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ABSTRACT

This research is aimed for the study of design concept for townhouses, with the objective to
increase the efficiency for introducing daylight to sustain indoor illumination in townhouses, particularly
for townhouse units that are nested between the outer units on both sides. From the case study of a 2-
storey townhouse, with land dimensions of 6.00 x 12.00 square meters, the nested unit has a utility space
of approximately 42 square meters on each floor, totalling 84 square meters on both floors. The
researcher has conducted measurement of the illumination level at the indoor area, to find that the nested
unit has sufficient lighting level only in the area next to the windows, whereas the inner area yields
illumination measurement of only up to 90 -140 Lux, or Daylight Factor measurement equivalent to 1,
which is not adequate for working. For this reason, the researcher has tried to find ways to increase the
amount of light entering through larger inlets on the walls and roof. It was found that a proper way to
have daylight and reducing the heat gained from natural light is: to have daylighting design through wall
inlets, allowing entry of natural light that includes expanding the inlet dimensions on glass doors and
windows. And in addition, the researcher has observed that, from the design of open-air courtyard with
dimensions of 2.50 x 2.00 square meters for the nested unit within the 2-storey townhouse, so that the
courtyard is joined with the living room and dining areas, this arrangement will allow natural light to
enter into the inner area of the townhouse at the optimum level through wall inlets. In testing, a simulated
model has been implemented for illumination measurement, and the results recorded for comparing the
illumination level between the outer and inner arcas. The Daylight Factor (DF) obtained is equivalent to
3.5, which is adequate for working. Furthermore, lthe open-air courtyard without roofing can also sustain
growing of natural plants, which helps to promote harmony of the inhabitants with nature, and in turn
also foster good and healthy well-being for occupants of the townhouse.
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UM miifoan1s mega
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Hunaanunu 9 1/3 yoenui 149y 1/5 YoaNuN 19911

4 4 ¥ 4 deyw A dew

NUNTBUY 1/5 wpaun 1991 1/10 v s uN 19911
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Wuues swdaluszdy 100 v, nnfudaiiuszdunmealdldouinniiqge Fwan’ld ssh’l

« o A é A 1 4 -4 A
wRsufeududunasguves BS duflusmnnuahanasguildifhunus afeuioussdusm

ANUATNYDINTAANYT AU 80 %HTIAIUUUMIIDIZAUYBLMITIAI 70 - 80 % Rhdud Yo

WA 1950 - 60 %, NTZATU 20 % 1 20- 30 %
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2.8 HHAN S IS N INETINNAEzM TN HYesllaumaadg
AU INE5519NA (Daylight) Wunluems dmsudszmeaing fndnmsfinasmils
Fermsangifude o 1Reai
o van@osnsuaslaoase Mndosilaumsnindun (Sky Light) tiosnnuesii185usy
ldamdeuntelugs 39 limnefuanmenmavealszmelne Snaunefinandnon
i ldifaaaw bisunemisaem
o InnewlSumaztousindari q msw e lduasildsuamumjudanwemnems
AWARNANT LAZMINTSTIBUANLANITBNA2E
o minihilaf 18 nsmefeuncsvesdfiegmilessiumemasidnnanidms
arfeuumvesdauiiegldszdumen tesnnezh W lifanmsazfouvesaadhg

Tea1 lasasaun
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1. iovodlnegys uazlidnums@inuanine : sesllndnuaziiannsotieliuasdnsly1d
Anuaznsznienads, uaez L ldiatisnmennisusn manuesmisduuaisiiamsagiougs
¥ - o L)

UANIT AL TIANNUS AU

- paeidnin Tesasetamaisz e ananudussmennvieng

¥ t 4 »
- undseasuuInuuileziuee nsznieldidewnzuasdesiflnoluduomiedn o

Aa o A ] v v & J a 9
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U 27 ugmamainzgeadiauuuidnudeianeamis

2. iledlngesludumisssnas Tasverasnudedsh : dosdnuuzuaesdosnsii
wn Tl 1890, Wuieiionmenmouen usdesss SeumazReouiinudhdann
- whaeiidante Tavegluyuwesmeni(Conovision) $au Tty msnaoulna
Mouen 14a
- fusemhftithumasuersiiaes (Secondary Light Source)

Ui 2.8 uamanamsinzgeadlanuunaaios



dulnnemyanan nsveomndmiansely -

3. JosdlaiizumtslnodaduaRuiana : voudladnuneil munsadaelfid levnauns
s1l19veertes lAdaiou m\'ﬁ'ﬂqsz’i’qénmnum, MITLUWOIMAAZ AN IMATHANTZNY
- fhmmzﬁauﬁnﬁwzqe TaomyhAiduumduesdiees (Secondary Light Source) i
annsorhunly m‘sﬁsﬁauﬁ'ﬁ“mzaim'i'l;ﬂu?muﬁ%ﬂmz anuddeananidssucaunn lasmsiiu

