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NUTJIRA SMIDASUTANUN • DAYL IGHT GLARE EVALUATION OF OFFICES WITH 

EXTERNAL SHADING DEVICE. ADVISOR . VORAPAT INKAROJRIT , Ph . D, 193 pp . 

The use of an external shading devic e lowers the amount of interior heating and daylight 

from outside buildings . Previou s studies have focused on the effec ts of the shad ing device on 

building energy consumption ; however little attention has been paid to the effectiveness of the 

shading device. The main purpose of this research was to study the charac teristi cs of an external 

shading device that is appropriate for offic e buildings considering Daylight Glare Probability 

(DGP) and Illuminating Engineering Society of North America guidelines (IESNA) Two 

com putat ion al tools, 'Radiance' and 'Evalglare', were adopted to compute the DGP while 'DIALu x 

4.8' was employed to c alcu late the IESNA parameter. The data was co llec ted in a standard 

3.65x4.6x3 meter offi ce with nine different layou ts of the external shading devic e. 

Findings suggest that the c ombination o f vertical and horizontal shie lded panels at a 

one-meter distanc e from the window pane can reduce daylight glare most from all direc tions . 

Sim ilarly, the use of horizontal sh ielded panels of low Vertical Shadow Angle (VSA) (greater 

d istanc e from the wall ) tends to lower daylight glare effectively . A VSA of less than 40 degrees 

causes the DGP to be below 04 Further , the higher the number of hori zontal shielded panels per 

wi ndow, the higher the degree of VSA, which permitted a placement c loser to the window pane . 

In addition , it was found that the more pergolas covered , the lower the level of daylight glare 

tends to be . On the east side of the building , 25-70% coverage with pergolas does not reduce 

the average daylight glare below the standa rd. On the wes t side , on the other hand, 75% pergola 

coverage can bring the DGP down to under 0.4 . In all experimental conditions , average 

luminanc e onto office desks and interior lighting met the standard. 

Summary tables of the findings and recommendations for further studies in the field of 

architec tural design are discussed. 
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'l1'Wf)4'tJ\fnf~ '1l.h:;~'l ~'1Itl'l n11~ nWl r;I'l\f 

1.2. 1 L~m.h:;LSj'Wl.h:;~YlfiJll,),f'!ltl'ltjU nm1u'l Ll(;j (;1JlltJ'Wtl ntllFll11 'W~I'WLl~'lU1(;j~1 Llft:::lJhnruu~,"J~ 

Ln (;1:i'WIntJ 1'WtlIFll1 

1 .2.2 L~tl L~'Wtl U'W:;u'W,)Yl1'ln111iitu UUU uc.J'lU'l u(;j(;11'W~I'IYl1'll'il'l1 

1.2.3 L~tl~n'l~ln'l~1lltuUUUUc.J'lU'lU(;1(;1~L .. nn:;~~nU~I'IYl1'l,;il'l1L~tl1~~tltlnuUU~1~11Cl 

1Jl1u1iil~1(;jtJ~ l tJ 

_ ..... .1'. ~ ..... .r 
'll'W')"tJ'W~"!ltlU L"!l~"!ltl'ln11rm1fl (;1'l'W 

1 .3. 1 rll'>1'W(;j 1 ~tlI Fl l1~"l:; ~ n1fl L U'WtlI FI l1U 1:; LJlYltl 1 Fll1~liXn-ll'W~ ri'ltlfJ 1 'Wn1'l L YlYi~'>11'WFI~-l 

ri'ltltJ1'WL"!l ~fl:;~" (;1~ 14° tl'll'l l mCtl . . 
1.3.2 ~tl-l~lii~"1 1rulLU'Wiitl'l~liXn'l1 'W"!l'Wl(;1Lftn (365 L~~1 x 4.60 L~1?l1 i3-l 3.00 l~j;]1) ~n"!l'Wlf11 

'!!tl'lLU(;1 1 50 L~1?11 n l '>1Wl1ii~'l"lni'W 0.70 L~1?11 . 
1.3.3 ~JllYiYitl'l~1~Yiln11~n1fl nim~ru:; LU'WYitl'lYhUUU1uj-l (Clear Sky) 1(;jm')ftl~Yiln11 

Yl (;1 ~tluJ'Wu'WYi nlltl ~fll 'W'>1ft1tJ1'!! ,) -l L ,)fll L ~tl U~ (;1'l1 ii L ~'W~-l Fl')1 ~ Llj;] n L'il'l"!ltl'lm~l ruu~'l~ Liil~IntJ 1 'W,"tl-l 

1'W~Cnl'>1'W(;11iif(;1rilYln12 i,)~'l1'W1:;wi1'l'!h'lL,)fnYil'l1'W 8 .00 - 16.00 'W. ;'It'\llJl1mnU;;tl~ftl~LU'W 5 
~ .1. 

L')fll(;j'l'W 8 .00 'W . 10.00 'W. 1200 'W 14 .00 'W. Ufl:; 16.00 'W. 

1.3.4 ~"11rul'!!tl-.1LU(;1~-.f'W'>1t111UYl1'l~I'WYil'lmCtl Yil'll~ YiI'lj;]:;1''Wtltln Ufl:;YiI'lI?1:;1''Wl?1n Uft:; 

~"11rultu UUU"!ltl-ltju n m1u'l U(;1 (;j~ L '>1lJl:;~ lJ~I'>1fu ul'ift:;Yi I'IYl1'l 1(;j tJ~"11rul"1 n Ln ru'" 

1) FI,)llJ~~I'l~Yitl LYitJ'l ru ~1 U'>1,j'li'W~1ii-ll'W (Working Plane) 

2) U~'lU1(;j ~1~ Ln (;1:i'W 1'W~1 U '>1t1-l~ltJ!Jll"!lru:;1i-lYi '1-l1'W 

1 .3. 5 -l1'Wf)4'tJi'W\fbJ~"11rul ~-l FI,)l~Ttl'W~ln(;1;WlltJ 1'WtlIFll1 

1.4 fil<ilnf\"'l1~;ttfllJn1'11~!J 

riln11~tl'l~~1'l (Il luminance) ~tl mmruLL~-l~j;]nm:;YlUfl-lU'W 1 m.i')tJi'W~lf111 n'>11.hmu'W ini 

(lux) '>11tl ~LlJ'WfJitlmn-lLW111 (Imim2) 1"ltJl'Wn11f)4'tJif,,:;Yiln11f(;jrilm1~tl'l~~1'li'l 3 'llil(;j ~tl r11m'i~tl-l 
~~I'l~-l~~ (Emax), ri l n1'if'ltl'l~~l'l~l~(;j (Emin), riln11f'ltl-l~~1'l1(;jm~~tJ (Eav) n'>1,j')mu'W ini (Lux) . . . 

ri l r;1'lliJlL~-lUl(;j~l (Glare Index) ~tl ril~11jjhln1ru1:;~'WFI,)1~Yitl1"l"!ltl'l~HtllF11rill~tJrHrttl'lnU 

FI,)l~~UltJYl1-l~ltJm (Visua l Comfort) 1(;jtJ1'Wm~4'tJ\f,,:;1iir;l'll11 Daylight Glare Probability (DGP) lU'W 

~ ... .J' ~ 
(;1'll'W'll,)(;j 



1.5 tl'i:::t!l"ll.u~l'Ilfl11"1::;1~~'IJ 
- ~ .r .... 1 " ~..; , 1"~ ~.r 

'I 1 'W')"'HJ'WJ.J u1:; .tJ'll'WYl fll1fl11"1:; Ifl1U Ifl'l'W 

1.5. 1 (~'ilYl nu ~'Iu1:;~YlfiJl1~'IJ'il-J'ilumruU'l ((Ifl rnJl1fJ'W'iln!l1fllJ 1'W~I'Wll.~-JU11fltnl L(f!:;uhnruLl.f'1'1 

~ Ln rn~~ltJ 1 'W!l1 fllJ 

1.5.2 YlnU~'1ll.'W1Yl1'1111JH~ ll.UUL(~'iU'i LLrnifl 1'Wl1f'1Yl1'11?l'1'l1 

3 

1.5. 3 ~1J.J1m\l11u dJ'Wll. 'W1Yl1'11111tl'il m(uu~I"v1fu!l1 fll1~I1In'lI'W ll.fI:;!l1fll~ii111J 1ii'lI'Wftn~ru::; 

1n~(~tJ'Ill'W 

1.6 film~1.'Un1':11~!I 

1'W'il'W1r.\tJ:n"'Wif L(U'l~ICl1J.J1'W11111r.\tJtltln dJ'W 4 "r1ii'il 1P1'1l?ltl1uif 

" ~1Cl1J.J1r.\tJ~ 1 • L(~'iU'ILLrnlfl~L(UUI?lI'111I'W ~'1~fll?l'ilrilfl11J.JU1"1:;dJ'W'lJtl'l~'1U1rntnl"11nll.f'1'1 

n11J.J'!!I~ (Daylight Glare Probability, DGP) "vI"1tlbJ'iltJl'1h 

f11 Cl1 lJ1r.\tJ~ 2 . LW'lU~ ll.rn rn ll. 'W1'Wtl'W~ii1:;tJ:;~'WI?lI'1n'W "I:;~'1 ~fll?ltl rilfl11J.JU1"1:;LU'W'!J'il'lll.~'1Ulrn I?lI 

"l mL~'1nnJ.J'llI~ (Daylight G lare Probability , DGP) "vI1tlhitltJl'1h 

f11 Cl1J.J1r.\tJ~ 3 • ~1'W1'W(L~'iU'I L(Ifl rn ll. 'W1'Wtl'W~ L~J.JJ.Jln;f'W "I:;~'1~fll?l'il rilrl11J.JU1"1:;dJ'W'!J'il'lll.f'1'1U11fl 

1?l 1 "lmLf'\'InnJ.J'll I ~ (Daylight Glare Probability, DG P) "vIffihJtltJl'1h 

f11 Cl1J.J1r.\tJ~ 4 1:; ll.'W'i~n fl11J.JYiu~ I?lI'1n'W "I:;~'1 ~fll?l'il 1"11 rl11J.JU1"1:;LiJ'W'IJ'il'lll.f'\'1U1 rnl?l,"Il n ll.i'\'1 

n11J.J'llI~ (Daylight G lare Probability, DGP) "vI1tlhJtltJl'1h 

1 71fi,;ilLlJ'Un1':11~!I 

'Il'W1r.\tJif;:h:;(utJu1fi1111~m~n ~'1~IJ.Jlnll\.U'ltltlnLil'W 4 ~1'W"vIftnlP1'iif 

~')'U~ 1 111JYlUYl1'W1nrunnJ.J L~'il~m~nftni'tru:;'IJtl'ill.~'1Ulrnl?ll"lnnnJ.J"!II~ (Daylight Glare) 

lrntJ 111Nlfltl'lf'\Cl1'W111Jru1tfltJ1iilU1ll.nWfltlJ.JYi1Llntl1 llfltJ;f'WLLUU~lfl'il'l1'WhjmmJ.J Ecotect 5.6 ll.~1 

~ 1 fltl'l f'\ Cl1'W 111 1rutl 'il n J.Jl (il'W.rn~ 1 'W'lh'l L 1 f'n~ ~tl'l n 1 nn'LJiitll;jfl LL~1\l1Jl1~~1~ J.J,1 (fl n :;,xri, LL~'1U1 Ifl I?lI 

lrntJ11rihhll.mJ.J Evalglare ~'i~IJ.Jl1\l"vllrilr;)'llCI?lI'111~IP1'iif 

DGP - Daylight Glare Probability 

DGI - Daylight Glare Index 

UGR - Unified Glare Rating 

VCP - Visual Comfort Probability 

CG I - CIE Glare Index 

~'I1'W1111~ni't'fl;'I;i"l:;1iiril DGP - Daylight Glare Probability ~'iLil'UIP1"!1i1~H11flll.i'\'IU11i\1R1~Ln", 
"1 n~I'W1'Wfl'W~1Mu ~flm:;YlU"ln ll.f'\'1U1 rnm 



, ~ 

~1'UYl 2 

, ~ 

~1'UYl 3 

1 'Un l i)r.luif1~~1 r1I 11 LFI n~">11i!ll;jft l!iltJ LL ti-.l~ !l~ft!l!l n L iJ'Uf'l!l-.l~'l'W fi'i-.l\1 

