting daylight uminaire. o i
I PR (! provides contact with the outside. . ' }
2. It is an exhibition light source. . ’
‘ 3. It is effective in distributivng' light in the gaﬂery;
- 8. 1t is effective in creating interest in the visual :
(envir‘bhment. ‘ |
\ ‘ 5. ‘It provides f1exibﬂityﬂ"for 1{luninance contfol. ,
' . 6.. It provides for ambient 1ighting. )
4 o 0 The sk.ylight system differs in that: © )
. ‘ . 1. It is highly controlled,
; B ' 2. ‘It does not iprovide for modeling’ due to high levels of . - '
/’ . . controls. | N |
o " 3. It is used for task lighting. _ | T .
:5 : : o ’ C
N , ~
: ‘ L4 )
i ' .
2 ,




Space Description: See Plate (6.14.5)
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DATA SHEET

FIELD STUDY (6.14.1)

GENERAL

Museun Name: American “Wing Metropolitan Muselm of Fine Arts
Lacation: r;ev_c York‘C.it‘:x | ' .
Architecf: Kevin Roche John Dinkeloo and Associates , *
Li‘ghting Designer: NI ' ‘ .

Date of Completion: 1974 . '

Collections: Oi1 Paintings ‘.

' [~

GALLERY DOCIMENTED ..
Gallery Name Location: Gallery 218
Date of Visit:- September, 1082 )
' Weather Condition: Cl‘ear‘. Sunny .
Time of Measurements: 10.00' AM. to 0.30 A:M. X
Solar Altitude Angle: Start: 41.0 . Finish: 45.0 '
Azimuth Angles - ~ Start: 22.0 Finish: 33.0
. . ‘ > | , ;

. - . . f ‘ . .
. ' - PN
> - I B vt e -
. - s
.
| i | X”‘
.
c e Y e e w e e L . Lo . ~ - - .2 . '
o
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TABLE OF FINDINGS

= , =
(VS Lt
= —
v FACTORS v FACTORS
NO.| »» NO.| ©»
1. Exposed Ducts ) 3. o | Wall system et
o
Q | Integrated W/Structure | @ & | Ceiling System T
z =
Integrated W/Lighting ® — | Finishes !fq
2. Top Lighting ® 4. 2-D Paintings ]
Side Lighting ) 2-D Paper ®
Court” Lightin 3-D Sculpture |
ghting () = P ®
Clerestory () E Case Exhibition @
Diffusing System ol ';:':'< Tapestry ®
> est
g: U.V. Control: ® Wall Npunted ' O
S | Glare Control - 1® Free Standing @
D
S | contrast ® “15. Luninaire Type 1o
Color Rendering (=) U.v. Control ®
Interaction W/Artificial| Modeling ®
Interaction W.Structure O 3 Color Render-ing ’O '
<
Heating Effect =) E Color Temperature @
' ' £ | Interaction W. Daylight|@®
o ;
Jnteraction W Structure{ @
\ Heating Effect (=
5 Contrast ®
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DATA SHEET
~  SUMMARY OF URED DATA

COMPONENT OF LIGHT Min. | Avg. | Max.

* * *

[1Tuminance (Lux) 280 400 { 600

* * *

U.V. (mw/m2) 160 | 180 | 200

. * * *

uy./Im 100 | 150°{ 200
(Crawfard)

_‘ ﬂ *k *x k2

Colour Temp. (°K) 3100 { 3200 | 3700

* Exceeds Recommended Level.
** Below Recommended Level

IMuminance levels are above the recor;mended levels.

Color temperature values are almost constant and below the
recommended levels. This .is partly due to the mixture of
sources and partly due to the reflections from the shiny
wood floor (ye'l'low color) and the filter affec® of the
laylight: ‘ ‘

The U.V. content is very high. et

Glare does not exist since light is diffused. N

The Tuminous ceiling has caused monotony and lack of °
contrast and modeling. ‘
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Plate 6.14.4, The second floor plan, gallery 218 is
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Plate 6.14.5, Floor plan and reflected ceiling plan of
gallery 218,
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DATA' SHEET
[ ) . .
FIELD STUDY (6.15)
GENERAL

ot

.
Location:  New York City

LN\

Museun Name: Islamic GaHeries,E'tropolitan Museun ‘of Fine-Arts

~

Architect: Kevin Roche John Dinkeloo and Associates

LightLing Designer: NI

Date of Completion: 1983

" Space Description: See Plate (6.15.4)

" GALLERY DOCUMENTED

e

Ga,}\]ery Name Location: Gallery 7 .
Date-of Visit: September, 1982
Weather Condition: Clear, Sunny

Time of P’e/;\surenén,ts: "9.00 A.M. to 9.30 A.M.

Solar Altitude Mgle: Start: 33.0
Azimuth Angle: Start: 57.0

‘Collections: Carpets, Manuscripts, Works on paper, Sculptures

|

Finish: 37.5
Finish: 51.0




227

DATA SHEET

TABLE OF FINDINGS

= =
ol w
- = - -
@ FACTORS % FACTORS
' ) NO.| » (INO.{ & ‘
X (v— Exposed Ducts ) 3. | | Wall system M
) i - N o L
t-gb Int?grfited\fN/Structure ® E [Ceiling System hpi
. B
¥ ' * Integrated W/Lighting | @ = Finishes ‘ ’jaH
2.. Top Lighting 0O 4. 2-D Paintings \ O
Side Lighting P - 2-D Paper | 0
Court Lighting ® - 3-D Sculpture O
Z ;
Clerestory @ E‘i Case Exhibition a
.Diffusing System 0O Z | Tapestry 0
; > 4
: % U.V. Control o Wall Mounted i
= | elare fLontrol O Free Stlanding ¢
= -
S | Contrast 9) 5. Luminaire Type oL
Color Rendering 0O U.V. Control )
Interaction W/Artificialf o Modeling . ®
Interaction W.Structure @ | Celor Rendering ®
<
Heating Effect O E _Color Temperature &
i —_ { » M .
E: Mnteraction W. Daylight{
® N
\. Interaction W Structurey@
Heating Effect ’ ®
Contrast - @)
v 8
—~ / .
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DATA SHEET (6.15.3)
2
SUMMARY OF MEASURED DATA

'COMPONENT OF LIGHT | Min. | Avg. | Max.
v i
" ) ‘ * * . *
I1Tuminance (Lux) 150 210 { 300
w * * *
U.v. (mw/m2) 36 39| 46
- Y
' U.V./m ‘ " 50 50 50
. . (Crawford)’ '

N v *% Kk

B Colour Temp. (°K) 3000 | 3700 {4200

* Exceeds Recommended level
** Below Recommended Lt;yel

1. INluminance levels are higher than recommended levels but

AN they are below the suggested levels by this study.

- 2. 'Upper values are generally high,which are due to the'

directions of spots in track Vighting.

3. Colmf' temperature levels are below the recommended levels. .

fluorescent lighting of showcases.

/5. The high level of U.V. content is generally due to the -

anbient H‘gbting.'

4. Mmbient lighting is'produced by white washed skylights and
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Plate 6.15.4, Floor Plan of Gallery 7
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6.16 COURTYARD LIT GALLERIES

’ 3
Two Courtyard Lit galleries were investigated: 1. Gallery C of the

Everson ‘Museun which has openings into tﬁe sculpture court. The court-

~

hY

.

yard is 1it by ,large windows and clerestory luminaires. Therefore the

1ight entering the galleries is limited. 2. Gallery 3 of the Lehman

galleries which has large operings into the court. The courtyard is

covered by'a pyranid shape skylight. These two galleries were chosen in
order to illustrate the extreme .possibilities in courtyard daylight
luninaires, in terms of illuminance levels; color temperature, and the

relationship between the gallery and the courtyard.

A. Everson Museum

Gallery C is il]uninated’ through openings into the court and
incandescent spots on tracks. One of the openings has an indirect
relationship with the courtyard and the other two are directly related
to the court. The courtyard lighting of this gallery has the following

characteristics:

1. It is effective in providing ambient lighting.

é. The openings cause discomfort glare and high coi&?ast.

3. It provides limited contact with the exterior through
the courtyard.

4. It is not effective for modeling.

The courtyard lighting /System used in gallery C, shows the 'follow-

ing common characteristics with Courtyard lighting luminaire as was
discussed in Chapter 5. '

b N U ol st A AL s (I ‘_'

AP > i, g o .t s -
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1. It provides:-1imited contact with the outside.

2. It provides contact with the court space.

(

3. It is effective in viewer's orientation.
/4.'It is an ambient light source. B
‘5. It does not take away too much w$11 space from the exhibition.:
6. IR causes problems with adaptatibn. '
The courtyard luminaire differs in that:
1. It is a sohrqe of glare.

2. It\céuseS“high contrast with.adjacent walls., \

3. It is not a source of heaf gain.

B. Lebman Galleries

[l

 Gallery 3 of the Lehman -galleries is’ illuminated through 1large
openings- into the courtyard. The cburtyard is fully sEy]it. The
openings are controlled by a manuél louver system. A special
geométrical planning is used which éllohs daylight into the gallery from
40" angle planes on the plan, see drawing (6.17.4). The cqurtyard

lighting of this gallery has the following characteristics: -

it is effective in providing task lighing.

It is effective in providing ambBient lighting.
It provides contact with the exterior.

It provides contact with the court space.

S T SR

. It is effective in illuminance distribution.

ar—s - - . v el e w e e e s . . . B ’ e
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—

6. It is not a source of glare.

7. M does not cauée‘gny~high'contrast.
. . _-x‘\ .
The Courtyard lighting system used in gallery 3, shows the follow-

ing common characteristics of courtyard lighting 1luminaire as was

discussed in Chapter 5.

1. 1t providesfcontacf with the outside. -
2. It provides contact with the court space;

It is effective in viewer orientation.,

It 1s a source of exhibition light.

It is a source of ambient light.

It does not cuase any.glare problem.

. .1t does not cause any high contrast.

P ~4 [=2] o =] «
. . . .

It takes away wall .space.
. 9. It is é%fective in modeling.
The courtyard luminaire differs in‘tha§:
1. It is difficu{; to control the direct sun rays.
2. It has to depend on staff for manual louver controls.

3. It is a source of heat gain.

- . >~
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DATA SHEET

FIELD STUDY (6.16.1)

© GENERAL

Museum Name: Everson Museum °
Location: Syracuse, New York L

Architect: I.M. Pei and Assoc.

- Lighting Designer: Edison Price & Assoc.

Date of Completion: 1969
Collections: Paintings, Sculptures
Spaée Description: See Plate (6.16.5)

GALLERY DOCUMENTED

Gallery Name Location: Gallery C, second -ﬂoor
. . - 4

Date of Visit: September, 1982

Weather Condition: Overcast

Time of Measurements: 10.00 A.M. to 11.00 A.M.

Solar Altitude Angle: Start: 46.0 Finish
Azimuth Angle: - Start: 45.0 Finish

L1

:52.0
: 28.0°
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DATA SHEET

TABLE OF FINDINGS

©ocjojocjojoc(0|e RiojOojeje|Oje 00| A2 (X2

= ) =
w ! g
— =
v FACTORS v FACTORS
NO.f » NO.| » -
1. Exposed Ducts ® 3. g Wall system
§ Integrated W/Structure | @ & | Ceiling System
[
= Integrated W/Lighting /=) = | Finishes
2. Top Ligh'ting (] 4. 2-D Paintings
Side Lighting ® 2-D Paper
Court Lighting O = 3-D Sculpture
Clerestory l® 1 Case Exhibition
- [a]
Diffusing System o ;:'c‘< Tapestry 3
! w !
' A Control el ! Wall Mounted
S | 6lare Control ) Free Standing
S
& | contrast ) ® 5. Luminaire Type
Co\or{ Rendering ® u.v. Control
Interaction WArtificial| @ — Modeling
Irpieraction W.Structure{ @ _, | Color Refidering
<
Heating Effect [ ] = | Color Temperature
£ | Interaction W. Daylight
<t
Interaction W Structure
Heating Effect
- Contrast
#
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DATA SHEET (6.16.3)

SUMMARY OF MEASURED DATA oo

COMPONENT OF LIGHT Min. | Avg. | Max.

*

I11uninance (Lux) 32 95 260

) . ' * * *

U.V. {mW/mé) _ 14| 17 32

*

U.v./Im 45 60 | 100
(Crawford)

‘ *k kK k]
Colour Temp. (°K) 2800 | 2900 | 3000

* Exceeds Recommended Level
** Below Recommended level

-
)

Average i1lumi nance levéls are below the recommended
levels. |
The variations between upper and lower readings are due to.

the direction of the artificial 1ighting.

'S

There is a sharp increase at certain points which is due to

.

. Color temperature readings are constant across the wall.

’

The openings to the court orﬂy affect the .contrast, but

have no effect on illuninance levels and color ‘temperat_ure. f

wa s —————
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.. Plate 6.16.7, Reflected ceiling plan of gallery (C).. o
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A. GENERAL

- Gallery Name_Location: Gallery 3, ° ‘ (

.  DATA SHEET

/ .
FIELD STWY (6.17)

- >

, ' A
Museun Name: J(er/man Galleries, Metropolitan Museun of Fine Arts

Loca‘ﬁon: New York City

Arch&ect: I]t;vin Roche John Dinkeloo and A_ssoci'ateé

Lighting Designer: John Alteri

Date of Comptetion: 1974

Collections: PaintGgs, Period Rooms

Space Description: See Plate (6.17.4) ' S

¥

GALLERY DOCUMENTED | ' .

-

Date %f Visit: September, 1982 ’ N
. . e . J

M.

Weather Condition: Clear, Sufhy
Time of Measurements: 11:00 A.M. to 12 noon
Solar Altitude Mgle: Start: 56 Finish: 58

Azimuth Angle: > Start: 27 Finish: 0.0

4
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DATA SHEET ' )
TABLE OF FINDINGS
'A
& - 5
o * FACTORS £ b FACTORS -
> —— > [l
NO.| » NO.| » :
1. Exposed Ducts- - o 3. | | Wall system h
=" : .
§ Integrated W/Structure | = | Ceiling System =1
- —t
= Integrated W/Lighting | @® = | Finishes IFI
2. Top Lighting ) o) 4. ; 2-D Paintings 0
Side Lighting PY 2-D Paper ®
Court Lighting PS _ | 3-0 sculpture P
o
ﬁ"erestory‘ . "é Case Exhibition . .
w Diffusing Systfem e :xu:':‘ Tapestry )
% U.vV. Control O . Wall Mounted O
S | Glare Control 0 ) Free Standing ®
> 4 -
S | Ccontrast - ™ O s. Luminaire Type IC
e Color Rendering o | U.v. Control ®
Interaction W/Artificial{ O . | Modeling (03]
Interaction W.Structure| O _, | \otor Rendering O
. " i -
Heating Effect (= = | Color Temperature @
5 E Interaction W. Daylight{cy
Interaction W Structure{)
Heating Effect (=)
" * | Contrast O
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. o _ " DATA SHEET J e

SUMMARY- OF MEASURED DATA (6.17.3)

COMPONENT OF LIGHT Min. | Aug. Max.