J o (] - J
nsgnunuo Uz IMifanuueedl (Glare) u

. . &
3 2.9 uamsmisinzgeallasinniiuiivih

2.9 oduiifinadonaaaiianely
mmduiufvesouta  Amaduiuifuanwiasdeuneludnuuzdoadlaiinafuanm-
wndoudunmeeriemeluTnoas s lud S nauassrezaamidnveumsiideadhis
moluTaoialy anwdnvesuasiidoudhderms azanudn 2.5 wh ejaammqmnv{uﬁq
voUUUYBTA (Egan : 1983,p.169) AWFILAZATIUNINUBILIUMITIANIUIAUALAINGIVOY
whmaiugunlsddgyiiteniwatunsesnuuy Wemahuaahandnelueims
Taolnamhaesna g lSmaumadunoluiimnnh  sednalumsaiedeadhy
melulddnnd1 (Fuller Moor : 1993,p.305)

2.10 immalunisnedieInms
frmslumsnednmsinadigderTinaaseisiidesiushgneluemsedsbuies

noffinauasaig azdufufienalumaadeud veeneriind audu nm smﬁmqmmmz

ﬁé';’wmammfué"w'fﬂﬂ‘lﬁ'ﬁ'aﬁiﬁ'hmﬂ17ﬁ'm?iuu%q?ﬂ'l#wﬁmuﬁmumaiwmnﬁqmmzﬁ

éﬂ 1 o L '
omsnianunhaiiu minneduayluiug mile 14 92 ldwdsnutiosnit ( G.Z. Brown &
Mark Dekay : 2001,p.305) 123729
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2.11 anusudulumsisznda v

Large General Services Load Profile
Date: 1 Jan, 2010 to 31 Jan, 2010

Number of sample customers = 284

1,600.00 2,846,400
2,490,600
E' 2,134,800 I
3 1,779,000
| 778, — Saturday
E :
g g 1,423,2oo§ ——Sunday
i - 1,067,400 == Holkday
5 —— Peakday
711,600
355,800
0.00 ‘ —- 0
B8 8888838888883 888888888¢88E8
B 883 YgEsEgFerrTeeeEE22RAABI
TIME

U 2.10 uamesms 1 Wb lugeszoznanhauveseimsdninau

(@oyaninms Ifhunsnadg)

o o A L @ o 1
dnuazmi 1y dwmiums 1 Wi luhuieuhegeids Jauas Tuadyesmanidie q aneasu
) a' d.' ¥ 1] 1 d'l "] [] A =1 Q - 1 [
vinuiineides Tasaermniodiamia i uaiosfsadase@on : Amdanulwih

M3190 2.5 Usumms lawasau I Tty 150 mihedeidou

asemou : amdeau i

5 W (Ta¥ad#alag) 1sn (mahedi 1 - 5)  fhadu 000 | wm
10 minwde'ly (miawi 6 - 15) wuway | 13576 | UM |
%10mi'w¢ia'|.ﬂ (M 16 - 25) wideay | 15445 | UM ‘
10 miawde 'l (miawi 26 - 35) wiwaz 1.7968 \r‘l!T’ﬂ ;
65 miawse 'l (miaef 36 - 100) ez | 2.1800 im"n |
50 mizede'l) (it 101 - 150) witsoy | 22734 um |
250 miaedely) (miawdt 151 - 400) milay | 27781 imw |
{fund1 400 mise (miaefl 401 fudulal) wiway | 29780 mm;

ASNT : ReUAY 8.19 1N
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A19191 2.6 USuanms ldmdsau Wi ufundt 150 missdedou

fa315 R0 : Amdeau lih

150 vivie ﬁia’;’ﬂﬁ%"ﬂm) ysn (Wl-!")ﬂ“f; 1- 150) vvway | 1.8047 | um
250 waiawae 1t (muaedi 151 - 400) vuwwag | 27781 | UM
Auni 400 Miae (Midaeft 401 Hudull) wigaz | 29780 | UM
150 mise AladadsaTus) usn (misef 1- 150) niwae | 1.8047 ‘m‘n—ﬂj

AUSMI : OUBY 40.90 1N

M990 2.7 BATIMINY9IA1U84NT5 19 (Time of Use Tariff : TOU Tariff)