1) Fi l F1'lI)J1.i1"~LiJ'W'!I!l-.lLLf'l-.lU1!i1m"lnLLf'l-.lfi11)J"lIliR (Dayl ight Glare Probability, DGP) 
..; _ J' 
YlLn!il'!l'W 

, , ..; _ J' 
2) FI'lI)Ji'ttl-.lj"q'lI-.l (Illuminance) YlLn!il'!l'U 

L!iI tJ~!l)J ft 1 'U LLVl 11~~'l'U" ~Cl n1 LFl11 ~-J j;]1)J ~1 tn)J1r.1 tJ~1~ i'A''U 11 L iJ'U~1 fi'iu . . 
"'1'U.;\ 4 r1I 1f'lFJ c.J ft-.l 1 'U1 r.ltJ 

1 'Ull l1f'ljiJ c.Jft-.ll'U1r.1tJ "~i'\rll m)J ~ 1 tn)J1r.1tJ~1~ i'-.l:{'U 11 lc;)tJ 

1) iJ 1~ LjJ'UiJ1~~Y1fi rn),~'!I!l-.lflUn mrU-.l LL!iI!ilJl1 tJ'U!l n!l1 Al11 'U~I'UFil f1'l1)J, .. h"~LiJ'W'lItl-.l LLi'I-.l 

U1"'m"llnLlf'l-.lfi1W"llI~ (Daylight Glare Probability, DGP) LLft~ill)JlruLli't-.l~Ln!ilfwntJ1'U 

!l1 Fl l 1 

2) Lf'l'U!l LL'U'lYll-.lr1l11'Ill LL1JU LLc.J-.lU-.l Ll"'!i\ 1'Ui1f'1Y11-.l,;il-.l1 

3) ?111-.l mn:lf'1rllru LLUU LLc.J-.lU-.l LLC;)"'~L ">1)Jl~j"q)J rlUi1f'1Y11-.l,;il-.l1 L~!l1 ~~!l!l n LLUU?11)J1JCl 

-.jl1uu1~ ~nj;]1il1~l!i\tJf'l~!iI'ln 
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· ..\ t'l1'U'Yl 1 

· ..\ t'l1'U'Yl 2 

· ..\ t'l1'U'Yl 3 

· ..\ t'l1'U'Yl 4 

· ..\ t'l1'U'Yl 5 

d 
'lJ'YI'YI 2 

~l r1 ru~"I ::;vl11~mlU ~~mll-J dJ'IJl.Jl LLft::;f111l-J~1 r1 ru'lltl~,:r ru'vn, l' (;1 rli.h::;~~ r)'lltl~nlii9!J, 'lltlU L'll(;1'lltl~ nlT 

;S9tJ LLft::;nlTrll'vl 'U1n j;j1 LL1JT 1'Unl1;S9!J 

2.1.1 ~tut'l~,J;LLjl:;"'l~n~~~'II'8~LLt'l~ 

2.1.1.1 Rtu~~,J;'II'iHLLt'l~ . 
LL~~LU'UYi~~~l'UzUUUtJ'vI~~ ~~f'\1l-J11ml'l~tl'U~l~tVltJtlf,j1'UzU'!ltl~I'l~'U ~~i11'l,)1l-JtJl1 

f1~'Utl~j'::;wil~ 380-760 'Ul L'ULl-J(;1j' ~~th::;ntlU~1tJ Spectrum 'vIrll!J~£'ULnC;)"IlnI'l11l-J~LLft::;f'l')1l-JtJl1f'1~'U 

'JJtl ,.mlnLc.Jf~~~ LLl?1n 1'11~r1'U ~~Yi~~~1'IJc;)~nft11"1::;"!htJ 1~ LnlnnlTl-Jtl~ L~'U 

2.1.1.2 "'l~n~~~'II'8~LL~~ 

LL~~"I:::i1YiCl ~ m1l-J~ 1'11~ r1'Utltl n hJ L~tl c.Jl'IJj;j1 nftl~"!!U(;11'11-.l1 L'Ii'UL~tJ1 r1U Llt'\-.l"11 n 1n1.:! 

tll~ 1?16L~tl f'ltl~ c.Jl'Utl1flll f'I"!!-i'IJtmtJ 1 nl PI'lltl-.l Lft n n"l::; Ln In n 1 T-Jn L 'vi LLft::;~::;Y1tlwitl'U~"I::;f'ltl.:!ft~l-Jlfi~ ~') tft n 

L lntJLL~~f'\ 1l-J1 TmLf'\In~YiCl~mTl-J\~ 3 ~n~rw::: c;)-.lC 

1) n1j~(?Jnftu (Absorption) 
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mJ~(?1n~'WLU'W1.JJln{)mm1~LL\'l-lCJn~(?1n~'W"v11tJLiil11.J1'Wvi')mn-:JI.Jil::Lil(;ln11 

m~ :: Ln'fl iJ Ill1~ (;l n ~'W Yi ~-:J-:J l'W lL\'l-l L ii l 11.J1 'W1 In CJ 1(;11" ::: Ln (;l n11L1.J~tJ'WrUYift-l-:Jl'WLl\'l-:J 

, , 
Jl1Yi111 Llf1 i?1-l m1~i?1n~'W'lJ'fl-:J Ll\'l-:) Lij'fl Inll m:::Y1U vi') nf'll-l 

2) rn~::nlJ1..I (Reflec tion) 

n 11\'l:3i'fl'WLU'WYi ~ ~ n JJl.-J'lJ'fl-l LL\'l-l~ In n n 1::Y1uu'Wvi') nrn-:J Ll~,)\'l::Yitl'Wn~u 

tl'flmn1"'tJ~f1,) 1 l-J~'lJ'fl-lf1~'WLL\'l-lJ'W hJL1.J~tJ'Wl1.J ~mtru::'lJ'fl-lm1\'l ::: V1'fl'W'il1"LliJ-:Jl~ 3 llUU~-:J;f 
21) 1l11\'l :::V1'fl'WlltIU L\'lij'fl'Wm:::" llL-ll (Specu lar Reflection) 

, " 

Ll \'l-ll1lnnm:::Y1UlYl l rlUl-Jl-J'lJ'fl-lll\'l-ll1f1 :::V1'fl'W ~-lJl1Yil1 2 , 

l-i~ A · S 

SPE CULAR SURFACE 



! l , 
./ / 

POclSHED OR GLO SSY SURFAC E 

, , >-

7 

l"pJ'lI!l--llLI'I'l'Vllnnm:::YlU mn~hrl'l~il~m~tC\J:::'lMJ1U!ltil--ll'llJi.J'!rufi!l ~tI1U";':II"i\,n1--ltj') (Perfectly Diffuse 

Surface) LlI'I--lI'I:::Yim.l~l~,,:::il~mtru::: lUUnlm'!:::"lrJLLI'I--lI'IlJ\l'!ru (Perfectly Diffuse Reflection) LU'Wnl'! 

I'I:::Yi!lULLI'I--l~1ii f)':lllJt'Vl1--l L Y111rlU 1 U'Y) n~lJ~:::Yi!lU i?1--lrnY1~ 4 

PERFECTL Y DI FF USE SURFACE 

23) nl'!I'I:::YI!lULLuum:::{~m:::"lrJ (Semi Diffuse Reflection) 

LLf;]~lmnihrlnCJ1.lJ~tJU!ltil-.ll'l~lLl'IlJ!l (Semi Diffuse Surface) LLI'I--l 

~:::Yi!lu~1.M,,:::il~m~ru::: LUUnl11'1:::YI!lULLuum:::{ t'lm:::"lrJ (Semi Diffuse Reflection) Lt'lrJvr') 1.1J LL~-.l~ 
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~; FMI DIFFUSE SU RF<\CE 

3) nlri4'tJ -Jthw (Transmission) 

nlj'~tl~ ~I\JLiJ\JLnVl(\J Lntl LLt'l~lflnm:::YlU~I\J~~~'1Jtl~i':ln'ln~ LLfhYl:;fl~I\J 111 

U~~ n ~I\J~~~ m n bJYi"lIj'rul Fl ru~l-J u1i~1tlft n1jru:::'1Jtl~ i':l n'1'\I~~ LLt'\~ ~I\JLLfh l-Jl-J'lJtl~ LLM~{;ln m:::Ylu"I::: . . 
LYhnul-Jl-J'lJtl~LL~~~YI:::'1'\~I\J LL'1'\:::LL~-l~~I\Jt.ltlnl-JlJ\J "'I :::u-liiuj'l-Jl ruf'\~L~l-J nlj'~tmiJ\J'1Jtl~LL~~t'\Il-Jlj'C1 . . 
41 LL\Jn l~lflll-Jftn1jru:::'1Jtl~ i'"ln'1'\l-l ",~if 

3. 1) i'"ln'1'\l-lhJj-l1~ (Transparent Medium) 

nlj'~tl~~I\Jftn1jrw::;ifLLt'\~"I ::;LnVlnlnrm~ (Refraction) ~1tlL11~tJ\J 

YiP1Y1l-l (Bent) (1..1 tl~nu"ru~l-J~'1Jtl-li'"ln'1'\ 'N LLfj::;YI::;f'j~I\J 1\Jftn1jru:::L~l-J'1Jtl~~1 LLt'l~~{;lnm::;YlU lV1tJU~ 

t'\1l-Jlj'C1l-Jtl-lL~\JLm~-lr'il L1:!VI LLt'l-l~~ n ~ I W.-1~-l'1ltl~ i'"l nfjl-ll~tltil-liVl L"I\J L'II\J m::;'"ln 1~ LiJ\J~\J 

32) i'"ln '1'\l-ll11j-lLlt'\~ (Translucent Medium) 
" ~.1''';,,_ 

nl j't'\tl-l ~I\J'1Jtl-l LLt'\-l fj n1jru::;1..ILLt'\~YI ~tl-l ~I\J"I::: Ln VI n I In j'::;"IltJ (Diffuse 

Transmission) lVltJ bJ~ll-Jl j'C1l-Jtl-l L~\JLm~~r'i l L1:!", LL~-l~~ n~I\J~~~'1ltl,:ji':lnfjl~ l~tltil~i"'L "11..1 L'If1..I m:::"In 

'i.h LiJ\J~\J 

Lnt.l LLt'l~1fl n m:::Ylu i'"l nfjl,:j~ LLM~tl~ ~I\J 1)1 LLt'l~~':l\J~~-l"l:;\l n~VI n~\J 

~'"l\J~~~"I::;~::;Yitl\JnftU LLfj::;~'"l\J~ L ~~tl'"l::;YI:::f'j~I\Ji':ln'1'\l~ ~l-JltJ f')'"l ll-Jrll tlhnru'1ltl~ LLt'\~~lflnnJ:::YlU"I::; 

LYhnuml-JlruLL~~~C1n"''''nft\JLL'1'\::;ml-JlruLL~~~t'l::;Yitl\Jnftu j'':ll-JnUl~l-JlruLL~~~YI::;~r.Jl\JL;tJ\JLiJ\J~l-J nl11~ .. .. . 