™~ ‘ A
'). o o%* 4 * *
ITluninance (Lux) 250 350 .y 400

/ &
™ ‘ * * *
U.V. {mw/cm?) 16| 21f 3
* * *
\ U.v./lum 110 160 190
(Crawford) ‘ -
. ) x% |- x% -
_ . Colour Temp. (°K) | 3000 | 3200 | 3500 e
| : '

- *  Exceeds Recommended Level
** Below Recommended level

. - 1. Tlluminance levels"are above tSe recommended levels. but
they are within the Timits suggested by this study.
2. No significant (above 10%) variation exists between the \
lower and upper r&diﬁgs. ‘This s due to louver s'yste:ﬁs of skylight.
3. Color temperature’ readings arec generally below the .
recommended levels and are constant across the wall.
4. 4.V. content is low for a daylit gallery, but excefd/the
V., minimun recommended levels.
use of S]oth panel in the background has provided contrast.
6. Ambient 1jghting is provided by skylight, courtyard and
artificial lighting. -
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PERIOD ROOM ‘
FLOOR PLAN
‘ hd
SKYLIGHT ,
e

REFLECTED CEILING PLAN

Plate 6.17.4, Floor plan and reflected ceiling plan.
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6.18 ARTIFICIALLY LIT GALLERY

Gallery D of the Montreal Museum of Fine Arts was i}lvestigated as
an example of an . Artifically 1it gallery.. This gallery is illuminated
by incandescent track thting‘ and it opens to the main circulation
space which receives some daylighi from clerestory daylight 1yminaires,
but the daylight does not have any effect. The artificial lighting

system has the following characteristics:

1, It is effective in task 1lighting, but some paintings
;eceive no light due to scalloping. |

2. The lighting system is very static.

3. The color of H:;ht is n;osﬂy in the red region. |

4. It is not effective’ in modeling, particularly in light-
ing of the sculpture in the gallery.

5. Al1 wall space§ are used fo}' exhibition.

6. It does not provide any contact with the outside.

7. The problem of veiling glare exists, pgrticu]arly from

two glazed paintings. ..
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K 4 DATA SHEET (6.18.1)

- . FIELD STUDY '

GEMERAL

Museun Name: Montreal Musewn of Fine Arts
Location:  Montreal, Qu;.‘bec

Architect: ARCOP Assoc. -~

Lighting Designer: NI

Date of Completion: 1979 ) ~

Collections: Paintings

Spé’ée Description: See Plate (6.18.4)

/

v

GALLERY DOCUMENTED

‘éallery Name locatfon: BGallery D, 4th floor

Date of Visit: October, 1982

Weather Condition: Clear/ Sunny

Time of Measurements: 2:30 P.M. to 3.00 P.M.
Solar Altitude Agle: _ Start: 32.0

* Azimuth Angle: ‘Starts 46

.

Finish‘: 27
Finish: 53
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DATA SHEET

- A e e o

L
' TABLE OF FINDINGS
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1. Exposed Ducts ) 3. | | Wall system Pl
o ;
E Integrated W/Structure | @ E Ceiling System F1
A [
= Integrated W/Lighting | @ Z | Finishes IFL
2. Top Lighting e 4. 2-D Paintings O
Side Lighting @ 2-D Paper @
Court Lighting o ' | 3-D Sculpture a
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S | Glare Contro] o Free Standing O
=
S | Contrast @ 5. Luminaire Type T
Color Rendering ® ":| U.V. Control ®
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DATA SHEET (6.18.3)

SUMMARY OF MEASURED DATA

COMPONENT OF LIGHT Min. | Avg. | Max.
<
% *
Muminance (Lux) 140 205 | 240
‘ ¢
) * % * 1
UV, (mw/ml) 7 9{ 12
!‘.
; U.v./1m 50| 58| 70
‘ (Crawford) :
*k i t s 3 )
Colour Temp. (°K) 3000 ( 3100 { 3100 | .

* Exceeds Recommended Level
** Balow Recommended level

1. Illuninance levels exceed the recommended levels, except.at some '

points (which are 140 Jux), but- they aré below the suggested
levels by this study.
2. Upper illuminance levels are_ hﬁer which are due to the
direction of track thtmg and low ceihng (very constant)
3. Color temperature is be1ow]the recomended levels, which is due
S to the C.T. of the source and the wood floor.
4. The U.V. content is low in comparisen to daylit gatleries.
* .+ 5. Mdeling. light 1is very poor; pgaintings and sculptures are
exhjl)’ited with the same 1ighting system. ‘
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6.19 DATA KX&:POLATION . T e .

. \‘Measuruem‘ents made'\ in this study were done for a brief period of
. time (usuall)" 1 day). One may well object th.';t‘a 1ohger study period is
required to fully understand 'dayh'ght effects in a space. This is
.certain]y' true,however’ a:c a large expense in time and travel costs.
,Becaus“e of practical limits we decided to visit several museums briefly
to have a broadeh range of examples and then to éxtrapb]ate the readings
for the year. This extrapolation is of an "order of m;gnithdé" precis-
jon limited by daylight availability data. K Studying daylight in museums
is difficult because no two museums are alike and daylight changes due
to weather fahtors. (Of th;se two fundamental types (;f varia'{n’ons, the
former is more critical since daylight inside ig proportional to some

exterior conditions. If the knowledge of the ‘:interior variation is

‘known then exterior changes can be applied proportionally inside.

In extrapolating exter ior (lux and U.V.) readings, throughout the
year, one can rough]y approximate the -region' of highest and lowest
illuminance and 'U.V. levels expected. By r\ecording exterior illuminance
‘values (ux) during on'e day, and having the exterior illuminance level
throughout the year, one can estimate. the approxlmate values’ (max.‘and

+

* min.} expected through the year for typ1ca1 sky conditions.

One cannot make accurate predictions due to the Tack of pré;ise

o fa_yhght data for Montreal or, North Anemca Though rad1ation data has

been co11ec€ed by weather stations, no yearly luninous efficacy

. . 1
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corre]ation’s have been made- for Montreal or the other sites that were
visj'te’d. Th‘e(;orrelations that have been made for some”g;rc.ers, namely
Washington D.C. [62], Port AHegany.' Pa. [53] I.:52]I,oand Nottingham,
U.K. [64] are the best available. One.can gxtrapolate daylight illumin- -
ance ~Yariation§ through existing solar radiation data, but the range of
suiggested luminous efficacy .is so l.arge (90-130 1un/watt) that the
resulting curves can only give relative ,g"agnitudes. Similar problems
exist with r';\spect' to U.v. cor;te.nt. No useful yearly data has been
cdﬂected‘for Montreal and the sites visited. However using the curves
produced thrxugh studies c;one by Kunerth, (by Mi]]er. and Kalitin) for

clear sky [91] and by IES, one is able to approximate the illuminance

variations, P} ate (6.19.1). f
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The Johnson museun data can be used as an example. First one
L '
locates the measured illuminance values as on graph 16.19.2. Then one

can approxima’ie the change of expected ex 4er1’or noon diffuse clear sky

7

“illuminance, for other times of the year. .
‘ °

3 o L o ,
#  The exferior value could increase by “60% oc qecrease by, 20X from

Sgpt. 21 throughout the year. Assuming that the interior illuminance

levels follow the same pattern, the interior maximum i11uminance level

Yy
L ' N .
L can increag; to 2L60”lux. or decrease to 1040 lux, compared to the mid
Sep¥ember. .
[ .
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The precision of ;h?s method depends on the availability of yearly
daylight Qata; however a useful understanding can be obtained for order

of magnitude approximations.

6.20 CONCLUSIONS

Y

;o .

\ The field studies are used to- compare theoretical views and data,

with actual site situvations, Plate (6.21).
the analysis of the data, with respect to, A) museun design and plénn-
ing, B) museum's visual environment, C) deterioration of works of art,
and D) interaction of all the factors affecting museun lighting, one can

!
make the following conclusions:

]
i

A) Museum Design and Planning:

1) The interaction between HVAC, lighting and structure often

|

has not taken place. This is due to the fact that light-
ing is always considered at a very late stage of the

design and construction process.

2) Only in a few cases, has da}light luninaire design been
’ considered at the conceptual deéign stage and implement-
ed.

.
3) Flexibility is limited in some cases, and not provided for

in others. Partitions and interior finishes are usually

fixed.

Through this comparison and.

v
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Transition spaces have not been provided making accommodation

from dark to light areas (and vice versa) difficult.

-

Th¥ movement pattern of the visitor in the museun is often
confused and does not have a hierarchy or order with respect to

qualities of the visual environment, i.e. 1light to dark.

The changes in the use of museum space can create inadequate =

' viewing spaces and hazardous exposure to works of art. It is

difficult to predict how a museun will change its functions and
configuration iq time. Thus * ideally all spaces should be
considered as potential galleries.

B) The Visual Environment \

2

€

There are large variations in illuminance levels in all galleries.

I11uninance variation is much more even in top 1it gaTleries
and this vacation is a function of the galleries height. The
upper points show higher values. I1luninances levels are

generally higher than recommended levels.

There was excessive veiling glare in all windowed and courg}ard
galleries but not in toplit galleries which confirms the
taxonomy of chapter 5. The Johnson gallery was by far the

worst example. See'also case studies.
; x
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4) The toplit American wing had very poor modeling due to large

5)

areas of diffuse laylights whereas the toplit Islamic gallery
with a center skylight and high perimeter lighting in the
Lehman ‘gallery were very good. This confirms the r:equireménts
of cha;)ter 2 and the taxonomy of chapter 5. No gallery had

direct daylight that would cause excessive shadows.

The color temperature readings in the Lehman gallery and the
American Wing -were acceptable shm;n'ng the value of daylight to
raise color temperature. The artificid)lly 1it Montreal Museum

was very poor as expected from chapter 3.

©®
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Deterioration

1) The illuninance levels exceed the :levels recommended by

.2)

v 4)’

5)

conservationists (up to 10 times).” In some eiceptional
cases the minimum level meets the standard. -
The U.V. content exceeds the recommended levels (up to 8
times). This is due to the lack of U.V. filters in the
luminaires. .

u N7
Overheating is found to be a serious problem with respect
to deterioration and comfort, as concluded from interviews
with museum personnel. .
Daylight control devices (louvres, covers ..) have not
been provided. Louvres are provided in some g;;TE?ies but
they cannot be used to block the daylight during the
hours that a museum is closed.
Lack of accurate yearly local daylight data makes any
daylight aﬁa]ysis or prediqﬁion imprecise and hence makes
a design study difficult or impossible in terms of precise

damage prediction.

D) Interaction of Factors

1)

s e ———. 4~ =

The re1at%onship of factors, influencing the visual

environnent has -generally not been considered in the

museuns visited.. Providing for one factor has caused

problems for the other. For example creation of high

contrast has led to glare, or avoiding glare from the

s

-
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skylight has ‘caused loss of. contrast. Increased color

visibility by higher illuminance levels has increased the '

/
damage factor.

2) The teeds of the . viewer have not been considered in

relation to the needs fo};fcbr;Sér"vation. Mhseuns ‘have o
often been designed for one or the other, - -
3) Missing and the design factors affecting the shape of the

buﬂding have caused the interior needs to be over looked.

Of the museums visited the toplit galleries were judged the best
with respect to even:%ss of illumination, lack of gl.are, modeling and
color rendering. The worst was the dJahsnon gal\gry due to the veiling
and discomfort glare, lack of transition space, poor color temperature
control and potential damage due ;to U.V. ’In fact it was closed last

year after measurements were made due to problems in the mechanical

system. » . -
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CHAPTER VII

CASE STUDIES

>

7.1LJINTRODUCTION

The application of visual environment factors, to museums display
spaces was dissyssed in the first four chapters. In~chapter five the

application of factors and evaltuation of daylight luminaire designs-were

d presented. Finally in order to see how the factors and recommendations -

are applied in.museuns, field studies were undertaken and analyzed'in
chapter 6. It was concluded that more museums should be investigated
which was not possible for this study. Therefore in order to'have a
better idea of the application of factors a number of well kngwn museums
are studied as a continuation to the field studies. Although no on site

data was taken, the graphic studies and information tables are aimed at

presenting:

1. The planning concepts with respect to transition areas and

zoning of activities.
2. The geometrical conéépts with respect to daylight lumin-

aire design to survey the range of daylight systems avail-

able.
3. The integration of building systems with respect to HVAC,

structure and lighting.

4. The lighting system, ie. artificial, daylight or a combin-

. ation of the two. N
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5. The nature of objects on display, in relation to lighting.
6. The app]ication‘of fag@tor‘s affecting the visual environ-
ment. ’
7. The interaction of these factors in the visual enviromment

in relation to overall design.

8. Llocating the problems and potentials for future designs.

Case studies will give the designers an overall idea/ of what i‘s
actually being done, and the possibilities..and limitations of integr-
ation of daylight in the museun dispﬁay spaces. The ideal study would
be to visit these museuns and document them for long duration, as any
study in a new field has started. One can hé)pe that these graphical

docunentations are a step towards that ideal direction.

The museums studied are divided into 5 categories with respect to
their 11‘ghting system as was discusged in Chapter 5, they are:
- a) Window 1it ' T
b) Clerestory 1it
c) Top 1lit - .
d) Courtyard 1it |
e) Artificially lit

. Some museums could 'faH into two categories, but the one which is
most typical of the muséun is chosen. FEtach museun is studied individ-
ually and a data sheet is drawn up for quick references. "A table of
building systems affecting 1lighting for all museuns is presented for

comparison.




RPLEBRNY

e e D

- 265 - Rt
7.2 MUSEWMS STUDIED

There are many museums that can be studied. Therefore the .,
museuns‘visited during site studies plus a few others that are known for
their lighting designs were studied. The museuns in which .one gallery
was documented and‘anavaed in Chapter 6 are included here. In Chapter
6 data an_a]ysis' of one gallery was undertaken, in this chapter we will

study the museum as a building. Galleries inYestigated and galleries

documented through literature search are compared and evaluated against

each other. The luminaire type, was discussed in Chapter 5, is the

basis for comparisons of possibilities and limitations.