O PRLR T
1] o ! 1 =
amnasaunvh | AT
WM/MUaE) } @mifew) |
OnPek | OffPesk |
| J .
- ! ! '
s 12-24 Alalaast 36246 | 11914 | 22817
usesudInd 12 plalia 43093 | 12246 57.95

dmiuthuegenfis uazfmavinailin Sasnn@fidinsAnd1 WA Uy Progressive rate (8a31
Frmty Aesiihiusumibensifih S8 annBadodus Tiunn fldddnim
dhgatuly uadusamiFudyednuagns 19w dinms i nles Tudrenaneiu (On
Peak) uaz 14 W n lugaanansiu ( Off Peak ) wie ¥ el uaueanearieiu nield i
wnluhumii-eiiad arufisana i uwn Tou Widen s lda Infhanndld

Sas Wi TOU (Time of Use Tarifh w3esasiehlnfifinnamdrnawentsld du
madionimivesdldhith dssindhuegerdis uazdenunadn Taemsifhvsziniamsfnm
Ifhmusasfuanssiulunsassrwaiims i duilde

¥2AWABIMT IIge ( On Peak ) szwdenan 09.00-22.00 u. vedusha (fund-
fn?) dasen r# 43003 ym demiae

FanRoems i (Off Peak) svr1aran 22.00-09.00 wuesiushens Guni-gnd) uaz
FRNABINTN 00.002400 vosTuiens - owied  Tuuseuuvend  unzTungasisns

awing (hisauTuisuenn uazTungasars) Sasiat i 1.2246 1 deviae



M7 2.8 (34l 1) And Iy Sas1nR(Progressive rate)

wian Tl 579 Huum)
(WM/MU2E)
150 MBS D 1.8047 270.71
250 wiaeee 11 2.7781 694.53
> 400 17y 2.9780 1,786.80
Amdeau v 2,752.03
fF, 854.40
A1IMITEIADY 40,90
Y 7% 255.31
SnouiuiiSemy 3,902.64

MInn29 (it 2) Ana Wiuuy 6as1 ToUu TaslF WA 1ua90n Peak 55% uaz 14 W

9
U979 Off Peak 45% ¥93m3 19 I Hianua

e I 51 HuBuwm)
um/MmuaL)
On peak 550 Y142 43093 2,370.12
Off peak 450 117y 1.2246 551.07
mwdaa ol 2,921.19
fF, 854.40
MUTMITEeABY 57.95
MY 7% 268.35
sntiiGaniy 4,101.89
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M99 2.10 (13l 3) Aarm A wuusas Tou uazlinmsyiunlfoungAnssumslFivd Taeld

i1 1u%29 On Peak 40% waz 19 WA Tuds Off Peak 60% vo9ms 14 Il

s
NHUA
waaau Il $1A1 SuRuwm)
(1WHU2Y)

On peak 400 ¥ 4.3093 1,723.72
Off peak 600 128 1.2246 734.76
amaaau I 2,458.48
fi1F, 854.40
AuTNIIIeReu 57.95
vl 7% 235.96
SNMINABuNAY 3,606.79

oA o Y a ' 4 s e
wituindio Wasuunl¥8as Tou (psdl 2) s lvthezgetiudulusiau = 199.24 ym e

a P 44 4 ' v d a v )
Andludua IR RRIus.11%  uamndSunlaoungnssums1Fiidh Teevuan g v lugos

a J ~ v a o a a
Off Peak NUTU(NTA3) sznua1 Iz annudiulRusmou = 295.85 umn nioaadluRua Wi

[] k4 [] ’ 13
Noanete7.58%  aedumnflF i nlgasa Tou Aesmsiimiihidins szdesiunnlaey

noAnssunslFivih Wnnzaudutnaide wu wasunldgunsel lWindsendandenuy

J 1 W 1] é’ r -7 ~
110y uaz 19 Tesas lugenaieTu ud 1 IR mntulugssnaneiiu waz WSuens-ohad

2.12 IINNAIVANUAIDT 11ART (Glare)

i o ’ A A o = L]
nmsfuasdunemuiiuilgmddgedimiis iasnnuennegiiidinane lkianems

o o o n,: é - i o y
awauds SaflugassalumsdifenssuiugBndoe Fwasdunanifannaunadieg Al

" anuuandusdeed sTuhamadstudiauastuan muandey

B qunveaumaaiuiaues
" Gumisvesing luvsuuayuued
" aweusalunsifumenivesdues

s 3
Anvaizuasduiaa wisesnilu 4 Ussinndede 11l

- Disability Glare  hunashrivhaeanuannialumsusaiiuvesfuesilinms

unzuee Liviulidvne
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- Discomfort Glare WunasediitiIWidn luaemlunsueadtulasiundetuiiauer
AU IUTOUYBINIINDS

- Velling Glare Huuaedrifidannnsasfouudsvesmdstuiiauasiidesasuy
Sagiiues Fedidmsdesaiidesnh wunazfouvesn
p1ind MinauLeRBUTIADT

- Reflected Glare  ihunasdriiiannmsfiuasaziounniaquazazforudin

(Egan: 1983 p.31,43)

