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Foreword

The design of school facilities should reflect the demands made.upon such facilities by,
those who use them the most: the children and-their teachers. However, a melding of the
educational program and adequate facilities to house the program does not happen by
accident; it must bé planned. This document was prepared to help those mvolved in
planning good lighting facitities for our public schools.

The schoot facility in which students and teachers are involved in the learning process
should be attractive and comfortable, and it should be designed for the most economical use
of indoor and outdoor space. One of the most crucial design elements of a school facility is
the lighting. The utilization of solar and electrical sources of light should be &ontrolled and
directed to visual tasks of learngrs se-that-human energies will be utilized most efficiently in
the learning process. No longer we afford to waste precious sources of electrical energy
on lighting systems that make seeing difficult. Students and teachers need balanced sources
of light so that the eye can comfortably and efficiently see the visual tasks required in our
varied educational programs.

This guide is intended to help school administrators, members of school district governing
boards, architects, and engineers objectively evaluate school lighting systems.- It is
particularly important in these times to make the best possible use of energy sources while
at the same time providing a visual environment of the highest quality possible.

P "

ot Superintendent of Public Instruction
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Preface -

-

The Catifornia school lighting design and evaluation procedure described in this

publication has—proved._to be a splendid facilities planning tool because it provides a-

step-by-step ilesign method that, when used properly, results in balanced lighting for school
facilities. The procedure also provides for a separate assessment and rating for visual
performance and visual comfort, making possible calculated options between these two
basic lighting design factors.

This document is particularly timely because it ponnts out ways to provide good lighting
installations with less consumption of electrical energy. The current.national concern for the
“conservation of energy makes it imperative that every effort possible be made to conserve
power resources and to make the energy consumed pay the highest practical dividends in
positive results. The California schdol lighting design and evaluation procedure makes a
significant contribution toward this goal.

Basically, this document is a designing tool for engxneers with specific reSponsnbnllty for
illumination. Architects, school officials, personnel from rev1ew1ng-approv1ng agencies, and
other laypersons in thé field of illuminating engineering are not expected.to be able to work
through the various steps. Their part in this lighting design and evaluation procedure is to

understand the options worked out by the.engineer and to participate in the judgment and

priority-setting functions presented by the engineer. The architect and other responsible
agents signify their understanding and, approvat of the agreed upon solution by signing the
two-page “Basic Data and Grading Form for Proposed Lighting System.”

This document is the direct result of the cooperative efforts of the Bureau of School
Facilities Planning and persons from the private sector of illuminating engineering. Charles
D. Gibson, former chief of the Bureau of School Facilities Planning, conceived and
organized the publication. Bill F. Jones and Foster K. Sampson, both professional engineerss,
prepared the original document which was published in 1973; and Mr. Jones assumed the
responsibility for updating the contents for this 1977 edition.,

The contents of this document have been presented to and re\newed by natlonal techmcal
organizations and committees and many individual consulting engineers concerned wnth the
improvement of the visual environment in educational facitities.

We are grateful to all of those who helped with this publication.

WILLIAM D. WHITENECK SACQUE T. ROSS

Deputy Superintendent ) Associate Superintendent; ynd Chief,
for Admintstration . Division of Administrative Services

JAMES H. ORSBURN
Chief, Bureay of Schoo!
Facitities Planning
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* some speciallzed ;:lassroo'ns ate quite diffeyent, the “qualities /that?
“comfortable rooin femain the same, e¢ven though the level angd’the quality of illumination
dure is cosfcerned, the recommendations .

lntr“oducti,on :

The design and evaltation pProcédire outlined in this publication is based on the
‘fundamental principles that were “expressed in previous recommendations md%were

based on the bt.st current knowledge of the many related aspects of the visual envirolment.
From time to time the emphasis has changed from footcandle levels to luminance ratios and
combinations of the {wo. In each instance, however, the purpose was to provide design and
evaluatlon procedures for comfortable and adequate seeing conditions. The dtl‘ferencgs in
these previous practg_ces were in the degreg of emphasns placed on the many factors that
together make up the :ehvlronment Esic charactenstlcs that provide for visual comfort
and adequacy are the same regardless-of tk enwronment or the task to be accomplished. It
is still true that in those circumstances im\which close visual work is not required, the
quantity and quality of illufiination are less tritice. Although tl'f }ucal requirements of

make for a visually

might be somewhat different. As far as this pr
are for typical classroom condmons where close
periods of time. .

Since the. last major revision of the.recommendations for school lighting, se\'eral
advancements have been .made 'in research and lighting design- procedures. The new
procedures provide a more accurate basis for methods of evaluation. The basic principles of
comfort and adequacy apply- today as they-did in the past. It is still desirable to minimize

tk is conducted over extended

.. extremes of luminance, whether they be high or low. Also; the adequacy of lighting in terms

of levels of illumination is more completely understood now that more information is
available on losses due to Veiling reflectlons in pencil handwriting. .

Recent research has shown that losses of visual accuracy because of extremes of )

luminanée within the environment are based on average luminances and their location in
relation to the viewer ratheiythan on the maximum luminance of any 1 square inch, except
in extreme cases. Smal ght areas apparently -do not cause any serious loss in vision or
comfort unless the luminance in such areas exceeds by three or four times the average room
luminance. For the purpose of avoiding undesirable luminance differences, most interior

* surfaces should'be finished with materials of high reflectance. White cezlmgs with 80 percent

reflectance are essential. The upper wall surfaces should be white if poss;ble If it is desirable
to introt ice a color, the color should’ be one of high reflectance. The use of reflectasnces as
high as 80 percent is recommended so_that uppel:"walls can be effectively utilized. Howeves,
no-large areas of wall at heights of léss than 7’ ('2 13m) should have reflectances exceeding
50 percent High reflectance in such areas provides a background that renders faces and
objects less brlght than the wall and therefore reduces visibility. 1t is also a potential source
of glare. Small areas of chalkboard—less than 10’ (3.05 m) in length—will create no serious
loss even if the reflectance is less than 25 percent, but this higher value is more desirable
from a conifort standpoint. Tackboards, unlike chalkboards, need not be of low reflectance
and should approach the reflectance of the adjacent walls. Colors and textures should be

" selected by -the arthitect or interior designer fo produce an aestheticall; pleasing

environment. This should and can be done while maintaining reasonabiy high reflectances,

. 7

-




" concern for the :conservation of energy in this country has served. to bring daylight back as L
_ & potential enérgy source for interior lighting design. If *natural hght” is used, it must ‘meet- -

* poor light distribution, and a general 1mbalance in the mual emnronment must be
_ prevented. s e -

" particularly on‘large areas. Floor materials should have a minimum of 25 percent reflectance

so that wide laminance ‘differences afe avoided between light colored tasks on the desk and
the visually adjacent area of the floor. . :

. Although this document deals basically with electric lighting systems, some of lts desngm
consnderatnons also-are applicable to systems using daylight as the prime light sourcé. The:

the same fundamental requirements applied to electric light sources: Objectionable glare,

Metric equwalents in parentheses are mcluded in part§ o‘f the text in conformnty wi
curreﬁt practice and i m anticipation of the convets:on to the metnc system in tlus count

%

} } __- -‘ __-_ - - . - . ‘ " - ’ et L - : " ’ ?i .:__' - !




'I‘hzs section contains- descriptlons of the responsnblhtnes of the chent Bureau of School

YacllltnesPlannmg,archntect and engmeer . 51 Co
- | '.' ' ' 'I'hei.';’llerithlt ,‘.II l‘:--' . ‘]m B I'r"-

Snnce the deszgn rocedure mvolves ]ndgment and exploratlon oﬂnltemative solutnor?'t'c“:

Y

administrative offici cers of ‘the educational organtzatnon for which a Facllnty is bemg demgned
becomes dtrectly mvolved in decision maklng, parftcularly in term.s of performance and
expendnture pnontnes ; m : o l itk

1 - W' . 3 - 1 ‘\ 34

‘To enswe the use of the desngn and evaluatlon procedure, the client should. mcorporate a

R TE pre]nmlnary design’ phases of the building plan progress, the archifect and the consulting

solutlons bexng consndered for hghtlng systems In this role the client does not need to

r . presume anyarchitectural or engindering competence since the solutions under\consndera-
.7 - tion ‘would be explained-to him or’ her inlay terms. - . . =
-thi‘ " The client should"be especially aware of the modnﬁers—the factors that may unprove or
e reduce the quality and <quantity of any lighting system——and the characteristics that make
A . ; for the best poss;ble lighting system: ’ 0 MR N
RV l Reﬂectances‘ . , S

a. Ceilings should be ‘white or light colored, with a reﬂectance of.80 percent or htgher

* b, Walls should “Be- white or light colored. Their reflectance should be 80 percent or

" higher above 7% (2.13 m) and about 50 percent below 7’ (2.13 m). The average
reflectance fopthe total wall should be about ‘70 percent.

k]

very desirable, however.

. Fixture brightness ) . _— e

should be designed so that the fixture brightness is not high at angles close to the
line of sight. -

-b. The brightness of the fixture should be kept-low. ln a standard two by. four
fluorescent fixture, more than two tubes will result in a fixture brightness that is too

high. . ;
3. Ceiling height . o _ : . _

A usually better than a eenhng height of 8 (2.44 m) since the extra height allows for (1)
more wall area for reflectance and, thus, more even distribution of light; and (2)

- increased comfort since the fixtures are farther from the line of sight. The addntlonal

- wall area may have a hght r.,ﬂectance of 80 percent or higher.

L]

"y WhoDoes What? - o

the “design -of the luniinous environnient, the chent represented by the pohcymakmg and .

request for jts usé in the contractual or written instructions to the project archltect As the

engineer should 1nvolve the client in' the dnscusswns of. the. .proposed solutnon or afternative

c. Floors should have a minimum reflectance of 25 percent. A kigher reﬂectance is |

a. In a large room the fixtures should be recessed or the ceiling and lighting system

T
-

. With a standard recessed ceiling fluorescent fixture, a ceiling henght of 12’ (3.66 m) 1s' ‘

-
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4 Eﬁeesmll*tuﬁunanee-(wndowsl

a. Window treatment must be such that no dlrect sunlight fails on the work plane.
b. Window treatment should allow the entrance of only that daylight necessary to
achieve the inghtlng goals Excess amounts of dayhght cause glare and heat gain.

-

S Nonunifomity of 1ilum1natlon (general llghtlng only)

a. The fixtare type:selected and. the layout should be compatible with the Toom deslgn_
\-. and conﬁguratnon — e

%

v b The- fixtures should be of such desngn and manufacture and located at a proper
height so that each fixture produces an even pattern of light within its area.
¢. The fixtures should be arranged in a pattem or array that prowdes for even

distributiori of the total light throughout the room. T ST

L3

.d. Accent and *“‘effect” lnghtmg should be kept toan absolute rmnlmum

The client’s_ part ‘in the final "decision-making process in o@s understandnng the

" performance optlons being considered and fhe budgetary significance of each altemative.