A. - Window Lit
1. Herbert F. Johnson Museum of Art, Ithaca, N.Y.
2. Musée D'art Contemporain, Montreal, Quebec
B. - Clerestory Lit
1. Museum of Contemporary Art, Tehran, Iran
2. Shiraz Art Gallery, Shiraz, Iran .
L. - Top Lit
Frederick R. Mayer Art Center, New Hampshire
The Menil Collection, Houston, fexas
Yale Center for British Art, New Haven

Portland Museum of Art, Portland, Maine

.
PR DO
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. Art. Gallery of 6ntario, Toronto, Ontdrio
American Art Galleries of Metropolitan Museum of Art, New York
Is¥mic Art Galleries of Metropolitan Museun of Art, N.Y.

Kimbell Art Museum, Fort Worth, Texas

®© ® N oo

i Boston museun of Fine Arts, Boston

D. Courtyard Lit
1. Everson Museun of Art, Syracuse, N.Y. ,
2. Robert Lehman Galleries of Metrdopoﬁtan Museun of A“rt, N.Y. .

E. Actificially Lit | '
1. Montreal Museum of Fine Arts, Montreal, Quebec °

ar
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5 . .A.1 Herbert F. Johnson Musewn of Art, Cornell Lhiversity, Ithaca, Mew
o York

LA -

I A ‘ %

% - - In the Johnson Museun daylight has been 1ntr%ced from different
f s 'hmnalres at 2 nunber of locations, but its use as an exhibition light

rd . -

-’ g soyce s minimal. This is due to changes made by the staff after the

§ opening of the musgum. ‘ The ‘only dajl)’t gallﬁry is Gallery 14.b, which
; . was intended to be used .as a lounge by the archivtec.t The circulation
Z areas of, the fifth floor are also used as exh1b1t1on areas (mostly

? B scu]ptures), which again were meant to be used as administratwn areas
? ‘by the designer. mese changes have created many problems in terms of
3 ‘

space organi;ation -and circulation.

Gallery 14-b has a very 1arge window facmg North which floods the

e

A e, Pt e 5 o < o =5
¥ .

space with daylight Nevertheles? th-e spot‘lights a(g ept .on for

modeling and to decrease the color %emperature. The LB nce ‘levels

"and e U.V coptent (not -filtered) ‘are very high and a]armmg

WTRPIY s ody e
P
€ .

. disabﬂity glare, reflected from the works of art. There are problems

k ) with adapting “to the ‘.%ow i1luninance level of the oriental gaﬁéries -
' ‘ ‘upon’ entering from briéht dayl tt perimeter circulation areas on the 5th
A3 » .
] , f;loor. X ' o . '
N 9. - . ——

‘Chapter 6 for data. Furthermore, the window creates a source of.
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DATA SHEET
v ¢) \
*MUSE UM NAME : Herbert ¥. Johnson Museum of Art )
LOCATION: \ Ithaca, N.Y.
/'\; \‘l A
] R N
=V r"{" T x
/4 .. | i
b FACTORS g FACTORS
NO.|
' ® r ' 1d
1. Exposed Ducts 6. Glare Control
. < O
2| Inteqrated W/Structure | @ Z]Modeling
= ° = - ®
Inteqrated W/L{ighting Sl Colour Rendering
= . : O
2. | 2] Linear W. Corridors ® Z| Colour Temperature
= - 0 ) _ ) e
S| Linear WO/Corridors i-f Interaction W/Structure
>~1§ b O E . ¥ Ky ®
« | o|Nransition Route < nga}';mg Effect
3. Planning System i Contrast _®
Z| Transi tion Space ® .5 Top_Lighting d
Z e 0 . 0
; Muliti Story Space { Side Lighting
Zoning - d Court Lighting O
4. o | Wall System IFL ‘Clerestory o
Rpeame '
e Ceiling System T Diffusing System ®
—| Finishes U.vV. Control
5 2-D, Paintings - : . £ |6lare Control ®
’ ‘ Y =1
h, 2-D, Paper D 25 | Modeling 1@
Z|3-D, Sculpture 93 = | contrast " ®
[« ~ o T T
| Case Exhibition O Colour Rendering O
Wall Mounted D Interaction N/A\it. ot
Free Sfaﬂd;'% SO Interaction W/Structure |®@
= .
“16. &S |luminaire Type < Heating Effect - ®
—d .
e Lamp_Type __B e \‘T -
=
y.v. Control, o
T ~'

2y



:
[

wra

Jron on b v
25 a

- me—— 4 S A
.

>

T AR adtgn < s e h o e ——— N - -

\ o
* Ld
] »
1 - ..—
269
Yon
A ]
*
- -
» '/—\
. -
x
t
i 4
| N
\
' J
A
¢ o
1
-
a
“4
Ty
"
"

Plate (7 ‘1) eeneral view of the Museun.
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A.2 Musée D'art Contemporain, Montréal, Museum of Oontemporary At,
Montreal )

In this museun large windows ‘were ingtalled in some galleries and

transition spaces. The main staircase well s lit by a skylight from
¢

the top. The main galleries are artifically 1it by track and spot

lights.

The large window of gallery 3 has curtainsl, which are constantly
drawn. The curators feel ‘there is a pronouncef]‘ ack of daylight options
to light individual exhibitions. The malfunctioning of the HVAC has
forced a lowering of the illuminance level to prevent overheating. The
curators are also concerned about the overheating of paintings caused by
incandescent sources. Since the n!odern artist uses many thick Tayers of
paint, it takes a long time to dry thus heating causes, cracks. on the

paintings (see Chapter 6 for data recorded in this museun).

]
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, DATA SHEET

MUSEUM NAME :  Musee D'art Contemporain

O (®|C/e/O/ N DO |0 |©|©|0(R |

LOCATION: ’ Montreal, Quebec
b =
W] Lt
% FACTORS %
w. | 5 2 FACTORS
1. Exposed Ducts .‘ 6. Glare Control
[}
§ Inteqrated W/Structure |@ ; Modeling
o = X
Inteqrated W/Lighting o =| Colour Rendering
=
2. E Linear W. Corridors e =| Colour Temperature
< (&5
§ Linear W0/Corridors 0 E Interaction W/Structure
x ] = .
G| Transition Route O | Heating Effect
3. Planning Sys tem Contrast
L) - O 5 . .
Z| Transition Space . Top Lighting
=z
z = - 3
<] Multi Story Space o Side Lighting
[+
Zom‘pg O Court Lighting
. | Wall System h - C]er‘estory’
O
- 2 Ceiling System FL | Diffusing System
Z|Finishes : 141 U.V. Control
E. 2-D, Paintings O 2 |Glare Control
O = [Moden i
2-D, Paper &5 | Modeling.
%|3-p, s 0 =
<13-D, Sculpture = | Contrast
Q.
w 0y o 4 = )
| Case Exh1b1t1on o Colour Rendering
Wall Mounted [ Interaction W/Art,
free Standing 10 Interaction W/Structure
" = .. IC .
ls. Slluminaire Type : Heating Effect
— A
—]llamp Type 1c
o N .
1 <
U.V. Control, . 0
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B.1 The Musemn 6f Contemporary Art, Tehran

Clerestory lighting is used to bring light i'nto the galleries. All

openings face Northwestj, which get direct sunrays in the afternoon,
4

especially during the summer. The luminaire designs have no mechanism

*

. P
to cut down the direct rays. U.V. filters are not used; overheating and

o

very high A1luminance are problems.
r \«
- The illuminance distribution is poor since the light entering
the space falls. di"rectly on the painting 'witho'ut being ré-

ﬁ e;ted.

)

2/

.= Veiling glare is a problem, since direct sun rays are reflected

¢

from glossy surfaces of objects. _ '\ '

Plate 7.9, Sectional Isometric 1llustration of the clerestory system
) facing north. e | stor
CLe f ’ e .
a l R '
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. DATA SHEET L )
MUSEUM NAME: Museum of Contemporary Arf_ , .,
LOC Tehran, Iran® = ’
Plal 5
53 (O8] ;,
[ —
QL FACTORS S FACTORS *
NO. | ¢ @ :
i \
y N .
. Exposedw’ﬁu?ts ® |Glare Control o
e ° 2 - e
§ Integrated, W/Structure E Modeling
T . Il o ’.
Inteqrated W/Lighting ® %po]our Rendering O
z . ° '
2. = Linear W. Corridors, =| Colour Temperature O -~
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system of slats are used to diffuse daylight’and to cut the direct sun

N
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' .B.2 Shiraz At Gallery, Shiraz,.Iran

The gallery is located on a hill top site. Open plaaning has been

[ 4 %

employed for ﬂex’ibi'lity. The' clerestory lminéires-are designed as ans )

‘intedr«m part of the 'overal] form. Geometrical reflecting panels and a LT

¢

rays in the-galleries. No window luminaire ‘is located in the gallery .

-

area. .

?

- IMluminance distribution is excellent, since daylight is reflect-

ed through many daylight luninaires.

- Veiling glare does not exist due to ceiling hei’r;ht reflecting

»

panels reducing the brighthess of the luminaire. -
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"plate 7.11, Shiraz Art Gallery.
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C.1 frederick R. Mayer Art Center, Center, New Hampshire .

The simple ,;nd effective luninaire design in this galler;y is avery
good example of how daylight can he controlled. The illuminance level
and modeling are controlled by a simple rﬁanua] '(automa'ted) device. The
shading system is comprised of .fabric ‘}eqves hung the length of each
skylight from the uppermost rafter bar. The fabrics are moved and

controlled through a shaft sjys_ten_\ running at the bottom of the skjﬂight.

e

The key in ilfuninan e__co>trol is the qualify and number of

fabrics. A model was built to study the lighting effect and to experi-

ment with different qualities of interior finishes. “The effect of. the

e et s e . et et

illuninated skylight from &he interior at night time was also studied.

It was through the model study ‘that the architect and curator could

finalize the quality of fabric to be used.

Outermost leaves of fabrics are of grey woven fiberglass, trasmitt-

ing 4% light; the innermost leaves are 100% 1ight blocking white -

_ coated fiberglass. Light is diffused through the skylight and reflected

b

from Jeaves in a vertical position. The position of the fabrics, one on

R . , .
one side and three on the other, or all four on one side create the

flexibility for modeling. .An U.V. filter, 0.06" Polyvinyl But‘y'ra1 (PuB)

resis sheeting is sandwiched between two 1a3;ers of glass.

[ “;
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Plate 7.13, Plans of the ﬁaﬂer level and the main studio
' levk1l. Note the skylight on the pTaza.
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(a)

Plate' 7.15, The ‘interior views of the gallery. (a) shades open;
(b) shades closed.
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C.2 The Menil Collection, Houston, Texas |

Y

Daylight in co‘njunction with. the structural system has génerated
the ceiling system. The advancement of technology was to be expressed
through the'design and the -ceiling system was'designed to express this
concept. A extensive model s’:udy was undertaken in order to examine
the problems and possibilities of the idea. Illuminance readings were
taken with a nunber of opening options. \Artificiél lighting was studied
with models too. The fin.a] project has employed new technomin the
creation of a required visual environmment as well as \a structural system

in line with function and expfession.

- Daylight is used for ambient 1ighting as well as task 1ighting,

,« -

whereas artificial lighting is US\Q\fOY‘ modeling.
- Muminance distribution is excellent, since reflecting pané]s
distribute the diffused 1light, as well as create the required

contrast.

I L3

¢
- Veiling glare does not exist, since no bright source is located

. in the gjlare zone and exaggerated contrasts are avoided.
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Plate 7.17, Sectionsi(a) Section through the gallery area. \’\
+ (b) Section through the ceiling system.
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C.3 Yale Center for British Art | N >
Dayliggt is _used to extrem%s as exhibition and -ambient Tight in
this gallery. Dgy]ight ‘:enters in most ga]lery‘space‘s through skylights,
courtyard and .windows. The luminaires have been designed in order to
avoid glare. The leuvre systém‘ for skylights, Tfe blind systed for both
the open{ngs into the cour® and the windows have all been designed t;
eliminate i'n'gfg contrast, glare, and damage due to J]ight for
conservation. The color temperature is approximately 5000 l'K wh,ich|is

the result of mixing daylight with incandescent light. The high space,

the continuity of spaces and the visual environment are some -of the

strong concepts ‘that have created a museun with the viewer in mind as

w811 as the works of art.

- The illuminance distribution is excellent., which is due" to

modular planning and the skylight system.

]

Veiling glare“does not exist. This isxdue to the teiling height

and deep structural system. |

-

The planning system has provided for transition areas. and zoning

of activities,

Excellent color response is due to .the mixture of 'daytht and
- ,

spot lights.
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MUSEUM NAME:  vaje Center for British Art
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Plate 7.18, (b) the Architect's sketches of skylight system
design; (g) section through the galleries and
court.
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_;‘__; :mﬁ ! ulg F ‘ + 1ibrary stack and exhibition
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-

(c) First floor plan;
libraries and special
exhibition galleries.
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(d) Ground ‘floor plan;
entrance, shops and
ante-room to a lecture
room extending into the
basement.
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Plate 7.20, (a) Interior view of gallery looking into the
courtyard on left. (b()] Interior view of the gallery
looking in the skylight court.
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C.4 The Museum of Art, Portland, Maine

[

o

The Payson addition to the PortTand Museum of Art has been recently
completed. This Museum is one of the contemporary museums that has

strongly considered using daylighi: Daylight has played an important

‘role commencing from the early stages of the design poocess. The site,

the surrounding buildings and the existing part of the museum have all

been considered in planning and massing of th‘q building, but the need

and desire for daylight have i;1f1uenqed the generation of forms. The

use of daylight was recommended by the museun board and the arcmect

made useiir of a lighthouse geometry, a local symbol, as a daylight lumin-

aire. The Dulwich.Gallery (Chapter 1) was used as a precedent for the
o ,

creation of.a visual environment.

