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ABSTRACT

BEmploying a -general numerical model described in an earlier paper,
the sensitivity of daYliéhtirxg to nohrectancjular :.roé;ths, _such as L-shaped * .
rooms, ard to othér internal visual o‘bstxuctioﬁs, such as light—shelves,.
is discussed. 1In addition, the model has been expanded to allow the
treatment of opaque, serni—transpérent and tranélu(:ent window overhangs,
whld'lmay be positioned at any or all sides of a window. Further, the
model has now the capability of gréphiéal output. Thus, all_results are
shown in the form of contop.r: pl_ots, show1ng room ou,tline,' sunny areas,

and constant-illumination or constant—daylight factor lines.
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INTRODUCTION

Predictipn of daylight illumination levels in a room are, by
necessity, subjeét to a compromise between,accuracy and numerical
complexity. 'If onlylcrude knowledge of general illumination levels is
needeqd, simple’modeis, such as the one by 3ryan [1], which do not
require use of a digital computer, méy be sufficient. For more accuraté
evaluations the code developed by DiLaura et al.':[z—S] represents the
state of the art, at ﬁhe expense of substantiél computer time
requirements. ' Wevertheless, even the sophistiéated model by DiLaura et
al. ‘is subject to a number of cohfinihg,:estrictions:' (i) only
rectangular rooms with Horizoptal‘and.vertical rectaﬁgula; surfaces can
be modeled;A (ii),thé room ﬁéy not have any intérnal obstructions;

(iii) internal reflectiéns as well as window overhangs are modeled in a
very apprdximéte fashion. The above shortconings are dictated by the
need té-keep computational time within reasonable bouﬁds. It should be
kept in mind here that DiLaura's is a general lighting code, of which
daylighting is only one element. A‘new model was recently introduced by
Modest [6], addressing sﬁecifically the problem of daylightihg, which
relaxes the three confining restrictioﬁslmentioﬁed above. 1In his latest
paper DiLaura [7] describes how rectangularAvisual obstructions could be
incorporated into his model. The presént'papér describes usage and

further development of the model given in [6].

Three items are addressed in detail:

(1) The sensitivity of daylighting to non-rectangular rooms is
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discussed. The rooms may be non-recténgular in
nature without internal visual obstrﬁctions, such as A-frames
with triangular windowé, etc. On the other hang, non—rectangular
rooms may be composed of rectangular surfaces, but have visual
obstructors, such as L-shaped rooms, etc.
(2) The treatment of opaqhe, semi-transparent and translucent
window overhangs and their effects on daylighting is discussed.
The overhangs are assumed to be of recta;gular shépe and may be
located above, below, and/or to the sides of a window.
(3) To date all models [2-6] result in output of tabular form, while
the architectufal user would prefer graphical representation.
The present model incorporates an -interpolation and plotting-
package which displays results graphiczlly, including
(a) room shape, size énd orientation; w=sather conditions, etc.
(b) ‘window location and size: |
(c) iight-level contours on a working surface, either showing
lines of constant illumination, or lines of constant
daylicht factor; |
(d) contours of sunny areas on the workxing surface, if any. -
It is anticipated that the present model will give the illuminating
enginszer and architect new insight into the science of daylighting of
non-standard spaces. The model should prove a valuable research tool'iﬁ

the future.

Many aspects of the present model, such as geometric description,

evaluation procedures for luminances, etc., nhave been discussed in
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detail in Ref. [6]. We will repeat here the description of geometric
modeling for the convenience of the reader and give a brief outline of

how luminances are obtained.

GEOMETRIC MODELING OF INSIDE AND OUTSIDE SURFACES

The inside of the room is assumed to consist of N plane surfaces of
trapezoidal shape (see Figure 1). This is considered to be adequately
general to model any present room desién of praétical"importance. These
N surfaces compriSe.Nc clear windows, Nsc clear windows with sheer
curtains, N4 diffusing windows, and N opaque walls, which reflect light
diffusely. Clear windows are understood to bes surfaces that partially
transmit iiéht without directional‘scattering. Diffuse (or translucent)
windows, on the other hand, are assumed ;o scatter transmitted ligﬁt
equally into all directions (milky-texture glass, windows with shades,
etc.). Sheer-curtain windows are assumed to partialiy transmit light
directly, and to partially diffuse the light {dirty windows, fly
screens, sheer-curtained windows, etc.). Each of the opaque surfaces
may have other surfaces as cut-outs, e.qg. windows,’iarge dark pictures;

etc.