2.13 IEmsihuaesssunannlylue s

v kd b
350-1 mseenuuyldtisasiouneas  Light Shelve mi3ldfeaziouuas Aonisoonuuus

LA ]

- 1 L] J 1
azfoufindsnTosiunes mtleszaumenivesdldonts uonvneyssasiounssiugihmaiu

1 J { o @ =
riougiuilfaesluewds deansedlesiuumasinnaseriag 1ddae

| Dayligh Glazing

Vision Glazing
60° maximum

U 2.11 uamsmis 1 9sazsiouues Light Shelve
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IBn-2  msoenuuuldviethuas Light Shat  msldmievhuers ierueesssunann

L4
@ ' . . w £
meuenin 114 ue1as Sinsuuuiiluvie Fiber Optic HazuuUNIE MBuEINNAIN Faudonldmu
ANV AT

Hemspherical
dome collects
sun-light from
whatever angle

Factory roofl

Light pipe
consists of
a twhe of

:t-l;]ccl.ug
film - may be
over 10m long

Focussing
lens

wiger @D

U 212 werasmis19vierhwas Light Shaft

ﬁ-3 ﬂ']iﬂﬁ)ﬂ!L‘lJlHIleﬂﬂLWE]ﬂi”?T‘Iflﬁﬂ’meluﬂ'ﬁﬁuuﬁﬁﬁ‘i‘iﬂ‘iﬂﬁ YUIRdATIU  LaZA YUY

yosnsilavesiuuassssund  hgomsinadedsz@ninmnsldumeadnluemisaoilin

o 1 A L A‘ 1 :: L] -7
gsofmua lddewdanseonuuy e ldlse Teminnmanzteutla msmuiufdudlasy

uaauazmsnfdsuztiuuemssmnsamudsedniam  lunmsdwassssunadunldluems1d
fAanmilszneu
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2.14 ﬂ1‘§mﬂﬂ1§ﬂ§$ﬂﬂﬂ1“%ﬂﬁ1ﬂ1i
aszangn ¥ duimgdmiusesdasmsiivananszenigueaudad luslaaunsousudiy
4
Frilonmmenendedestniwuiudanlumsfeardannsensesndunthaeswie iy

L4 A O [ 1 o 1 L]
wilserms Insfinsz andiguantdidiuiag Iusslevih iuawesausodesiudunnelueims 14

vhavesnszen 7 19edestunasdunsanudoudunmelushurieonsiumunsouia
oonladiu 5 Uszion Ingi Ae
nszenld  (Clear Glass)
152908  (Color Glass)
N3z INAAALLE (Heat Absorbing Glass)
nILINIAABUAIZNBULN (Reflective Metallic Coating Glass)

nszennuIuduANion  (Insulating Glass)

o d 4 o ' . 4
uarianfins 1 wedostunastunzanudouinniige uagldminsfinuuitesziiy

sz Temilunsifenld Ae nszanfAnues (Heat Absorbing Glass)

q [
nIzaNafANaY (Heat Absorbing Glass)
tQs =3 H Y o A > . . A '
mauissfvosnnerfindniidnuusdiuidnaudu (Shot Wave Radiation) Feanansonzgeu
A o A : o - ¥ 1 4 @ é
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¥
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F 4
a1 1910 ludauiineudreann
o 1 4 ] o ' ] i : a
nszendaauas dunszenlilswafimusatioudiigmamanld  Tnefdsgfidiuiuie
a 4 M o (4 & At o 1 Af t
vinnisAueenlesueslan: wu man lavend wisdddisuasludiunauveuilenszen ¥
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aandenuanuiouninaematiesiudnn  Aeguauianawsoganfundsunnuion
v i 4
1nANeTHRd  Ndeanasznusuinzenlddszinudovay 40-50 Felidudelumsannisems
© A .2 yU L] 1 ¥ 1 °
wanuiuveaniealSuomeasld  uennaiitissasanuiwewasiidesiudun M4
{ X J r 11 1
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] ¢§ ] .
2.14.1 nszanle (Clear Glass) nszenlafiunszanlalsaues Feoauliuaeii (Transmittance)
o o & o . 4
dszanm 75-92% vpauasiannseny nzenladadiuiugmvesnisidimdee uazifuiugu