5
A clerestory skylight in an octagonal shape is used. The vertical

openings are sources of light. Blinds are pulled down at all times.
Light is reflected and diffused by the planes of the skylight vault and
are/ directed towards the works -of art and the ambient lighting. As
indicated in plans and sections, the modular planning and stepping down
from each module create the opportunity for installing sicy]ights in most
(total of 10) galleries. However, mistakes do get repeated, as in the
Johnson Museum (by the same firm). The openings to the squa;'e ﬁn thé

2nd and 3rd floors create a bright source of 1ight adjacent to the

gallery walls which cause problems with adaptation and glare. The

N

architect is trying to provide views; to the outside, but at tﬁe expense

of creating discomfort for the viewer. One has to move from a very

e e n P i et
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bright area to a'dimly 1it gallery, without having the time and space

~

. Openings are introduced at the end of circulation spaces. During-

_the time of visit, these openings were not glazed yet and were very

istrong sources of glare, at the end of dark corridors. At the time of
s N

d\iscus;ion withi the lighting designers, it was stated thqt tinted glass

shpuld be used in order to cut the glare. The windows on the second

floor are very small. They were cut down to the minimum size in ordér

"to chrtail the contrast with the surrounding walls, but have created a

higher source of glare. U.V. filteérs are used but the blinds are not
adjustéple. As part of the design process 2 models were built, one at
1/§9) sés]e and one full size, in order :co st‘udy the Tighting
perfonnan\:\e. As the architect states, two fundamental elements of
archi'gectu)t, space and light, are put in the services 0f the museum

visual envi {)nment.
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‘Plate 7.21 Exterior views
of glare
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~ Plate 7.23,

, ’_3041._

" The stepping down design, permits °
daylight to all galleries.
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Plate 7.24, Floor Plans. ,

Plate 7.25, Interior views of skylit galleries.
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Plate 7.27,

Sections through-
out the building.
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C.5 Art Gallery of Ontario

Sculpture galleries are the yjonly daylit galleries in this “A't

Museum. Two’skylight systems are ployed to bring 1light into the

galleries. One is the Modular top lightihg system, located in the Moore

Sculpture Center. The second is the Saw Tooth °S_ystem in Gallery 3, New’

Canadian Contemporary Art Gallery, as indicated on the r;lan. In the
Moore Gallery the exhibition design and finishes are in contradiction
with the lighting design. The horizontal ex‘hjbition's, greyness of the
stone and flat lighting have created a very 'c01d, grave yérd feelin§
space. Madeling in exhibition design and 1lighting has been ignor:ed,

which is \;ery important to all exhibitions, particularly sculpture

galleries. N - os

N
The finishes and the modeling created- by the Saw Tooth  Skylight
System have created a pleasant enviromment in Gallery 3. The us’e of
« » .
carpeting on the floors and the introduction of color and contrast have

added to the visual eﬁvironment.

2
- *

Clerestory . lighting is used to 'light some of the circulation

spaces. Works of art are installe® in these areas. This lighting Tuni-
naire system causes over heat;ing and’high ‘i1Tuninance which are danger-
ous to the works of Yart. Controlling both the‘light and the blinds is

ve}'y,difficult as oncg a bAJ’nd' is proken, 1light flows in for a_long

time, before the blind is repaired. N o
. 13 .
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’ Ultra-violet filters” are used with all daylit luminaires. The
i O 3 artificially 1it galleries have fluorescent lights for ambient lighting, '
) ) ' ' | : . ) q
_ These are installed in the pre-cast overhead beams and ‘are protected
' with.ultra-violet‘ shielding, < Spot incandescent track lighting 1s used ]
. ) b \ S “ . .
for task lighting. - . ) o,
, ' A N b
A @ , . ' by : )
. . ' s , ! . o ) ' ’ 3
4 * -
” R - /} ’ r .
94 - o
v/
» N - ®
L [ ¢ Q .
; Y ~ >~ '
/ . .
/ ' .': \: \-'\./ !
) ‘s 7
. . s /
k' t ' - . by
. Ay - o .
. . j
o N - : 4
‘ ’ » , . if
t P4 ! ' . \/‘
" ' ,




B B L S U

MUSEUM NAME :

=309. -

i DATA SHEET
Art Gallery of Ontario

LOCATION: Toronto, Ontario
9
f £
" g FACTGRS g FACTORS
1. Exposed Ducts . ® Glare Control ®
. . - >
&| Inteqrated W/Structure O Z|Modeling ®
z =
Inteqrated W/Lighting O SiColour Rendering ®
z N
2. E Linear W. Corridors ® =|Colour Temperature @
< . O .
S| Linear W0/Corridors 2 ic|Interaction W/Structure o
[a g , \ “ - -
G| Transition Route O S|Heating Effect ®
3. Planning System L Contrast _®
12 - d !
Z| Transition Space Top Lighting O
=
= . O X C o
< Multi Story Space Side Lighting
a.
. 0
Zoning Court [ighting LB
4. | | Wall System {FT- Clerestory 0
(@]
x| Ceiling System FL Diffusing System ®
'-— .
= Finishes . CH U.V. Control O}
3 2-D, Paintings O . 2|Glare Control d
= -
2-D, Paper O Z | Modeling d
. \ — BN
E 3-D, Sculpture O g‘ Contrast @
a. .
[Ve} ep o 4.
. =] Case Exhibition O ) Colour Rendering @
| Wall Mounted a Interaction W/Art. S
Free Standing ) O Interaction W/Structure <
—
6. & Llyminaire Type [P Heating Effect =)
y - ’ "
| Lamo_Type : —
=
U.V. Control. WL,_

o

.

e o




) ‘v i o : ’ " i
-
'
- 310 --
": -
it e — e o P

. %‘J“‘

~
.
.
i
S
.
| N
.
& - ,
,
( " I T
.
4

e ®
*

&

¢ DAYLIT GALLERIES ARE SHADED  ~ :

o —— =

v e g AN T RIS\ 4302 By ot

[P

“ame s

Tu e Sttt o e

y o
B
H
i
.
i
.. i
>
.
«
s
N
'
'
//
N «
\
.
@
. LN i
"
4 Ay
L .
'
g e o o a———————dady |




EY
|:lu'v‘
e

' Plate 7.30, Clerestory 1ft space, note the glare

broke_n blinds.

source due t6

2 rvain el s Dot S




PN MBI b vl e b I

Plate-7.32,

l
|
|
|
|

Skylight system detail, see Chapter (5) for concept.' 4




- 313 - -

L4

C.6 American Art Galleries of Metropolitan Museum of Fine Arts

In the American wing the skylight system is designed in order to
create even ambient 1ighting. Daylight is diffused through a laylight
system. Iﬁcanc?escent Yights, instalied behind the laylight' system, are
the primary source of .task lighting. The laylight system causes a
feeling of flat lighting, lacking contrast and r'nodeling. The co;ntinuity
of the lighting system is criticised for its monotany. The color

temperature is Tow for a daylit gallery which is due to the spot lights.

I11uninance distribution is good. Lack of contrast and modeling

is a.problem.

[2

- Veiling glare does not exist since light is diffused and trans-
[}

mitted through the laylight system. ,

A

- Overheating is a problem due to the large area of skylight, as

was expressed by the gallery director.

- Free planning is used with partitioning of galleries, but the

laylight system is continuous, thus lacking contrast and change.

t
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Second floor plan of the Museun, where the American

located.
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.Gallery 2|8 is shaded

Plate 7.35 Partial floor plan of the American wing.

b

Plate 7.36 The laylight ceiling system of the galleries
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C.7 Islawic Wing ' | ‘
Most materials exhibited in the  galleries of the Islamic . Wing.

belong to the sensitive group and the illuminance level should be kept

low. In response to this need the skylight is white washed in order to

reduce the daylight density. Showases are 1it by fluorescent 1lights,
which contributesto the ambient light. Incandescent spots are used for

tapestry and carpets. The illuninance levels are in  an acceptable

range; the color temperature is‘sh'ght'ly lower than the recommended

~

level of 4500 °K. ' .

INluminance distribution is good.  The brightly 1it showcases

cause variations of illuminance.

- Veiling glare does not,exist, due to the high ceiling and 'proper

‘modeling.

- Discomfort glare is caused by fluorescent 1it showcases.
- Transition areas are not. provided from gallery to gallery, but
+ due to the close range of illuninance levels adaptation takes

place with decreasing visibility.

o~ d M
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Plate 7.37, Floor plan of thesdecond floor of the Metropolitan Museun

of fine Arts, Islamic.Gallery is shaded.

Plate 7.38 General view of the galleries.
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the glass, just missing the work.
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Plate 7.40, View of exhibition tase, note the reflections of sources in
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C.8 Kimbell Art Museum ' 'y

e The Kimbell Art Museum was created with Kahn's belief in dayhght

As he was quoted by his partner, Mr. Meyers: "We were born of light, the
seasons are felt through Tight. Ne only know the world as it is evoked
by hght, and from th1§3§:omes the thought that material is spent light.

To me natural light is the only light, because it has mood - it provides

a ground of common agreement for man - ,it puts us in touch with the

external® (20). : -

G 5

[N .

The Kimbell Art Museun is an examp]e/ of extenswe trial and error
‘»in the design process. A number of sectwns were experimented on in
order Eo study the effects of light. Finally a reflector system was

worked out in’ which-1ight is reflected to the exposed concrete barrel

vault ceiling. Perforated metal diffusers are used fér diffusing and _

, reflecting the 1light, Before installing the reflectors, the opening
along the center of the vault was very bright and a source of glare.
comfortable visual environment for the visitor.

" - I1luminance variation is excellent, since light «is reflected and

transmitted through the metal diffusers.
- The reflected light creates a luminous ceiling.

- Veiling glare does not exist, since the light is diffused. This
. Q
s can be seen by comparing the source of light before and after

the diffusers were installed.

With the reflector and the geometry of the vault the light has created a

i




MUSEUM NAME:

R i T - - < P

g - 322 -
Dﬁ_TA SHEET
Kimbe]] Arti Museum .

- SYSTEM

.FACTORS

Glare Lontrol

ARTIFICIAL LIGHTING

Modeling

Colour Rendering

Colour Temperature

Interaction W/Str{)cture

Heating Effect

Contrast

DAYLIGHTING -

3

Top_Lighting

Side Lighting

Court Lighting

Cleres tory

Diffusing System

U.v. Control

Gllare Control

bdeling

t !
Contrast

Colour Rendering

Interaction W/Art,

’

Interaction W/Structure

Heating Effect

® O|0|0|0|00j0I0 e/®|®0R 0 0,00 |]

»

L\LOCATION: Fortworthy, Texas;
» ? !‘
=
w
o FACTORS
NO. |
1. Exposed Ducts LA
> 0
§ Inteqrated W/Structure
= 1
Inteqrated W/l ighting
1 = ‘.
2. E Linear W. Corridors B
5 ®
ot 3 Linear WOQ/Corridors
= O
. o | Transition Route
3. | Planning System L
% Transition Space FL
o =
= ; O
T-<5[Multi Story Space
o,
' Zoning n
. oc [ a1l Systen Fl
| Ceiling.System FL
}—— v
. Z| Finishes ~ o FL
1 . 2-D, Paintings 0
2-D, Paper g
=|3-D, Sculpture O
a.
g Case Exhibition B
’ Wall Mounted d
3
Free Standing a
= ST 1C
6. & luminaire Type
_1 []
e Lamp_Type - 14
<X - IR
P A U.V. Control . e
“ ' B .




Plan - Gallery level. .

1 Porch
¢ R 2 Entrence
3 Gallwy
4 Book seie
S Auditonum
. 8 Open court

Plate 7.41, Floor plan of the museum.
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. Plate 7.42, The interior view of the gallery under construction. ahote
=~ the high glare in the ceiling, before reflectlng ‘pl anes]
"are installed.
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C.9 Boston Museun of Fine Arts West Wing

The new west wing was added primarily to provide space for existing

inadequate facilities in the museum. Two new galleries have been added:

S

a) Foster Gallery which is artificially 1it and
b) Gund Gallery which is daylit. (

' ' ' )
The Gund Gallery provides 10,000 sq.ft. of new gallery area for

temporary exhibitions. A 15 foot square grid is usedwith the coffered

ceiling system which contains another 5 foot square grid of skylight

The decision to install skylights was made very 1ate in the construct1on
stage due to a disagreement between the curators and the board of
trustees. The ceiling system functions in reflecting, diffusing the
light, and enclosing thel1ight source. This design helps to eliminate

the possible glare zone.

e .
«y

~ IMuminance distribution 1is excellent, due to the modular

skylight system. v

- Veiling glare does not exist. The deep structural system aﬁd.

)
lTuminaire design have eliminated glare.

- Open p]aﬁnipg is employed within the new wing.
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Plate 7.45,

Plate 7.46,

Floor plans of the new addition. the Graham Gund Galleries
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Plate 7.47,

The general view of the sky 1it gallery.. 'Glare is
eliminated.
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D.1 Everson huseun of At

" In this museun the galleries are grouped around a 2 story central
: sculﬂptu::e court which is 1it by windows and clﬂeres:tory Tuninaires. The.
" galleries receive a Rwinima] amount of natural light through this source,'
but in ‘terms of contrast a more negative effect is created. The open-
ings into the court create glare and seeing the dark artificially lit
adjacent walls becomes impossible. The galleries are 1it with—
incandescent spot lights and trackulighting. .The pattern created b} the
spot light; on the walls are very irregular and one finds some paintings

left totally in the dark. : ’

The ga'rgen'court is now used as a sculpture painting gallery. It o
receives 1light ‘from the top through sk}lights. Natural light provides
the ambient 1light avnd incandescent sources are used for modeling and

lighting of the objects (see Chapter 6 for data).
‘ P

P
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Exhibition areas arsindicated by letters while other '

Plate, 7.51, Floor plans of the museun.'
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D.2 The Robert Lehman-6alleries o’

G\i'llery was designed with a particular geometv"y around
\— .

~
-a Sculpture court. Daylight enters the court without any reflections.

The _Le'hman'r

;'I'he sun rays create bands of shadows of the mullions on th\g wall. The

-

gé]'leries in the perimeter are open to the court and are 1it from above

by skylights. A very deep louver systen;fwas installed 1long after

. nstruction, once it was realized that the*illuminance was too high.
! (2

It was stated by the curator of.the, gaHSries, that a huge sculpture was

! supposed to. be instdlled in the.middle of the court; in .order to create

~and ‘the humidity control is very diffiguit. It was stressed that day-'

' 'Iighf was very appropriate for these gaTleries since the :exhibiiions are
@

primarily 19th century.art' and were painted in outdoor conditions. See

Chapter 6 for futher Jatq. _ : ‘ s
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.a focal point. The heat gain through the court: skyﬂiéht was too much'
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Plate 7.57, (a) Ground floor plan of the museum, Lehman Gallery,

» (¢) Section through skylight system.
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The exterior view of the sky
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. E.1 Musée des Beaux - Arts de Montreéal :

Montreal Museun of Fine Arts

Th‘is museun has been used over and over again to illustrate
examples of what must not be done in museum lighting.  The visual
enviromment is characterized by gla.re, hi;h contrast, low illuminance
and low color temperature. Most galleries a‘re artificially 1it., Sky
lights in the older building (1912) are usually covered or white
washed. A b]é‘?:k plastic is spread over the skylight from the outsﬁde.
As was stated by the chief curator this is very d%fficu]t and dangerous

for the workers.