Location and dimensions of each surface are described by a local
coordinate system which is then related to an overall stationary
coordinate system. The local coordinate system (see Figure 1) has its

origin located so that the X'-axis runs along one of the two parallel
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sides of the trapezoid. The z'~axis is chosen so that it points

‘perpendicularly into the room.

The overall stationary coordinate éystem is chosen in the following
manner:
(i) arbitrary fixed origin,
(ii) =x-axis pbihting from origin towards south,
(iii) y-axis pointing from origin towards east,
(iv) z-axis pointing from origin vertically into the sky

{zenith).

To totally describe a surface "i" the local coordinate syystem must be

related to the overall coordinate system. To accomaplish this the
~following data are regquired:

\1) location (Xo.,Yo 'Zoi) of the local coordinate

i i

system's origin with respect to the overall origin,

" . . Q T c — F
(ii) B,y and Byi' that is, the polar angles formed

by the x'- and y'-axes with respect to the absolute
z-axis,

(iii) wxi andx@i, that.is, the azimuth angles of the

x'- and y'-axes in the x-y plane (the angles between
the x-axis and the projection of the x'- or y'-axis),
(lV)' Xli' Xzi' X3i' and Yi; that is, characteristic

dimensions of surface

i" as depicted in Figure 1,
(v) if the surface is a window, its thickness,'that is,
the width of the hole through which light can

penetrate (di).



Page 7

i A
The overall coorainates of any point (x; ,y') on a surface Ai can

then be described by the equations

- , 1 o L4
¥p0T Koy Py X ALY
= i fi - : ‘
Yi T Yoy Py x4 iy, v, (1)
= i , Wi
Zi ZOl + 9431 X' + ).~32 Y' .
which are subject to the restrictions, '
X X, - X%
,,,_,2_1_ | t ¢ v - ﬁ_____?.}_ v '
Y Sx I Y, ¥ _
i Lo . - (2)
0 <y' <Y, .

i
y L7 .. : : :
The values mniin Eq. (1) are the direction cosines between the

m~axis of the overall system and the n-axis of the local system. They

- are camputed fram the following equations:

% A - 0
zll =41 - i Slani cosy_ .-
li = 3 . i, = sinf_. sin@ . .
21 1 X1 X1
i o ~
231 =k 37 COSBxi !
£i =3 +35, = sinB , cosy . ,
.12 i yi vi
el 8.8 2 as ' - ' . (3)
£22 =3 SLnBYi Slnvyi , ‘ ' |
i e e L
£32 =k ;= cosByi ,
i _ ~ . ~ = N s il -~ cos ’Ai,_a . _i -_:. ]
£13 =ik SIani sind_. cosByi °°3xi sin ; s nqy; ,
i n . b - sind  cosh . o
223 = 3 ki = cosBxi s:.nByi cos’,lyi :lnSxi cos? g c>s.’:>"i ,
i A A . P
233 =k ki = Slani 51n8yi 51n(pyi 7xi) .

Equatidhs (1) and (2) may be rewritten in nondimensional
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coordinates
. x' - X..n .
n=‘§-_; £ =3 — _v21+‘,) . (4)
i 1i 1 7 31 T RN _ ]
such that . X : S S -
. i i i
X = X + R [X , - ¢ - : 1 . .'-l > .1
i Tor TRy Py T gy T Xy HXo0MIS gy Xy + LT, Yon
Y. =Y . + &% [X (x s 21 : ‘
i Toi T an Mg T Mgy 7 Ry P XpmlE Gy Xy 50, von L (5)
zZ. =2 . + * - - nlz "\i "i
%1 T %oy T hy X5 = (g5 = Xy + X,00)0 + @3 Rap T YN
restricted by
0<n<1, 0<Zc<. e