-] = A ﬂll o y
vosmrih lindndlunss snilszinndu q nszenlavn lufiguaudidnsd

mIveuuINMuenmeluemsmusave iy 1ddaou

A w S dd e
T aauaellssuin 8% NUHYUHBYNUA NN UINBINTS N

fmaeNeuuaslszunm 7%

nszangandunnuieu idios i ldmnszenhifeu

dnumzveensznla dguautiaruassivoulfuassssumnamudunldun udlunsdinues
. a od 1 A 2
A Juuaesssnnaneiadsaduuasindudu sz 0.3 lulaswes)
. 1 A v
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. a J U . u’:’
(Heat Absorbing Glass) Woatu Inenisweaslanzeen ladihluTudunay (Batch Mix) luduneu
o © 9 Ad o = a A o ot 1 9
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-y o~ Qe O dy
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o a Y% . . ° y o -
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- finuauiidvoansdesiuvswaesssuma deoni nszenlai lfiSunauassssunan
L4 = A‘ 1 1 L] o 1 o J 1
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( ‘i’l’ﬂﬁgﬁ 910 website http://www.eptg-acsc.co.th/mix-acs/images/Column/columnS.pdf)
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g o . < ' 4 o A > @ e
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v . 4 o d o Ao 3 )
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(Long Wave Radiation) wienasnuanudoudsliannsonzgindagTidwamedunszenndy
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o o 1 ] A
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v
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nszendidauas dunszen lusauasiannsasoufilgmananld  Insldeqhchniuine
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Heuldnnigalulsems Insszduiition

2.14.4 nIZINMABLAIIZHOUNAY (Reflective Metallic Coating Glass) IUNIgonnfeuin

Y & o Py a
(Surface Coated Glass) ¥tianils lasinonszansssua llidhnszuumsndon Tans ertiauuin
) a ’
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U 2.14 fredenmnduidunIvaua0INs 3M Solar Protection & Energy Saving Series
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Saguszasnlumsfensildudmiveims iineifie
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Chioces of product %nunnuiou | %uasazneu | %uaswu | % nuieauv
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R 70-BL fithanaziouueds 80% 48% 16% 99%
R 90-SL fiuaziouuss 88% 57% 10% 99%
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R 50-SM fnTuyninans 84% 9% 23% 99%
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R 30-GL fhi¥ienla 75% 11% 56% 99%
KU 40-BL &n3119¥ 62% 6% 35% 99%
R 35 HC fsonnaneund 75% 32% 15% 99%
R 35 HC filyonnansiund 75% 32% 15% 99%
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R 15 HC &'laiyn 55% 12% 58% 99%
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2.16 ABE N INATBULAINLYBSITIAS 1889 Virtual Lighting Simulator

msnacrey Tasldms $1nee Tnn WMiadfousSsgnitmnlaema Tuladomsnsunesdaundey
wisenmnluladoosuauTnesudidinddionlfiansuimnaanigonsm  saeliidlelums
Wesuuaesssunad fetwiad wazde Lﬁummmwmﬁma{ﬁﬁﬁtﬂu daylighting AW
ueraanafigndiuonlnelduds Radiance wondiaismeslasmsidendmniimesiddgydmiy
MIHTUINYIUY pop-up §IUdBYRe SAlugUMUY daylighting fanmvesiuiidninmnnadnlu
Ml Los Angeles Tasjastulfimsifimed daylighting Suddy Iunsdifnnememniiond
Aunyy owmruni limeiinld Taofideadimlseana 30-60% Sudenfinsaranaaounnms
$100969UDS Virtual Lighting Simulator fuadaualsie

- Nemesvesdansdifnuiumhens liviela

- Hufisoulln SasrEILABNITIBINS 15% 30% 45% 60% NIAANYN 45%

- WIAYDINTTIN NTTINTE: TvB0% = Rv 14%nsaiAnuildnseenla TvB0% = Rv 14%

- None Overhang gunssitiauaras nadifny il

- msaumsluseuwiledl SalumaSuvesdd] Sufl 21 fuau (Equinox nenaSunarsiiuwihi)

$uit 21 fiquieu (gafow) 21 Funau (garu)
- nnvesiulumsie 9:00 W.12: 00 WA 15: 00 U.

- Clear Overcast anussiastlsemea’lng
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Virtual Lighting Simulator



1591204 Virtual Lighting Simulator 4# 21311103 equinox

Daylighting Electric Lighting Virtual Lighting Simulator

Small office space in the Los Angeles Area
No external cbstructions, 70% ceiling reflectance, 50% wall reflectance and 20% fioor and ground reflectance

Window Orientation South Window Orientation South
Wingow To Wall Ratio 45% Window To Wall Ratio 45%
Glazing Type Clear Glass: Tv=80% Rv=14% Glazing Type Clear Glass: Tv=80% Rv=14%
None Shading Device None
Day of Year March 21 (Equinox) Day of Year March 21 (Equinox)
Time of Day 9:00 AM Time of Day 9:00 AM
Sky Condition Clear Sky Condition Clear
Display Human Perception Display Iso-Contour
Workplane lluminance Workplane lluminance

Min 43 Lux Min 43 Lux

Avg 6182 Lux Avg 6182 Lux

Max 34153 Lux Max 34153 Lux

Perspective fom side wall

Plan illuminance
e

P

Pilan illuminance

31N 2.15 A39619M13§1994 Virtual Lighting Simulator 34 213W1AN equinox 1281 9.00 U.