-Dayﬁght is preferred by the chief curator. The galleries of tﬁe
new wi.ng have no daylight luminaires, except for a few windows which a;'e
sources of glare. He also feels that the galleries are too dark but he
cannot raise the illusinance level of spot h'ghbs. It is the ambient
light which is missi‘ng. Furthermore the tracks are installed too close
to the wall and the angle of incident is too small, causing veiling
ref]éctions from paintings. This was corrected to<some ext'ent but _the

prqp]em still exists. See Chapter 6 for further data. ((’
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Plate 7.62 Fourth floor plan, Gallery D, documented, shaded

ate 7.62 Section through the museum
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7.3 CONCLUSIONS

N

N ' ™
Table (7.63) Illustrates the comparisons of factors that have been

discussed with each museum. Through thé study of individual museums and

comparisons we can conclude that:

1. HVAC is not integrated with other systems in general. The’
lack of integration is more evident in window 1it and
artificially 1it musewns, but it has been considered
in skylit museums. This is due to the fact that the
designers have considered the ceiling as an integral part
of the gallery and have considered its d;eéign at the time
of skylight design. This reveals that if' 1ighting design
is considered at the design stage, it will affect other

elements of the space.

2. . The provision for a transition route has been made in most
museuns , but it has been better integrated in skylit
museuns  than oTEher types. Linear circulation without
corridors is employed in all museums except two. This is.

due to the need for open space and flexibility in plann-

< TN, . ing

3. The planning system is fixed in all galleries except in
three.  Once the gallery 1is defined, modular or open, it
te.nds to stay like that. This is due to the fact that
changes in the 1ighting system and levels of illuminance

require transition space.
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Iriterior. finishes are in general fixed\in terms of mater-
ial and flexible in terms of paint. This reveals that
museums do not require flexibility in quality of material
(stone) of interior finishes even though exhibitions
change. This wil]l affect the 1ighting design with respect
to contrast and performance.

Therefore in order to meet these constraints, distinctions

‘between ambient lighting and task lighting must be made.

Display systems are varied \(free standing, wall mounted).
This 'again affects the design of ambient lighting and task

lighting as in number (4).

.

.. Incandescent lamps are used in almost all mubeums except

for those museums whereby they are combined with fluor-

escent lawps. One expects, poor color visibility, except

.in cases whereby artificial lighting is combined with day-

lighting. The heating effect is expected to be a serious -

problem with artificial lighting as was concluded during
field studies. Niode]ing has been considered in artificial
lighting design, although the vez',]ing glare problem has
not Been resolved in most galleries. This reveals the
fact that the thr;ee factors 1ie. modeling, glare and
contrasé always have to be considered together as they

affect each other.
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7. Factors affecting daylight design reveal the failure of

window 1it galleries. Toplit designs have considered most
of the factors affecting the visual enviroment. Provis-
ions for glare, U.V., modeling etc. have not been
considered in side 1it gala1eries. The top 1it galleries
have been mostly rated excel fent with respect to diffusing
system, U.V. control, glare control, modeling and color
rendering. ' . 8

Some factors have been consjdered by some museums and some
have considered \other factors. For example U.V. control
has been installed in the Art Gallery of Ontario but glare
control and contrast have been ignored, and in the Menil

Collection glare and contrast have been considered "and

U.V. control is left out.

In comparing the' conclusions made through field studies
and the above' conclusions one can see that the c'ase‘
studies are the continuation of the field s;\tﬂies. For
example the, illuninance distribl:tion factor is considered
in the same degree in all top 1it museums. 1.e. Yale
Center for British At and Rohert lehman galleries.’

/
Therefore the case studies can be wused as § base for

future site investigation and data collection.:

T A S M i S VTS ST e g e g,
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8.1 CONCLUSIONS:

a

CHAPTER VIII

'CONCLUS IONS AND RECOMMENDATIONS FOR FUTURE STUDIES

A1 early museums were daylit and most showed apparent problems

with veiling ‘and discomfort:glare. A few exceptions resolved these

P

problems and became prototypes for later museums i{c‘ruding some .

contemporary examples visited in this study.

Museums have been and continue to be multifunctional environments

for display, curation, education, conservation and other social

aactivities. Hﬁwever the relative importance and methods for

\accomplishing these functions. have changed greatly with time. 01d
museum designs do noht meet contemporary requirements such as day-
lighting since the viewer t(; object relationship has changed and
will change 1n the future. Dgylighting systems should be able to

adapt to these changes. Even recently built museums visited as a

-part of this study have not provided for changing needs.

Daylight's characteristics (variation, high color rendering, good
modeling) meet the-needs of human perception. However it usually
requires-substantial control of illuminance levels, directior and

spectral content. ‘ ,

‘Daylight is best used for ambient lighting and supplemented_v”vith

more controlled artificial light sources as requir:ed for display.

4
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. 5. Veiling.glare can be analyzed with graphic and mathematical tools

-

_to locate zones in which sources should not be placed.” The
requirements. af contrast, b}ightnéss and/ model ifg ‘can be met by a

correct room geometry (location and. size of sources, room s‘izejand

o configuration) that provides for appropriate interreflections and - 1

A ]

’ directional control. ' ,

. 6. The color rendering index is by defin“ifio'n_not useful for varying

source caolor temperatures. In daylit ga]ﬁ]’eries measured there was

a wide variation in color _témperature and thus other standards to
" evaluate the renéition of color in daylit museum® are required.
However since daylight's spedtral di;tributions are used as stand®
. ards to Jjudge ‘colors, by 'extension,.‘ the use of ‘dayl_’ight'in museums

- should provide optimum color visibility.

.7. The damage factor .approach should be used to evaluate radiative
exposure rather than .simp.le Tux 1e;lels. . This ,approach allows
h‘igher illuninance levels if the light 1is correctly filtered and
Liimi‘ted during noﬁ opera‘ting: hours. ‘The complex interactions of
mate‘rials', radiation (UV, visible, IR), humidity, air content and
rdom geunet;'y should be considered in k@aylight system deSign.

d Mégsuref;lents made in recently built museuns have shown that this
cogcept 1s not .widely \used. Standard measuring devices in common 7

t:}e are erratic. and unreliable.

\ 5

[ : , &
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»

. " The integration‘l/of daylight is a multifactored problem. There are

ot
many different |ways to introduce daylight into a space. [ The

results should be evaluated with respect %o the multifactored needs
of the space. Since day]i«jht “luninaires are .conéidered at the
earliest stage of design, the analysis and comparison of system
alternatives must be done at the same time. Control devices added
to luminaires _.at "a later design stage are usua]vly complex,

expensive and f;‘ﬂ to perform over the long term.

The g‘eometrical relationship of viewer/object/source is the funda-

‘mental re]atio;sn'p that influences the performance of the daylight

luninaire. Grapr]ic studies, model studies and full scale mockupk

are the only present adequate devices  for evaluation of this

. complex three dimensional problem. Field studies showed that this

relationship was not sufficiently considered in some contemporary

museun design. ,

~

»

Most existing museums do not meet the requirements as have been set
by conservationis\ts. Their illunidance levels and U.V. content
exceed the recommended levels by a large amount. Color temper-
atures are generally below the recommended 1levels. Based on
measurements and analysis; one can conclude that an illuminance
range of 250 - 300 lux is an acceptaI:1e level. A recommended level
of, 4500 K - 5000 °K color temperatuce is not produced and these
levels have to be met. "U.V. contents are all higher than

reconmended levels; although no minimum exists}since uv. is

© N\

N
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:
damaging regardless of Yts magnitude. Further studies with respect

to I.R. levels are required and should not be ignored as

insignificant.

¢

Al1 factors discussed in this study are requirements of the visual
environment and none should be ignored. Nevertheless a 100%

response to constraints is impossible and factors should be

LS

R
considered in degree of importance and compromises have to be

-

made. Each contemporary museun, axound the world, has been

“

successful in meeting_one or two of its functional requirements. .

Some museums have resolved the problem of glare and some have
pfovided for modeling. This is due to the fact that designers have
neglected the interaction of factors ;pf1uenc1ng the visual
environment. The integration of sd]utlons used in existing museums
can be used for future design concepts. b - ! ’

7 An optimization technique may in the future be developed to rate
each factgr based on its functionél imp%rtance and performance.

Through this opt1mlzat10n process, existing and future designs can

be evaluated and the best and worst design be presented. D.J.

Carter describes such a system for artificially 1it spaces T132] .
: . . .

Fag&prs that. gan be included‘in optimization and the rating system

&
i

are“sunnarized.
-

-~
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FACTOR

Iiluminance levels on vertical plane

Illqunancé distribution

. *Veiting Glare

-

Discomfort Glare

..
Damage Factor

Modeling

Color -

Visual Comfort

Changing Nature

Psychological Needs
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CRITERIA & RATING

[= i -]
Iy

Visual comfort
Damage factor

Even distribution
Concentrated (spots)

Scale value rﬁ\ggg
Limitation imposed

on wall spacg and
viewer's movement.

Ranked on visual
comfort probability

U.V. content
I.R. content
Object's sensitivity

Scalar/vector ratio
Object's require-
ments (painting vs.
sculpture)

Spectral power dis-

tribution of . the.

source
Spectral absorption
of the object.

Viewer's need. and
limitations

Three 1level step
function.

Need for change vs.
static coqﬂjtions.

Needs of the visitor
Degree of importance

]
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~

The first four chapters of this study provided a global understand-
ing of these factors \and their relationship. A - much &eeper
investigation with respect to some factors is requir:'ed before a
correct rating can be done. One still has to make judgements with

respect to conflicting requirements.

- «
A

13. .The lack of available information on daylight makes an analytical

14.

study of the problem difficult and tentative. (Th'erefore estimates

have to be made and judgement is required.

The design of museum galleries, following from the present work,:is

both an jar't and science. Solving the functional issues will not
-

guarantee high quality lighting. On the otherside, no matter how

ingenious the means devised to admit daylight, the results will be

" a failure if the functional issues of veiling glare, color render-

.ing and preservation are neglected. The functional issues are

largely aimed at avoiding problems’ and tend to be of a yes/no type

of decision. These resules are:

1. Avoid sources of veiling glare - s‘ge’the equation page
138. This means placing luminaires high in the space.

2. Make luninaire' openings sr@l] to reduce the illuminance
inside and to make control devices small and easily move-
able. -

3. Wse reflective. surfaces im and around the luminaire to
reflect light in order to: distribute it in the space,

4 R -
reduce a too strongly directional modeling, remove U.V.

B T B ] T R h ettt At R alind
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from the light and control contrast and brightnesses in

'

Locate the opening so that one would have to climb a small
stool to see it. This puts it out of trhe visibile zone
but does not make it a hidden and modified that the
liveliness of the daylight variation is sacrificied.

Avoid direct: 'solar radiation from entering into the
gallery spaces to minimize control of heating, U.V. and
illuninance levels. _ Exterior or interior sh'ad‘es or

louvres can be used with a thorough shade study.

Locate artificial systems in the same locations as the

"1

daylight 1luminaire to keep the modeling direction
consistent, provide proper mixing of the two sources and
'aHow easy transitions to night conditions. Use
artificial sources with high color rendering;, well
filtered such as quarts halogen gnd fluorescent lamps. -
Provide a device to completely close off the luminaire
during non-gallery hours. This closure should be based on -
the limits of the general luminaire control and should
have a simple control logic.

Use sections through the gallery to test solutions. Use
the existing gallery designs shown in this study as
prototypes. See the taxonomy chapter 5. Avoid windows,

]

courtyards, low clerestories and shiny surfaces.

J
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9. Use models at various scales to test options of distribu-
ntion of illuninance, luminance and modeling. Build 5 full
scale mgtkup on site to test visibility, color rendering,
glare and the effects of daylight variability.

10. Calibrafion and aiming of the syétem is the most important
step including education of museun personné]. Note the
abovg techniques .are useful for both new designs and
retrofits. N

11. The best gallery ever built was a retrofit. It is
limited with ,respect to possibi]itiés but it too can be
studied with models. Full size mockups and careful
documentation are possible, allowing close fine tuning of
the system. Because existing designs ;re usually

different, one from another, no single retrofit technique

could be used.

For the field studies, certain retrofit possibilities are apparent.
In the Johnson gallery, the north facing window should have controls to .
reduce glare and U.V. and more evenly distribute the illuminance. This

control would be either a venetian Blind om curtains with a U.V. filter.
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8.2 CONTRIBUTIONS OF THE WORK

On site measurements of vertical illuninance variation, ultra-

vi’t’;l"et radiation, color temperature and daylight conditions

‘have been taken in seven museun galleries. These measurements

are compared to recommended levels. The spaces chosen are
representative of the daylight taxonomy and are analyzed with
respect to these measurements. The variations in performance

throughout the year can be predicted. See Chapter 6.

A taxonomy of daylight 1luminaires is praoposed é{d they are
organized based on daylight luminaire types. Four' categories
of daylight luminaires are identified: l.qwi‘ndow, 2. clere-
story, 3. skylight, 4. courtyard. A rating system based on
illuninance distribution and veiling gqlare is pro;;osed.
[MMuminance distribution is analyzed according to the size of
the solid angle viewed from the picture wall. Veiling glare
evaluation’ system is based on the lpcation and the size of the

veiling glare zone for the moving observer in the gallery. See

" Chapter 5. This organization allows designers to see the range

\
of options and expected performance for each type.

A useful formula for studyirg veiling glare is devised. This
formula a) allows the gallery proportions to be compared with
respect to the location of daylight luminaire. b) provides an
assessment tool for daylight design evaluation. The designer
can locat\e veili;ng zon,és and their relativel Iimportance. See

Chapters 2 and 5.

2
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A museum lighting survey procedure has been developed and is
organized in-a handbook. This handbook shows specific visible
and non visible radiation data col]ecEion procedures for

display spaces. See Chapter 6 and Appendix 3.

The illogic pf a widely used U.V./Im mpnitor is exposed. The
measurement taken with the monitor and the derived values from
illuninance and u]travio]ét radiation ‘measurements are
compared. The monitor was found to be erratic. See Chapters 4

and 6.

The high U.V. reflectance of exposed concrete suggested by

lighting designers is confirmed and found to be GEE?:Z if
N

double and triple reflection occurs to reduce the U.V. content.

See Chapter 4,

It is proved that the concept of the color rendering index
(CRI) does not apply to museun daylighting. CRI is based on

the assﬁnption that C.T. reference is kept constant whereas in

. measured museums, high variations of C.T. exist.  See Chapters

3 and 6.