Absorptanc e + Reflectance + Transmittance = 1 ..... (1) 

2.1.2 "'l~'81Yi"iiujlnun"'~'8~.yh 

2.1 .2.1 U\H"Iln "'l~'81Yi"ii (Sunlight) 

LL~-l"llnVl':l~tllYi IflU IflN~1tl LLt'\,:j LL'" VI Fitl LLt'\~ "''"l~tllYiIflU~ tJ l\Jl-JlU,:jij'"l l~n l"'tJ bJ;:j nl1 

L11~tJ\JYiP1Y1l~ LLfj::;nlj'1lj'::; L~-l1\J,f\JUJ1tJl nll'! LL~-l LL'" VIii F)'"lll-J L1Jl-J LLt'\,:j~~l-Jl n ~~ hi f')'"lrul LLt'\~ LL'" '" 

l-J11ii LLt'l~t'lrjl~ lVltJ l'lN Lml::; ~l bJiinl1F)'"luFll-Jnlj' 1 ii LL~,:jt'lrjl,:j~ rln ~tl~"I::;viI1 ii Li~ (;It! ru~I'1ltl~ LLt'l~ . .. ~ 



2.1.2.2 ?l111Vn1'fl.:j,yh 

~Jl1~Yi!l-l\11 ~1j.j1'i'mLti-l!l!lnl~dJu 3 ftn1:'tru~ ;-l;Jftn1:'tru~~LL(1lnI?i1-lnw;i-'-.1I?i !lhJ1f 

2. 1.2.2.1 ~Jl1~Yi!l-l\11ihi-jfnn n (Overcast Sky) 

9 

1U~Jl1~Yi!l-.1\11 LLUU;J L~'m.nmfu "I~hj~1j.j1'i'Clj.j!l-.1 L{i U~l u.'\.-nl-l'll!l-l 

'WN !l l~ (1lu1~i {;1 L "IUtli.JL C!l-.1 m"ll n fl11U'y1U1 mlu'lI!l-.1 Lj.j'J.j ftn1:'tru~ u.~-l~ Ln {;1ifwtJi.Ju.~-.1m:::"llU LL~::: u.~-l~ 

Ln{;1;fur1!lU1I1-.1 L'Yllni.Ji-.1 L{;1mBL1 ruU!l {;1 L{;1j.j"l:::;Jfl11~~rj1-lm nnrj1u1L1ru31U L{;1j.jtl1~j.j1 ru 3 L'Yll 

2. 1.2.2.2 ~Jl1~Yi!l-.1\11Ltli-l (Clear Sky) 

f)rn ~ ~rj 1-.1 "l 1 n~Jl1~Yi !l-.1\11 U.UU Ltli-.1Ju ;J r11 Lltl'i'Ltl~UU ltl I'llj.j nl'i' 

Lfl~!lU~'lI!l-.1 {;11-.1!ll~!rI tT lITj.j1 ru 1 !lJ'11 UU'i''i'tn nli"l ftll1:'tru::: Ll~-l~ In {;1ifu"I ::: !rINlI rm nu LLf'l-.11 Uf'lJl1~Yi!l-.1\11~;J 

Lj.j'J.jj.j1n ~!lU1L1rufi1UL{;1~"l:::;Jfl11~j~rj1-.1~lnnrj1u1l1ruU!l{;1 L{;1j.jtl'i'~j.j1ru 3 L'Yll ... 

2. 1.2.2.3 ~Jl1~Yi!l-.1\11;JL~'J.jtlnf1rl~U1-.1ri1U (Partly Cloudy Sky) , 

flmtl'V1fl-3Yll;J LlJ'-I1.ln Fl~lJU1-3~'lU 

(Partly Cloudy Sky) 

... 
Yl~ l GI Brown and Mark DeKay. 2000. Sun, Wind & Light Architectural Design Strategies. i)(j ed . 

United States of America. John Wiley & Sons, 'v1ih 27 
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"lnnl1~mn~'fll.J~lL~>l~~1-lnJJU·!! 1 ~n'W1.h:::lYlf'l1Y1u (n1l-J~~'Wl'\"l~>l-l1'WYI"'U.YI'WI.l~::: 

'fl\~1n~'\"l~-l>l1'W, 2547 v) '\"l1J~ '1)('W~~'l'W1'\.1C1j1M1J 1.l~-l~~1>ln'i'1l-J'!!1~~-lt'\(V) 1'Wl~'fl'Wll-J~lU'W l"'Us:Jril V!l~U 
'fl~'i' ::: '\.1~1>l 80-100 klx ~>l'\.11n~1l-Jl1()1.Jll.l~>ll-J1Hlyjm 1% n" ::: lyjU-l'\"l'fl~'flnl1HI.l~-lL~'flYiln.,m'i'l-JJ;\1>l1 

Jl1t11'W'fl l Fll'i' l~'flY;"l'i'rul"lmL'-J'W~ntli'l Ll-J>l L'il~t1J;\'fltJ'\"l1J~l 44.1 % 'lJ'fl>l)('W~'lJ'fl-l1.h:::LYI f'l1ti\fuu.~>l~~1>l 

nJJl-J'!!1[ji1'W'II'l>l 75-80 klx 'L(V)t11J1l'lCW~~ r11Fl'l1l-Jl ~l-J 1.l~>l~~1-l~-lt'\(v)~I'1'fl'Wn~ 1 -l'lJ'fl-lJl1Flnfill>lI.l~:::Jl1Fl1~ 

1'1'fl'Wril>l ~1'\.1f1J1J1l'lruJJl'll11'WJllFll'\.1il'fl~>lfi(V) LU'Wyf'W~iJ1:::l-J1CW 1. 7% 'lJ'fl>l)('W~'lJ'fl>liJ'i':::LYlf'l1ti\fu LL~-l~~l-l 

f'i'fl'W~1>l~1 'L(V)uiJ r11'flU1'W'II'J>l 50-65 klx '-J~~1~ifI.lM>ll~ Lii'W~ l iJ'i':::lYlf'l1Y1t1iJ~ntlJl1'\"lI.l~>l~~1>lnJJl-J'!!lWt 

.. '1," ::: 

" ? 
' E: 

.,.. 
'" 

~ 

:11 

f1 l illi'll IIJl I11a ; I n ' , ; Ji b IA I k I \ I 

Jl1'\"l~ 6 LL~"'-lFl'Jll-J~l-J~'W1h:::'\.1~1>lFt'Jll-JLiil-JLL~-l~~1-lnJJl-J'!!1[jin1Jffiu~:::'lJ'fl>li'W~1'WiJ'i':::LYlf'l1Y1u 

~l-J1 • m:::YIJ'J>l'\"l~>l>ll'W 2547. LL~'W~l.lfil:;'il'W~'fll-J~~ntlm'\"lllf'1>lf'1~1>l1lnl-J"Jll~"lnmflti1Ul?l1'lLYifJl-J~1'\.1fu 
iU 'ti 

2.1.3.1 11hntuu.'ll~ (Luminous Flux) 

~'flf-l~'\.11'flrll~-l"lJ'fl-lll~>l~()niJri'fltl'fl'flnl-J1" l nl.l'\.1ri>lrl1lilt?lI.l~>l1u 1 m.htlmn dJU 
~ 

nl11J'fl n r11'\"l~>l>l1U '\.11'flrl l ~>l>llU'lJ'fl-lI.l~-l"ln LL'\.1ri>l rlllil(V) lL~>l 1u~iJ 1.l1J1J'II'fl>lll'iUu.N~'fl'flnl-J1"lln 

Lmri-lrllLil(V) s:Jm,hud:Ju ~ll-JU (Lumen, lm) 
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2. 1.3.2 ~UI~'U (Solid Angle: W ) . 
m.mJ() 'n.n.Jt!tlc;j~Clmtl-lfu~ rlUi.f\.J~ ')1!f11 i:hnl') tILiJ\.Jf'Hl1ltlm~tJ\.J (Steradian) H , ~ 

A 
w=­r 2 

Il1YfYl 7 U.M-li.jlJ~\.J (Solid Angle : W ) 

, (2) 

" , 

'!l 1 '1!~n~ tlnt!i1~~,r, LYlFli1Flnlffitlnu.lJln:;UULLMfl'l1-l (~uutJfutJt-l) YllJlfFl1-lYi 4 

2. 1.3 .3 fl'lIJ-JLiJ-Ju.~~n11~'8~8'h:J (Luminous Intensity) 

fl ,)l lJ L~lJ u.1A-lm1~tl-l~'iI-l .... fffi C1t!n~nfltil-l\-l~-lrjln l ~-l~tl-l~'iI~ (Candle Power) 

LiJ\.Jri1mlJll"WLL~-l~tJ~tlt!tlflnlJ1r,nn U.\-I~-lr'i 1 Lijc;j u.~-ll\.J~lJ~\.J 1!f11 1 \.Jl;f'lYI1-l\-l~-ll; f'lYl1~ 1!f1 ~-lLiJ\.Jril~Utln 

~-l r1'J1 lJlJ1nUtl t!'IItl~llm ruu.~-ll \.Jl; f'lYl1-l ~1-l1'M u. \-I~-l n 1 L ijc;j u.~-l ilw"i1t! L iJ\.J~ LlJ\.J~tl~ llFttl1L~tJ\.J (Lu men 

per Steradian) \-ITfl U.fl\.JLc;jf\f\1 (Candela) 

2.1.3.4 fl'lIJ-J~'8~8':h~ (Illuminance ) 
... ~ ..J"~ I _ I Q I 1.t..J 

\-1m tJ Cl-llll-J1 ru u.~ -l Yll1ln m:-:Y1lJ lJ \.JYi\.JYI\-I\.J')t! lc;j1 lJ\-I \.J') til ;:h..l~ Ll-J\.Jl1ltl\-l\.J') tJ'Yi 'UYi \-11 n 

Y1Nnf\l-J~l-Jl-J~ilff'lil1 Ylln ml-J l ruLL~'l 1 ~Ll-J\.J~ln nm:-:Y1lJi\.J~,)Y1Nnf\l-J1\.Ji\.J~ 1 mn'lYlIn Fl,)1l-Jt'ltl'l~rjl'l 
"l :-: ;:Jri l 1 ~ll-J\.Jl1itllFtln'lYllFt \-I1fJ 1 ~lnllfl\.JL~ft u.l1imnYlN n m.J~l-JlJ~Mf'l;:J 1 LlJlFt1 t.11lJlruLL~'l 1 ~Ll-J\J~j;\n 

m:-: Ylui\.J~ ,) YlNnftl-Jl\Ji\.J~ 1 11l1n'lLlJ lFt1 fl,)l lJ~tl 'l ~ 'iI-l "l :-:;:J ri l 1 ~n,r LMfl,)1 lJ~tl-l~rj' -l 1 ~lnLLF1\.JL~ft 
Lyh n lJ 10. 76 ~n,r 



~11A~-l'm.Jnn).J 
l\.4~\.hu 1 f\11I:l'jfl 

I )~)l"\:"v J,...,.)rrfl:ll-J 
" .1 ~ 
lHV'(\.W 1 f1i1-')URn 

, F,J..'·'nilV\.}fr'i .~.l 
__ 1 _ •• 
'''lr'f·I'·f\..J.}~ ·· 1 iV .... 

;'1il 1 ~.1-! tliW\ 11 f":-U:'f; 

\l1il 0 -)929 ~ U~\+\M 

12 

~m '!Ilt1.Jf'1n~ tl.nuilYi~l1. LYll'1ill'1nl'j''fltlmLUU1:-;UULlf'i-lf'i/h~ (llUUUfuUl-ll. Yh..)lfl'1f-3~ 4 

(n1-lLYlYH../'I-Il'W1'11 . t'1ml'1l..J~-lL~1l-HYlI'1L'WLfl~ (1YltJ-~lJ'W). 2545. 8. 

2.1.3.5 nlJrha.:j\'l'!l~~n~'U (Inverse Square Law) 

Llh..ln!l~tlfiUlu1l ilhnruLl.i-i-1fll'l'~tl-1f'i1l-.lU'Wi'Wij'J 1£'11 9::: Ll.UnJ'U L£'ItJ (;1'Nnurnll..J 

L~ l..J Ll. i-i,ml 'l'~tl-1t'11l-1'11tl-1 Ll. 'I-I~-1 ih L D£'I Ll.f'i-.l Ll.fl::: LLU 'l'C-Jn ~'Wnu fOil 'l':::U :::Yll-.lU n nl ~-1f'itl-.l 'l'::;'I-I1l-li'Uij(JtTwlU 

Lm~-1nlLil£'lLl.t'1-1 r;)-.lt'1l..Jnl'l'YI 3 

.. 
Ll..Jtl 

E 

E ~tl ml..JlruLli-i-1fll'l'~tl'H~1l.:J~Ln(;1;'Wu'Wi'W-1l'W 

I ~tl fOilWnl..JL~l..JLLi-i.:Jnl'l'~tl-1t·vil-l"!Jtl.:J Ll.'I-I~-1nlLil£'ll'WYiI'\Yll-l~'l'i-.l1U1.-1l9£'1~ , , 
- j 
"fi9l'l'rulU'W"fi'W-.ll'W 

(3) 

d ~tl 'l':::U:-;Yll-1'l':::'I-I1l-1Lm~-1nlLil£'lLl.~-1nu"£'I~~tl-1nl'j'Fil'U')rumrilunnruLl.i-i-l 

nl'l'~tl-1t'11l-l 



13 

rnYi~ 9 llt'\(;I'lmm~:;"'lltJ'Iltl'l~ftni~r1l11fN ml . .Jn!Jnlft'lt'\tl-lt.JncJ'1.J 

... < 

mn : '111C1.Jl'ln~ tl.ntJ~~~11, IY1I'lUrlnI1fltlnllUm::;UUllMt'tll'l (~uu1.Jfu1.Jt-.l), 15. 