During the decision-making process, questions like those in the example, below would be
hnswered Example. The difference between and A andz2 B ratlng for visual performance is

: lS cents per square foot of instructional area.

l. es the client wish to‘increase the constructlon budget by the lS cent amount? _

2. Could some other element in the proposed plan be changed in quality or quant:ty to
» “produce” the 15 cents per square foot?

3. Could some element in the plaris be eliminated ent;rely to produce the neeced funds"

4. 1¢ an A rating desirable enough to wam.nt any change in the plans or budget” -

! 1

"By participating in the final declsion-maklng process, the client will become far better

informed about the relative values of many of the building components The client will also
"become tmuch more involved in the total planning process and “will achieve a better
understanding of the educatnonal and cost 1mpl|catlons of the vanous major ‘elements of the
facihty desrgn ‘ o ‘ - et
N ] . The Bureau of School Facihties Planning : .

) ‘h

Department *bf Bducation to establish standards for school buildings.! They further require
the Department to review all plans and specifications for school buildings in every district
required to,submit plans and specifications to the Department or approval. The

Department has placed responsibility for the establishment and admlmstratxon of these -

requirements with the Bureau of Schoof Facilities Planning..: - .

It is important to recogmze that the Bureau of School Facilities Planntng has mterpreted .
the intent of the statutes mentioned above to meah th at it should prepare recamme datnon;z,

. that may be consndered by Iocal authorities during the plannmg and pre]nnlnary phases 9

each project. Hopefully, as many of the recommendations as possible wili be 1ncorporated
into each project on the basis of the adeqiiacy of each- *ecommencfatnon 1n meeting the'
educatnonal and economic needs of the local jnnsdnctlon

“Upon request, the staff of the Bureau of School Faé;hnes Plannlng wor}':s dlrectly wrthl.

* school officials, architects, and engineers to assxst in the plannmg of educational fac;lltxes,

preschool through senlor hlgh s’chool leve!s The ab;lity of the burea,u staff to make a ,‘ ‘

r’ r’

lThe Education Code was reorganized in 19?6 Fitst refetenoes areto sect‘on numbers as they appeat in the neorgamzcd
code (Assambly Bilt 3100, Chapter 1010, Statutes of 1976, 28 amended). w‘hich became effectwc on Apﬂl 30,1977, Seqtlon
‘numbers in parmtheses are from the 1973 code as amended, .. ' Co ;’ Vo

Educatnoﬁ Code sections 39100, 39101 and 81050 (15301 and 15303 require the ~ .
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meaningful contribiition requites. its_early. involvement. duting, Jh.e.de.u,n_i.ng.nhesswt,sach

-

L4

e

o w1th field-test procedures to be used in checknng completed'hghtl

. spec:ﬁcatlon processes. - %

project, the development of the district mastet plan, sile selections, and educational
programming. The services of the bureau are available to districts even when no formal
approval is required. RN

When formal approvals are ‘reqjuired, bureau staff witl, foliowtng pamclpa{lon during the
planning phases, réview and evaluaté the data presented and approve proposed lrghtlng
systems on the basis of both adequate visual comfort and ‘performance.
. Staff. members will also be available to assist architect§, engineers, and school efticials

The Archltect

budgetmg consrderatlons concerning llghtlng systems must be given more attentio
must be understood by architects. This prediction, speclﬁcatlon, and evaluation proced
can facilitate the needed understandmg if it is used pnoper!y m the plannlng and

"The architect’s responslblllty 1s to see that competent professional englneerlng skllls are
applied during the planning phases of a building project. The engineer responsible for the
electrical phases of a project should ensure tflat visual comfort (VCP) and performance
standards (ESI) ar¢ met in the llghtmg design for classrooms VP is the acronym for visual
comfort probability, and ESI is the acronym for equivalent 'sphere illuminance. The use of

the prooﬂdure given in this document will be possrble only'i the architect and electrical

+ engineer maintain close co mmumcatlon during the prelmunary lanning pha‘Ses of the deslgn
of a project since the engineer must have the information necessary to apply pertinent
modifiers, such as surface reflectance factors, locatlon and type of fenestration, and ceiling

A 7 heights; to any proposed lighting system.,

Il

+

The architect need not ‘be knowledgeable about the technlca! phases of the procedure,
but he or she must understand the effect of building design modifiers that raise or lower the
adequacy of a lighting system in terms of both visual comfort and visual performance He ot
she also has the final responsibility for whatever hghnng declslons are ‘made for a project.
The architect’s signature, along with that of the profesernal engineer, on Bureau of School

" Facilities Planning submiittal documents attests to his, or fer knowledge and approval of the

* lighting system selected.

.~ The use of the design and evaluation procedure allo‘ws the design profess:ons to choose
from among several possible fighting designs and make compromises between visual comfort
and visual perform ance so'long as the ﬁnal grade for both categorles is acceptable. .

The Engineer< : -

The consulting engineer responsible for the lighting de'sign in 'snp given school 'planning or.

itiodernization project represents the real key to obtaining the positive results to be gained
from the use of the California school llgimng desrgn and evaluation procedure. This
procedure basically s an engineering instrument. The other professlonals and laypersons
involved are completely dependent in their réspective roles in decision makmg on the
information that the engineer supplies. The 'degree to which the engineer follows the
outlined procedural steps consclentlously and thoroughly will. detemune the success ot
faiture of the resultant design.

From the steps presented below, it is obvious that the engineer WIH need tobe in close
,communication with both the cllent and the_ arehltect from the begmnlng of the planmng

. f
v . . 1
/ - . . i

:!_‘




Only the client can give the engineet some of the im"orn"rlgtlgn he _éhmm‘_a‘ugl_gnj&__&_‘
the architect can provide other basic design parameters to the engineer. "
The design and evaluation procedure covers in complete detail how' the engineer
approaches and works through each step involved in the design of a proposed lighting
system. As the engineer gains experience in the use of this design instrument, ite or she will
: be able fo combine or bypass some of the sequential steps presented; below: o R

o 1. Determine the éontrolling conditions and the design constraints.

a. Determine the fask to be used as a design base.
b. Determine the géometry of the.space and of the preferred llghtmg
A1) 2" x 4" (0.61 m x 1.22 th) fixiures checkerboard
(2)2’x4 (061 mx1.22m) flxturesmrows : ‘ ) T ,
' 3) Lummous ceiling - ) L mee
(4) 5:x5 (.52 m) ooffers :
(5) Other - St
¢, Emphasize the following: .
(1) Visual performance . r
"(2) Visual comfort
~(3) Aesthetics g
(4) Other

2. Set desigh goals. ) e "
a. Set a goal for the visual comfort probabll:ty (VCP) rating or the re]atwe vnsual
comfort (RVC) level. - .

b. Set a goal for the equivalent sphere iliuminance (ESI) level..

3. Formulate a trialllsyste'm (setect a promising combination of design factors).

A Review the existing literature. N
e "~ b. Formulate, on a qualitative basis, what the system apparently should be. v

4 Determme the VCP ratlng or the RVC level.
av\.,, . a. Select a base'value.

,’ T . b, Determine the appllcable modlﬁers : .
VT ¢. Compute the modifiers. . . .
d. Add the base value and modifiers to cfbtam aVCp ratmg oran RVC fevel. - ’
T . s, Determme the ESI. ’ N

a. Determine the ESI rating desired.
b. Estimate or calcutate a rough ESI rating.
. (1) Tables for similar systems
.(2) Estimate from system chdracteristics

e

.6-Compare the determinations with the design goals.

7. Adopt, modify, ot reciésign the system. , ' -

-' \ _ 8. Compute the final VCP rating or RVC level.
M . : - 0
' 9. Compute, by computer, the final ESI level.
"y e ' 10. Fill out the basic data and grading form for the proposed lighting system.
4 L] . "
% .
% ey
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V_isua{Comfort Evaluation |
l:’»ase \falue;

After several vears of study and evaluation, a procedure has been refined that takes into
account the size, .location, and luminance of all areas in the visual environment. After a
complex series of computations, a visual comfort probability (VCP) rating can be

+ established that indicates the percentage of people who would be comfortable workingina.

particular emuronrnent As originally conceived, the method of determining the VCP

" provided for computations based on recessed luminaires only. Howaver, ¢ oy ar extension,

lum.nous ceilings may also be evaluated. In either case the computations axe lengthy, and -
the best'and most accurate method of applying the system is by the use of a computer. )
Programs have beén establlshed and are available in some metropolitan areas. The precise

details of the proposed system and environment must be used. These include the llghtmg

characteristics of the luminaire, number and configuration of slummalres, room size, .
reflectances of all surfaces, and actual level of illumination deslred The rating derived will . e
be an accurate VCP value and. will requize.nd modlficatlon as far as fhe electric lighting

. System is concerned. This frue VCP rating is considered- as Base Value 1. Other factors within
.. the givironment, independent of the electric llghtmg, wnll be descnbed later. Those factors 3

_may B may not modify Base Value [.

T .’ Other Base Values

@

>

'y

_one should bear in mind fthat the VCP method of evaluating the comfort of lighting

When it is not feasible to obtam an actual VCP- ratmg, any of three other methods may be
used to establish a “base vatue,” from which a modified VCP can be developed. However, ' -

mstalfg_hons is the accepted method within the lighting profession. When, for convenience, -
modifications are. made to true VCP ratings, the result is called relative visual comfort
(RVC) to distinguish between the vaiue established by accepted procedure and that
_developed by modification of computed values. The other base values are based on accurate
"VCP computations of comparable lighting systems and the resulting values correlate closely
with.a computed VCP based on the same conditions. After one of the four base values has
been selected for use, several modifiers must be applied before the final RVC is establisted.
These modifiers'atid their method of application are described later in this document.

R 4 )
Base Value II L.
Base Value 11 is the second most accurate ratmg, 1t is established by the use of actual VCP ) .

tables supplied by many manufacturers for their particular luminaires. In most cases this

information is based on spaces having reflectances of 80 percent for ceiling, 50 percent for -
walls, and 20 percent for floor cavity, and for 100 footcandles (fcy (1,076 lux). The VCP -~ .
values are tabulated to show the different ratings for a wide variety of room sizes and ceiling .
heights Obwously, these tables must be for the luminaire that is to be used in the proposed

~ design. From these tables one can select the VCP rating for the condations that rnost closely

match those of the room being evaluated b o




Ba’se Value [I}

" When a true VCP rating or a VCP table for the lummanre proposed for use is not available,
alternative methods of calculation can b= lsed. Base Value 1HI applies to two basic types of
systems: direct luminaires and luminous ceilings. Recessed luminaires or surface-mounted
juminaires with less than 15 percent uplight are rated as direct luminaires. The VCP value
for direct luminaires in Table 1 is a computed base VCP value fora 30’ x 30’ x 10’ (9.14 m x
9.14 m X 3,05 m) room in which the effective reflectances of the cellmg, wall, and floor
cavity are 80, 50, and 20 footlamberts (f1), respectwely, the weighted average luminance (L)
of the luminaire is 320 footlamberts (1,096 cd/m?); and the level of. lllummatlon is 70
footcandles (753 lux). It has been found that the VCP for direct luminaires does not change
appreciably l‘?é 30" x 30' x~10' (9.14 m x 9.14 m x 3.05 m) room as the level of
iltumination 1§ varied from 70 to I50 footcandles (753 to 1,614 lux). The. method of
computing L is outlmed in Appendix 1. .