Transition time and transition space for adaption from light to
dark are derived. This allows the designer to provide for this

zone at the planning stage, see Chapter 2. -

A history of daylight in museums is, complied. This shows the
evaluation of daylight 1luminaires with respect to museum's

functions and display techniques. See Appendix 1.
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10. In summary, this study provides a useful guide book for the

1

integration of daylight in museun display spaces. It qesé}ibesﬂ
the problems, their interactions, available resources, solution
types and _ allows _the performance of these solutions. to be = _

»

predicted. )
. -

q
v

.\'
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8.3 FUTURE STUDIES AND RECOMMENDATIONS '

a)

b)

4)

e)

f)

One or many museums should be documented. in detail for long

o~

periods with respect to all the factors, especially ngf"chang-

ing nature of dq!gight and its influence on the visual:epviron-

¢

ment.

“Documentation techniques used in this study should be improved

based on the experienced problems. A rational procedure to ’

extraﬁo]ate data from one or more site visits requires detailed
and long collections of daylight data for various locations.
Establish graphical and analytical procedures to evaluate?
faéto;s influencing the visual environment such as veiling
glare. | -

Model studies of daylight lTuninaire designs outside or with an
artificial sky should be done. Each model should be evaluated
with respect to all important factors.

Daylight control’ devices shoqu be studied with respect to
material and geometry. Information on what is available and
their performance should be collected. Future studies in
evaluating them and methods of improving future designs should
take place.

Although cost is not an important criteria in museum construc-
tion (since not many get to be built and society is prepared to
pay for its cultural values), the factors and\elanents of the

visual environment and daylight luminaire can be rated in terms

of cost and performance.
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APPENDIX I

L

‘HISTORICAL REVIEW ’
1.1 INTRODUCTION

Here we shall examine museum functions, how they have changed and
the response of designers to the néeds and changes in museums. We will
look at the complicated problem of providing the ultimate visual
environment that subtly presents the.object as a work of art to the
viewer, conserves it in order fo satisfy the conservationist, organizes
it intellectually for the curator and is given an apgropriate contéxt
and place by the architect. We will look at the history of lighting
design, the need fo™ museums, exampjes of early museuns, the current

trends in museun lighting and museum planning. A

1.2 MUSEUM DEFINITION

Designers of our living, working and leisure environments'have to
understand what activities take place in these envirom;ents in order to
provide the appropriate designed elements for function and enjoyment.
The museun as a multi-functional environment is no exceptilon. Depending
upon the author's view point various definitions have been proposed: the
most straight forward is Webster's: "an institution devoted to the
procurement, care and display of objects of lasting interest or value

..." in more detail as "... a pe\rmanen't, non-profit institution, essent-

jally educational or aesthetic in purpose, with profession_al staff,‘

which acquires objects, cares for them, interprets them, and exhibits

-

them to the public on some regular schedule."(l) A more extreme defini-

tion is: “... museums were temples and directors priests.'(z)



oL T (

As more museums ope“ned to the public and the size of collections
grew, the definition changed towards "... the museun ... intricate
organism that incorpgrated shops, lecture halls, restaurants, book and
photo libraries, studios, accessible storage areas and laboratories, as
well as the customary exhibition galleries."(3) In looking at these
definitions combined with todays demands on museums, one can define

museums as: Institutions devoted to the care and display of objects of

lasting interest, where works of art are conserved and exhibited in such

a manner and environment that communication for education, information

or pure enjoynent, between the viewer and the works of art can take

place indefinitely. 2

Theré are basic motives which can be found in museum visitors such
as: enjoyment, contemplation, meditation and education. Although their
relative importance has changed with time, the basic requirements have

not altered very much.

1.3 EARLY MUSEUMS AND DAYLIGHT SYSTEﬁS ‘
)< '
The rise of/rﬁuseims is said to have originated at the same time as

g

theapubh'cation T\Of encyé]opedi_as. Both being the result of-a spirit

rampant 1in the 18th century for enlightenment and an equality of opport-

unity in learning. The British Museun and Chamber's Encyc]opediaq“ .

appeared"ih'mgland at the same time as the ‘ghow of royal collections
T ! T .
and’ Encyclo_pédf stes apgeared in France. The first museun was founded on

July 23, 1773 in Franke. The belief was that people could be trusted to

”, . ) . v
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Plate (1.1), Rome, Galleria Valentia Gonzaga, c., 1740, painting

° by G.P. Pannini, 1749.
/ ‘ (
educate themselves and that public bodies should provide the opportun- .

ities for this process to take place, although the first collections-

were opened to the public with restrictions, by.private collectors.
Galleries for. private collections were almost a standardized element of
p'a'r"”ace design, as in Plate 1.1, painting of the galleria in the villa of
Gardinal Valerti Gonzaga painted by Pannini in 1749. Gradually many of .

these private collections became open to the public. ' e
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Entry to museums was a privilege limited to a certain class or with
a certai.n education. With the establishment of museuns by governments
this trend continued. "The effect of such short sighted meanness on the
part of the government was to perpetuate the tradition v;hich made
admission tol a museun a privilege and a favor, not a right, a tradition
which should have been brought to an end by the establishment of public
museums. It is a curious paradox that until the middle of the 19th
century the people with the best chance of seeing the pictures and other
works of art in private collections belonged to a class that was prob2
ably little interested in its opportunities.(4)" Nevertheless, the rise
of social equality, the bourgeoisie and the ideals of democracy,

providéd opportunity for other classes to have a democratic access to

the exhibitions of works of art.

In Europe or America, much emphasis was put on the "usefulness" of
museums, however, 'useful' must be defined. 1Is it simply being helpful,
improving people's general knowledge, or is it the transmission of
other social, economical, and political messages? The deciding person
for this interpretation was the director or curator of the museun exhib-

ition(s). Although a public organization, the museun was still very

much the creation of its director who decided on the désign of the buil- .

ding, what systenf’of display was to be used and what material was to be

shown.

Why people go to museums have changed with time and will cont inue

to change. For exanple in the 18th century common reasons given .were

~ i o . ~/’ . » * - ok > i aa o Al M At MR Ba? fomt o e P AL RR s i el g e
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a) to study; to advance oneself in one's profession; b) curiosity; to
widen one's horizons; (c) for the pleasure of seeing; d) to meet people
with the same cultivated tastes as oneself. Later other reasons were
added to the 1ist’;~ e) snobbish reasons; to rub shoulders with people of
superior knowledge, taste or social status; f) in order to say one has
been, and finally; gq) for political reasons; to demonstrate that the
nation's cultural assets belong to the. people as a whole [108]. To meet
these functional requirements, regardless of their importance, butldings
have been designed, and mostly built, in order to Qrovide the required
setting. Designs have evolved from purely monumental buildings to
purely functional and utilitarian, or in between. Design phi1o;0phies

for museums have changed along with other architectural ideas.

1.4 NEEDS FOR MUSEUMS

It has been argued that participation and communication with works
of art do not need museun settings. André,‘ Malraux suggests that every
work of art is seen in relaxation at its original pl ace: and. once moved
to a museun it has to compete with other works of art. - But one might
pose the question: where is the original setting’ of an 18th century
expressionist painting? in the park? the collector’s home?  Museums

3 K
have "been referred to as collectors too, but on a much larger scale.

- Negatively, "collectors are essentially robbers and destroyers. It

makes little difference whether the collector is Mmdrew Mellon or the
Metropolitian Museun of Fine Ats."(5) Museuns exhibit, not only

collections, but all cultural aspects of the nation; it emphasizes the

\

s
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fact that culture is something shared by a group, many-groups or

hunanity as a whole. /

Are museums needed, since all works of art can be mechanically
reproduced? For example, concerts were notl destroyed by the production
of phonographic records: Do reproducti n/s make the originals worth-
less? [67]. Mal‘raux takes up this( agunen;c and concludes that "the
uniqueness of. a work of art is inseparat}le“from its being imbedded in
the fabric of tradition" (6). People should be able to see, study and
enjoy the original works of art beforeé being able to relate to the

reproduction.

1.5 EXAMPLES OF EARLY MUSEUM LAYOUTS AND DAYLIGHT . ’

Early museuns were all ne;;zssari"l_y it by daylight as we shall
see. Thus they have be\come important influences on contemporary museum
designs [109][111][76], etc. Because of the Tlack of understanding of
daylight on display viéibi]ity, the unthinking initiation of well known
exanples has led to very bad museum lighting. This 1is a serious

problem!

{

P.E.L. Boullée (1728-1788), propqsed the first design for a museum
as a b‘uil?ing type in 1783 (P1 ate 1.2). 'A monument with a Greek c¢ross
in a square and ‘a rotunda at the center, with no ‘functional reason. Ihe
lighting by daylight was primarily from the central dome's occulus an}i

perimeter clerestory. Sunlight was not excluded thus threatening the

works of art; however the large size of the space and high location of

A

-
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J
sources would reduce veiling glare. There was relatively little wall

exhilyition space for the/ size of the building. In any event it was not ¢
N ) - 7
builts. . \

Boullée's student, Durand continued these ideas with an emphasis Q

-~
R 4
symmetryaand massed columns, along with consideration on how exhibitions

-

must be arranged in.a more rational scheme (Plate 1.3). "A powerful
s . ‘. . . ’ ({
v precedent, and demonstrates his rationalistic method of planning, where

A
units of space and strqcture weré swavely combined, horizontally and

vertically, to compose the whole."(7) Durand's lighting-was more subtle
and useful for exhibitioﬁs. The smaller "pantheon" center space is top

Jit whic\\gives well distributed daylight; however there islittle wall

"~
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{ { area here. The™Tong galleries are 1it by semi circular clerestory S

openings above a continuous frieze. “\I\heselwould likely- cause veiling
"glare on the paintings. 4 : .

i : * )

| e ‘ 2 e, &
: § The notmn of creatmg a museun in the galleries of the Louvre, to

‘ be' caHed Musée Francais was put forward and proposa\s were made” for
1)ght1ng of the galle\*’nes Hubert Robert's des’1gn for a skylight system 4
(done in 1786) was realized after the French revo1ut1on P(1.4). The

museum was opened in 1793, but other galleries have been added later and

\ -

1it with side windows. ' "
) o

"

0 It was a while before the first museum as a completely detached

-

LY

-t building was built in America. In Philadelphia, the Pennsylvania
Academy of Fine Arts opened in 1805-6, employing overhead natural light-

- | ing, P(1.5). "Keeping with 19th century ideas of expressive ornament, | _"
is the assertive iconography‘of the American eagle crowning the entr-

ance, which brandishes 1in one talon the sculpter's mallet a}ld in the

t - ) e ' ce
other, tire painter's palette and brushes" (8). This museum was also 1it

through the opening in the center of the rotunda.

" The most {ignificant model for contemporary museun design was '
completed in 18l14. The Dulwich College Museun in-Llondon combined a
nunber of galleries and a Mausoleun .for the donor's family. Sir John

Soane designed the galleries and 5 main rooms all 1it from the top, with

M AR et e
B

a clerestory s§dight system Plate ({.6). The Dulwich- gallery has been

M

: !
* These museums will be'é}amined in detail in f(uture (}hapters.
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"Hubert Robert; ‘Project for lighting the Grande

Galerie of the Louvre through the roof and for
dividing it without taking away the vjew of the
length of the premises', made c. 1876,zand shown at

the Salon of 1796 (Private Collection) [114].

LY

Pennsylvania Academy of the Fine Arts,'Phi]ade1phia,
First Building.” John Dqrsey, 1805-6; destroyed by
fire, 1845. Exterior. Engraving by Benjamin Tanner.

[109]. . . LYP
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the model for the recently built Portland Museun by Henry’ Cobb* and the
Mellon Center for British Art* at Yale by Louis.Kahn. The clerestory is

located out of the viewing zone and the, truncated -ceiling vaults

distribute light evenly to “the vertical walls.

At about the same time competitions were held for another major
museun of the 19tM century [114], the Glyptothek in Munich,” which
prompted many design proposals and discussion of ideas centered on

museums as building types Plate (1-12).. Durand's des'ign for museums was

still influencing designers, as was the case with Altes .Museun 1’,n‘.

’

" Berlin. The large columned central rotunda became a precedent for many

future museuns, P(1-7). Unfortunately, the large number of vertical

i}

windows cause significant veiling glare on the exhibits.
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Plate 1.7, (b,c), Altes Museum, Berlin, Karl Friedrich Schinkel,
! . 1823-30. Plan of upper floor and section.
(Schinkel, Sammlung architektonischer Entwurfe, '
‘ Berlin, 1819-43).
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1.6 PUBLIC MUSEUMS

/
Museums remained as monunental plafes and functioned in this manner

]

in Europe. 'On the other hand i.ri"knerica, public museuns were there

before private collections were formed, creating an institution for the

. 'good of_ the community'as a who]e,‘ and not purely temples of art.

Nevertheless there were people who collected, works of art and the museum

had to give some satisfaction to the donor's celebrated desires for

monunentality. To respond to this need architects employed the 17th

century classical motifs. Museums eré;ted 'ir’l this Tine of thought were
the On’cpgo Art Institute 1893, Corcoran Gallery 1é96, Metropolitian

Museun 1902, and the Boston Museum 1909. These museums grew with the

S~

growth D’F"th?i?‘c‘oﬂections and new wings were added as the needs arose.

This was made possible dwe to the new principles of planning, such
as independent wings, with independént circulation patterns, vertical

divisions of galleries, and most importantly natural h'ghfing in all
/

galleries, either by opening to court yards through windows or sky

S

lights lon all second floor galleries. This can be cléarlly seen in the
evolution of the Bosto‘n Museun of F_ine Arts*, which has continued L;p to
the present time Plate (1.8). Circulation and\di\v\fs*ions“_of galleries
were important design criteria, 'brjt' none spurréd mo're discussion, than
lighting. ™If in 1917, Mondrian’ expressed a desire ,to' paint his canvas
in' ”the‘same locale in which it-would Be hung, it was becaus;z he realized

. \ .
that the place in which a painting is encountered determines the

viewer's perception of it.(9) . e

, L
A

* This museun will be examined in future chapters.
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Plate (1.8.a), Museum of Fine Arts, Boston, Design for the
" ' completed museum adopted July 1906, some portions
not executed‘.. Bird's-eye view [114].

i

a

Plate (1.'8.b), The Exterior view of the new addition to the °

Boston Museum.[109]. .
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Social and economical, factérs continued affecting architectural®™

-~

ideas, which naturally were translated into new museum designs. Art

- Moderne or Art Deco stx\e, making use of classical 'vocabu'1ary, and .

responding to modern needs is one of many. The Gray Museum.in Spring- '

field, Mass., .(Ptate 1.9) (1931-33) is desi‘gned_in Art Deco style, which
got its name from the 1925 exhibition of Des Arts Décoratifs in Paris.