2.1 .3.6 ~11~'iI';h~ (Luminance) 

rY)1l-Jt'\'tl'lt'\~I-lY;t'\:;Yitl1.J .. i~tl ~tl-.l cJ l 1.Jtltl n l-J1"'l1 n1'lR Q ~-.lt'\ 1l-J11ClYi11 ihJtl'lL ~1.J1' IR tl1~ 

Ll11tJ1'lfIrJi1.J"I::iJl'lrut'\l-JU~LiJ1.JIl1-1~-l nl L U(;I llf'l-lY11'lfltll-J iJ1-1\,hm1J1.J lll'l1.JLlf1ftrl1 L'1tl mn'lll-J l'1~ (cd/m2) 1-11tl , , 

lll'l1.Jl(;l 1'11'11 L'1tl ml1'l~ 111 (F oot -La m bert) mm ru llf'l'l~ l YlI n1.Jl~tll11 n m::Y1U ft'll-JIU1.J1' 111 '1~;j~"'I'l n1.J "'l:;;:J 

ml-Jlrullt'\-lt'\::Yitl1.JnftU~IrlI'ln1.J ~tll'l'"nl-Jt'\~I'llrll'ln1.J t'\ 'll1-1f;J~r;iI'ln1.JLCtl'll-J1"'11nmnj1't'\(;j;:Jl'h~l-J1.Jr.::~Y1i' 

nI1t'\::Yitl1.Jllt'\'l'lltl'l1'IfI'1Yllrll 'ln1.J 

2.1.3. 7 ~11~~I(Brightness) 

l~tl ut'\-l111 n n ~:;Y1U CJ n1'l11 '111111 llf'l 'lUi 'l ~'11.J"'I:; CJ n ~ (;I n~1.J Uft:;U1'l~'11.J~ l 1-1fttl"'l :;~:;Yitl1.J 

tltl nm ~1 U~'l~~::Yitl1.Jtltlm.niJml-Jlrumnntll.,n~I'11~~liJl'l'11l-J~1l-J1 n ll11' (;I1'l'11l-J~I'IJtl'l11R'11£'11~i'1tJ 

ml-Jlruut'\-.l~~::Yitl1.Jtltlnm"'tl~1.J~1-1C'lIJ]I11\lm.htJ ;:Jm,hmiJ1.J~l11lLftl-J L,jf1J] (Foot-Lambert) ~'ln~tlril~ 

t'\ltJml'l1.JLnl~1.J c;1'lJl1YiY110 

~\ 

2.1.3.6 ~11~Lm!J1J~1~ (Contrast) 

~tll'l'11l-J lll'1 n IrlI\l'l'::1-1~I\l ~1-'Il1'1~:;1-1~I'l1' l'1 tlnu~\l "'1'l1~tl~1tlur;T'1l-T1.J ~'lii 1'l'11l-J 

LLlfln IrlI'll-Jln "I:;~'l;i11~nr1l-Jtl'l L~1.J~ltJ{1.J 11.J'lJru:;~rl'11l-J ~tl'lnTnJ1l-Jlrullt'\'llLft:;L'1ftI11.Jmrufurn'n;j 



iJ!lUfN Ulti1'ht'llru:::l;;)mn'-t,dhf'1'Yljj nJffiU lfI'l-ljjln"'htLn'htltJ,,'ht~It1 lin Ln (;1 m'l'tJful'1,)jjl n tl19v111~ Ln (;1nl'l' 

'l':::f'11m~!l-l'll!l-l~It1j;jl f'1,)ljjlmtiUlfll-l~ljjl'l't.11.nfhl~ ~-lUM-l1'ht~jjmrYl4 

L8 - LT 
Contrast = --­

LT 

.., >-
f'1!l f'1,)ljj~,)I-l'll!l-l~111Yi U ')(;1 ft!l jj 

io)!l f'1')ljj~rjl-l'll!l-lrJInCl 

2.1.3.7 fl11~~~hL\'U.j'il~'iI.:jfl11~~'il.:j~'h~ (Uniformity) 

14 

(4) 

ftmtru:::'II!l-l U~-l~iJ f'1,)ljj~rjl-l 'ln~ L~tI-ln'ht v111~i1 mrufu~It1I11'liJtltJ nnilf'1')ljj~rj'l-l 

LU~tI'htUUft-l!ltil-lrl (;1 L11 mrlf'1~tl'ht~"'l n~~(;11U~~rjl-l 'l':::tI:::mn 1 'htm'l'tJfu l'1,)'II!l-l~'ltlI1119:::jj'lnnrjl 1 'ht 

j...lo '" ~ ~....;'" d .. J J.::.Io ..... I 

~'htYlY11-l'lW?ltl'l m 'l'f'1,)ljj~jjl L~jjtllnft!l (;1~'htYlVltl'l L 'httl '19 'l ntl19jj m rLf'1 ft!l'ht~'htYlYI1-ll'ht lutI'I'1 (;11111-l1J11tJ 1 'ht 

iitl'l L(;1t1t) j;j'l'If'1,)ljj~!l-l~rj'l'l~'l~(;1lf1tl f'1'lljj~tl'l~rjl'1 L'il~tI Wf'1,)'l'~'l nrjl 0.8 i,,'ifi'ht~H'Il'ht~i1'l'U UUU n'l'l' 11fi 
, ti 

'1'l'ht~ IfIl'1n'ht ti!ljj~!l'l m'l'f'1'lIM~~1 L~jj!l1 'ht'l':::~U~ IfIl'1n'ht~')tI l'li'ht f'1,)'ljj~rj'l'lu1mt,rt'ht~'l'!lU'1(;1 mrv11'1'l'ht 

f'1,)'l'i1f'1')ljj~!l'l~rjl'1wiJtltlnrj'l 1 1'ht 3 'II!l'lf'1,)ljj~!l'l~rjl'1ilJ~ffiU'1(;1mrv11'11'ht Vl1tlilJ~H~!ltJ~!l~ 

ln~L~tI'In'ht L'li'ht Y11'1L~\.t111t1'ht!ln 'l':::LUtJ'I Wf'1')J'ilf'1,)ljj!'l!l'l~rjl-llfll'191nilJ~Hf'i!ltljj'lnnrj'l 51 djlJ~lJ 

2.1.3.8 LI.~.:j1JllPlj;ll (Glare) 

Uf'i'lUl(;11111 (Glare) Vljj'ltlC1-l Ut'I'I~&Ij;j'l Uft,)v111~jjtl'lL~'htrJj;j Cll~U1nVl1tljj!l'lbJl~lJ 

lfltl ;'1f'\lm'l'mnI'l9'lnU~'1UJ':::~1:tjUft:::lL~'1fiJJJ...I'Il1~ 1lJnnUU~'1Ul1'lm~Ln(;191nu.~'1U'l':::~1:tjJlJ m~1'l 

Lf'1jj l~ritl'l~rjl'1 L(;1t1i') lU~tl-l mrlLf'i'lU1 (;11111iJtltl~~(;1 Lf'1jj lWyh Ulflfl:::'Ilill'l 1~ Ut'I'IU1 (;1j;jl hllVlii!llJnlJ j;jljj 

jjl j;jJ'1f'l'htYl rllV1'ht(;1 .... 

2. 1.3.8.1 lL~'1U11'lmLluubJ~'ljjlJt.1jj!l'll~lJl~ (Disability Glare) 

djlJU.~'1Ul(;11111~v1'l1~m'l'~jj'l''l'tlJ11~1'htm'l'J...Itl''l~'htft(;1ft-l Ln(;1"ilnnTIm:::"lltJ 

'II!l" u.~-lJ11t1 1'ht(;1'NI111 L~!l'l"l'l n mJ'f'1'l'ljj hH'Il~~bJ~jj\!'l'ru'll!l'ltl'l rfU'l':::n!lUJ11tJ 1'ht1111 U~'1m:::"lltJJ11~ 

~!llJY1UJ11~rJj;jCl~9!lUr.;~1Y1mv111iif'1,)'ljjf'1jji(;1'l1!l'lJ11~fl(;1ft'l (CIE, 2002; Van den Berg et ai, 1991) 

U.~'1U11'l1111'1lil(;1Dln (;1 L~!liJ LL~'1mjjlrujjl n!l fJ1'ht"1h 'I'll !lU l'll j;j'll!l ,ml'l'J...I!l-ll~lJ (Field of View) ~'11lJilJ~ 
~l';n-ll'httl1"l~ljjl'j't.1 d)(;1~'ht 1~1 'htnnU~jj!l-l L i1'htlL~-l91nl'l,)-ltl1Vij;jU 

2. 1.3 .8 .2 LL~-lU11'lmu.uuv111~hJ~U1t1j;jl (Discomfort Glare) 

Lil'htu.~-lU1 (;1j;jl~v111~'l':::f'11t1 lio)tl-lVl1!lv111~n f'11 '1J UlflhJ~lLillJ~!l"v'il1~ 

~m'l't.1J11~ 1'htm'l'jjtl-l Li1lJft I'lfl-l (CIE, 2002) ~-lJlJf'1lJ~,)lJ lV1cU"l::: bJ ri!ltlfu~()'1 U~'1U1 (;1 j;jl'1lil (;1DLVh nu Llt'l" 
~ . 
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U1(;l~nu.uubJ~1l-J11()l-Jtl-lL~'WVi ~-lU.~-lU1~Wl1LLUUbJ~U1tJ"nif ~1l-J11mh::U}'Wl~L{;\tJmri(;lLluu 

11 tJLJ Mf'l L"ri'Wn11H U.UU~tlU()1l-J U.t'\-lU1 {;\ 1?l1'Lh::UlVl111'WU"l"lu'WUUr)1;J 1'l'l1l-J~1~ 'limn 1 'Wn1n.h::d~'W 

1'l'I1l-J~U1tJI?l1 LUtl-l"llnn11tltl n u.uutl1~m 1'Wu"l"lu'W~;J Ll'W'I LUl-JutJl-J LU(;lru U.~-lfi11l-J'!!l ~1'Wml-J1ru~l-J1n , 

1~;:jm1m::"lltJu.Mtlth-lf'l-l~~u1L'Irui-lU11Jl1-l ~-l1'W"'I1l-JdJ'W"l1-l~'ILLt'\-lU'Wi-IU11'l1-lbJl~i1mm1:;"lltJLL~-l 

LYi1n'Wi'li-l~'W i-l11 LL~-lU1(;ll?lltl1"lLn(;l1~"llnU"l{1I~'W11~~n L'Il'W tl1"nn(;l"llnm1Hfl1JmruU-lLL(;l(;l 

mtl'Wtln'-11tlm11iitpJmruu-l u./?1 (;lmtJl'Wtl1f'l11 '-1ffitl1"lLn/?1"llnm1~::Vitl'W"lln LUi::y'h-l1'WfiUi ~-l U.~-l"l1 n 

fi 11l-J'!!1 ~"l ::nl'l'lll-J LLI?l n IJl1-li-l f'l'l1 l-J L;l-J u.f'l::~ f'lVll-l~i1 m1u.tJmJ ~tJ'W ltJ IfI f'ltl (;li-lf'W 

2. 1.3.8.3 u.t'\-lU1rnI?l1~hn{;\"llnn11t'\::Vitl'W (Glare Reflections) 

.I.J' ~ J.J 1 .J.J'.. .-
U.t'\-lU1 (;l 1?l1 u1:: UlVl'W"l::f'l (;l1'l'l1l-J I'll-J'l! (;lU'Wl'i'WVllLt'\rn-l[)ll'i 'WYl'Wl'ltli-l'W1'1tl 

I'ltll-J~'ILl?ltlf ~-l LU'W~-l~~1~'lIl'Wtl11'l11~lUn-l1'W u.1?l1'WU"l'1u'Wu 'lI'-11 L'-1fhifl~ ~n LLnb LrnmVl f'l L'W Lf'lUlItl-l 

"ltlml'i~;:j mrutl-l n'WLL~-l~::Vitl'W n1n~tl n ~1 LLi-Itl-ll 'Wm1'l1-li-lU1 "ltll'ltl l-J~'Illfitl f'i-l L U'WU"l{ tJ~~tl-l'ri"ll mn 

L ~tl'-1~n L~tl-lI'l'lll-J L mtJu ~l-l~m n Ln'W ltJtl'WL Ctl-l l-J1"l1 n u.t'\-lmtl'Wtl n ~-l m1~ n m111fi"ltl~'i'l1 l-J 11tlUtl-l n'W 

ll'i'l-l'i'l::Vitl'Wl~i'W y'h 1~;:j u.'W'I tUl-Jmru1 U.'i'l-lfi11l-J'l!l~Lihm lill'Wtl1 f'l11l-J1n~'W "'-li'Wmrn"l11C1.J1 u.t'\-lU1rnI'l1 