Aﬁ "enclosure" is assigned to each window in the room (unless the
windéwiisla'skylight which sees only the sky). Windows that are cutouts
located in the same wall may view tﬁe same enclosure. 'Allvsuffaces in
“the outside enclosure are assumed to be plane and of trapeéoidal shape
as is the case for inside surfaces. For 6utSide.surfaées,Ano cutouts |
are allowed (for example, a building'facade with windows 1is assiéned an
overall refiectivity),_and all surfaces are either diffuse and opaque or
part of the sky. The éurfaces in the enclosure are described in the |
séme manner as those inside the room, that is, each surface is éssigned
a local coordinate system and that system is then related to the overall .

coordinate system. Thus, Figure 1 and Egs. (1) through (6) hold for

(e}

both inside and outside surfaces.
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DETERMINATION OF THE LUMINANCE DISTRIBUTION ON EXTERNAL AND INTERNAL SURFACES

For simplicity it is assumed that each outside surface has a
constant (anerage) luminance over its éntife surface area, with the
. exception of differentiating between sunny and shady areaé.1 Light
exchange factors between outside surfaées and the sky or othgr outside
- surfaces are determined by the.Monte Carlo method, in which a |
statiétical.sample of light bundles is ﬁraced. This hethod ensures
adequate accuracy (as compared to the modeling of the outsidesAby simple
configurations) combined with smali computational effort (since only a
relatively small sample is required); Once the light exchange factors
are known, the outside luminances are evaluated by matrix inversion of

the simultaneous equations describing outside luminances [&].

Inside the room luminances may not only vary significéntly acréss
the surfaées, but this variation may also profoundly affect the
-illumination on the working surface. It is, therefore;‘necessary ton
break.up inside surfaces into a number of subsurfaces or nodes. While a
light balance again results in a number,of simultaneous_equations for
nodal luminances, the inside case is different from the outside case in
" two respects: (i) because of the large number of nodes (typicaily 40 to
200 perlsurface) matrix inversion becomes impracticél; luminances are,
therefore, found through itefations (depending on surface reflectivities
2 to 3 iterations usually prove sufficient); (ii) again pecause éf the
large nuhber of nodes; the nodes are usually sufficiently small and far

apart, so that the light exchange factors may be evaluated from a simple
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algebraic formula [el.

- INTERNAL VISUAL OBSTRUCTIONS

As indicated earliér, the present model allows the treatment of
visual obstructions inside the room, such as non-rectangular rooms
(e.g. L-shaped roéms,'Fig. 2), light shelves (see rig. 3); or furniture
(desks, booksheives, étc.), as long as all surfaces can be construéted
from trapezoidal shapes.‘ As indicéted by DiLaura [7] the numerical
effort of treating obstructions will become prohibitive if
straighﬁ—forward’finite—differencing is used in a. room with many nodes.
The cpmputational effort has been reduced considerably by applying the
following'cénsiderations.-4First, as part of the input of the computér
program, an obstruction identifier is giyen for each pair of surfaces.

Consider, for example, the L-shaped room in Fig. 2. Sidewall (3) can

see" sidewall (5), or floor'(é), etc., without any visual'qbstructioﬁs
in betwéen.' On the other hand, ifs view of sidewall (7),.or floor (9),
is partially obstructed by sidewall (5) (but no other surface!). Thus,
in the calculation of light exchange factors, visual obstructions must

be considered only in a few cases. If an obstruction is possible, the

on surface i and nodal area A.

exchange factor between nodal area Ay 31

on surface j is determined by

'cosBij cosBji , AikA'“ : o
Fixagn = | 0y~ By0) 2 By <l (7)
. kil Sij
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‘Herelsij is the distance between the tWo'node§, and the § are the angles
between the ray and the surface normals to_surfaces'i and 3,
respectively. The é-function is equal to unity if there is no visual
obstruction between the nodes,. and zero if there is. The value ofé§ is

determined by finding the intersection of the unit vector r, pointing

from node Ai

k to Ajl'