Daylighting Electric Lighting Virtual Lighting Simulator

Small office space in the Los Angeles Area
No external obstructions, 70% ceiling reflectance, 50% wall reflectance and 20% floor and ground reflectance

Window Orientation South Window Orientation South
Window To Wall Ratio 45% Window To Wall Ratio 45%
Glazing Type Clear Glass: Tv=80% Rv=14% Glazing Type Clear Glass: Tv=80% Rv=14%
Shading Device None Shadiny VIGe None
Day of Year March 21 (Equinox) Day of Year March 21 (Equinox)
Time of Day 12:00 Noon Time of Day 12:00 Noon
Sky Condition Clear Sky Condition Clear
Display Human Perception Drspiay Iso-Contour
Workplane lluminance Warkplane lluminance

Min 43 Lux Min 43 Lux

Avg 8771 Lux Avg 8771 Lux

Max 40440 Lux Max 40440 Lux

a%p:"

Perspective from rear wall

51 2.16 AI0E619n13§1094 Virtual Lighting Simulator 74 21311A% equinox 1301 12.00 U.
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Daylighting Electric Lighting Virtual Lighting Simulator

Small office space in the Los Angeles Area
No external obstructions, 70% ceiling refl e, 50% wall refl e and 20% floor and ground reflectance

Window Orientation South Window Orientation South
Window Ta Wall Ratio 45% Window To Vvail Ratio 45%
Glazing Type Clear Glass: Tv=80% Rv=14% Glazing Type Clear Glass: Tv=B0% Rv=14%
Shading Device None Shading Device None
Day of Year March 21 (Equinox) Day of Year March 21 (Equinox)
Time of Day 3:.00 PM Time of Day 3:00 PM
Sky Condition Clear Sky Condition Clear
Display Human Perception Display Iso-Contour
Workplane lluminance Workplane lluminance

Min 43 Lux Min 43 Lux

Avg 891 Lux Avg 891 Lux

Max 12658 Lux Max 12658 Lux

o
O

pective from rear wall

Perspective from rear wall

Perspective fom side wall

510 2.17 Arvg1ams§1a04 Virtual Lighting Simulator Ju#l 2131103 equinox K381 15.00 U.
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1391804 Virtual Lighting Simulator 74# 21 JQN8 (summer)

Daylighting Electric Lighting Virtual Lighting Simulator

Small office space in the Los Angeles Area.
No external cbstructions, 70% ceiling reflectance, 50% wall reflectance and 20% floor and ground reflectance

Window Orientation South Window Orientation South
Window To Wall Ratio 45% Window To Wall Ratio 45%
Clear Glass: Tv=80% Rv=14% Glazing Type Clear Glass: Tv=80% Rv=14%
Shading Device None Shading Device None
Day of Year June 21 (Summer) Day of Year June 21 (Summer)
Time of Day 9:00 AM Time of Day 9:00 AM
Sky Condition Clear Sky Condition Clear
Display Human Perception Display Iso-Contour
Workplane lluminance Workplane lluminance

Min 43 Lux Min 43 Lux

Avg 440 Lux Avg 440 Lux

Max 15699 Lux Max 15699 Lux

Perspective from rear wall

Perspective fom side wall

Plan illuminance

317 2.18 A29619M13§1004 Virtual Lighting Simulator J1# 213164 summer 1781 9.00 1.



Window Orientation

Window To Wall Ratio

Glazing Ty
Shading Device
Day of Year
Time of Day
Sky Condition

Display

Daylighting Electric Lighting
Small office space in the Los Angeles Area

No external obstructions, 70% ceiling reflectance, 50% wall refk and 20% floor and ground reflectance
Window Orientation South
Window To Wall Ratio 45%
Glazing Type Clear Glass: Tv=80% Rv=14%
Shading Device None
Day of Year June 21 (Summer)
Time of Day 12:00 Noon
Sky Condition Clear
Display Human Perception

Workplane lluminance
Min 43 Lux
Avg 924 Lux
Max 22973 Lux

Perspeclive from rear wall

Plan lluminance

Virtua! Lighting Simulator

South
45%
Clear Glass: Tv=80% Rv=14%
None
June 21 (Summer)

12:00 Noon
Clear
Iso-Contour
Workplane lluminance
Min 43 Lux
Avg 924 Lux
Max 22973 Lux

Perspective from rear wall

UM 2.19 @10619M 3810049 Virtual Lighting Simulator 34H 215164 summer 1781 12.00 .
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Daylighting Electric Lighting Virtual bﬂhﬁﬂg Simulator