Then came: the internationa]l st yle ar{d the ‘Modern Movement, which. was

‘intFoduced to Pmerica through the Museum of Modern Art in New York City.

This/ museun which was completed. in 1939 combined new cultural and social
act_1v1tles, add through its building exposed many ideas cons1dered
unigue to the Modan Movement. ... Formal aies, lgrand .corridors and
fixed galleries are abandoned for laft-1ike floors, that can be part-
itioned to resemble the New York Clty apartment of typu:a] Museum of
Modern At donors .."(10). "“The Museum for a small cvty" was, another

productlon by one of the leaders of modern arthitecture, Mies Van der

Rohe (1886—1969) Plate (1 10) The voc_abulary of monunents is changed

and expression’ is only evident from the collage made from one of the

gaHeries. Continuity of spate, proportions, grids and geometrical

massing were pushed to

i

concept in exh1b1t10n techniques and hghtmg design advancement but

flex1b1hty wa 'scussed in length, fron one extreme being the
vy

Guggenhem (1959) to Tofi.Jike open spaces such'vas the Yale Art Gallery.

" Differentiation of function .took place at an earlier time with

respect to’ activities for different interest groups and the provision

eir extreme. . More recent times evoked a new'

*

f

P

L rorpr WRESRITE VLT
.



e -

1 st T SIS i

PR R P R TP Y

hd ¥
i <
. . : s
A v ¢ =
. v .
- Lale et i : . B

14 ] H : »

' 4 -
L4 -
~ v -
@
\ 1
~’\ et *
: .
. 5 . . .\
- -
-
o o - N
- ]7—‘ M
A2
* * L}

A
. n
N .
J Plate (1.9), Museum of Fine Arts Springfield, Massachusetts,
> g -~ . . Edward L. Tiltbn and Alfred Morton Githens,
"1931-33. [109].
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Plate (1.10), Ludwig Mies van der Rohe, "Museum for a.Small City",
1942. P1lan and interior view. [109].
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for a variety of functions, such as libraries, auditoriums, offices and

shops. For example the Corcoran Gallery of 1895 provided an art school,

studios,; a library, an auditorium plus a top-lit atrium for éxhibition. ‘

In 1927 a museum skyscraper was proposel‘l by Lee Simonson, which funnels
people inward as activities become more specialized. Circular

circulation was put forward by Clarence Stein in a project called

~

"Museum of Tomorrow' which \a:, intended to address the enormous size of

' .
* the public's 'musedn of inspiration and student's museun of educ-

ation.."(.n)

Acfivities grew and by 1932, almost all muSeums tried to incorpor-
ate shops, 1lecture halls, .restaurants, book and photo 1libraries,

studios, storage area and conservation laboratories which must .be
/

N

accommodated and 1lit.

1.7 MUSEWM LIGHTING - CURRENT TRENDS

Among other factors affecting museum design, the Jighting system is

believed to have had the most .impact “poésib]y the greatest technical’

change to have had an effect on the design of exhibitions, as well as on
the presentation of permanent collections was thting."(lz) There are
two trends in 1ighting design; either totally artifical or predominately

natural lighting. The Everson Museum in,Syracuse*, N.Y, is an example

Anerican collections and consequent prob]emst of differentiating between l

* These Museums will be studied in futyre chapters.
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. of -the former and new wings with greenhouse -design at the Metropolitan

L]

Museun* in N.Y. of the latter Plate (1.11). -In most cases each of these
systems had to be combi.ned and complimented wiih the qther. ' Gederal
ambient 1lighting vs. spot lights and directional lighting, contro] over
nature and "reproduction” of natural Jight ted to the use of artifical
1ight1‘ng. In either system fhe creation of a um'ﬁue visual environment

for the object is the prime goal.

The uniqueness of -a museum environment has many dimensions in
comparison to other envirbnmenté. "Museun vi\ewirig does not corbist of
the performance of a single, usually repetitive, task in a static situa-
tion'but of seeing appreciably different objects 1in sequence. The
problem is therefore not only to achieve visual acuity in relation to
the illumination of a‘ single obje'cg but to maintain that acuii:y gver a

w(13)

radge of objects viewed sequentially. Architects have been strug-

gling, with solutions to this problem.* L.I. Kahn (1901-1974) Was very
concerned with lighting and daylight in particu]ar: and conducted many
: ‘ ¢ : ) -

studies to explore museun lighting. His final achievement wal;. the Yale

Center for Britisq Art, an example of ingenuity in the design process
' v

Plate (1.12). : .
I.M. Pei; in the new addition to the Boston Museum of Fine ’Arts

» Al

brings 1ight in, but by Eﬁ’f{erent means and for different pu';*poses. The
. » . “ .

galleria lights public activity areas, shops, restaurants, etc. ‘During
B ) «

\ L & Py
; ]

* These museums will fe studied in future chapters.
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plan showing origin&] buildings and additions by
Kevig Roche John Dinkeloo and AssociaXes, 1967-81.
[109]. ‘
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The Metropolitan Museum of Art, New %‘k ‘Master
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Plate 1.12), VYale Center for British Art, New Haven, Connecticut. : ]
Louis I. Kahn, 1969-77. Plan of fourth floor and
exterior view. [109]. ‘
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my discussion with the project architect he stated that modular sky
Jights: for galleries, which were proposed once and rejected by trustees,

¢

were added at the later stage of construction at the curator's request.

/ ' 1.8 MUSEUM DESIGN

Architects have been criticized from before the 1850's for not

provided for ;iictures. For example in the Suffolk Street Gallery they

put the window at the wrong angle and in the wrong place. The reflect-

-y ' + ion created glare- and seeing was difficult.
\

o

1.8.1 LIGHTING N

. 3 ' H

f Methods of lighting became more varied as increasingly sophistic-
j ] ated systems of artifical illumnination were employed. While skylights

continued to be used, side and c]e’restbry windows were introduced to

§
é . _provide a different quality of natural light.

In general when lighting engineers get to des_ign a lighting system,

{ . -~

their design process takes into account:

1. the kind of human activity for which lighting is to be

provided -

the amount of light required
3. the color of the 1light as it may affect the viewing of

. particular objects and the environment as a whole

1
. VB g sl Pt v . - . R
-
o . -

being successful in the distribution of light, or in the amount of space '

T

somgsl 3
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4, the distribution pf light within the space to bg 1it whether

l %ndoors or outdoors and the dfrectioné]ity or model ing of
the illumination

5. the effect of the 1lighting system itself, on the users

including contrast, glare.

Where the 5D criterion is the most important ‘measurement of its

success, it is usually lost in the design process. Oiher criteria when-

applied to museums have special definitions. People's responses are |the
most important yardstick. "Paintings are no more than dead surfaces; it
‘is amongst the crowd that are felt the interplay, the explosions, the

tremors of light described technically by recoénized critics." (14)
’ A

The dilemma begins when what is considered desirab]e for people is

. .

in conflict with what is required for works of art. In the.light%ng
design of any other buildinb type this conflict is not so apparént.
“For a large proportion of museum exhibits fhere is a considerable and,
it would appear at first, serious divergence between 'their desirable
1i§héihg\combinations and those necessary for a person viewing. To try
and mediate between these conflicting needs 1is, it would segm,'one of

the critical problems of museum design.“(ls)

L T T e o M S
.
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1.8.2 PLANNING

Architecture, particularly monumental architecture, creates an
awareness in people depending on their values and outlooks. }n order for
this experience to take p]aqe, a’ harmonyijhﬁgg’exﬁst among th?. space,
element of definition of thistpace, the objects displayed and the means
of seeing and sensing the space. This is where the architéct, gighting
designer and conservationists should come into harmony. The monunent is
not the sole purbo§e of building creation; the painting should not be
stored in dark baséments and the foot candle is gdt the solution to a
visual enviromment., The architectural concepts have changed and are
still changing; hopefully in relation to social changes. At one time
the artﬁmuseﬁn was supposed to have been a place whereby artistic values
took precedence over other matters. Art museums as places of memorieé
have lost their contact with the past, being the object on display. The
relationship between the object and its support has not been taken into
consideration. Architegture seems to be serving the role oft an enpty
stage,lproviding a path for any leading actors to play. The :&rator of
tbb Lehman Gallery was concefned that each collection should be examined
thoroughly by the architect aﬁd lighting designer be%ore creating its
setting. Creation of facades or volumes in relation to a particular

content were concerns expressed by curators and conservationists tq

architects. ' A choice of classical precedent, regardliess of interior

' function, was practiced. “There was further opportunity for individual

interpretation througﬁ the choice of models: the Greek temple, Ropan

. 3
. basilica, Renaissance Palace, and Beaux-Arts Grand Prix were all deemed

appropriate for imitation and metamorphosis." (16).

*
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At the time of competition for the Munich Glyptothek, 1815 Leo Von

Klenze offered three designs: one Grecian, one Roman and one Renaissance
Plate (1.13).' Nevertheless his approach was supported too. "... the.
art musewum. is a prestige building, a sparkling cultural jewel in the

mundane crown of the commercial Tandscape and the importance of the-

" symbolic function of the building can sometimes overwhelm a consider-

ation of its more practica? uses. Nor is' the special meaning of the
- » ’

.building lost on architects, no other type of edifice, including the

church, seems to have provoked in these years such creative fantasy as
ar; museuns ."(17) Art museum's,architegture has provoked discussions od

inteé}ation of alligd art, architecture and technology, since all play
important roles in the creation and function of museuns. This integra-

4

tion is of utmost concern in the design of a visual environment.

v

1.10 - CONCLUSTON - ‘

The prime function of museuns is the crkation of a proper environ-
.ment for viewers and the works Qf art. In geeting” this teqdiremen%,
many soiutions.and designs have been propq§ed; ome ‘were built and some
were left as ideas. The need for light, a tommon. factor, creates a

continuity among museums throughout time.

~

As we have seen daylight WZE the only source for centuries before
being replaced to some extent by artifigial light. The trend has

changed and many new museums are being degigned and built with daylight

I
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Plate (1.13),

The three proposals for Munich, Glyptothek 1815 by
Leo von Klenze [114].
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\ as the main source. .Examples are the High Museun of Art’ Atlanta, the

" L]

*ﬁationgﬂ Art Gallery Ottawa, Nochein Museun Frankfurt and the Municipal

useun Monchengladbach West Germany.

»

) .
N o
t
\

Daj'night has been introduced in various Qays with‘ varying proport-
ioﬁ's, densities and qualities. The needs and desires of the viewer have >
been'mat to a certain degree.J However, conflict between the needs aof_
the vi\ewer and that of the works of art have not been explored. The
architéctura‘l concepts, with regard to function, planning, urban desigr: .

“and finally the interior reveal that the visual environment has not been

\
explored %nd the need for a study exists.

Y

3 . : -
1. A suryey of- early museums showed apparent® problems with veiling

A
glare \aﬁd d\\s\comfort glare. Examples are Plates 1.1, 1.2, 1.3, 1.7,

1.8a, 1.9, 1.10, 1.12, 1.13. .
\

*

2. A few exceXtional early museuns avoided glare and became prototypes

for ' latter and contemporary museums. %(amples are Plates 1.6, 1.11. A s

3. Methods of display have changea dramatically which affect the viewer

to object relationship and visibility}

4, The‘lighting designs of early museung,' have been mainly a function
of architectyra] considerations. Technically trained 1ighting desdgners
have not had a role in\x'day]ight design. ’Th1's trer;d has changed only
recenﬁy; . however the \ack \man integ}'a.ted technical information
resource has handicapped all professionals ’involve‘d in musex;n daytight-

/

ing. S , s

el :.v—l‘



JURU N

-29 - .

-

5. It has been shown and expressed by curators that, lighting designs

of museums. have been usually copied from commercial buildings, since not

much practical research exists in this area. Too often those concerned
with constructing museuns have merely adapted techniques of {ighting and
disp]ay developed %or other - usuaily comercialt - purposes without
realizing that these techniques were frequently inappropriate to the

purpose of a museum.

6. Viewers come to museums to enjoy, to-leakn, to teach, to commiunic-

ate, and to take part in many other social, cultural and educational
activities that muséuns are providing. To create such a visual environ-
ment, a close coneration among architegts, lighting désigners, conserv-
at{onists and curators is deemed tp be inevitable and necessary. All
parties must have a proper understanding of the goals and‘concerns of

each other, the museun’s needs and ﬁ:& visitor's demands.

I
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MEASUREMENT OF COLOR
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APPENDIX 2
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e Y A s : .
A 1 MEASUREMENT OF COLOR : ’ C '

5

““The key .to-the measurement of color is the spectral power distrib-

“ution curves of the source and the reflected 1ight from the object. The
r

SPD curves are used to determine chromaticity, color temperaturé and

color change which is important to conservationists.

o

-

The CII:I chrbmaticity system‘gs base-d‘ on t&\e CIE standard.:colori-

’ -

‘metric observer. This is a tabulation of the CIE spectral tristimulus -

values for colors that could be identified by-their Gvave]ength._ 'Theyg

are ‘desigfiated by the .symbol ')'(, Y and i, inrwh%ch Y is basically the CIE

_color rendering of the source, as well as the color of objects and their

standard observer tabulation [115]. The chromaticity coordinafes for’

the pure spectral-colors aré 6btajned'frorﬁ:;

t

. ’ -
\ . . . s - - N
Y - , Z .
+

<[>
+I
N
>
+
~< 1
+
N

where - X +Y+Z =1 ' ‘ . N

~The spectral locus, Plate (3.9), is" plotted by the use of X and Y

0. 3333-v Y = 0. 3333 at E corresponds to a hypothetical wmte radiation or

dayhght . The purp1e is mdu:ated by a straight Tine since it s npt. a a

spectra] £olor seen by the eye. The X, Y of any "calor is located in the N

[

_area and its location determines:- its saturation./ w1th regar¢ to the

)

co]or of obJects, a stra1ght l1ine connecting the source on the locus to

) - L <

[

c\(—



A.3.2 COR'R'ELATED COLOR™ TEMPERATURE
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'thelpoint of color and continuing until it intersects with the locus,

will result in the corresponding wavelength of the objec't color [70].

Q

[ ’ f ’ Al

‘ N ’ * <

If we consider that light as the quantas o\f energy emitted by a
black body at various wavelengths, the mathernaticé-l expression by Planck
relates the rat.:_e* of energy emission to the wavelength of radiation and
ter’nperatUr'e of radiant material. Therefore the tem;';érature of a«b]ack)
body is directly préportional to the energy emitted but inversely
rejated to t‘he wavelength [51]. Graphs of SPD of black body radiators .
bgg@en ‘ZOQOK and 6000K are plotted [115]. AS, an examp1e; viewing
through the hole in the furnace, 1'Hustr'§tes the concept of ‘color
temperature. It first radiates heat (red), then it begins to glaw and .,
becomes whitel‘-hot and finally blue. The 1locus of,bla;:k body
chromaticities: on thé X-Y diagram " is Eho;mras the Planckian 1ocus.’
Thergfore any c}mromaticity represente;i by a point -on this locus may be

expressed by a color temperature. ’

, L.