- Also mcl,udegi in Table | are the. VCP ratings for luminous ceilings providing 70, 100, and
150 footcandles (753, 1,076, and 1,614 lux, respectively ). These values were computed for
the same basic room conditions. As one can see, as the level of illumination is. increased
from 70 to 150 footcandles (753 to. 1,614 lux), the ceiling luminance increases
proportlonally, and the resulting VCP rating is feduced. These tuminous ceiling vatues apply

" to totally indirect systems, wail coves, and 'diffusing Iuminous, ceilings for the calculated

vilues of illumination, with ihfefpolation as necessary. To qualify, a system must cover at*
least 80 percent of the ceiling atea. IT this is not the case, the fixtures are considered as
direct luminaires and rated accordingly. .

Modifiers ‘will be described later for those systems that do not co1form to the basic
condltlons on which base values IIl and IV are estabhshed

The present VCP rating system does mpt provide for a method of rating surface-mounted
luminous-sided units with more than 15 percent uplight or suspended juminaires. For such
luminaires extrapolations from the basicfVCP data have been made to prepare Base Value
IV.-(See Table 2.) The VCP can be detepiined from the following factors.

1. Ratio of uplight to downlight: from the luminaire p
2. Level of illumination
3, L of the luminaires

A closé study of the fclowing data shows the effect of each factor as interrelated with
the others. The method of computing L for both surface-mounted and suspended luminaires

- .

_is given in Ap@ndlx 1 onpagel7.,

By one of :the four pchedures described for estabhshmg a bas: value, any system of
electric lighting applicable to schools can be given a basic value, whlch is a starting point for .
detcrmmmg the final RVC rating.
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.TABLE | ¢
Computed VCP Ratings for Direct Luminaires and Luminous Ceilings .
’ _ ¢ Fixture Footcandles (lux) vCP .
’ "b : - Direct Iiminaires o .14
£ Lumifious ceiling 70 (753) - 86
% Liminous ceiling =~~~ -——100 (1,076) 81
¢ Lumiffgere€iting 150 (1,614) .74 : re
Base Value IV ) - ‘
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TABLE 2

Fxtrapolated VCP Ratings for Surface-Mounted Luminous Sided Units with More Than
15 Percent Uplight and Suspended L-:minaires

. 70 fe (753 Ix) 100 fc (1,076 1x) 150 fc (1,614 Ix)
L - L T
Up/down | 2001 | 32081 | 4400 J20011 | 32001 | 4401 |200#1 | 32001 | 4400
. distribution | (685)* | (1,096) | (1,507) 1(685) | (1,096) | (1,507 | (685) | (1.096) | (1,507)
100/0 86 86 86 | sl 81 Bt | 74 | 74 74
80/20 85 83 81 81 79 77 | 76 7% | 7™
60/40 sa | 80 | 77 | 81 n | 7| 4] n
40/60 84 78 74 82 7% 7 | B % | 7
20/80 83 76 7n {8 75 70 | 79° 74 69
0100 82 74 68 82 74 68 80 74 68

NOTE: interpolate as required for L and footcandles,
*Numbers in par¢niheses are candelas per square metre (m‘z).

Modlﬁers _
The modlﬁers described below are applicable to one’ or more of the base values. A

s

age 13,

. Modiﬁer I-Wall Reflectance

. checklist that shows the base values to which each modlﬁer shail be applied 1s provnded on

Modifier 1 is 'the variation from the standard wall reflec‘:tances used ‘in the basic
calculations. (Se¢ Table 3.) The method by which the wall reflectances gwen below were
established is ‘clescrlbed in Appendix II on page 19. .

TABLE 3

Values for Modifier I-Wall Reflectance

¥ ¥

Percent of wall reflectance: - Modifier
. . 70* +3 ¢ -

60 2

FRE

40 ! -1

. l':‘\.’ 30 -3
- 20 -5

10 -7

*Achieved by high upper wall reflectance only,

L]

Modifier H—Floor Cavity Reuectance oot

Floor cavity reflectances vafy depending on the reflectance of the floor covering and the
side walls below the standard 30" (7.62 cm) table height that is accepted for design purposes
as normal for,all schoolrooms. It is clear from the data in Table 4 that the floor reflectance =
is very important in maintaining an acceptable comfort rating. )

78770 . ) ' . . ’ ’
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« Modifier V——Welghted Average Lummanoe @

M TABLE 4
Values for Modifier 11- Eloor Cavity Reflectance
Percent of floor cavity reflectance. |  Modifier
30 +3
20 - 0
10 ’ " ¢.3

" Modifier HI-Room Size . . )
The loss of comfort due to increasing the room size from 30' x 30' x 10" (9.14 m x 9.14

m x 3.05 md to 60" x 60’ x-10" (18.29 m x 18.29 m x 3.05 m) can be provided-for through

" application of Modifier-IIl. (See Table 5.) In the larger room more luminaires are in view,
and the comfort rating is jower. .

P & I

.. TABLE §
Value for Modifier IlI—Room Size
Room size ‘Modifier - ' . ' .
. 60760’ (1829 mx 18.29 m) C =3
" Modifier IV—Ceiling Height PR C
. The comfort ntmg of all systems changes slightly depending on the ceiling height. (See
Table 6.) .
TABLE 6 N
~ Values for Modifiér IV—Ceiling Height
Ceiling height, in feet (and mettes) " Modifier
8(2.44) , -
10(3.05) ’ . o -
12 (3.66) +1

The last of the modifiers that applies to the electric lighting system is Modifier V, which
pertains to the weighted average luminance (L) of the luminaires being proposed. For base
values I, II, and 1V, actual juminances were considered. However, Base Value I was
established for L of 320 1 (1,096 cd/m?). Modiflers must be applied if the prOposed umts
are different. In this case Modifier V is established as follows:

. ' , _32011— I:=(_,096cd/m’ -0
e Modifier V=500 “C 685 =)

For ¢ example, if the lummanre in question has an-L -of- 200 footlamberts,_the_modnﬁer_

would be 320 fl — 20¢ fl ¥ 20 = +6. From this, one can see that the luminaire plays alarge
part in the visual comfort of any system. Any L in excess of 320 footlamberts (1,096
cd/m?) will result in a negative modifier: {See Table 7.) This modifier should not be applied

to luminous ceiling values in Base Value III or fuminaires in Base Value IV because, these -

values were determined on the basis of the luminance.

16
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TABLE 7 i
Values for Modifier V- .
* Weighted Average Luminance (L)
T Lin footlamberts Modifier
200 . +6
240 T+
. 280 - +2
320 0
360 - =2 ’
. 400 . -4
440 -6
Modifier VI—Excess Wall mMm ) _
For the VCP and RV\ ratings described previously, themSources of high bnghtness are =

luminajres installed in or on or suspended from the ceiling. The ratings are based on the
G- _overal VCP concept, which takes into account luminance, size, and location. No procedure
has been suggested for taking into account high lurrfnances on the walls. The recommenda-

tions given below are based on research and experlencec
There is. ample evidence of measurable losses in yisual accurdcy because of transient
adaptation when the luminance of a large area exceeds five times task luminance. Inasmuch
af potential;_ sources of high luminance on the walls are often immediately adjacent.to a
visual task and may be in or near the line of sight for an extended period of time, it is
recommended that arcas greater than | square foot (0.09 m?) be limited to five times task
luminance. The possivility of an extreme case can be avoided by imposing a limitation of
ten times-task luminance for any area of | square mch (6.45 cm‘) or larger for all wail

surfaces. ~ o

In the determmatlon of the area of surfaces in which the iuminance is hlgher than task
luminance, an area that is less than 3" (7.62 cm) in its smallest dimension need nof be
. included in the case of the I square foot (0.09 m?) limitation for five times fas luminance.
‘ This narrow band of luminancé must not exceed the.limitations for areas, of 1 square inch
(6.45 cm®) or larger. If surfaces on walls exceed tliese- limitations, a two-point negative
modifier must be applied for each full number multiplier in excess of the limitation. (See
" Table 8.) For example, a source gieater than 1 square foot (0.09 m?) in area, which is seven
times task luminance, would call for a four-point negatlve modifier, two points each for the
two whole numbers over 3. Obviously, areas of high luminance that are larger in size than
those mentioned will create poorer conditions and should be further penalized. However, no
additional negative modifiers are included at this time. _ '

" TABLE 8 : .
Values for Modifier VI~Excess Wall Luminance

. Excess wall luminance " Modifier ~

. Over ] square foot (0.09 m%) —2 per whole iumber over 5
Over | squate inch (6.45 cin?) ~2 per whole number over 10

N : ,
. Modifier VII-WinJow Luminance - . . . .
T TThE system of evaluating for comfort has been, to this point, dlrected specifically at the

electric lighting system and room reflectances. Other potential sources of glare are the
.. windows, Their luminance,klarge area, and cxtremely important location, often in the direct

-17
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ling of sight of many or all students, make them a major factor for consideratiop. The
principles that determine comfort apply to daylight as well as to electric light sources, and
for this reason the maximum luminance of any area viewed through a window is limited to
five times task luminance. The methods of luminance control are dependent on the
circumstances ‘of" the specific locations; and the desired result might be achieved by
well-placed trees, fixed shielding devices, or low-transmission glass. If adjustable shielding
devices are used for window light and glare control, they must be mec hamcally controlled so
that #hey do not expose the sky brightness to the students. If this is ot the case, and the -
devices are capable of gemg improperly adjusted, the sky brightness “of 2,000 footlamberts
(6,850 cd/m?) shall bé used as an average. In all cases an additional two-polnt negative
modifier must be included if no provision is made-to exclude direct sunlight from the rcom
during normal daytime school hours. (See Table 9.) The glare created within a classroom by’
direct surlight, even thr'ougl},low-transmission glass, is intolerable, and every effort must be
made to prevent it. \
TABLE 9

\ ‘ Values for Modifier VII-Window Luminance .

”

Window conditions - ./ ‘ Modifler ’

Luminance limit, over 1 square foot (0. Wm?) { -2 pel‘ whole number overS
Direct sunlight into the room ¥ —2‘ )

\ N

Modifier VII-Nonuniformity of Illumination

One other lighting system characteristic that ig of importance\in classrooms is the
uniformity of the illumination level. Since task luminance is'a factor in both visual comfort
“and visual ' peiformance, it is mportant that the illumination level not vary greatly .
throughout the seating area of the room. *
If the task luminance at the point in the room with the lowest level of illumination is lgss
thian '?0 percent of its value at the point where the visual comfort is calculated one can
expect-that both visual comfort and transitional adaptive effects will be measurably. affected
because of the lower luminance at that location. Research indicates that changes in visual
comfort as -high as 6 percent can be expected with-a drop to 70 percent of the average
illumination. Therefore, any variation in excess of this value should be penalized. A modifier
of ~3 is to. be added to the RVC computatlon if-the illumination at the lowest point in the
. normal seating area (anywhere more ‘than 4’ (1.22 m) from the walls) is less than 70 percent
_of the average. (Se¢ Table 10.) These valiles can be calcu!ated as described in Appendix 1]
on page 20.

i . ) X

TABLE 10 .
Value for Modifier VIIi—Nonuniformity of [llumination
Nonmﬁfoﬁnity of itlumination ' .. - Modlfier *
Minimum illumination less than 70 petcent of average illlinﬁnation N -3

Ky

Modifier EX—Maximum-to-Average Luminsnc‘e Ratio .