Small office space in the Los Angeles Area.
No axternal obstructions. 70% ceiling reflectance, 50% wall reflectance and 20% floor and ground reflectance

Window Orientation South Windaw Orientation South
Window To Wall Ratio 45% Window To Wail Ratio 45%
Glazing Type Clear Glass: Tv=80% Rv=14% Glazing Type Clear Glass: Tv=80% Rv=14%
Shading Device None Shading Device None
Day of Year June 21 (Summer) Day of Year June 21 (Summer)
Time of Day 3:00 PM Time of Day 3:00 PM
Sky Condition Clear Sky Condition Clear
Dispiay Human Perception Display Iso-Contour
Workplane lluminance ‘Workplane lluminance

Min 43 Lux Min 43 Lux

Avg 65 Lux Avg 65 Lux

Max 82 Lux Max 92 Lux

Perspective fom side wall

Pian illuminance

51 2.20 2061971581904 Virtual Lighting Simulator 34 213QU184 summer 1301 15.00 4.



1591884 Virtual Lighting Simulator 34# 21 542103 (winter)

Daylighting Electric Lighting Virtual i.igming Simulator

Small office space in the Los Angeles Area.
No external obstructions, 70% ceiling reflectance, 50% wall reflectance and 20% floor and ground reflectance

Window Orientation South Window Orientation South
Window To Wall Ratio 45% Window To Wall Ratio 45%
Glazing Type Clear Glass: Tv=80% Rv=14% Glazing Type Clear Glass: Tv=80% Rv=14%
Shading Device None Shading Device None
Day of Year Dec 21 (Winter) Day of Year Dec 21 (Winter)
Time of Day 9:00 AM Time of Day 9:00 AM
Sky Condition Clear Sky Condition Clear
Display Human Perception Display Ise-Contour
Workplane lluminance Workplane lluminance

Min 43 Lux Min 43 Lux

Avg 3681 Lux Avg 3891 Lux

Max 13483 Lux Max 13483 Lux

Plan illuminance

3N 221 f0613n15§1904 Virtual Lighting Simulator U 215U1AY winter 1301 9.00 U.
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Daylighting Electric Lighting Virtua! Lighting Simulator

Small office space in the Los Angelas Area.
No external obstructions, 70% ceiling reflectance, 50% wall reflectance and 20% floor and ground reflectance

Window Orientation South Window Orientation South
Window To VWall Ratio 45% Window To Wall Ratio 45%
Glazing Type Clear Glass: Tv=80% Rv=14% Glazing Type Clear Glass: Tv=80% Rv=14%
Shading Device None Shading Device None
Day of Year Dec 21 (Winter) Day of Year Dec 21 (Winter)
Time of Day 12:00 Noon Time of Day 12:00 Noon
Sky Condition Clear Sky Condition Clear
Display Human Perception Display Iso-Contour
Workplane lluminance Workpiane lluminance

Min 43 Lux Min 43 Lux

Avg 15244 Lux Avg 16244 Lux

Max 26966 Lux Max 26066 Lux

—

Pee forn side wall

Plan luminance

31 2.22 #A29619015§1004 Virtual Lighting Simulator 3uil 215U21A% winter 1301 12,00 .



Daylighting Electric Lighting Virtwa! Lighting Simulator

Small office space in the Los Angeles Area.
No external obstructions, 70% celling reflectance, 50% wall reflectance and 20% floor and ground reflectance

Window Orientation South Window Orientation South
Window To Wall Ratio 45% Window To Walt Ratio 45%
Glazing Type Clear Glass: Tv=80% Rv=14% Glazing Type Clear Glass: Tv=80% Rv=14%
Shading Device None Shading Davice None
Day of Year Dec 21 (Winter) Day of Year Dec 21 (Winter)
Time of Day 3:00 PM Time of Day 3.00 PM
Sky Condition Clear Sky Condition Clear
Display Human Perception Display Iso-Contour
Workplane lluminance Workplane lluminance

Min 43 Lux Min 43 Lux

Avg 2484 Lux Avg 2484 Lux

Max 10480 Lux Max 10480 Lux

w:p;
<

Perspective from rear wall

Perspective side wall

Perspective fom side wall

511 2.23 #10619113 81094 Virtual Lighting Simulator TUN 215U71AY winter 1321 15.00 W.
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o o o/ a i { L] é
NATBUNITIDDILDNUD Virtual Lighting Sumulator Tassmuadutlsiniowdy uanlfsusiaseulls e