The perceived color of the black body follows the 1limitations -

Y

exbressed in chapter (3) with regard to the eye, i.e. adaptation. The
SPD of §]1 ~phases of dayh‘ght with their‘correspondxing color temperaiiure
are plotted [71]. Co&]or‘ temperature is used reqularly to 1den.t§‘fy
.artificial sources. Plate (A.3.1) is the SPD of two incandescent
lamps. _If the X and Y of a source are plotted and do not fall on the
black body locus but their chranati'ci';y mast. nearly matches that of the
, Tight source,” then a correlated ‘cAc;ldr .temperaturé (CCT) is assigried.

-
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Plate A.3.1, Spectrial power distribution for an Incandescent Tamp
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o Y -
\ - -
SOURCE - CCT K
Clear blue sky : 15,000 - 30,000
Overcast sky . S 6500 x
’ Zenith sun (clear day) ‘ " 6200
) Tungsten halogen 1amp y 2300 -'34>00
' Tungsten lamp : © 2700 - 3100
Fluorescent lamp ’ 2900 - 4500
. . ) ’
. Tab‘le A.3.1, correlated color temperature of some museum sourcé [40]
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This is the case v&)‘th fluorescent 1a;n'ps; the CCT a‘ssjgne:i to the lamps
corresp?nd to the temperature of a black body that‘ is of closest match
to the lamp. The. tolor temperature of\various possible museun ]igﬁt
so(lrces’are tabulated in Table (A.3.1). Color temperature is a very

good measure of the eolor to be expected from a source as it is located

analytically thrqugh chromatic i’tﬁcalcul ations. =

COLOR RENDERING INDEX K

. . .
Sy
i
« » . , ‘-“'

To measure the color characteristits of any Vight source, to render‘

the color or the appearance of a colored.object "correctly", one needs a

quantitative value. Therefore CRI is the measure (on a comparative
\

bagis) -of the accuracy of .the object cdlor: i11uninated by the 1‘1'gﬁt

source .whose ‘calor rendering properties are being studied. Different

S ’ N
from the chromaticity process and color temperature evaluatfon, the CRI °

cannot be expressed by simple viewing and it requires an analytical
approach. The SPD of the source is very important in this process and
should be known. The accepted- standard is a black body radiator in

different C.T.'s. Therefore xvh"en there is an expression of CRI we must

»

- match the C.T. of the reference source and the unknown source.

The CRI.is useless for daylit galleries since sources of different

CT are mixed. As well it does not consider relative color perc'e’pti“on

i

and the complex bs}chologica‘l process -of Huqan perception.
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Probable relative damage.

7.175
4.50
2.63
1.45
1.07

.66
.37
.20
¢ 12
.065

. 0317
. 021
.012

Yave

length

560
580

600
620
640
660
680

_ 100

720
740
760
780

0.007
. 004

- .002

" .001
. 0005
.0o00
» 0000

.0000
. 0000
.0000
. 0000
.0000"

D,, caused by unit irradiance as

a function of wavelength compared to the luminous efficiency,
yé, of radiant energy for the average normal eye (CIE standard
0

-
Wave
- length I
300 . 0.0000
, 320 .0000 ‘
340 ., 0000
360 .00007
380 . 0000
400 .0004
420 .004
440 .023
460 .060
— 480 . 139
. 5090 V323
520 .710
540 " .9854
. Table (A-4.2),
server).
©
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Wave

rt Ordinary

frm——" W

visible

Kingspo » ' . Pittsburgh
Length water-vhite window’ Corning Greenish Corning Plexiglas Laminated
my mm glass glass Nultra Glass Noviol 0O LPC-538K’ X-Ray Lead
300. 0.048 ‘ 0.000 0.00 0.000 0.000 0.000
320 . 557 . 000 .00 . 000 .000 .000
340 .933 . 380 .00 . 000 .000 . 000
- 360 .986 . 783 .06 .000 .001 .000
380 1. 000 .902 .34 .084 .028 . . 000
400 1.000 .94§6 . T4 . 44 .635 .031
420 1.000 .9617 .81 - .68 .962 . 218
440 1.000 .9178 .93 .81 .989 .478
460 1.000 .978 .96 .90 .992 .675
480 1.000° .978 .97 .93 .998 .798
500 1.000- - .989 .98 .96 .997 .BT0
520 1. 000 .989 .99 + .98 . 998 .903
540 1. 000 .588 . 1.00 .99 .999 .915
560 1.000 .989 1. 00 1.00 1.000 .922
580 1.000 .878 '1.00 1.00 1. 000 .923
1}
600 ‘ 1.000 .9178 1.00 1.00 ‘1.000 .922
620 1.000 .967 1.00 . 1.00 1.000 .807
640 1.000 .957 + 1,00 1.00 ,1.000 .895
660 1.000 . 946 1..00 - 1.00 1.000 .890
680 1.000 .940 1.00 1. 00 1.000 .884
q00 1,000 .835 1.00 1.00 1.000 .B75
720 1.000 .924 1.00 1.00 1.000 .869
740 ~1.000 .913 1.00 1.00 1.000 .856
760 1. 000 .891 1. 00 1.00 1.000 .843
Note: If both Kingsport Water White Glass and Plexiglas LPC-518K are used

together in a fluorescent fixture the combined transmittance will be the same .

as for the Plexiglas filter above.

Table (A-2.3),

2 e el

Spectral internal transmittance of six filters [1].
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Condition and

Location ,
o A d fc. \ IX .
Standard clear sky and sun 8000. 100.
N.Y. City clear air and sun 6450, 95.5
N.Y, City overcast —- ~1160. 16. 5
1. DAYLIGHT IN GALLERIES®:
(8) FPloor exhibits - without sun louvers 438 3.02
(b) Wall exhibits - without sun louvers 174 1.086
(c) Floor exhibits - with sun louvers®* 169 1.03
{d) ¥aldl exhibits - with sun louvers**® 59 0. 36
2. ABTfFICIAL LIGHT IN GALLERIES: ~
INCANDESCENT ~—\ FLUORESCENT
(2854° K) Daylight Warm Delx. Cool Delx,
LOCATION & SPECIAL . (65007 K) (2900° K)‘ (4300° K)
FILTER, IF ANY fc 1X fe X fc IX fc  IX
Floor Exhibits:
Bare 30 0.04 30 0.11 30 0.12 30 0.15
¥ater ¥White Glass 30 0.04 30 0.11 30 0.09 30 0,13
Corning Noviol O 30 . 0.01 - - - = - -
Plexiglas LPC-518K - - 30 0.07 30 0.02 30 0.03
¥all Exhibits: .
Bare 12 0.02 12 0.04 12 0.05 12 0.06
¥ater ¥hite Glass 12 0.01 12 0.05 12 0.04 12 0.05
Corning Noviol O 12 0.00 - - - - - -
Plexiglas LPC-518K - - 12_ 0.03 12 0.01 12 .0.01
Emphasis Spots*** " o .
Bare 60 0.08 - - - - - -
Water ¥hite Glass 60 0.08 - - - - - -
. Cornipg Noviol O £0 0.02 - - - - - -
Case Lighting
Bare 60 0.08 60 0.22 60 .0.24 60 0. 30
Windok Glass 60 0.06 . 60 “0.20 60 0.12 60 0.186
Water White Glass 60 ' 0,08 60 0.22 60 0.18 60 D.26
Plexiglas LPC-518K - - 60 0.14 60 0.04 60 0.06

* Based on probable rate of damage per footeandle (D/fc), ndjus'r:ed for transmittance through roof and ceil-

B

PR S

EN-

F g A WSS ST SO

ey Ty e o

ing glass, Clear Sky - 1.56, Sun 0,421, Overcast Sky - 0.672, in proportions =s glven.

** Yhen properly.operated. ,

*se¢ These values, both in fc and IX, should be added to those for genersl illumination whichever source is -
used for either floor or wall exhibits. ‘)

Table (A-4.5), Probable degree of damage hazard (annual) from light sources iq
. the Metropolitan Museum of Art. (Showing an average illumination
from sources, fc and index of Exposure, IX).
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MUSEUM:
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] . DATE:
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MUSEUM L1GHTING

SURVEY HANDBOOK
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Ser e s

i b

.
A

MUSEUM:  NAME:

.

MUSEUM LIGHTING SURVEY

A.

GENERAL INFORMATION

LOCATION:

AREA SURVEYED:

DIMENSIONS: L
ADJACENT AREA:

FLOOR:

OTHER =

TABLE I. GENERAL CONDITIONS

L

INTERIOR SURFACE

MATERIAL

TEXTURE

COLOR

Ll

L2

REFLEC-
TARCE

CONDITION

CEILIN

&

( L

WALL /| (S)

WINDOWS

FLOOR

SHADES OR BLINDS

0BJECT SURFACES

1.

~—-1

e e

T aadliTh

L L T WP
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Texture: - Gloss, Semigloss, Matte, Rough, Sof‘t*.

Colour: pink, red, orange, brown, tan, olive, green, blue, purp’le,

white, gray, black (11ght med1um, dark)

L1. IMluminance of standard gray card with known ref]eéj:ance.

L2. Illuminance of plane : ‘ e

reflectance ’2 L xP

)

L

Notes on general information:
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‘B.” DESCRIPTION OF GENERAL LIGHTING SYSTEM e i
. ) .
1. DAYLIGHT: . WINDOKS - i SKYLIGHTS: \ -
2. TABLE 2. - LUMINAIRES ) \
-Quantity | Wattage | Light | Distri-| Description | Spacing | Mounting| M.H. .'[ Condition
' ‘ < ‘Source | bution . ' ' . or susp. {
NOTES: -

LT T n e S He e wmn

-Light sourcés: incandescent fiiament, ﬂourescen:c, mercury.

\

Distribution: direct, sémilidirect, general diffuse, semi-indirect, indirect.

Type  of mounting: recessed, semi-recessed, surface, suspended

Description: straight incandescent, daylight incandescent, tinted incan-

descent, cool white, warm white,mqay'light, delux.

Notes on lighting system:

e e e b R KA IR T e ST e
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‘C. DRAWINGS

1. Draw required sketches for the survey:

Show 1.

-

o v

Center line of space .

Door and window openings

Skylight

Picture location

Switch location

Section cuts
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. Tape data in this order:

. ‘Data taken from one painting:' ‘ '

. S SN SR ———
-5-¥
v '/‘
‘ D.” DATA
1 OQUTSIDE
. —_— '
Calibration: - Turn on the instrument, stabilize for "15M.
Set up the chart recorderer and solar cells one in shade, one in
sun. ;
wgather condition: _start :ag < finish:
Exact time to start the chart re’corc;lerer‘: ) o
U.V. reading out side: shade: sun: . ]
NOTES: ' . .
1
[ ' ]
¥ ]
“a »
I1 INSIDE
Indicate the route on the plan, no. the points. - S

Starting time:

voint no., time, lower lux, upper 1ux,
y.v., U.v./lum, colour temperature

- Indicate points : ,

- Read each point number, time,

Tux, U.V., colour temperature

at the centre, : |
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: - 111 BRIGHTNESS MEASUREMENTS

T
. . ’ .

1. - Indicate ppints on the plén as standiné in the centre of-this space

dall point no. and reading with peter. | )
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1. Take brightness readings before photography recording and after.
* . B

DY

L ad '

. F. TEST PANELE BRIGHTNESS *

1

2. TRBLE 5 BRIGHTNESS

Ve

.

|_POINT

BRIGHTNESS BEFORE

" BRIGHTNESS AF%R

CARDS 1.°
white

\

-

of f wh?ie

¥ 3.
light grey

v 4.
grey

5.
dark grey

black é',

DARKEST,

} _BRIGHTEST -
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E. VISUAL. RECORDING !} - T

4 d ’ -—
* 1. Colour Slide: - To show the general areas '
. - To show the glare source (use polarizer)
- Use colour sample strips

I3

[ 2., Equipment: Coe | §
| o (:SE , Film type ’ g
! Camera . FiThAsA o 3
F?klter ‘ . u .Emulsion No. - . K ' t
. - ¢ ‘ ‘:
3. TABLE 3: COLOUR SLIDES ~ «
VIEW S F-STOP T-SHUTTER SPEED - \
© N, T, ) . ' .
o . W. 2. ‘ -
v 7 S, 3. . g
E. 3? - '
OTHER 5.
6. ’ \
7. N
8. NG
o ’ l . 9. |‘
: ) ﬁ\ \> —+
Y X .
'NOTES: u

Locate camera position and arrows of views.
s

"
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G. -PHOTOGRAPHIC RECORDING

1. Equipment:
Camera: Film type:
Lense: , Film ASA:
Filter: Emulsion No.:
2. Gréy and colour strips in view. NS
3. TABLE 5: T = 7= F]
] 1 T >
/
Ceiling
4. Record brightness at (F)'ﬁ%ZE;T
NOTES: Fi» T] CQRRECT EXPOSURE
' Fy Fy + 172F 1/2 step up
Fé F] = 1/2F 1/2 step down ' .
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- \ H. GENERAL OBSERVATIONS
V" ‘ 1 ) n
1. Are viewers subject to undue glare conditions from genéral lighting
{
s Tuno— Usystem?

- supplementary lighting? Lot

- daylighting? , ' (
=

) )
] 2. Are viewers subject to undue reflected glare conditions from general

’

o

lighting system?”

3

4

% - supplementdry lighting?

% \

- - daylighting?

j

% 3. What daylighting control means are used and how effective?

! \

.f

{ .

: 4¢ ‘Are viewers subjected to troublesome shadows? Diagram the problem.
- v

. e

P

5. Are U.V. control means used? If yes, what kind? When?

‘4

¢




- * .
______ U L i - .
-11- ‘ '
6. What is your opinion of the general lighting system? A !
Y -
§
! . §
! " ¢
qloom? 3
| ~ , !
T * c/‘ 4
7. MWhat is your opinion of general visua] comfort? - v N
il Y -, - )i(
: b
L !
| |
) — '
[\' ! ° o " )
8. How effective 4§ the lighting scheme with reqard to the-viewing of . 7
works of art? ' T
,};«
/‘/ i et
' { - H
9, General comments: t I ‘g
- / \ j
. ' |
' %
5 * :f
L3
4
L]
1

bl £