Luminaires should have a maxlmum-to-average lummance ratio not to exceed 5:1.at .
angles of 45°, 55°, 65°, ?S", and 85° from nadir. If the luminaire exceeds this ratio, a
modifier of ~—l shall be added to the base values for each of the above angles at whlch this
‘ratio Is exceeded. (Qeu Table 11.)

3
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. ’ TABLE 11 _
, Value for Modifier IX—Maximum-to-Minimum Rstio
. Luminanee ratio ‘ Modifier
Exceeds 5:1 luminance rafio at angles of 45°, 55°,65°,75°, and 85° from nadir —i
Summary . . ' . -
The system of RVC calculation can be summarized as follows. A base value is obtained
and then adjusted by modifiers that account for vanatlons from the base conditions. Chart.1
is a checklist of the nine modifiers. It indicates the base values to which each must be
applied if such modification is required by the concept being evaluated,
Step-by-step explanations of how to determine the final RVC ratings from the four base
" values and the nine modlﬁers are included in Appendxx 1V,
) "« "CHART 1
Modifier Checklist
.o Base values . - )
Modifier Quality ¢ 000 Lo m | v )
‘ I | Wallreflectance : x | x | x
o Floor cavity teflectance X X X
“ 1 | Roomsize -, " ox X '
IV . | Ceiling hejght h -X.}-X X
v L(Weighted average lummance) I X+ Do
Vi Excess wall luminance  * X | X X X _
+ Vil Window luminance X | X X X s
vill | Nonuniformity of illumiination X.| x X X "
* IX | Maximum-to-average ratio - X' | x X X -
*Does not apply ta luminous ceilings in Base Value 111, o
- S = it
Bt
19 ’
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- Field Evaluation

- i . - - a

Because of the complexity of the variatiens in the luminous environment, no meters are
“available to measure visual comfort directly. For this reason a procedure. has been developed

_ for use’in determining compliance between the suggested desngn and the completed project.

This procedure is described in Appendix V.

The many interrelated factors that affect visual coml‘ort make it most difficult to evaluate
accurately each element c}f_‘_lr_le visual. emnronment The recommendations in this document
provide reasonable valpes-based on accepted practlces and basic research. The desired result
is a visual environment i which there-are nc excessive luminances; that is, no luminances

that are excessively higher or lower than Ahat of the task. One must apply. good ‘judgment .

cand teason in. makmg an evaluation. If thxs is. done honestly, with the design goals kept in

view, the rating will be sound. If, on the other hand, every pomt of the evaluation is- -

" stretched to its ultimate and every 100phole is used fo ifs grea fest advantage, the resuits may
" be unfortunate,

A major advaniage of the procedure is that 1{ “equlres the engmeer and architect to wnrk
together during the design stage—to make decisions and recognize their ultimate effect. The
procedure’ allows credit for characteristics that are better. than normal' t& provide a
better-than*average environment or to compensite for any negative aspects. In any case, the

ovérall effect of the many decisions can be evaluated during the desngn perlod and can be

conf' rmed when the pro_;ect is completed
/ #

A
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Vlsual Performance Evaluatlon %

LIS

The required levels of illummation for visuai accuracy depend on the size of the task and
the apparent contrast within the task.’A well-printed book, an original document typed with

"a good ribbon, and ink handwriting all require less than two footcandles (21.5 lux) to be

seen with the same visual accuracy that would require 133 footcandles (1,431 lux) for a
fifth copy typed carbon, or 589 footcandles (6,338 lux) for a poor quality. thermal
reproduction. Pencil handwriting has been generally accepted as a standard for the determi-
nation of classroom lighting requirements, and the level of illumination recommended for
reading pencil handwriting is 70 footcandles (753 lux) of sphere quality ﬂlummatlon.
‘Sphere quality lllulmnatlon, or ESI footcandles, pertains to-the degree to which light is

] provided .to the’ task equally from all directions, as though the task were placed in the center

of a uniformly llghted sphere. This speclﬁcatlon is essentia! for pencil handwriting because
the specular quallty of the graplute line on paper issuch that the contrast between the line
and its background changes radlcally under different. lightmg systems. In eJttrerne cases

, where there is a higher concentratjon of hght to the task from the cntlcal area overhead and

in front of the viewer, the pencil line appears bnghter than the paper. In cases where most
of the light to the task comes from low angles, frorn the sides and-rear rather “than from
overhead, the contrast in the pencil task appears greater. Consequently, _fewer footcandles

would be required from a system that provides light in this.manner.

The findings from recent studies in many classrooms indicate the extreme mlportance of
lighting ‘quality and its relationship to lighting levels, For example, in one roont the actual
level of illumination.on ;he task was 135 footcandles (1,453° qu), but’ the. quality of .
illumination was only 18.3 ESI foof’candles At the other extreme, a foom.in_ which the level

_of illumination- was only 16 footcandles (172‘1&-) ‘had a sphere quality illurnination of 29.9
- -footcandles. In neither case did the lllummatlon approach the 70 ESI footcahdles (753 lux)
.“recommended for classrooms. i
Contrast is dependent upon the distribution of light flux w1thm the roo‘n, the arnount of

flux, and the directions from which the flux falls on the task. For typical classroom tasks .
illumination from an area directly in front of the task causes reflectlons that:obscure or .

~““4eil,” one’s vision anid make the task difficult to see. illurmnatnon from other areas within _
" the room is much more effective in increasing or maintaining the- task contrast, ‘Effectwe
system desugn for vnsual performance, therefore, involves reducing or- elmunatmg flux from

the area_directly in front of the task by controlling the location of liminaires, ‘the
dnstnbutlon of light from: thern, or the quaitty of the light (polarization) itself. ‘Attention fo

" these.-characteristics_makes. it possiblé to_estimate the effectiveness of a system prior to
- making an atcurate, determmation by computer. Stated’ simply, it is important to get as .
_much of the illumination® as_possible to a point from sources that do not cause vellmg_-.

" reflections. : - :
' Rege‘:}sludles of r'lassroorn lighting systems have also shown that many mstallatlons o
meet all of “the comfort requlrements but -that few provide adequate sphere quallty o
_ illumination. Careful study of the basic concepts of light distribution, lummau'e speplﬁca- .
uon'*and placernent 113\ the room must ‘be imade to provnde the required cornbmatnon of ..

coﬁ‘t Nit and perfomanée. ' -

:'l't" ) . s : ’ . .
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Under unusual circumstances a systém may be designed that will have a contrast rendition
factor greater than 1.00, providing an ESI rating that is higher than “the conventional
-, footcandle level. In consideration of the many visuaf tasks performed in classrooms, other .
‘ than ‘ESl-sensitive “tasks, it is recommended that the average ittumination level for : .
general-lighting systems be at least 50 footcandles (538 hix), regardless of the ESI rating. ’
Particularly for cases in which task-oriénted lighting is used, it is possible to design
systems with a very high contrast rendition factor (CRF). The validity of the-flux-contrast
system is suspect in such cases, however. Therefore, if the ESI exceeds the ilfumination leve! .
by 50 percent or more, its validity should be questloned . re
In conclusion, the specific values established for the VCP or RVC ratmgs and the metho ds
of dete{mmmg ESI make possible the conduct of a preliminary visual.evaluation. (See tables
12 and 13.) Because of the completely different factors that affect comfort and the qualities
- that prov.de for accurate seeing, comfort arid performance must be considered, separately -
and must be recogmzed to be of equal importance, .

0 " TABLE 12 o " TABLE13 R
oy . - Comfort Grading Scale R ' Performance Grading Scale .
o) VCP orRVC rating . . Grade o ESirating - 7 | Grade" .
© 85 ormore o LA 55 or more. - o A
751084 B- - 451054 B ,
i 651074 c . 7 3tw4 ) c
. 55t064° ) D 2510 34 o D )
Lessthan55  ~ - " F ; Less than 25 L s F .

A!tematwe Visual Ferformance Desusn Task-Oriented Classroorn Lighting Systems
4 The Bureau -of School Fasilities I}Yanmng encourages the use of lighting systems_that
provide high levels of visual performance while using as little energy as possible. In such )
cases system designs that produce lighting oriented to the task position may be utilized in
place of general lighting. Designers who wish to use such a system should work closely with
the staff of the Bureau of School Facilities Planning. The followmg are the charactenstlcs
recommended for a complete task-orientéd system: : R

1. The system should be capable of producing an ESI ratmg of at least-50 for spec:ﬁc ..
" . areas within the classroom. The remainder of the area * should have a minimum .
L (non-ES1) footcandie level of 30. R : =
. , 2 The system should be capable of producing, in a specific \newmg direction, an ESI
rating of at least 50 over an area at least 4"(1.22 m) square. . o
oL 3. The system should be, capable of producing simultaneously not less than one such aréa
o - for each 100 square feet of room area. .
: - 4, The system shouid be capable of performing as described abOve at any point, within
the classtoom, that is more than 3’ (0.09 m) from the walls. . o
" 5. The syster should meet all of the visual comfort evaluation reqmrements except those
o for nonuniformity of illumination (Modifier VIII). * .
T . 6. The systerp should be such that one peison can change the confi guratnon to another.

Py _,_' S h configura{z
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Appendix | _ . - L
~Calculation of L~ | ;

—

-

. L (the weighted average luminance of a luminaire) will, in most cases, be available from the luminaire
-~ . manufacturer. If not, it can be.computed, by one of.the following methods, on the work sheet on page 27.

o 1. Average luminances of the luminalre available:

" a. Determine the luminaire average luminances in the column labeled “Average L ((t]).”
b. Multiply the average luminances by the valuesin the column-labeled “T."

. ¢. Add the values from the *L X T” column. The sum isthe L.
d. Compute the flux ratio test as shown at the bottom of.the wor.. ‘heet, and correct L.

2. Candlepower distribution of the:-luminaire in three planes available:

- - Caiculate the average luminance of the luminaire at each angle by means of the l‘ollowing equation:
' ) ! 1', l‘oollamberls = 452 l (L

KT cdfm? —A-g

. K
e »

o

Ll‘oollambens(f. cdim 2) is the average lummanoe in footlamberts (cd/m?), 1 is the candlepower of
_ "the luminaire at_the given angle, and Ap is'the projected area of the luminaire 'in square mches(square
metres). The calculation is done as follows: :

(1) For alt recessed lutninzires with'flat or regresSed panels, Ap=L X-W X cos &, where L is the
. length, Wis the width, and @ equals the angle from nadir. i
{2) For all recessed luminaires with drop paiels and all surface luminaires with less than 15
. percent uplight, Ap= L X Wp, wherc Wp is the projected width of the luminaire only, at”
the angle being measured. -

. . (3) For all luminaires with more than lS percent upllghl surl‘ace'-moumed or suspended less
ot . than 3”'(7.62 cm), Ap =L X Wp, where Wp is the projected width of the luminaire plus the .
: ) " ceiling directly above the lurninaire of 150 f1 (514 cd/m?) or more in_ lummance In this -

case photometric data must be available l‘or ‘the luminaire. . -
. {4) For all luminaires susPended more than 3" (7 62 cm) from lhe ceiling, caiculate the same as
1 ] - for (2) above. - .