alSouMmsuainuaing

L

Window Orientation
Window To Wall Ratio

Min
Avg
Mazx

Tuh 2133 1287 12.00 U. equinox

Window Orientation

Window To Wall Ratio

Fuf 2151703 1381 15.00 Y. equinox

Window Orientation

Window To Wall Ratio

Avg
Max

Jufi 213nau 1381 9.00 H. equinox

South
15%

Workplane Huminance
43
2484
34153

South
15%

Workplane Iluminance
43
3077
40433

South
15%

Workplane Iluminance
T 43
374
12654

Lux
Lux

Lux

Lux
Lux

Lux

Lux
Lux

Lux



Fui 213ig0ev 1301 9.00.00 Y. summer

Window Orientation

Window To Wall Ratio

Fuf 213igew 130 12.00.00 . summer

Window Orientation

Window To Wall Ratio

Fuii 218iguev 1391 15.00.00 Y. summer

Window Orientation

Window To Wall Ratio

Avg
Max

South
15%
Workplane Iluminance
43 Lux
166 Lux
15699 Lux
South
15%
Workplane Ituminance
43 Lux
340 Lux
22971 Lux
South
15%
Workplane Iluminance
43 Lux
65 Lux

92 Lux

40



4N 21593193 1701 9.00.00 . winter

Window Orientation South
Window To Wall Ratio ' 15%
Workplane Huminance
Min 43 Lux
Avg 1606 Lux
Max 13493 Lux

Juf 215942103 1121 12.00.00 Y. winter

Window Orientation South
Window To Wall Ratio 15%
Workplane Iluminance
Min 43 Lux
Avg 5080 Lux
Max 36953 Lux

$ui 21592103 1221 15.00.00 ¥, winter

Window Orientation South
Window To Wall Ratio 15%
Workplane Iluminance
Min 43 Lux
Avg 1086 Lux
Max 10460 Lux

msnaaevdls lsunsumsnaaen laeldnmssians Iny IWiaiiowss virtual Lighting Simulator

41

1 .7 L) A A ] d‘ 1 ] Y
el s lums@lasuuaesssunadnluems  Seswasndlaunn e S e

] A ¥ A ° LY ::’ 4 4
mNwwwﬂuawmsmﬂmu‘wammsnmnaﬂnﬁu‘lﬂ“h’f'lmﬂuuu'amamsaammumqumﬁ

t 4
"4 A =) L] -\ =
2 U e IHuassssumasdutilssantam 14



42

¥ 1 . .
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M 2.13 uansszduanuaifieglunuaimne dmsufnisuss q auwassu CIE

PUAVBIUUAZDINNS izé’ummzfmm'ueiwa o1 AumleiRaRon s
(Lux, Lx)
Rnewds @hw) -
ooy
- 'l 50
- Tafing 200
- TRzerumisde 500
Houh
AN 100
- Tnunung, udanth 500
Hoafuuvn , sinrou :
AN 100
- grmiade. 1budn 500
fiula 100
foans?
AN 300
- ﬁ"uﬁﬂsznammm 500
- TRemuems 200
NoIBnIn
A 100
- 3afn 100
Woaufluves
AN 100
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3.1 aaMQRIMATUN PNNUMIUAT
3.1 anmgliomalungunwimiuns
VrzmenedsegszniadudaLatnde) 55 - 205 ewnile uasiduine (Longitude)
97 - 105.5 pernmzusen dungummmmasdhudiomaiedog o @ude (Latide) 13 Bem 44
Sulamile 1§ (Longirude) 100 vern 34 Alan anmglienmelagiia T selinuusqueg 2 924 Ao
auusquaz Tussnfsamilouazaunsquas uoonifosld
3.1.2 iie1M# (Climate)
A ggru L‘éuﬁyassdsﬁaquynmuﬁuﬁau@mﬂn dsemalnoss IRTvauusquas Juanies
1% PwnanhiuTnemdedszina 1,500 un.doyall 2550 Anduding Tnomdoszina 78%
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3.1.3 gyl (Temperature)
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3.3 PSnawmadaues i 90 1find vean JaMMuMINAT (Radiation and Iuminance)

PNATTHNGINAUIUAS gm;jﬁazﬁgﬂﬁ 13 eam 44 a1 mile uazneshgail 100 o 33
ddan azfusen «?wﬂ'luﬁquﬁmmmmugﬂui‘;u (Tropical Zone) Y WITUSSefuazySum
urarheRidufounnoniidl Taeln@udinfSinassdnnanefiadieianuduiug lnoaseiu
dFunaveamaindlSinmvesdidunnlSnaumseainfelisvennudesaianndislugie
vesmslieunlnivenSinavesdidnnaseiaduasSunave sasa ez insulsn/den
anpana luusnzdieiu Wou 1l Iﬂﬂlums"ﬁai":ﬁz‘lﬂaqamnmsﬁﬂmaﬁan1si'ﬂd1ﬁ%’u1mum
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91MAG (Solar time) HOZUULAMFIA1INA (Local time)

3.3.1 AINNDVBINNINTBIN T HNMUBN IHUMITTHIUVRINFUNNUNIUAS
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