~ Ln (;l~'W L 'Wtl11'l11~ lUn-l1 'W~-lUUr)1 L1J'Wf'l'l u.tJ ~~1 ~ 'lIl'Wm1tJ1::Ljj'WI'l'l1l-J~U1tJ I'n L 'W~lUn-ll'W 

"l l nm1YlUYl'I'WLtlnt'\11~tl-lU.~-lU1(;l(;\1 ~1l-J11()t'\rtJl~ vl-lif 

1. LU'Wmrn 1ii-J'W1 L~tlmLI'l~-l5jtlmiltJ1::Lij'W~i1 U.t'\-lU1(;l 1?l11'WltJ U.uuj;J1-l1 

2. Lu'Wm1~n~ll~tl~ ~'W1~1fI11'W~tl-l u.t'\-lU1rn 1?l1"lln LLt'\-ltJ1::~~.iU.f'l :; U.t'\-lU1/?1 1?l1"l1 n 

fi11l-J'!!1~ 

3. m1~n~ 1'WL:n-lf'lCWl 1l'illtl-lll~-lfi11l-J'!!1~i'W t'h'W lmlly'h L'W1'l1-ltJ1::LYlf'l L/?1tm'l'W~n~ L'W 

~tl-lI'l'lll-J~l-J~'Wfilltl-l u.~-lU1rn 1?l1nu~tJ mruU-l LL{;\ (;l[)1tJ L 'Wtl11'l11 ~-l1'l 1 -l"l1 ntJ1::L Vl f'll Vlll~ 

ntl1 m f'l1tl'W i1 rl'l l l-J j}itl-lm1 H~tJ mruU-llL(;l (;l[)1tJ'Wtl ntl1 f'l11l-J1 nnr)l 

4 . 1 'WtJ1::LVlf'llVltJ U-l bJ;:jm1~m~t1~tl-lI'l'l1l-J~l-J~'Wfilltl-lf'lCWl1l'i1Jtl-l LL~-lmtJ 1'Wtl1 f111nU 

~tJ n 1ruU-l LL(;l (;lmtJ'Wtl ntl1 f'l11 trntJ m 1~ n~ ~tl-l~tJmruu-l u.(;l (;l~'I'W)..J1 n"l::L u'W~n~~l'W 

n11tl~fmfl'ift-l-l1'WLu'W'-1ftn 

l'W~'I'W1Jtl-l~'!!i11Jtl-l U.~-lU1 (;l1?l 1~Yi11~h.i~U1tJ I?l1 (Discomfort Glare) i1m1~(;l ~'W 

'i'\~.ml~liltlfiU ltllLf'l :; m 1'11llt'\-lU11111?l1~ In (;l;'Wtl~'-1f'l ltJ "''!!u ~-l~'I'W)..J1 mU'Wmru11'1 1"l1 n~tl-ltJDu~m 1 

tl11tli'lltJLL~'I~)..Jm1~Ln(;l;'WL'-1ft1i'W 1~nmru1Ltl1f'l'lU.tJ1 4 ~'I)..J11iltlfiU1tltl~Lt'\)..Jtl "'-l~).Jm~ 5 
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..... (5) 

ri1Fl~~'J G ~tlri1 Glare Index ~~Ll~rn~lih{h.!~~f'1'J1).J}~n'!ltl~Llvift:::'lJMfl 

'i:f;1tJiJ ri1 e f Llfl::: 9 J'W LiJ'Wri1rh~,f1~1In 

1'W'lJru:::~ f (l/J) ~tl Fl'J1).Jtt).J')'r'Wif~-nu-litl'W'lJtl~n1nFl~tl'W'!ltl~~).J 

ri1f1'J1).J~rj1~ (Ls) 'lJtl~ Ll~ft~rhLilrnLl~~U1rn~1 1'Wmru~dJ'W~ii1vl1~l~HLiJ'W 

ri1f'1'J1).J~rj1~'!l'tl~Yitl~Yh~).Jtl~Li1'Whi1'W~1~1~J'W1 }j~\htJLiJ'W (Cd/m2) 

ri1~).J ~'W'1Itl~ LL~ft~n1 Lilrn (ws) l'Wmru~ L iJ'W~ii1 vl1~ l~H LiJ'W'lJ'W1rnYitl~rh~ 

1111 ~tt~ Ln {;l n1~ru~1).J1 JrI ).Jtl"1 L i1'W 1~ 

ri1~).Jn1nf1~tl'W (l/J) '!ltl~Ll~ft-:Jn1Lilf;1LlM"'llm~'W~:::~U~ltJ~1 (Line of Sight) 

'1Itl-:J~rl'~ Ln~n1~ru 1 'Wmru~ LtJ'W~ih vl1~ 1 mil LiJ'W~l Lm\i"1'11'tl-:JYitl-:JYh~).Jtl~ LV,'W1l1tJ 1'W~'W~ m~).Jt)~Lv,'W (Field 

of View) 

f'1'J1).J~rj1~i'J 11.J (Lb) ~ 'lLtJ'Wri1~ f1'JU f'»).Jn1ruru ~'J'1Itl"1~ltJ ~l~tt~Ln ~ n1~ru 

~"1 ri~tlf1'J1).J~rj1"1'!lt)~~1 n~~~ (Background Luminance) ~ULtl~ 1 'Wnnu~ ltJ'WW,J1~1~ lmilri1f1'J1).J~rj1~ 

l ~~tJIl1 tJ 1 U~'tl~ 'i:f;1 tJ bJ~).J ri1 f'1'J1 ).J~rj 1"1"'l 1 nYi'tl"1~l~).Jtl-:J L i1u 

• BRS Glare Equation (BRS ~1t) BGI) 

• Corne ll Equation ~1tl Daylight Glare Index (DGI ) 

• C IE Glare Index (CGI) 

• C IE's Unified Glare Rating System (UG R) 

• Visual Comfort Probability (VCP) 

• Daylight Glare Probability (DGP) 

'i:l'\tJiJl1tJfl:::L~tJl'\~'lli1'!ltl-:J LL~~U11'\ (;]1 ~~if 

1. BRS Glare Equation (BRS ~ffi BGIl 

~ .J'..i. 1 ~ 1 :'1 'i' 
QnY;~'W1'11'WY1u~:::LY1p\tl-:Jn~~ 'Wu fU'I. 1950 .f;1tJ 

Hopkinson ri 1~1~J'Wtll::: Lil'W"'ll n f'1'J1 ).Jrl').J'If''Wfi'!ltl~l::: ~U n1~1' f;1 f'1'J1 ).J!~n~ vl1'1 nu 

Petherbridge 

1~LLri ~:::~U just 

noticeable 1:::~Ujust acceptable 1:::~U just uncomfortable LLfl::: 1:::~U just intolerable ~~"'llnn1'i"Ylc;lflt)'1 

~1).J1Jr1'1f'~U1~).Jn111~LiJ'W 

(6) 
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lV1tJ~ 

P Atl Guth's Position Index ~'Hn\,lFil~U~V1-ln~mnU~mJUUiNlItl~U~-l 

lfq1,lI~lifu~ltJj;)l'lltl~~l-llnj;)mm1 

n Atl ~l1,l,)1,l'lltl-lU~~-lnll'WV1llt'\~Ul"'j;)l 

fill BRI ;fu1itl~ln"'Atl t'\lmIClHUinuu~~~nll'W"'Ui'\~~i1'!l1,ll"'lftn~ill-.p,Jv11,l 

i1tltJnr:ilnr:il 0.027 t'\l~tl1l~tJ1,l 1,ltlnr.nnC Chauvel U~:;f'lru:; Uin~l')r:il BGI bJi'\llJlj'Cl"lM~l1,lUMUlV1 

rn~ In V1"'tln U~~-lnllU", ut'\~ lLuUn~l~ HilV1tJtJn~tl-l U~~ bJ1~i1ml~V1 ~lU-ln-l ~tl-lnl'nJfu~ltJj;jll1tl."f'l1..l 

lV1tJ Iwatau~~f'lru~ l~lmtJulYltJu BGI nu DGI U~~ CGI LL~~~Yi~"'tllr:il BGI i1f'l,)llJluJ1,lthwtlU~i'l",11,l 

mcU~ u. ~~-lnll'WV1llt'\"'UlV1f11li1'll1..ll '" 1m1,i 

2. Cornell Equation ~1tl Daylight Glare Index (DGI) 

Hopkinson (1972) l~l1~1,ll~lJm'i"lltl-l DGI 1",uufuu1-l"'tln British Glare 

I ndex lV1tJ":il1~~llJlIClf'll "'f'1~L1,l~-lUl "'rll~ LiiV1"'tlnU~~-lnll'W'" Ut'\-l~i1l11,ll'" 1~ C1J L'!J1,l~i1ll?il-l i'llJm'lii'1~ 
tJ nl1 ~1,ll"'tl n m 1Y1 "'~'fl-llV1 tJ 1 ii~~tl V1~~tltl LIi'l L 'lI1..l'if'!Jtl1..ltl~~ft"''ill n~'lll,)~1,l lV1 tJt'\llJllCl LLt'I "'-l1~ 1if-l~lJmrY1 

7 

i=l 

'0_ .J J'~ q 

Lm~-lmlW;jUt'\-l L"'m1,ltl~lJl"'tlnl'l1,lY1mnJtl-lm1,l (Field of View) lLfl:; Guth's Position Index 

3. International Commission on Illumination Glare Index (CGI) 

11,lU f'1.I'I. 1969 Einhom ULi'l1,ltllif'l'n~1ii1''''Ut'I~Ul'''rll1ltl-l International 

Commission on Illumination (CIE) Iif-lUt'lV1-l11,lt'llJmri'i 8 

..... (8) 

, 0-.dI I 0 _ ..... 

l'Wtl-llJl"'tl n U ~~-lml1,lV1 Ut'I-lY1~~lJV1 

Ei (lux) Atlrilf'1,)llJ~tl-l~r:il-ll"'U~tllJ ~riluwJ-lt'\lUj;)l Ei = rrLb 



4. CIE's Unified Gla re Rating System (UGR) 
..r 

tUJnln1C,jnlt'l'Wtl If;lU Intemational Commission on 

1995 Lu'W£umln~tllihh:;Lij'WLlt'l'llnC;Wn"lnLlt'l'llh:;~'\';J c;1'lLLM-11'W£'n.Jn1rY19 

5. Visual Comfort Probability (VCP) 

18 

Illumination (CIE) l'Wu 

... (9) 

C,jn~fij..J'Wl1lnU Illuminating Engineering Society of North America (IESNA) 

lin U ~ In L U'Wri11tlU f\::;'Iltl'l ~1 ~tl1 rn rift~ nt'l1J1U If1l1 'W~'W~i'Wl ~'l"::; 11 n1J Ll ~rl'l III L il(;1~ LU'W(;1'N lrnA'lii'll'Wl (;\ 

iJn~LYili'W c;1'lLlM'l1'Wf'1~n1rY110 

[ 

n 0.2 (n - 00914)] _ I (0.5Lsi (2 0.4WS i + 1.52ws i - 0.075)) 
VCP-279-110 Jog lO 044 

. P x Eavg 
[=1 

(10) 

6. Daylight Glare Probability (DGP) 

Jan Wienold U,f\::; Jens Christoffersen, 2008 1~lt'l'Wtl%n111mj~~mfiflnt'lJ11,)::; 

f'1lnU If11 L(;\tJ~l-1ti'l"l n Fl,)l ~'t.h" ::;LiJ'W'!Jtl-1~l'W,)'WFl'W~ Q n Llf'1-1ln (;1 Ir1l ru n1'W Ll Yl'W1fl n11~'W~f MJ11')::;('llntJ 

Ir1l"ln Llf'1-1ln fnlf1llVili'W i'lifl~iln11 11 f'l')1~~tl-1f'1'il-1m-11::;'Wlmf-1~~lll'vni,a:;c;11Jf'11t1V1l (Vertical Eye 

Illuminance - Ev) u'Yl'Wn1j'11Fl,)l~('l'il'li')hJ (L b ) Liitl-1"ln1~F\')1~ri'~~'Wfi~~n'il (ffinc;1'11i1if'ilF1')l~ 