Note that, in general, L witl bé the same fos transverse and parallel viewing duecllons The higher ol‘
o 4he two -values should ngrmally be used fo allow for viewing in- any direction. Note also that all -
- N + calculations miust be made for initial conditions.
- - A complete discussion of L and its associated system may be found in the Jaurr.a! of the -
’ Muminating EngmeenngSoc:ety, Aprll 1972, page 256 l‘t and October, 1973, page 31 1.

-

F.xample " ’
A lummaire is td be used whose luminances are.as shown in Figure l on page 28 and whose 0-60" and -~
~ 60-90° fluxes from photometric data are 4,485 and | 313, respectively. The welghled average lummance.
‘ 5 L is to be determined for the crosswise viewing direction. -
.o & " The-luminances are read from-the curves and entered on the work sheet on.page 27. These values are
multiplied by the multipliers (T) and summed to obtain the L, which in this casé is 400.0. :
s+ The correction factor ¢ (flux) is obtained from Table 14, ‘Correclion Factor @ Table forObtaining L
When Ratio B Is Less Than 4 and Grealer Than 10,” after delermmallon of the flux rauo B:
_ Flux 0-60 _ 4485
. Flux 60-99 1,513
. The cotrection factor is found to be l .38, The correcled value for I., then, fs:
B ; : . Leor= 1.38 x 400 = 552.
a . 1 1:

=296 a -
’ )
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_Averagmg of Wall Reﬂectances

! .
" For example, suppose one wall of a classroom 30" (9.14 m) long with ?%. (2 29 m) from work plane to

Appendlx i | -

The dsual assumptton of uniforrn wall reflectance will nearly always be 1nadequate In most cases it wrll
be necessary to know the average reflectance of all wall surfaces taken together. To determine this, first -

multiply the area of each wall surface by its reflectance. Then add the surface areas, and dmde by the nrea
. of the wall:———"

P , Ay ST
1
ceiling cavity plane contains two chalkboards.with a reflectance of 12 percent and dn atea of 6? square feet
(5.47:m?) and one tackboard with a reflectance of 40 percent and an area of 40 square feet (3.11 m?). __
Suppose, too, that the remainder of the tyall is painted so that it hasa 65 percent eflectance, Thus

. Chalkboards:  D.12% 60="72 - , [ o ~1 I
0T Tackboard: 040X 40= 160 R
PO < Wall; 065K125- 8125 SR N
| A'X =10445 BRI
- - ) I I Ii‘ '
pav= 1—0242‘5£=0464 464percent . . . L .
lf the other three walls have average reﬂectances of 382 percent, 5? 5 percent, and 34 6 percent fre
average of all walls is: e . . 4
o Pay = 382 + 5?.5-_+ 34.6 + 46.4 = 44.2 percent

. . . / - 4 o ‘ o .
Windows are not counfed in determining average wall reflectance since their effect ts variable and is
accounted for in Modifier VIL+ ¢ -

v
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-Appendlx III
Calculatnon of Un lformlty of Illumnnatlon

The degree of umform;ty of illumination can be calculated as followS' .

1. Select ':he point of Jowest illumination in the seaung area. This pomt can usually be selected by
inspection of the design plan. | :

I. 2. Caiculate the: lllurmnatwn at this pomt by any applicable standard method

3 Calwlafe the ave rage 1llummatwn by the standard zonal-cavity method.

4 Dmde the lllummai 1on at the low point by the average illumination. If the figure thus obtained s less
than' 0.70, deducl three, points from the base values as shown for Modlf‘er VIH on page 12, or revise »
f’he system lo lmprove lfle uniformity.

-

5.1F thie Iuminalres do not at, any point exceed the rated spacing-to-mounting lieight ratio for the

luininaire m\rolved it may be assumed that the system meets the 0.70 minimum.to-average criterion
and rio compulahons need be made. . o

”. 1_ . L+ ¥
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Appendlx v - " S
Calculatton of RVC | ; I c

Lt

The relati\fe visual comfort or RVC is related to the visual don fort probability (VCP). Ifa VCP for the .
specific conditions of the installation is available, it should be used in oreference to caleulating an adjusted s
base valug from bases II, III, or JV, which will be similar to the VCP but not necessarily identical in value. ’,

There are four methods of obtaining a base value for a given installation. They are described below in the .
order of their accuracy with respect to the VCP. The most accurate is described first. T

1. Obtain a VCP for the exact conditions of the installation (Base Value I). This may be obtained by
means ol‘ available computer services or may be calculated by hand (See Hluminating Engineering,
0ct0ber,1966 pp- 634 and 643).

2. Select a VCP value for standard conditions (usuatly 80 percent cetlmg, 50 percent walls, and 20
percent ficor cavity, 100 footcandles [l 076 lux] ) from a table for the luminaire used (Based Value
).

3 :Obtain a Base Value III as l‘oﬂows‘ ' o ‘ : Lo
a. For all recessed or snrfnce-mounted\units with les§"tlan 15 percent uplight, use the “duect unit” i
,vatue. s : - Y.

b, For totally*indirect, cove; and dtffusmg luminous ceiling systems, use the “]urmnous cetlmg” value

for the calculated illumination level, interpolating as necessary. To qualify, the s¢’stem must cover
swenZeves o givleast-80-peseent. -ol‘»theucellmgr area..If<the-coverage is.less .han 8Q percent.or.if the.celling
luminance when viewed at 45° is more than two times the luminance of the same area viewed at °
75°, tregt the system as an 'individual fixture system as in the {irst method described above. '

4, Obtain a Base Value.1V as follows (use Base Value IV for all pendant systems c. surface mounted
systems with more than 15 percent uplight): .

a, Calculate T for the luminaire in the paraIlel and transverse directions. Use the higlner L of thpse
Eletermmed Use the proeedure given in Appendtx I-and the data from the work sheet to calculate
T -

‘b. Select the liné in the table nearest the ﬁxture uplight/downlight dtstributton and determine the
©  base value for the tllummatlon leve! and fuminaire L to be used, interpolating as necessary.

Aftey dctermtmng the tin \mlltlal Base value by one of the four methods described above, establish the
_ applicable modifiers as shown on the checklist on page 13, and add the values to the base value. The final
RVC may be hlgheior lower. than the ongmal hase value, Jepcnmng on the total effect of the modtﬁers

RN . [ U J— -

< , LT e Exemplel SN S e
5 , Ina pmposed system x4 (0 61 m x 1.22 m) recessed iurmnatres with low, bhghmess lenses are to be

T e— .. used in a 30" x 30 room: with 3 10 ceiling (9.14 m x 9.14 m x.3.05 m). The refiectances are to be 80,

- percent on the ceiling, 50 percent dn the walls, and 20 percent from the floor eavity. The level of \
. it]uminatlon will be 100 t‘ootcandles and from the published tablea provided by the' manufacturer, the VCP

is found to'be 74. . Iy

The room size, reﬂectances and Ievel of lllurnmatlon are the same as those on which the veep table is
¢ [based consequently, the first ﬁve modifiers do ot appé‘y '

_ a. The'VCP rating provided bythe MAnUfACtUreT S . . v . e e A 74

R * b. Modifies VI: There will be no excessive wall lumirances; therefore modiﬁerVI is ... 0
A .C. MJdiﬂer VII: ‘The north-l‘acingwmdows are to have glass with a 50 pescent transmission. -
RN 3 © The sky bﬁshtness seen, thmugh the wmdows will be 1,000 footlamberts, the task - ey,
. . o " brightness will be-70 I'ootlamberts, and the wmdow-to -task luminarice ratio' is l4 3:1.The =~ - N

o " v
) - ST ) B R
- ? ’ : ) ’ 2.7.- . - ' i
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addend, as described in Modifier VIL, is a negative two points for each full multipller over

“rfive,whichmeans —2 X (14.3=5)or .. ... ... ... ' vrnn. D
- d. THe minimum level of illumination with the proposed spacing of luminaites will be less. SN .
than 74 percent of the average. The modifier for this circumstanceds . . . . ;.. .. .. -3
. ¢. The manufacturer’s photometric data show that the maximum Iununance at 45 is six '
timesghe average at that angle. |n atcordance with Modifier 1X, this requires an addend of -1
Thus, the RVC ratmg is 51, and the grade is F = ) ) 751
L ) Example 2

ln a proposed system surface-mounted luminaires, with 10 percent uplight are to be installed in 60’ x
60" rogms with 12’ cellmgs(1829 mx, 1829 m x 3.66 m). The ceiling is white with 80 percent refZ3ctance;
the average reflectance ol‘ﬁﬂ four walls is 60 percent;'and the floor cavity reflectance is 23 percent. The

“

illumination’level will be 1R0 footcandies. The L, has been computed to be 380 l‘o_otlambert_s. The VCP for
susface-mounted luminaires is taken from 'Basg Value 181, direct lurn§naires. and is found to bé 74.
CATROVEPIS e e e e 74"
b. Modifier 1 (60 percent wall reﬂectance) IS ........... e e e .. +
. ¢. Modifier 1F(23 percent, floos cavity reﬂectanne)is C e L e e e e e e e C 4}
d.. Modifier 111 (60’ x 60’ [18.29 mx 18.29 m]room}is « . . o .« v wcu . v . . e -
. _e. Modifier- IV (12'(3.66 m] ceilings)is .. .......... S R
f. Modifier V (320~ 380)is . . .« . ..o, ARV S
e ’ .20 i :
R 4 Modlt"eer(excesswall Iurninance) B .. e e e e . « 0
.. h. Low-transmisSion glass prowdes direct glare control, bur sunllght enters the west rooms. .
- L‘Iocht"er\-’lhs.‘...._..a .......... e e e e g m e e e . -2
i. The minimum level is more than ?0 percent of the average:Modif'er Vllhs L. -0
.} The maximum luminances at all angles ol‘ viewing ate, less than flve tlmes the average . O
Modifier IX#s -, .. .. ... .. e e ke m e e FRFT. S _o
The RVC ratmg is"70, and the grade .sC T : : I ] = 70
: _ i | .:xample3 : .

Serni mdirect lummalres with60 percent uplight and 40 percent downhght are to be ‘mounted 8 (2.44 m)
above tiie floor in 30" x 30 x 12° (9.14 m x 9.14 M x'3.66 m) rooms. The ceiling reflectance is 80
percent, the average wall reflectance is 40 percent, and the floor cavity reflectance is 30 perchnt. The level -
of illumination-is t6 be 90 footcandles, and the L has been computed to be 450 footlamberts.