- . < , v 34 - z.v-).f;\]/S.., : Q

r = [(xj'l );ik)l +()j£ }ik)J (Zj.-'.. iy i1 | o (2)
.bn the plane in which the obstructing surface A_ lies.  If r,, is the

ik
vector pointing from the overall origin to Aiyr and rq is the vector
a

pointing to the point of intersection on the obstructing plane, then

s - k-1 R 7 © R
(rq-ri) i B (x ri) 1q _ (ra rl) a | (9)
A-o - f‘o‘ . o f,C .
X 1q Jq “c_'

From this the point of intersection is determined in local g¢-plane

coordinates as

. q e .
= - X - + [y., =¥ +a(v..-v.. )] .
T T alxg =¥ M8+ ¥ (r4,7¥530 15 (10)
+ [zlh-" q-!-a(z._?-z )]J.';l
' = -X +4a(x., -x )jiq :+ [y. -Y Caz . -y, )]:.q
Yq © *ik “oq g Tik’ 712 ik oz T F3: “ik’ 1722 .
. (11)
+ [z.. -2 +2lz. -z, )1i% :
ik oz T 73 Tik 32

where
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: qa q ’ a
(x., - X J)&-_+ (y,, - Y o>+ {z,. - Z P
ba _ ik cg 13 ylk og’ 23 : c3’” 33 (12)
: ,a - g
- X + - . T \Z.. - .
e S I ST SPR AP T IS 240533

The restriction given by Eg. (2) is now applied to determined
whethar (xq,yq) is actually within the bounds of the obstructing

surface.

In summary, for each nodal pair that may have one or more

" obstructions between them, ‘Eqs. (10) to (12) must »e evaluated.
However, the'éaiculations consist of only a few mul:tiplications, and
have to be performed bnly for a limited number of surface pairs due to
the introduction of obstruction identifiers, thus'preserving numerical

efficiency.

MODELING OF WINDOW OVERHANGS

If a window is shielded by opaque, semi-transpare_nt or translucent

overhangs (on any or all of its sides), this may *zve a strong

regulatory effect on the light distribution withir the room.
Consequently, the light reflected from or transmitted through the
éverhangs must be determined in order to predict illuhination
distribution accurately. It will be assumed in the present model that

overhangs may be positioned to the top of, to the sides of, and.to the
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bottom of each window.l Each overhang 1is assuﬁed to be rectangular.and
of ‘'width w; the base of each overhang, which isfpefpendicular to the
window, is parallel to the‘périmeté; of the wiﬁdow at a distance d, (see
Fig. 3). Thus, if the size and location of the window is known in
vector form, the vector equations describing the four possible overhangs
are easily derived (not réproauced here). Thelluminances of the
overnhangs' inside surfaces (i.e.; the surfaces "seen" by the wihdow),
‘are readily determined if ohe-assumes that the overhangs do nof
Ainfluence signifiéantly the luminance distribution in the surroundiﬁgs.
In that case the light exchange factors with sky and surrouﬁdings are
again conveniently calculated by the Monte Carlo method after tﬁé

luminances of other outside surfaces have been determined.

GRAPHICAL DISPLAY OF RESULTS

In érderAto get a good grasp of the light distribution Qithin an
enclocure, a qraphical display of reéults is vastly preferable over
tabular display for mostAarchitectural users. 'The present piotting
routine is,designed to ‘produce a‘graphical display of illumination or
daylight-factor results, including the following features:

(i) a printout of Qeather data~(sky'condition,
.sun position, outside horizontal illuminatioq);
(ii) a drawing of the working surface(s), with attached

-axes showing units of length;

(iii) outlines of the window positions;
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(iv) a windrose showing the orientation of the
working surface(s);

(v) outliﬁe of sunny éreas on the working surface(s)
"if present;

(Qi) contour lines on the working sﬁrface(s) showing
constant levels of illumination or déylight factors;
and

(vii) a table identifying the contour levels.

At the present time, the graphics package is only able to treat’
rectangular working surfaces. However, this limitation applies only to
the working surfaces; any wall, window, etc., may be of trapezoidal

shape.