,jl"l:::LU'W'lJtl'lLlf'1-1lnfnlf11"lnLlt'l'lU1~'Ill~ (Daylight Glare Probability ~1tl DGP) c;1'lLlf'1(;1'l1'Wf'1~n1rY111 

1J.f\::: 12 

..... (11) 

.. (12) 



Ev (lux) 

Ws (Sr) 

p 

... I..., I 0 _ 

Fltl FI1l-jl..J L'1tJ1Jtl-l LL'I-1fN n1 LtJL'1 

~tl Position Index 

"':;L~tJ~11tJnl1FiltJ')rwitJt'llm1(lLLtJntltln~LiliJ 2 ~')tJ ~tl 
1) nl1FiltJ')rwLlt'l-lUllnL'11llnm~'') hJ 

2) n11~ltJ,)rw eye illuminance llntJLLU-lllUntltlmn 

Level Glare Value Ranges 

DGP DGI UGR CGI 

Imperceptible < 0.35 <18 < 13 < 13 

Glare 

Perceptible Glare 0.35-0.40 18-24 13-22 13-22 

Disturbing Glare 0.40-0.45 24-31 22-28 22-28 

Intolerable Glare >0.45 >31 >28 >28 

2.2.1 LnOA"''YI1~~ltJU.~~~'h~ (Illuminance) 

19 

VCP 

80-100 

60-80 

40-60 

<40 

r;n11-l1:;r;1iJf'hn11~tl-lt'l~1-l~LLtJ:;1.l1llntJ Illuminating Engineering Society of North 

America (IESNA) Hillt'lln-lrhn11~tl-lt'l<)I-l (Illuminance) ~iJtJitJtj')1tJLLtJ')tJtltJ (Horizontal Illuminance) 

.J' - 1 :: 'i' 1 - ~ J_ .J' '"'-I ~ " LL~:;UtJ')"jtJ~,) tJLLtJ,)L'1-l (Vertica l Illuminance) \lntJ tJ-lltJ,)"'tJtJ')"j"'11rull'tl')"jl:;')"jtJY1¥'11tJn-lltJ'ntJlr?ll~n 

(Priva te Office) l~tl~"'11rwl"'ln(;nn-l~ 3 ",:;')"jU<)lrilllt'l-lUlr?lL'11llntJL'1N (Direc t Glare) liltJl.h:;l~tJ'I-1~-l 

1tJnl1tltl n LLUU (Design Issues) ~~1 FI t1Jl.nn ~~ 1 tJ~tl-l1Jtl-l FI,)Il..J~tl-lt'l~I-litJ1~ II tJ:;1.l1 rll FI,)Il..Jt'ltl-lt'l'i'I-:J 

iJtJitJ~')1tJLLtJ,)tJtltJ (Horizontal Illuminance) mi1tJ'I-1l..J'Jln E LlntJ)1ri1500 lux Ll~:; LLtJ:;1.l1rllF1,)Il..Jt'ltl-lt'l~I~ . 
iJtJitJ~')1tJLLtJ,)~-l (Vertica l Illuminance) tl~1tJ'I-1l..J,)r?l B llntJnri150 lux 
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i1I1~l~~ 3 U.~"'~filn1~~tl~~11~~LL'W::: Ull"'tJ Illuminating Engineering Society of North America (IESNA) 

INTERIOR 
OCATIONS AND TASKS 

Ices (13) 
Filing (see Reading) _ 
General and private offices (see Reading) 

Open plan offiCe _ 
Intensive VOT use 

Open plan office 
Intermittent VOT use 

Private off tee 
Ubraries (see Ubraries) 
Lobbies. kNnges. and reception areas 
Mail sorting 

, 

. 
co 
~ 

.; 
c 
co 

~ 

~ ;;; 
!' i! 
0; c 1 ~ 

0 u 
3 g u 

0 -g "C U c .. .. -g c 

~ 0 e .~ 
c. g <I) I "0 i! .. ill '" !' g Co c .'!! 

~ 
c. E " « .. (; .51' U 

c. >. ~ c. "0 .. 
U 0 

~ 
.~ 

.!! 

~I 
~ ~ .. .. ~ 

8 ii: u 

~ ~ "lJi 
~ {!. <I) 

<I) 
E 

:8 c c 8 0 0 

e .§ c c: ,g '0 en "5 
"C @ ~ 

R 

c " e ;;; ~ :;; i5 i5 c 

~ :c :c ~ !!' .51' 

'" 13 .. 
1> 
0 
(; 
~ ; ~ I e 

E .. 
'0 B 
g> '0 "C 

~ ~ 1i 
"C .S 'i 0 0 

[J . : 

n . Impo an or 001 ap !CO 

c 
0 

'" .~ :c 
r " "0 co C "C X .~ .2 c 

~ "C E " .. :c " " ;; g £ ~ 
~ E t! .. c 

" ~ il 'i c .. 
c: ~ "C .2 0 C ~ ~ Co g ~ 

" E u ~ ;; .. " co Iii ~ ~ .. 
:0 

~ " 
-;;; 

0 
t: C I w .~ e "C u -;;; " -;;; 'e 

~ 
;;; .. !. > <! > 

'" c c (; € u .. .c 0 0 <I) 

~ 
.. 0 u u u c ~ c 11 
'ai l:!l Il E 0 0 0 c 

il ~ ~ ~ 
co .. !' 

~ ~ .. ;;; " .!!! 
0 c. ~ ;;; (; .. 

<I) <I) '" <I) u Z 
Ch. l1 

I - I 

~hn: IESNA lighting handbook(9th edition) IESNA publication. New York. 2000 

..,.j I I 

~ln-lYi 4 U.~"'..Jf11f111i.Jf'i11..Ji.Jl~~.:!1'W'IItl~ Illuminating Engineering Society of North America (IESNA) 

A 

B 

c 

" . " 
Yl'\.,lYl1i!~lU(;ll~::u::l'\.,l 
" , ... "". 

~'\.,I'YIvn'll'W 

o m~Vil'11'\.,1Yli1f'1'.l1i.J Lmm.Jj;h'l~'1 LLf'l::~'.lt.nr'l~tli1'11'\.,11(il1",cY 

E mffil'11'\.,1~i1f'1'.l1l-JLmuuj;jl'1~'1Uf'l::I1i'.l",U'l~tli1'11'\.,11(ilL~n 

",1tlmffil'11'\.,1~i1 f'I'.lli.J LUffiUj;jl'1 ~1 LLfi::~'.l",U'l~tli1'11'\.,11(il1 "'cY 

F mffil'11'\.,1~i1f'1,)1l-JLUffiU~1'1~1Ufi::I1i')",U'l~tli1'11'\.,11Ci1L~n 

G 

30 Ix 

50 Ix 

100 Ix 

300 Ix 

500 Ix 

1000 Ix 

3000-1 0000 Ix 

r,nn ~1~~~ 4 "l ::: LL~ (il..J filf'1tl..J~11..J~ u.'W:::ul1'W~'W~f'11'Wj;h~1'11tl~~lUn..Jl'W r11 r;i~n~l,)Lth.u;hn1~ 

~tl..Jf'i11..JL(ilm'U~tJ~LL'W:::,.jl ~LLM~~..Jfilf1,)1i.J~tl..Jf'i11..J~liIYhn"lm~l-JJ''\.,I1 L"'tJil~tJt~:::L~tJ(ilmi.Jlnl~'1~ 4 

1 'W..Jl'W~4' tJif"'l:::Yil nT),~l ~tl..J ~111'Yi u.~~~"'I::: H1'Wiitl~~ltrn..Jl'W'II'Wl CiI L~n (Private Office) ~1il 

n"lmn.JYil..Jl'W~iJ f111i.J LmmJ I'il..J'IItl~-.l1'W~1 ~~ltJ m1..h'Wnrn-.l 1.-I1tlI1i11.-1tr..J~tl~)..)tl..Ji1'11'Wl ~ L~n ~..J L~tln 1 ~ 

mruf111i.Jf'i11..J1'W1:::c;1lJ~'W~Yil..Jl'W~ 500 ~n'lf 
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" '" 2.2 .2 Lnru't'l'YI,~",'Uu.~·nJ'''~1 (Discomfort Glare) 

1Il ru-n1tl-.l UI'\-.lUl '" Vlli:1i-.llnru-nYll-.l ~l1JUI'\-.ll.h~~'M"JU~~Yl1-.l ~'1JUI'\-.l"lntiT'lU1l1 ~ ~-.l11Jn1'l 
1..ftJd'l~tln1ihnru-nfl':mJ111"1~liJ1J'ntl-.lU~-.lUl"'1R1"11nU~-.lfim.J'!I1~ (Daylight Glare Probability ,...ffi DGP) 

1) liJ1JlIlru-n~~~1Jll.Jl"ln U~-.lfi'j"j'l.J'!Il~t"'tJVlN 

2) liJ1JlIlru-n~Hr11"11ni-.ltJ,.jll.Jll~~U bJl'lir11 ru ,1'I1C'1 11J'Il,)-.ll')ftl""~-.l 
.. ..r ~ 'i" _ \', 'PI 

lIlru"t11J\jnYiIii--J1Jl LVltJ Jan Wienold Uft::: Jens Christoffersen, 2008 LC'lUfllfl'lll.J1Jl"1:::Lu1J 

1tl-.lU~-.lU1~1R1"11nU~-.lfim.J'!I1~ (Daylight Glare Probability ,...1tl DGP) ~1~,,~iir11 0-1 ~-.lU-.lUtln()-.l'ttltJ 

DGP 

Level Glare Value Ranges 

Imperceptible Glare < 0.35 

Perceptible Glare 0.35-0.40 

Disturbing Glare 0.40-0.45 

Intolerable Glare >0.45 

"Ilnffll'll-.lYiU",h r11~ Cjllltll fll'l~ll.Jl'lC1Utll.Jfu r11 U~-.lU1 ",j;11 lMu 1~ ii r11 hiLn1J 0.40 ~tl1JtlU 

nrJl'l~~U Disturbing Glare ~-.ltX1J r11 DGP ~l.JlnnrJl 0.40 ~tlrJlliJ1JI'i1~~1iI-.ll1Jtl1fll'lG-l.JCJnU~-.lUl"'1'I1 

'lum1J 11Jn1:n.l'i':::liJ1Jr11 DGP ~~tlrJlliJ1Jr11~ful~ ~tli1r11 DGP hiLn1J 0.40 

2.2.3 fill'1'l1~~~'L~WI!l'!l'!l.:lu.jI.:Ijl11.:1 (Uniformity of Illumination) 

l1J~1J~yjl-.ll1J~tl-.l n1'lfl'lll.J~~'lf'll.Jtl'!.ltl~ Uf'l-.l~rJl-.l11Ju1l 'l rulJil-.l11nfh~u-.l n1J u~:::ihJnJ1ru 

U~-.l~rJl-.l Yitll""l.Jl~nuin'M"ru~n1'l 11i-.ll1J t"'W'1'l1l.J~~llf'll.Jtl1tl-.llLI'\-.lf'lrJl-.l~1l.JlrClm l~"Ilnl'\l.Jn1~ 13 

Em 
U = X 100 

Em + ESD 
..... (13) 

u ~tl ril fl'lll.J~~lll'\l.Jtl'lltl-.l FI'lll.Jt'ltl~ I'\rJl-.l 

~tl r11 L ~~tJ'!.Itl-.l f'l'lll.J~tl-.ll'\rJl-.ll1 nl'i C'I~yj'n1'11' '" 

~tl ri lltitJ--ll U1Jl.Jl Vl'lfjl1J'lItl-.l r11 FI'lll.Jt'ltl-.ll'\rJl-.lYlnl" ",~yj'n1'11' C'I .. , , 

2.2 .4 1'I'l1l.J~11.:1~'U.jI:;I'I'lI~jl11.:1 (Luminance and Brightness) 

1l1'll.Jtl-.ll~1J11MC1(;\l-.l1 l~i", l "I1J,...1tl hitX1.J;f1.Jtl~nl.l'n1.JlIfl1tl~lffl C1,...1tl~'!.Itl-.llffl C1 nl FI,)ll.Jf'lrJl-.l 

hi l Y;tJ-.lYitl"l~yjl1 ~ l l1f'lll.Jl'lCl UtJ n utJ~llR rjtX1.Jl ViftlUl n ~-.l nil VlrjtXwlli-.l LFI~tl1.J~tl~ n"l:::~tl-.l11l Uf'\-.l~rJl~ 
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i-J1n('WL~tl~"l:;1~Lii'W1VlC"l1~irnL"l'W ~liJfI'l1i-JLmtJulfh-.l'lJtl-.lrYni-J'lJ1'l - ~1 UtltJ ..,ffii1ftm~ru:;f'1~htJ1 rl'W 