The base valus is taken from Base Vaiue 1V, and by imeans of interpolation for-90 footcandles), the- value

.is found to be 75. (No reduction is made for the slight difference between 440 L and 450 L) i
A TheVCPis . [. ........ P SO A 75
b—ModJﬁer 1 (40 percent wall reflectance}is . . . ... .. ..... PR -1 7
e “'Mod:t"er (30 percent floor cavity reflectance}is ., . . ... ... .. .. IR +3
. 't Modifier Il (oom size}ds © . .. ... ... ... ... e -0
- . ¢. Modifier IV (ceiling height)is . . ... ... . ... ... ... +1 .
'.-_° : f. T has: bcen mcluded in Base Value IV value Mod;t"erV:stherel‘ou R - 0 -
- e N bl 0
i 00D modi ngiH (honuniformitypl‘]l]uminatlon)ls T A
P The RVC ratipg is 78, and the grade is B, J . ) I8

From the {hree examples one can see that each of the modifi er& has a definite bearing on the overall
. quality of the proposed lighting systenmis, In each case the requirements for raising the evaluation score are
S g R e\udenr ~ . : . ;

=t
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Appendnx V - L
Fleld Evaluatuon of VCP orRVC . -

No mstrumentalion is currently available for maklng a \nsual comfort evaluation in lhe.ﬁeld However,it .

is possible to measure the parameters and compare them to those used in the design, This approach is
patticularly appropriate when changes from the design have been made; for example, a substitute luminaire
has beentused or a carpet of a different color and a different reflectance has been fumished. y

Since measurement of luminaire” average brightness, or T, is not practical in the field, it is suggested that

" the fuminaire used in the installation be comparéd with its description in the photometric data report,

particularly with respect to the type of light control panel, lamp ussd, dimensions, and finishes. A further
check can be made by measuring the maximum luminance at so reported in the photometric data
and compating this value with the reported one. Should the measured luminance be:substantially higher
than that reported in the data, one may assume that the lumma:re is not as described iIn the data. Such

* measurements must be conducted with cate, particularly. in the area “received” by the meter, which must

be 1 .square inch (6.45 cm?). It should alsc be rfioted that the luminaire luminance will be increased by

reflection from the room surfaces. While for lensed luminaires this will nof normally resuit in an appreciable .

percentage increase, in the ¢ase of diffusing umts—-pamculaﬂy those oflow average luminance—the bottom

.panel luminance may be increased significantly. This increase must not be taken as an‘indicatlon of

nonconform:ly with the specifications. Its magnitude will usually be approximately equal to_the floor
{uminance, which may be subtracted from the luminaire valuwe 0 find the true luminance. Altemahve~, w40
‘the case of a reoessed system, (he ceiling halfway between the fixtures may be méasured and this value
subiracted from the fuminaire reading. As an altetnative, the fixture being tested ‘may be tumed off and its
‘luminance from only reflected light can be measured.

Reflectance measurements in the field are most-readily made by comparing the luminance of the surface -

to bemeasured to that of a sampie of known reflectance held at the same point. The luminance readings are

then proporuonal te the reflectances. Care should be taken that such measurements ate not made a angles

at which light may be. reflected semispecularly from the surface A Wt

’
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Abpendix Vi
Calculation-of ESI-

The ESI rating shall be that value that is plowded by the lighting system for the standard schooi task -
1 (pencil handwriting), viewed at an angle of 25°, on 85 petcent of the wotk area for tandom viewing
duectmns The statistical tolerance level shall be 99 percent. -~
The ESI rating shail be calculated in accordance with the tccommendauons of the lllummating
Engineeting Society in its Recommended Practice for theé Specification of an ESI Rating in Interior Spaces
When Specific Task Locarmns Are Unknown. The procedure for calculation is as follows:

o

1. Select a -typ[cal classroom. This should be the room that is most common in size and shape. if the-
irea of the room exceeds square feet (83.61 m?), asection this size or smaller, divided along
. logicat partitioning fines, shall be used. %
-, 2. Determine a computational geid in accordance with the guidelines in Recommended Pmc.fice for the
" Specification of an ESI Rating in Imtefior Spaces Wheu Specific, Task Locations Are Unknown. Note
R that the spacing of the grid points must not exceed one-fifth of the distance from the work plane to
the luminaire (or the ceiling if, JShe, celhng.;s thc lighit soutce), It is tecommended that a spacing of 1’
{0:30 m) be used. The comp;ltat nal grid must cover all portions of the classroom atea that ate 3
. {0.91 .m) or more from lhe-,)",hljs ot exlren)lt es"bf the area. Small irtegularities of the wall may be
. ’ _ ignored. .
- <" 3. Calculate the ESI va]ues for all po‘fnt&:?n tﬁe grid for four otthogonal lateral viewing dlrectmns
: ) (nogth, south, east, and west, for example). Nofe that if the system is bilatetally symmetrical, only_
- o half qf the points need be coimputed; if it is quadnl;nerally symmetncal oniy one-fourth need be
computed. - N
4. Determine the ESI value attained of exceeded over 85 percent of the grid. This vaiue is the ESI rating
,¢§3 for the installation. Note that since all points on the grid are con)puled the statistical tolergpce level
" is automatically 99 percent. The random sampling procedure in *Recommended Practid for the
~ Specification of an ESI Rating in Interior Spaces When Specific TaskLocarions Are Unknown may be
' used in this determination if a system is completely asymmetrical and thus requites an excessive.
number ot computations. In this casethe statistical tolerance level must be. at least 95 percent.

For schoals that are planned. for daylight use only, the * conmbut;on of the daylighting system to the
ES| requirement may be included. Calculations should be based on ‘the common-worst daylighting
conditions for the. pal‘tlcular location and ofientation of the classroom. Computet programs for this
computation are cutrently being developed. The use of daylighting to provide as much as possible of the -
fequired illumination, commensurate-with hicat-gain/loss requirements, 5 strongly recommeiided. Swilching
' should be utilized'to supplement daylight when negessary and to pmw’de for rated: conditions during night
use.
IR Prowdlng lighting systems wlth different ratings for day use and night use may be des:rab‘lc in some
: instances.

-

Example

A ruonns*?yo x—30~w|th~a1:e:l|ng height'uf'9 (9:141mmx-9:14'm X 275 m)- The ceiling reflectance 1580* .
- percem the wall reflectance is 50 percent, and the floor cavity reflectance 1s 20 percent. The luminaires are
2" x 4' (061 mx 1.22 m) fluoresceni recessed, two lamps each, equxpped with panels designed for.the

pmductlon of high ESI. The luminairés are 20 in number, arranged 6’ x 8" (1 83 n’x 2.44 m) on centers,

The computational grid isssclected 10 begln 3' (0.91 .m) from the wall on all sides. Since the room is
quadrilaterally symmettical, calculations are camed 0ut for only onc-fourth’ of the room, at the center of “
each I square foot (0 09.m?) of area.

L3
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ES! and footcandle values are given in the computer readout for each location and for all four viewing
directions. The computer then determines that the ESI is equaled or exceedéd at percentages of the
computed points from-70 percent to 99 percent and tabulates them, The tabulation shows that the ESI
rating for 85 percent of the work stations is 44. The grade is therefore a very high C, The use of 3 higher
lumen famp or a more efficient luminaire or some other modification could improye the system enough to

warrant rating it in the B category,
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Appendixvi © - .- .. -
Measurement of ESI- )

o " One method of measuring ESI for -the pencil task and 25° viewing angle is by the yse of a visual task
. photometer Two other instruments—one visual and one photoelectric—can also be used. ‘However, neither
of the two instruments is curtemly being produced commcmally, and the use of a visual task photometeris

generally impractical.

In place o: direct’ measurement, the following prooedure may be used for verifying the attainment of
calculated: performances. "The only instrument required is an lllumination meter. This meter should be
accurate within plus or minus 5 percent and linear within 2 percent. A linear sca!e meter is desirable, The
meter must be accurately cosine corrected,

k4

. 1. Verify that the geometry of the System Is as determined in “the computations, The locations and
dimensions of" the luminaires, the room dimensmns, and the teﬂectances may be determined eithér
visually or by means of a simple meisurement. -

2, Verify that the ‘luminaite characteristics are as reported. Essentially, this consists of” verifying that the
luminalres actually ised on thie job are those for which the computations were made. '

3, Measure the illumination at several of the calculated points. If the fllumination is as caiculated and
“the verifications described in steps I’ apd 2 have been made, the actual ESI sho uld be about tie same ,
as the calculated ESIL. -

¢ . . : -
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g Aabendlx Vil ..
Addltlonal Technlcal Data |
_ Work’ Sheet for Computmg 1 ) .
” noo < {Data are for Luminaire XYZ viewed crosswise.} -
B . :Anglé from nadir in degrees ' Average L (fi}) T LXT: .|
- ¢+ | Viewing 85 250 C 0.0375 94 . =
A direction 80 - 305 0.1080 © - 330 - =
75 355 00884, {7 313 a2 .
. LI © 390 . 0.0703 . 274 . -
, 65 420 . 00543 228" .
60 435 - 0.0406 17.7
55 440 ° 0.0312 137
50 4“5 0.0229 .*102 :
) 45 445", . 0.0159 YA L
hf 40 40 . 0.0102 4.5
' . " Total " 177.1 . :
Diagonal 85 T 7305 0.0203 62 " +].
/v 80... 355..., 0.1065«wewane} .. 378 * |. .
75 415 01022 ¢ 414 ?
o, 70 455 0.0841 383 , -
. 65 " 480 0.0681 32.7.
60" 490 ~ 0.0507 248
55 ‘485 .=0.0333 361
; 50 430 0.0214 10.2 *
g . 45 475 0.0109 52
; X 40 470 - 0.0021 10
§ ' - Total. - 213.7 g
4 | % 80 © 380 - 00046 = 1.7 _
N viewing, 75 . 7 440 0.0096 . 4.2 '
_direction .70 475 0.0052 - ‘2.5 )
e C5s 495 0.0017 ' 0.8
) Total 9.2
Flux ratio test: ) B TOTAL L.
- o « «L =L X-T=400.0 -
pe Fhix~ ' 0-60 _ 4485 . . . : . . -
Flux —50 .1,313 = S N = :
If less than 4.0 or greater than 10, See Table 14, page 18 i
multiply by factor @ = 2.34 (B—48).- _ )
. P= 1p38 y: ' Lcorrected 400 x 1.38 552 .
- Q . o ) . w97 33 -
- E MC . 'i' ¥ - ¢ . “ - - g
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=== Modifier VIlI 1 »

SUREAUOF | CALIFORNIA ‘ N -
SCHDOL FACILITIES' | STATE DEPARTMENT ‘ o L
PLANNING . OF EOUCATION ‘ - 5.04.1 Lighting Design and Evaluation

prmem T

Ty ' .