In order to position the plot, a ;ocal‘coordinate system for tﬁe
plot must be defined. This has been choseﬁ to be identical to the local
coordinéte system used for the description of working surface No. 1.
Thus tﬂg co;nér ofiworking éurface No. l,,thaﬁ has been chosen as the
local ofigin, will be;ome the lower left;hand corner of the plot.
Keepiné this in mind, the user may arrange the ploﬁ to his or her
liking. All other locatioﬁs on the plot, such as size and locétion of
other working surfaceg, location of windows, size shape andliocatibns of
shnny areas, eﬁc.., are‘expressed in terms of this coorainate system.
This is achieved by first applying Egs. (1), i.e. by finding the overall
coordinates for any given points, and then applying the inverse of

Eqg. (1), i.e.
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r, s r - ﬁ., ' | ' (13)

whefe‘?i is the vector pointing to the point under consideration»in the
plot-coordinate system (first working surface iocél coordinate system),
£ is the vector pointing to that point from the origin of the overall
coordinate system, and i_is the vectot‘poiﬁting to the drigin of the

local system. Thus

- -3 i : i1 P

T D ST IS o FYD LIS SN C TS FAD R (14)
= v ni " Y "i ‘:

Yy o= (mmNg )iy, F Yo )0y, (2mZp) 5,

‘.Finding the image of;sunnj areas'on the working surfaces is
,someﬁhat more involved, as allowance has to be made Zor ‘the width 6f the
window wall. One must find the iﬁace of the inside of th° window
opening as well as the image of the outside opening onto the worklng
-surfaces. The overlao between these two areas represents the area
illuminated directly by the sun.  This is achieved in a number of steps
(see Fig. 5):

(1) The imaée of. the inéidé openiﬁg is foundéd by calculating its
four corner points Xpis yéi, i= 1,4.'
(ii) The image for the outside opening is calculated

as x i=1,4.

bi’ Yoi!
(iii) Tracing rdys from tne inside corners of the window
towards the sun, one flnds that owly one actually goes

through the outside openlng;'let this p01nt be } = j.

The coordinates (xfj' yfj) represant a corner oOf
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the actual sun image.

(iv) Similarily the point (x ) represents

b, j+2' Yb, §+2
another corner of the sun image.

(v) The other two points are found by finding the
intersections between the straight lines forming

the image, i.e.

D I G
> ]

<

|
Fh
H

Ve, 3 7 Op gar 7 Vg ) (x00x il TN, 30

- (15)

b, j+2 f(yb,ﬁ+2i1 - ‘b,j+2)(x - xta,j+2)/("b,j+2il'xb,j+2)

-~

In the above relations it was assumed that subscripts were corrected to

j« mod(j,4) (e.g. if j = 6, j is changed to 3 = 6 - 4 = 2). .

There are presently three different plotting options to reéresent
the array'of;illumination and daylight-factor'data:
Option 1: Plots lines of constant fllumination, spaced féirly
évenly apart. The actual levels plotted depend on
the maximum illumination, I Aencdunteredﬁ

max

Levels plotted (in foot-candles)

Imax < 200 f-c 5, 1o, 15, 20, 25, 37.5, 50, 62.5, 75, 100, 125. . . .
200 < I < 400 f-c 1c¢, 20, 30, 40, 50, 75, 100, 125, 150, 200, 250.

max — ,
400 < I__ : " 20, 40, 60, 80, 100, 150, 200, 250, 300, 400, 500. . . .

ma» . . . .
Option 2: Plots lines of éonstant illumination; levels are chosen

as constant steps in foot-candles:
Levels plotted (in foot-candles)

I < 300 f-c 10, 20, 30, 40, 50 . . . . . o« . e e e e e e e e e e e .

max —

I > 300. f-c 20, 40, 60, 80, 100.

max
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Option 3: Plots lines of constant daylight factor; leyels are chosen

as 1/2%, 1%, 23, 3%, 43,. . .