..,1tl'll'W1 rn'lJtl-.l1 IfI r)~-.l L~ n n ~tl-.l nlnL~-.l~rJ1-.l i-J1 n LLf'l:; mn 1 'Wnl'llJtl-.l L~'Wn ~tl-.l L~i-Ji-J1 n~'W 
tl-.l rfth:;ntlu L "'~lti'''l:;~tl-.lt!.l hJt;r,;nn1.l1 1 'Wnl1tltl n LLUur:;UU LU'l-.l~rJ1-.l nlltltl n LLUU LL~~~rJl~~ ~1~ 

...,.I "'..... '" '" o.o:l.... r, .... ..J" _ ...s 
mmC1..lLL~-.lYlmm:;~i-JCJnV!tl-.lnUnll1'l1-.l1'W ":;lfItl-.lf'11'W-.lrt-.ltl'lf'1th:;ntlUV!1'l 1 mnmtJ 1'WYl'W"I:;'Yi"l11rwlrt'l 

f'1'l1i-Jrl'i-J~'Wfi'lltl-.ltl-.lrflh:;ntlUIfl1-.l 1 ~'ln~l'l;h~~'W~iJ~ftm:;Ylurltlnln~'W 

1 'Wnlltltl n LLUur:;UU LL~'l~rJl'lvT'l hi ~tl'l ~li1'li1'ltl'l rflh:;ntlu~tl~ ItlU1 1 'WU1L 'l C1..l~r'hft~tltm LLUU 

l~LLri i'W wJ~ 'fJ1L'Yi"'1'W t~:; LLft:;:i'W 'l1'Wrl1'l1 trn£J~tl'lr.lrnli-i~'lL"'~lif~f'1'lli-J~rJl'l~l~tlMfttl'lnftl-mft'Wrl'W 
L ~tl ~'hl f'1'l1i-J~U1tJ 1fl1m'l~1£J IfIl (Visual Comfort) ~'liJnll~ mn L~tlmrl' rnl'l'l'Wf'1'll2-J LLIfI n Ifll'l'lJtl'l f'1'l12-J 

~rJ 1-.l~1~ ~tl'l nl11 'Wrl' rn~'l'W~ LLV! n Ifl 1'l n'Wtltl n ltl'lJtl-.l ~ i-J2-Jtl-.ltl n ~~-.liJtl 1f111~'l'W~-.llfltlltlif 
tlIf111!"1'l'Wf'1'l 1 i-J~rJ1'l~1 (Brightness Ratio) 1'W~ti''''i-J1£Ji1'ltlIfl11~'l'WI:;'''rJ1'lf'1'l1i-J~rJ1~~1'lJtl'li'W 

~ l 'Wnu ~'l~ tl~ 1tlU:B'W'l1'Wi'W t(;1tJ L ~'Yi1:;:B'W'l1'W~ iJ ~ ritl'W~l'lij rn nrJ1i'W~~tl ~~1'l L~EJ'l t(;1 EJ'Yim EJll-Jr.lrn 1 i-i 

:B'W-.l 1 1~iJ f'1'l1i-J~11-.l~lUtltJnl1i'W ~~tl~~l~ L~m b-JLn'Wtllfll1l'1'l'W 1/3 • 1 

nllm:;"lEJf'1'l1l-J~11'l (Luminance Distribution) 3 l'W~i-Ji-Jtl-.l'lJtl-.lnlli-Jtl'lL~'W (Field of View) VI 

fI'lUfli-Jn1ru1U(;)'l'lJtl~~1£J1fl1 (Adaptation) ;'liJ~ftlfltlmll-Jtl'lL~'Wi'W'll'W (Task Visibility) Lrn£Jnlruruf'1'lll-J 

~rJ1'l~iJ~i-J (;)f'li'W ,,:;,h£J l'Wnln~i-JfI'lll-Jf'1i-Ji r;) (f'1'll2-Jirn L"'W'lJtl-.l1rl'm11"!.J), fI'lli-J}~n 1'llfltl f'1'l1i-J L,JffiUI1l1'l 

(n11LL£Jn LL£J :; 1 'Wc;.tl-.l f'1'l1i-J LLlflnrl1-.l L~nUtltJ'lJtl~f'1'lli-J~ (h-.l) LLf'l:;tlj':;~Ylfi.rnYi 1 'WmJlJtl-.lL~'W (L'II'Wnlrnrn'lltl'l 

~1 'W1fl 1 , nlrufU~l£Jlf11) 

'Wtl n"l nti'n11m:;"1£J fI'l1i-J~rj1-.l (Lu minance Distribution) 1'W~i-Jl-Jtl-.l'lJtl-.lnlli-Jtl-.lL~'WU'liJ~f'll1ltl 

fI 'l 1i-J~U 1 tJm-.l~1£J1fl1 ;-.l~i-Jf'1'l~":;..,~m~£J-.lf'1'l1i-J~11-.l~iJ f'h~-.li-Jln (~-.ltll" li-if'1'lli-J~l~~-.l L-rl'Wn'W), f'1'l1i-J 

LmtJu 1fl1-.l'lJtl-.l f'1 'l1 i-J~11-.l~iJ ri1~-.llJ1 n (;-.l L U'W~l m lJ)~Yi11 i-i rn'l'l1fl1 Ln rn f'1'l1l-J L~tl £Jft1 Liitl-.l"l nnl rururl'l'lJtl-.l 

, I ..... J" ~'" ...., .......... J I 

fI'l1i-J~'l1-.l1:; "" 'l 1-.l~1'WnUYi'WYl'1l1-.l1.f'1£J-.l (Task-Io-Immediate Surround) fltl 3. 1 LLft:;tllfln~'l'Wf'1'll2-Jt'I'll-.l 

1:;..,rj1-.l~1'Wnui'W~LV1mtluvT'lltl (Task-Io-General Background) ~tl m 1 LLft:;l'W~'l'Wri1nlJt'I:;¥itl-.lLL~'l 

( Refleclance)LLf'l:;tlIfl11~'l'WfI'l1i-J~tN~rJ1~ (Iliu minance Ratio) i'W 1 i-it;"11C1..l11f112-Jtlml!"1'l'Wf'1'l12-Jftl1'l 

(Luminance Ratio) 

2.3.1 m'i~m;l~~!J'Jn'lJm'iL~"I'i'll'fl.:JIPl'l~'fll;;"ii 

Lf'ln"'~'WltlU~'lLtl-.l 1 ItluHL'lf'll 1 1'W ;-.lYi11i-iLnrntll1n{]nlmrnf'l1-.l1'WLLft:;nf'l1'l~'W Lftn 

",,2-J'WltlU r;)'l-.ltl1Yi If1rJ 1 ItlU 1'WL 'If'l1 365 1'W Lrn£J":;",,2-J'WltlU LLn'WL ""i1tl -l~Yi1l-Jl-J nu L~'WIi-.l~ln 23 '12 tl-.ll"!l , " 

LLf'l:;iJ ft n~C1..l:; n1 rn~'WL U'W'l-.l11tlU rn'l-.ltl1Yi IfIrJ 

1'W1'W~ 21 B'W'l l f'1lJ 'li\Lf'lm..,\ltl"l:;tl~;,i1-.l"ln~mtl1Yilf1rJ).nn~~rn 6'rn2-J1 4 L~tl'W 1'W~ 21 

iJ'W1 f1i-J ,f'lLf'lm""i1tlu.f'l:;,f'lLrm1~tl~;,il-.l"nnrn'l-.ltllYiV!rJL'Yhn'W 6'rnl-J1 4 L~tl'W 1'W1'W~ 21 iJr)'W1tJ'W ,r'ltf'ln 
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mlltl,,:;tlfJ1n~"''l,:jfl1~j;lthnn~f'\(;l Uf'\:;~n 4 l~tl1..l6(;llJl 11..lt)1..l~ 21 n1..ltl1U1..l ,f'lL~mmlltluft::,f'lLftni.~,,:; 

tl~~I~"ln (;l'l~fl1~ LtlUl vii rl1..l~ n Flf~~ti~ ~~ ~1 U ml~'Iltl~ Lft n~ lU~U1..l1uJ1..lil ~ft tJltl u.~,:j~ Lii (;lif1..l ~,:jt'lllJl1C1 
t'ltUt)1..l~Ir1 C1J~n~l,)lJl1~ c;1,:j;f~tl 

t)1..lYi 21 fi1..l'lll'1lJ 

t)1..lYi 21 il1..l1FllJ U~:; 21 rl1..lU1U1..l 

t)1..lYl 21 i}Cl1..l1U1..l 

C1un~1 l~lJltT'W (Winter Solstice) 

C1un111lfJlJI (Equinox) 

i1tln~1 FlmlJltJ1..l (Summer Solstice) 

t.l"'!O~l..o!e_\04.",:!,,~_ _ _ . S:.5~g ·_e~~w!..~!) _ _ 

.... SUN 

mY1~ 11 llt'l(;l ,ml1LFl"rtJtl~tf'\mtlU(;l'l~tll~IJIU 

~lJl : Ltl1~1., \!'i'DJt'llJI1Y1 25 14. 01'i'tltlnUUUi'lmUlntlnm.Jli1tl~1f)1..l11..lU'i'::LYlf'l1vltl. Flru:: 

t'lrnUlntlnm-lP11t'lVl1: lJm1Y1U1~tl~f'\Ulm, ~\:n 61 

14
0 

SUN CHART 

~: 