-

March, 1978

Basic Data and Grading Form for Existing or Proposed Lighting System

Schqél district - Date

District representative . — Architect
Schoot : : Engineer
‘Address : !
" The evaluatior procedure is based, in part, on the following data:
1. Room dimensions: Width Length Height
2. Average reflectances (in percent): . :
a. Ceiling , b. Right wall F ¢. Left wall
d. Front wall . ¢. Rear wall: i 'f. Floor

3. Description of the lightinz system (type, luminaite locations, and so forth}:

-

4. Luminaire data: .
a, Manufacturef (Attach photometr:c data to this form.)

b. Catalog number

=

¢. Number and type of lamps per luminaire

d. Brcf description of Riminaire

T

Visual Comfort . , -

1. Frovide computed VCP if Base Value Lis used

Provide value from VCP table if Base.Value Il is used

- Provide computed value of L if Base Value 111 or Base Value IV is ussd:

‘2 Enter in Table I below, the applicable base value and the selected or computed values for the appropriate modifi iers,
. Add all figures in the apphcable column to determine the RVG. (Be sure to use only one vertical column )

’f
:

o . TABLEI.
- Base Value Categories and Modifiers

£ - - g
. . &

- Maodifier 1

Modifiers | Base Valuel I Base Value Il | Base Value Il Base Value IV———

£ Modifier I

" Modifie: Il \ .

Maodifier IV &

Modifier V

“Modifier VI - : ) —

Modifier VII . " o

f

Modifier IX ' . ¢

Modified total -
{RVC)

NOTE: Hjtéhing indicates that no modification is applicable. (See 1:'|age‘7, “Base Value 1)

. - »

-3, E:;tplanation of modifier data: >
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BUREAY OF ' “““““’“*‘ " =Y - 504 Lighting Design and Evalustion
: - _‘ SCHOOL FACILITIES | STATE OEPARTMENT T Mok jorge e pvanation
: PLANNING . | OF'EOUCATION .
-~ R R4 . - . > . a 1
Visual Performance .
1.-Attach or prepare m the spaoe provided below a scale drawmg that shows the following: - ~

a. Reflected ceﬂmg plan showing luminaire locations .
b. Floor plan showmg location of grid for, ESI computations, mcludmg spacing of points and viewing direction

w

;0 ) X e - -
. #
) ers- ,
N\
. » K L.
‘r Fd : ' ¥
. ,‘ -
T - L
'2. Provide computer data for CRF.ESI computauon if any systern other than that outlined in Appenduc VI is used. If the
latter is used fill in Table II. . .
\h;TABLE I < ' "
. | 7 Average Initial ESI Footcandle Level and Viewing Direction. .
. . . . 1
- 1. Average initial ESI footcandle level I © 2, Viewing dlfegién
. . M . -\\ o
Grades (See page 16, tables 12and 13) . T\ Actual value Grade -

" Visual comfort (VCP or RVC) (from Table I} . ‘ e _
Visual perforinance (ESIy (From Table fly ™~ " T TTIN_ T o o
Engineer's signature —, ] \ Date )

. Architect’s signature M i i - \ Date —
. = . ) . ] . ¥
Sigridture of Schoo} Facilities . . ) . \ .
Planning Repsesentative. te
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.BUREAUOF ' CALIFORNIA ~ . ﬁ - . .
HOOL FACILITIES | STATE DEPARTMENT
"ggmmus ILITIES OF EDUCATION 5:04.1 Llshtms Design and Evaluation
- ‘ ' - March, 1978
T . o
. . , _Basic Data and Gfadmg Form for Exlstmg or Proposed nghtmg System
School-dist c:_CEﬂEEAL_CJTY o Date g I -
- District representative SJOHN AGENT Architect ‘_‘N
School Engineer -
SV ¥t ¥ PN =T TN A i S

The‘evaluation procedure is based, in part on the following data;— —,. -w' :,
1. Room dimensions; Width __39_ Length Helght Xt
2. Average reflectances in percent): e

e . a. Ceiling 'b. Right wall \m c. Left wall
d Frontwall_B0% e Rearvall /& {. Floor
.3 Descnpuon of the hghting system (type, luminaire locat‘d 50 forai,

Visual Comfort: . ‘ 3
1. Provide computed VCPif K; .
_ Provide value from VCP table if Base Value I is used: : M
- Provide computed vatue of L if Base Value 111 or Base Value IV is used: T4 >
" 2. Enter in Table [ below, the applicable base value and the selected or computed values for the appropriate modifiers.
Add all figures in the applicable column to determine the-RVC. (Be sure to use only one vertical cd‘l?fnn )y

L . /" TABLEI iy
. - * : Base Value Categories and Modifiers ‘
- - Modifiers | Base Value | Base Value 1h3 | Base Value IH -£8 | Base Value IV—. *
-Modifier 1 W77 / 7 . o L
Modifier YDy /////// . - & ‘ o
Modifier Iil %///// I oo’ O :
- . * Modifier IV W/////////f//////// _ &
e :::::?erz Y /// A 3
o er VI 3
‘ Modif:e:Vll . = 4
" Modifiervit-— |~~~ T— Q- — “
~ Modifier 1X . . ) .
Modified total ~ : _ E
RO . 70 - | SRR

NOTE; Hatching indicates that no modlﬂcauon is apphcable (See page 7, “Base Value ry
ey ¢
3. Explanat!on o modif.er data:_ 2! N




' BUREAU OF . CALIFORNIA 5041 Liehting Desizn and Evalus
5 SCHOOL FACILITIES | STATE OEPARTMENT | 04.1 Lighting Design and Evaluation
PLANKING | OF EDUCATION . e B | ‘

Visual Performince ' SR '
1. Attach of prepate in the space provided below a scale drawmg that shows the.follgwifig ,

a, Reﬂected csiling plan showing luminaize locations ‘
b Floor pl:m showing location of grid for ESI computations, including spac:ing of pomts and viewmg direction
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. . .
2. Provide computer data

FiEal computation if any system other than that outlined in Appendix VILis used. I the
latter'is used, fill in Table'H- ‘ '

Y - TABLEIl — _ R
; Average Initial ESI Footcandle Level and Vnewing Dnreclion . ]
. ' 1. Average initial ESI foofcandle level 4'4' 2, Viewing direction __w.l_
Gmlu(See page 16, tables 12 and 13) » A::tw:l value  Grade .
. . Visual comfori (VCP or RVC) (from Table ) 0 L -
. Visual performanoe (ESI) (From Table 11) ‘ ‘Jg_ . _(‘_ '
: , ‘

. . . . ’ r) - +
anineer's signature Date _
Architact 's signature - ' _MLD"ﬂB__ -

- SI;ﬂatureofSchool Facﬂlties Ei: zi /) - .
- : Hmmmpuunutivc — - DatM% ‘.
_, : 38 - |
N R : . :
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B ‘Example Computer Printout
. . ' on a Proposed Lnghtmg System
. ' cusronzm Stou of cqlifornio ] o v S
> » pnom:r pescrismion:  Typical Ciossroom Lighting : - S
LUMIMAIRE MANUFACTURER : Commercially Avallable .2 -x 4 Troffer
A 'LUMINASRE NumpEr: ABC 000 : L
PNOTOMETRIC TEST -REPORT: sCZ, | 178, . L -
. : : LAMP OROERING.:AOBEV:ATION: . FAOCW - T " \.
L C LuMEns pes oate: 3130 . o o
- _ LUMINAIRE. ORIENTATION: North - South
Y o . LIGHT Loss FacToR: |- Assighed ) ) .,
LA . - MOUNTING HElgNT: 6.5 faet obove workplono \ _
o Number of Lumingires instailed 2077 ¢ B
» ‘ . Average Ulumination, Footcondiee 1 T -
: ROOM DIMENSIONS, REF_I.ECTANCES 'AND LUMINANCES " - . N
North_ Wall- 30.0 foot _Retl. 50% Lum = 23 VRN L, -
East Wall- T 30.0 fest - Refl, =50 %- Lum= 26.9 FHL ° -
South Wall 30.0 feet U Refh. . 50% - Lum= 28.1 FhL )
¢ West Wall 30.0 feet - - ‘. Retli,. 50% l.l.lm=|= 26.9 Ft.L ey - £
. Cailing Cavity 80 % Retl.’ * ' Luminoncs 16,7 FL L _
Eloor, cam,y.....m,...,aa /..aoﬂ . . : umlﬂanec—"i-? 6---Fibocaon R
QUIVALENT SPHERE Jg,uummgn < FOTCANDLES, mrrm;_ Q]ﬂNCE FROM THE.WEST ng,,g__ .
d 38 48 88 6.8 1.5 ." ‘85 8.6° 108 118 ks (3 u-' 148
R L  ESI LOOKING NORTH A o <
C 1'4.-30.33.{' §3.5 ‘T4.2° T2 631, 4T.T. 40.9- 6T.e 04T 883 09T . 522
13,80 4T7.9- 649 006 836 THT :039 654  T79.0 ' 9L.T 925 el.0 88} N
T 12,80 8. . Ti® @39 66y 813 74T _Te0 @87 983 .91 - 6TT 79I .
T, 1180 882 €68 . ef. 642 Te.d. . TL2 7B 024 - 923 930 044 THE ¢
.- 10,80 448 894 781 Th2 688  B9.1° 604 TIi 5.7 663 7TH0. 79. g
T.. BBO -BaL 494 €93 723 586 450 4 2 719, 4 eds 4 .
T CCe80T2THT AN 68,07 69 BLe C fanT T Sne (886 Tz Tes BT.4 400
: - 7,80 278 447 BT.0 700 534 304 303 G5T.6. TTe TEE 434 410
“ 0+ _680 BeY B3 T3YF  T6.T 82.7 47.8 488 ° 87,0 05.7 044 889" 51.8
7. 880 471 63T 793 . 422 T3Z " 6XT 640 TT.3 6892 899 TSI €T3 ;
450 ‘58 ‘:696 841 039  7e.T .T23 Y35 625 909 9SS 04z 783 3
<= 3807527 649  T.9 . TO4 . TII  GTI  "e&2z .70 048 €54 T4 TO9 - .,
": g . ‘¢ + +




L

YR R T - ‘ . T

. “ . . : ’ ,,-., ,&a‘t

_ EQUIVALENT SPHERE ILLUMINATION - FDOTCANDLES, IMITIAL DISTANCE FROM THE WEST WALL © . °
3.8 4.8 3.8 4.5 T.8 8.8 9.8 - 10.8 1.8 g8 "+15.8 4.0

oo : ) - ESI -LOOKING SOUTH
14.90 279 460 e&2 7.2 839  38.% - 39.6  67.9 T78.3 T0.5  69.8  4l.8

——

15.90 27.2 433 €39 490 SLT 3T 388 88553 761 Te.4 6T.1 - 488
12.80. 35.8  49.0 66.9 - T2.0 583 434 46.4. 62.2 TR} TRE e8@ T
11.80 437 Se4 v42 T3  6ve 681  69.3 71.9 g4.8 849 76 620,
0,50 838 6Tt 795, €26 788 895 _ 70.6 @04 @9.0° 904 €21 7RG .\
9.50 886 894 @18 848 TR0 Tzt 753 ¥2.9 911 92.4 NAS  THI
B.50 48.1 61.6 Y6 . 838 TI3 604 81.7 754 @7.8 8.0 YV.0_ - ¢48