To plot the lines of constant ‘illurﬁination or daylight factor,
respectively, a 'standard' interpolation eanputef routine is enployed,
which was modified to sn.ut the present purpese. ‘The rrbst important
rmodification is-due to-the fact that the standard cdmputerv roetine is
limited to recte.ngular surfaces. " In order to allow wore: than one
"wor"kilng surface (f;shaped rooms, etc.), a searc‘n~roiitine had to be
genefated'bto loeate adjaééntdété [;oints‘ on different working surfaces.
In\_orooratmg such ddjacent data pOlntS into the 1nterpolatlon scheme
ensures sm)oth transitions of the constant-level 11nes fram one mrklng
surface;to the other. |

. DISCUSSION OF SAMPLE RESULTS'

'Ib demonstrate the power of the present mdel, and to illustrate -
the 1n.f1uence -of wz.rxiow overnargs and of mtemal obstructlons on
'dayllght distribu,\.‘on, tlree different dealgns arec considered :.n_ the
‘f‘ollowing. In the first example an L—sﬁaped room is considered as shown
in Fig. 2, i.e. a rocm where some walls are ear+'ially ohstructed fram
one eno't'her. I"l the seecond anc‘l thlrd examoles onl y the left
rectangular half of the roam (y > 0) is used i.e. a SOlld s:.de wall is
1ntroduced along the dasned line at y 0. 'Example 2 looks at the
effect;of a light-shelf as shown in Fig. 3. The third example on the
ot‘ner hanci, is éoncefned with the effects’ ef window overhangslc')n the

daylighting in such room. Design details for all three rooms are
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summarized in Table 1.

Figure 5 shows lines of equal illumination dnto a working surface:
in the L—shape& room oh an overcast day. The workihg surface is 2.5
ft. above thé'f;oor, or at the height of thé window sills. The plotted
illumination‘levels are coméuter chosen as outlined,in the last_section.
Comparing the light.levels close to windows, one notices that there is
less illumination close to the curtained window‘in the top half of the
graph (due to the lower transmissivity) Eut more evenly dis;fibﬁtéd (due
to the diffusipg effectvof sheer curtains). Near the curtaiﬁed‘window
light levels céntinue to rise all the way o the window, ét the clear
window they do not: +this is due to the fact that; near the c¢lear
window, light from the’sky travels at very shallow angles thgough the
window to £he working sufface, at which the ﬁransmissivity-is low. As
the working surface had to be split into two parts, the light levels are
plotted independently in the upper square and theAlower rectanglé. The .
accuracy of the interpolation scheme is seen by the‘sligﬁt |
discontinuities of the lines across the working surface'sepafation.

igure 7 shows the same room and condi:iions as in Fig. 6; however,’

r1j
i
<

et

here line

w

of equél daylight factors are plotted to demonstrate the
versatility of the plotting routine. 1In all the following graphs only

illumination levels, such as in Fig. 6, will be shown.

Figure 8 again shows the L-shaped rooi, hut this time for a clear

day with sun shining through the windows. 1In order to show smooth
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contours of reésonable light levels, direcﬁ sunshine'is‘ excluded in the
generétion of constaﬁt illumination lifles. ‘. Therefore, direct suﬁshine
should be added to the amount of illumination- sqown within the
crosshatched areas; This amounts to 4,534 foot-candles for élear
window, and 1763 foot-candles for the sheer c;‘zrtain windo& (thesé -
numbers are arrived at 5y rultiplying 6,000 foot=candles of direct sun
by the directional transirrlissivity and, in the case of the diffusing
window, by the cléarn’ess factor). It is seen that, for -a cléar day, the
light levels are higher clpsé to ‘the 'curtained wiﬁdow because of the .
large contribution of direct sunlight that has been diffused by the

sheer curtain.

Figure 9 is ,ir}enﬁical to Fig. 6 without - the 10" x 10* pért of 'the‘
L~shaped room émﬂ i‘f:s'\.vindow. The room is oriéﬂtated'differently in the =
plot (rotated by "95'30).: this is due to the fact that for simple rooms
(énl'y rectangular su.rféces and no-internal visual 'obstructio'ns) a
simplified .impu.t routine is used with the caﬁputéf chooéing plot-layout.

Illumination lines in Figs. 6 and 9 differ fram one another samewhat due

" to two different reasons: (i) light levels in Fig. 6 are generally a

little highsr due *to the presence of the second window, which also

n

lightly asymmetric curves, and (ii) lines in Fig. 6 are more

accurate than in Fig. 9 as more data points were used for line

generé_tion (12 x 6 = 72 nodes for Fig. 6, and-only 3 x 4 = 32 nodes for
Fig. 9), in pafticdlar in regions of large illumination gradients

(i.e. close to the window).
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The influence of overhangs on t_hg light levels in a similar roon
under sim,ilar.sky conditions is shown in Figs. 19-13. Figure 10 is
identical to Fig. 9, but an opaque overhang 7 ft. by 3 ft. in size is
positioned 1 ft. above the window. 'I'hé overhang reduces light levels
close to the window considerably, but has only a minor effect 'in the
back of the room (note that.light levél increvents in Fig. ¢ are
different from the ones in Figs. 10 through 13). If a 3 ft. wide
overhang is positioned on all four sides of the w:m:low (Fig. -Ll), tﬁe
area close to the window becomes still darker, with the rest of the roam
relatively unaffected. In Fig. 12 the overnang is4 made of |
semitransparent matsrial, while in Fig. 12 iz is made of translucent_
4material (top overharng oniy, not;‘niné on sides and bottom). Again, the
influence ‘is felt only neaf the window with light-levels é?eryn’nere
close to the no-ovarhang case. %e'translx;cent '0\3'er‘nan§ darkens the
room somewhat more than the semi—trahspérent oz;ze: due to its diffuéing
na.ture some ‘'of the transmitted 's?-:y—illtmination is scattered into t‘né

surroundings rather than through the window.:

Finally, .in E‘igs.A 14 thréug‘n 12 the influenée of another tyve of
internal visual obstruction, viz. a light shelf as shown in Fig. 3, is
demonstrated. Figure 14 shows the same basic 10 ft. x 20 ft. room on an
overcast day. However {:he central 5 ft. x 5 ft. window ‘is now replaced
by a 10 ft. iong window. which occuéies the top 3 ft. of the front wall
over its entire width. Figs. 15 and 16 show the same room under 'th‘e
same conditions, but with a 4 ft. wide light shelf added which has a

reflectivity of 20% and 20% respectively. ' The influence of the light



Page 21

shelf and its reflectivity}is seen to be dramatic (the strange shape of
line #3 in Fig. 15 is due to sllght inaccuracies close to corners

comblned with the fact that only 8 x 4 32 data pPoints were used). The
llght shelf clearly dananstrates one desired effact, namely its ability

to create large areas of nearly constant llgh; levels.

Figures'l7 rhrough 19 are the eéuivalent~to the last three figures,
but for a clear sky. There is no sunny patch'15 Figs. 18 and 19 since
the light shelf'keeps the sun frqn'reaehihg the-werkiﬁg surface
directly. Again ﬁhe light shelf is‘seen to level egt differenees in
illumination: without the light shelf illumination levels vary by
aporoximateiy SSO foot —candles, Whlcn is reduees to c. 140 foot—candles
and c. 40 foot~canares, resoectlvely, for tne high and lcmrreflect1v1ty
shelves. The light shelf also tends to make 11LJn1nat101 1evels more or

less symmetrlc.
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Table 1: Design Data for Sample Rooms

Window number and size

(1) L-shaped room

25 ft. x 5 ft. windows in south wall,

centers 5 ft. above floor, 1 window with
sheer curtain (a = .5) o

(2) Rectangular room

1 10 ft. x 3 ft. window in south wall,
filling the top 3 £t. of window wall

with light shelf

(3) Rectangular room
with overhangs

.1 5 ft. x'5 ft. window as for (1)

Floor height above ground 0 ft
Window transmissivities 90%
(perpendicular to windows)
Reflectivities: £floor 20%
: ' ceiling 70% .
sidewalls 60%
Room height 10 ft..
Window wall thickness. 1 ft.
fSpecial features . A
{1 none

)|

horizontai.light‘shelf 10 ft. x 4 f¢t.
below window perpendijcular to window
wall T . '

(3)

overhangs on all four sides of window;
perpendicular to window wall, 1 ft.
away from window, 3 ft. wide

Object building and
Surroundings '

.Room in center of 60 ft, x 30 ft. x.50 ft.

building. Windows in 60 ft. E-%W wall
exposed to the South; identical opposing
buiidihg to the North, with 50 ft. between
buildings :
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. Cony e
Fig. 7 G5Schematic for a Room With Lieht Shelf
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