7,80 3.6 496  TO.L 782 ' B0.7T T 440  43.0. 028  79.9 003 _ €44 474

: 8.80 26,0 408 628 %.¢ 422 34.8 6.3 8.6 T2 72.7 8% Y A .
sl 5.60 238 308 691 622 453 32y 33.8 488  60.7 €9.2 40.7 36d

j‘ 4380 29 428 S0 638 409 . 38Y M.8 632 763 700 347 41T

(f5 - 3:80 318 490 est €80 580 487  49.6 €15 4.4 749 ek 618

B - - ¥ -

LA - .
¥ v . . -
e s -

EQUIVALENT SPHERE 1LLUMINATION - FOOTCANDL‘Eé, INITIAL DISTANCE FROM THE WEST WALL

et

‘5.0 - 4.8 63 68 . 78 68 ' 9.8 108 11.8 2.8 |58 .8

o k ' ~ ES! LOOKING E&ST»"‘/‘ . . ‘
T 14.80 : 03; 657 998 980 963 930 - 899 8.9 913  sad
18.60 73.4 ~ 764 728  7T0.1. 743, 621 989 829 T3 729 . 76T  eR.4
,12.60 €38 9.7 830 480 6%7T 864 739 683 670 802 €850 o990
£1.60 87.9 843 457 374 42 58.6 . #8.8  89.7 46.7 39.1 431 860

10.80  87.5 539 - 434 371 419 862 651 592 484 399 428 898

9.60 a2t 80.4 81.7 48.0 824 68.0 T4 8.7 8.8 489 [} R ] s8.|
8.80 Ti1 ?S.I 70.3. 87.7 _ 7.8 79.0 3.2 %01 T4.4 T0.1 128 19,4

T.80 74.8 lO 4 #1.1 920 8.9 90.6 9.6 .3 98.8 4.8 "ne '90.4
‘*W‘-WW‘*O‘SO‘-‘3"1‘9."2“"“"1"'0"“"‘”1‘91""‘ 808 TRAg o EA o REEET T 0.9 L E X R | K] e

560 448 9.9 s4.0 k.| - 67.2 7480  T0.4 8.2 69.8 85.1 | XA ] 74. 8

<7 480, 658 530 . 447 402 480 865 3.9 B0 472 416 408 ges
. .80 475 439 346 290 326 437 622 467 361 298 3.1 4n8 .

:v" - L .

" * . EQIVALENT SPHERE ILLUMINATION-FOOTCANDLES, INITIAL DISTANCE FROM THE WEST WALL -
. 1.6 4.8 88 8.8 T8 8.6 9.8 0.8 .8 12.6 138" 4.8
4 Y _ . : ' -

14.80- 794 TT3 C77.0° 403 852  es.e 903 17 8.3 87.9 .8 93.0

13.80 88.2 61.6 @0.7 87.% 786 80.3. .Te.2 T3 V0.4 75.6 0.9 060

T 1 12,80 P43 432 408 493 613 66.6 62.7 619 49.2 666 6T.8 T3S

DD T 7 (i Ty AR § A el 578 3 ] i 37.3 . 493 886 ek.%
10.80- 46.4  35.6 31,0 - 393 824 697  BL.5 .40 36.9" WS EE084.8
9.90 .80 422 388 470 897 689  60.9 50.2 466 O63.6 €54 TI. s
—£.50 e 093 . 863 gbn 702 777 764 €38 67,4 780 768 92,4
780 76,8 4.1 T34 76T 614 686 ®W.3 07 82,1 8RT STl - 8O.T
.00 782 788 T2 T2 RS 944 849 022  e0.8 0t e58- 0 g

. —hi0 4.4 804 842 09 €86 733 710 648 628 09 Y42 T7.4

4.80 '47.0  37.2 348 408 . BI.7T 8% - 830 AR3 309 459 ST.1 830
380 30 7.0 248 318 . 4 463 413 317 FHRT 368 a6z 620




‘.\‘:‘_ r ’ 1 o . 'S -.j . ’ v .
\ _ “ o 35
-‘\.’“ . -:; . ¢ ' 3 .
. . HORlZONTAL FOOTCANDLES DISTANCE FROM THE WEST WALL -
3.5 .48 885 €8 75 8.5 es 10.8 llslzs 13.8  14.5
_ : “._ . . - - FOOTCANDLES’ o o
P , "Jd4.80 @78 916 945 969 . 98.9 1003 1012 _l0L8. 102.2 1027 © 10317 1033
el w s 13.50 894 932 96.1 . 984 1005 102.1 1029 " 1035 1038 (042 1047 " 1081
12,50, 812 950 "97.8 100.2 102.4  :04.1 1049 1083 1055 08.0 - 1068 107.0
,»;r}‘, - hi.s0 . 924 - 962 989 013 .1036 1053, 1062 (065 1066 107.1 1077 1083 )
“10.30 - 921  95.9°. 986 100.9° 103.2 ‘1050 108.8 106! 1062 1067 0.3 .107.9,
S ) ~9.80 903 940 ' 967 -99.1 10i.2_ 1029 1027 1041 1043 1047- 1053 (038
ST 1 so 87.9 9L6 944 967 9a7 1002 10ti 1008 1018 1023 1027 103
N T 180 850, 89.5 923° 945 984 . 978 986 9.2 995 1000 1004 -100.6
: | _8.50 980 887 914 ° 936955 "9ey 976 982 908 969 3 &
i’ 850. 855 830 9.7 933, sse. 973' 9.0 9.4° 957 99.1- 996 999
450 880 894 9.8 939 959 97. 96.2 965 986 -390 996 100 -
A . 3.50 853 0.5 90.8  92.0 940 9%.4 9T 9.2 97.3 97.6 . 982  98.8 .
};_’ _"-'- , THE *AVE..AGE ILLLMlNATION AT THESE POINTS IS 937 -THE LEFT COLUMN
EVI IS DISTANCE FROM THE soum WALL. , . ‘
a R N -
_Z [ THE FOLLOWING ESI RATINGS ARE BASED ON THE ACCEPTED IES RATING
_ . . 'SYSTEM JFOR THE ABOVE VIEWING DlRECTIONS, AND POINT LOCATIONS
_‘-_ ’, £ ) ES|. FOOTCANOLES ‘PERCENT WORK sn'nous . TOLERANCE Le\iel. .
N - 84 ‘70 C L
K . “ . 82 TS . 99 .
: 47 S, 7 80 ‘ .99
5 44 ) 85 99
40 80 » -
N L 95 11
" 27 " 99
K THE LUMINAIRE gsms@s ARE LOGATED AT: -
- - . NQRTH --SOUTH OiRECTION 3.00 . 11.00 19.00 27.00
s T ens'r‘- was'r OIRECTION 3.00 9.00 18.00. 21,00 27.00
: .
THE NORTH SOUTH DIRECTION DISTANCES ARE MEASUPED FROM THE SOUTH
S WALL THE EAST - WEST DIRECTION DISTANCES ARE MEASURED FROM THE WEST R R
o Ll %‘LL .t L o e ® B' " o v S
I:‘_‘_:;S“L.%_ ',-f\-"' o _'.:’ ] % - -
o . . LI )
G A Ilst of firms offering comnuter services required for this procedure §s avmlab!s for review in the offi.es of the:
. California State. DepartmentofE tmn ®
" * ' ° . Bureau of Schdol Facilities Planriing ) LT,
S T 721-Capitol Mall - e . 601 West Fifth Street _ ’ -
o Sacramento, CA 95814 - T . Los Angeles, CA 90017 '
:ti. - " " o - A T *
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s "Appendux X .
Glossary of Terms, Abbrevnatlons, and Symbols

* Candela (ca'} An international unit of lummous intensity. Lux.oA unit of illumination equal to the direct illumination

Candiepower {co). A measure of the 1ntenmly of em:tted on a surface that is everywhere 1 metre. from a uniform
lightin a given direction. : _point source of 1 candle or equal to 1 lumen per m?.
C‘ennmerre {em). A metric unit of !ength equal to 0,39", Metre {m) A metri¢ unit of length equal to 39.37". s

Coefficient of utilization. The ratio of the luminous flux  MHwp. Mounting height above the work piane.
(tumens) from a luminaire received on the work planeto  Nadir. A point dlrectly opposiic. zemth 7er0 degrees
the lumens emitted by the luminaire’s lampsalone. ~ - vertically. . -
Contrast rendmon A measure of the extent to which the P-rcent E. Percent of the {otal illumination.
contrast between the dark arid tight poruons of ataskis  ° Reflectance. The ratio of light reflected from a su:face to

Luminance. The intensity of hght emitted or reflected from VTP. Visual task photometer. 2
a‘surface in a given. direction per unit area of the- W/, Walt one (or W2 - Wall Two, andso forlh)
T surfaoe Commonly called’ “brightness.” ‘ @ iCorrecuon facto: .

", F
- —ﬂ‘ . - p‘n'
N 4

‘. ..
L]

R . oL - .’ " > -
t . h . . . .

maintained by the lighting system. ' *that falling on the same surface, vsually expressed asa
Contrast rendition factor {CRF). The ratio of the contrast - percent.
of a task under a given lighting system to that.of the Room. cavity, The space between the work plane and the
_ same task under uniform hemispherical lighting, mea " mounting height of the luminaires.
" sured by means of the visual task photometet. _RVC. Relative visual comfort. Where, for the convenience
Es, flumination on the task'with the shield in place. of this procedure, modifications are made to true VCP
ESI. Equivalent sphere illuminance. The effectiveness of a © ratings or other base values, the result is called RVC.to
* . lighting system in rendering contrast, expressed as the distinguish between the value established by accepted
" amount of illumination required from a uniform hemi. procedures and that developed by modiﬁcauon of
spherical lighting system.to' produce-the same visibility .  computed values.
of the task as does the lighting systern be:nginveshgated Specular. A type of reflectance in which light rays are
E¢. ‘Average initial ilumination level. For measurement it is reflected in the manner of a mirror, as opposed to a
" - the illumination without the shield in place.- “diffuse” type, in which light is scattered evenly in alt
- Evr. Total illumination from the veilms reﬂection (glare) directions. .
. .- zone, Task luminance. The average or overall lqminance of a
Floor cavity. The space between the work plane and the selected task. For peqncil on-paper the standard task °
foor. . " luminance is computed on the basis of an assumed 70
Footcandle (fc). A measure of the amount of illumination =~ . percent’task reflectance. .- —
' on asurface, "+ Transmirtance. The ratio of light transmmed through a
Footlombert (ﬂ} A mieasure of (he luminance (bngh(ness) pane! to that falling on lf .!Usually expressed as a
of a surface, | percent.
L __];:{mﬂec{ed Slux, Light_that falls-on a surface after-first——-KCP. Visual comfort-probability. A rating that indicates the
being reflected one or more, times from ‘sufaces within . percent of people who would be cornfortable worklng
" the room. Al lightona su:face except that which comes under a given lighting instaltation.
~ directly from luminaijes.  Veiling reflecrions, Reflections from the surface of an .
L. Ell-bar. Weighted aveiage luminance of a luminairé, deter-/ object or fask that pactially obscure the details, thus
mined under the EALG (equal atea equa! glare) system _ reducing the conirast. )
Lumen. A unit of jight. VTE. Visual task evaluator.