, : ', 1 

~~~lIi1lrilliliiiii~ii~~~ ' . 
c. 

,', 

. ' 

". 

~ . '. ,. -" 
':'; " 

,., .. ~ 

mY1~ 12 Ut'l(;l~~lu~l1~m'i'tF\.,rtJtl~(;l'l~tl l~InU~~I U~l1~ft::~'(;l~ 14 tl~f'llmi1tl 

~lJ1 : 1J11~1" \!'i'DJt'llJI1Y1 25 14. 01'i'f)tlmLlJlJi'ltnUl1\umnJLi1f)~1f)1..l11..lU7;;LYl!'I1YltL I'lru:: 

t'lC11Ulntlmn.lP11t'l1n1 . lJm1Y1U1~tl~f'\Ulm, ~i:il 64 
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llt'\~t'\'il~~1 nYltl~yh 11.Ju1l 'J ru~'h ll"nl~'lJtl~ "''J ~ tll.y; lJlrJ~:::ii fllmn n'ilu1l'J ru~1.J1'11tl~Yltl~t;h llft ::: 

~111 'I-lil~ c;1~ n ~1'J "l:::l U~tl1.Jll1.h'l~ ml-J l 'J f'l 111.J1tlU-)'U i~;fl Yin:::f~~ (;1'J~tll.y; ~rJU1l 'J ru 1nft l~tI~(;1'J~tl1.y; L'lrJ"l ::: 

t1 nm::: l~~ (Scatter) ~ln ll-Jlf'lnf'ltl1mf'1 W'Uf'l:::tltl~ll-J'J.J l-Jlnn'ilu1l'Jru~~I~tltln l u ~1'1-1fumnu~tl1.JllUf'l~ 
~ . . 
'lJtl~ llt'\ ~ t'\ 'il ~L'lIl-JCl ~ m~ 1 'U1tlUtJ~ :::~'U11UM1Yi ~1.JYhtll nil'! ~~ii ~~l-Jl"ll n~l-Jl-J1f\l-J L'l:::1'1.JtltlnL ~tI~ miltl 

llf'l:::f'll-Jl-J1~l-J lJl :::-)1.JL'l n l1ltl~ 1~ l(;1 tll-J1~l-J c;1~ n~I 'J"l:::ii ~f'll1itlilll-J1 rull-J'J.J~~n ~~ l(;1t1 L'lN I1itlilll-JlruUt'\~"I1 n 

Yltl~yh 'Utln"l l n;fu~;f'UnunlnU~tI'UllUf'l~YI1~l~'UunnD (Apparent Path) 'lItl~(;1'J~tl1Yi~rJu'UYltl~yh~htl 

n ~I'J ~tl YI1~ l~'UunnD'1ltl~ (;1'J~tl1.y;L'lrJ"I::: fltltl1l~tl'U"l1 nYi I'!lblliil'1-11lt'hll:!'UrJflL'l1Yitl~Yh;~ 1111i ~1.Jtlll~::: 

lFl~tl'U~;f'U lut'\~t'\ (;11 'Ul~tl'Ui) C1'U1 tl1.J "11 ni'U~:::LFl~tl'U~ nftumu~iinYh 1M~"I(;1~It'\ (;11 'Ul~tl'Ufi'U'J1 Fll-J nl1 
'V .. , .. , 

2.3.2 LL1l 'l fi~·HJ"lI l ~fhil"li,!} 'UtJ~'YI1.:J~l'U~-"~ 

n 111 ii Ll t'\~ fi11l-J"!l1 ~1 'Utl l Fll ri'JtI L ~l-JU1:::~Ylfi mYi 1 'Unl1t'itl~t'\'il~tl th~il" CWllYi ~ (;1 m11 ii 

Yi ft~~ I'U 1 Yllfh lLf'l :::"li 'J tl ~~ It'\1l-J Fl CWllYi~ ~1 'Unl11il~I'U 1 'Utll Fl l 1 ru llUU mrul ut'\~n1l-J"!!1 ~l-Jl1 in 'Utll Fl l 1 . . 
t'\ 1 l-J l 1C1 llU~ ml-JYi f'1Y11 ~l~ 2 I U LLUU ~tl llt'\ ~ jj1nJ"!l I ~~l;h"litl~LD(;1~I'Uiil~tllFll 1 (Side Lighting) llf'l ::: llt'\~ 

nnl-J'Il l ~~ Lii l 'litl ~ LD (;1 ~1 'UU'U (Top Lighting) ~~ 1 'U~I'U'3{tlif"l ::: ~n'cr1 L llYil:::ll~'lfinl-J"!lI~~liil'litl 'lLD(;1 
... 

"... '" , .... 
(;1 1 1.J"!l 1 ~ tl1 Fl l nYl l 'U'U 

2.3.2.1 U1l 'l fi~~l-J"lil~fhil'Y11 'l "li,!} 'l LtJ ~~I1.Jil'l,!}lf'11 ~ 

Ll'l-l~~ri 1 L ij", Llt'\'lml~~1n 'l-lf'l l tl"'l'" L'li'U llt'\~"'llnV1tl~yh ll~~t'\ ::: V1tl'U"I 1 nmtl'Utln llf'l ::: 

m 1t'\ :::Yltl'U lLt'\~m tl1 'Utl1 Fl11 "11 n nl 1~ m~IYiu'i li1tl ~ ~tl"li 'J tll~1l-Jt'\11~l-jl-Jl-Jtl~~~1 'Um ni1~1'U ~1 l-J 1 1C1l-Jtl~ 
I .-J ,., .. d _ 

!l!l n~Jl1 tl 'U!l n lLInl-J'lJ!llt'\ tl Fl!ltl1"1 Ln(;1llt'\ ~U l (;11n11U n'l 'U 

2.3.2.2 "lu~li'l "li,!} .:J LtJ ~ 'YI1 'l ~11.Jil .:J 

Egan and Olgyay (2002) 1~ mil'J 1~'i1~111 'I-lil~1!l'lliJ (;1Y11~~1 'Uii1 ~il ~~~!lllt'\~~L ii i 

m1'Uii tl ~ ~ ~ t'\ 1 l-J1 1 C1~1ll'Un ~ 1 ll'l-lil~'1l!l ~"li!l~liJ",1~ 3 llUUc;1~;f 

2.3 .2.2.1 'litl'l LiJ(;11 'J ~~I~ 

'li!l~ LiJ ",'li 'J ~ ~ 1~"I ::: il m niJ (;11!l~ LiJ (;1~ Fl1 1 l-Jt'\~"'l1 n1::: c;1u~'Uiitl-l ~~j':::c;1U~ 0.90 . 
Ll-J L'l1 l(;1tl~ ::: 1~1:::u llt'\~t'\ :::Yltl'U~1 nu1L'J ru~tlr.J1nftl(;1tl1tlU 'I-Iffiu1L'Jru~tl~~1n'il j':::c;1Ut'\ltlL'l1 L"li'U llf'l'l 

~ ::: Yltl'U"I 1 ni'U~'U llf'l ::: ~1 t'\ ::: Yltl'Ull~'l l (;1tl"1 ::: hi fltltlilD C'1!'1-11 ~tl-l Fl11l-J~lll~:::Fl11l-Jffi'U~ 1 n llt'\'lll(;1 (;1 uviil 

iitl L~tl ~tl ~ ::: Ln "'ftn~ru:::'lJ!l'l Fl 'J1l-J L llitluj;i1 ~ (Contrast) 1 :::'I-I'i 1 -l~iJ~,h-lu'U"litl'l LD(;1nuu1l1ru~hLYi(;11'U ll.f'l::: 

U~~1 n ",yf 1'!'U'3 ~tl~ In (;1;f'U~ n ~1 tl 

2.3.2.2.2 'litl 'l LD ",'li1 -.1nf'l1'l 

'li!l~ liJ (;111-.1 nf'l1~ t'\ 1 l-J 1 1C1YiU l~'U 1~i11t) l(;1 tl"l ::: ilmniJ (;1"litl'l LiJ (;1~ Fl'Jll-JM"Iln . 
~'Uiitl 'l U1 ::: l-J 1 ru 0.90-2 .00 ll-JlJl1 l~fu ll.t'\ 'l t'\ :::Yltl'U"'llnu1l'JcuL(;1tl1tlU ll.(;]"I:::iim1~:::Yltl'Ull.t'\-l"nn~1.J~'Uliil 
mmtl1 'Uil!l tl n'i1 nln iJ ",'li!l 'l LiJ (;1'li 'J~ ~1~ ll(;]ilyf 1'!'U'3 ~tI~ ~ n'i1 llUU~'U L Ctl'l"l1ntl~~1::: c;1U ll. 'U'Jt'\ l tlm iitll~tI 

~tlililll-J 1 ruLlt'\ 'l ~ 1 ).Jl n l l?1tl L llYi1 :::u1L 'l ru~tlr.J1nft rlUW:J1 [;J l 'l ~'lf'l1).J11C1 Ldl1'lJ 1~t(;1tlm11iifj1Jn1rWU'l1l(;1 (;1 

~1tl m 1U f u Fl'l1 ).Jf'l1 (;1 L ~tI'l'lJtl'lm:::~ n 
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.. 
Yl~'n n Ilfq~ Illil CiHWN 

m~"I1tJ tl'1tJiJ~t)l~tJ~t)lfhn rullfq~"I~ bJ lYim~t) 11.JU1l'lru~iJnl'11ii~11.J lnt'hltmtllil iiYlf'l1.J1trtl~bJCihrn bJiJ 

tr cum ~t) ~ f'I'lllJ~ll Ct)~"11 nmJ l ~;:jt11:: ;Ufq1 tJj;I 1 
~ ~ 

Sunny sky: 

+----- Upper openin9 

Lower 

Middle~ __ 
Lower ...... _. --__ . ............ 

5ft 15 ft 25ft 35 ft 

Overcast sky: 

_.-...... rlllumination 9radient 
........ (upper openin9) .......... ...... 

L
........ ..... ....... 

"--- ~.--.--~ ., 
Middle .......... _ ---- ... - ... --

Lower 

5 ft 15 ft 25 ft 35ft 

.... 
YllJ1 M. David Egan, Victor Olgyay. 2002. Architectural Lighting. i ld 

ed . New York: McGraw-Hili, 

~iJ1 110 

2.3.2.3 "II'Ulft"ll'2l.:J'Il'il'1Lilft'Y11.:J~1'U.ul.:J 

tL'ltJi'l hJtr"'~'l'i..l"lJt)~'rit)~ltJ ",iJ Fl'lllJtrlJ'.,.f'i..lfinuftn~ru~m1~t)~t'lrj1~ 2 nnu ~t) 

FI'lllJtrlJ~'i..lfi nUmlJ1 ru LL('I\~ Ilfl~ft n~~n1Jn 1::"11 tJ Ilt'\~~~t)~ eJl'i..ll ~lm6~~1.J~mu 1 'i..li~ 1l1.J'l n'h~ U1'l 

llfl~Il'i..l'l;~ L"'tJFl'lllJ~n"!Jt)~iit)~hjFl'lnn'i..l 2.5 H l~t) H ~t)1::;U~~f\L'I"!Jt)~'Ilt)~ltlL'l ;~LLfqlil~1WllV.~ 14 

lLfl~ 15 



Smaller Window 
Larger Window 

¥' 

.. '( .... _,"",: :'£, ..... ,J ," ;, < '". ,_F/"~'f..~"', 

'-,,--~~--- --. - - ~ 

Yi}.Jl . Mohanled Boubekri. 2008. Daylighting. Architecture and Health; Building Design 

Strategies. 1
51 

ed. Great Britain: Architectural Press, 113 

Minimize exterior 
obstructions which may 
block amount of sky 
"seen" by task --- . 

-­
, 

{-.' - " - ------ D 

--- Do not exceed'" 2.5 H 
for unilateral dayiighting 

- --~---"-- -I' 

I -- Use h ig h window location 

ground light 

I 
I 

/ (to see brightest part 

J
. of sky) 

.' -- Slope ceiling to rear (to 
reduce interior surface 

r;:=::;;z::;:=::::::.:;~=====;;z!:::.::;-"] area) 

N:-=-------.:::::rl---- Shade direct view of sky 

I+---cf--+--------+j-_ .... -- Maximize ceiling height 

--- Use high-reflectance surfaces 

~----I+--- Illumination gradient 

26 

~~l : M. David Egan, Victor Olgyay. 2002. Architectural Lighting. 2')(j ed. New York: McGraw-Hili, 

.,.,iJl 100 

(2) Yif'l1~ iJnl11~u.t'l-lt'lrjl-l~~!ltil-lL~~~'...! !l!lmLUUt1tJnmrU-lLLI?11?11~~"m 

(3) Yif'lrn:::i'...!!l!ln Yif'lrn:::iw,m !l!lmLuut1tJnniiu-lLLI?11?11~mn~f'\I?1L~tl-l"llnLLf'\-l 
. . 
Yl lf.j~ rn l 



27 

• ..1..1 ... .. ~ 

2.3.3.1 ~:l-Jj;l1~ "JY1Lne'l'll~~ L'1.Jn1'i~~nLLUULUH'HLLIl" 

ltJn l 1tltln UUIJ LLt.J~tT~ u~~nr'W ~~~1 F1C1J~tl nl'j'Y)11UO~ }'p.Jf;h~1~ LnVl"lln ~lUlnJ~ tr)"I1'tItl~ 

2.3.3.1.1 l-j}..Jm::;lil (Altitude Angle) ~tll-j}..J~VI'l~tl1YiJ;!Um::;lil"11~1'Wu'W'l~~nu 
1::; 'W1 U'!Jtluvh tll'Wrhl~l~htll-j}..J~VI (Profile Angle) nUl-jwCm (Azimuth .. i'1tl Bearing Angle) 

2.3.3.1 .2 l-j}..JLCm (Azimuth Angle) ~tll-j}..JiYif'l'YI1~VI'l~tllYij;j!J1'WLL'W'lJ1U lilnuYif'l 

L'.-1um·;;'tll~ (True North , True South) ~'l'W}..JlnHYif'll~ L~J1::;l'WL'!Jj;j~::;~~VlL'.-1i1tl ~l'WYil'll~"I::;LiI'W~l'W~ 

~11"1~ 

2.3.3. 1.3 l-j}..Ji11V1 (Profile Angle) ~tl l-j}..J~1::;I'iU'1Jtl~VI'l-ltllYij;jUm:::lilL'WLL'W,)'1::;'W1U 

~i~~l1 n nu ~J1.r~ tl l Fl l 1 ril'!Jtl~l-j}..J ~VI"I ::; UI11 nf;h~h.J"Il nril'!Jfl~l-j}..Jm::;lil Uf'l:::L'Wnl1fltl n uuu rill-j}..J~Vlil 

Fl') 1 }..J~ 1 1"1 ~}..J l n n ':il l-j}..J m ::;lil L ~J1::;~1}..Jl1C1..Jll U'.-11 rll Fl'll}..Jft n'!Jfl~ Ut.J~tT~ UVI VI U'W'l'Wfl'W l~ 

N 
AZIMUTH 

, , 

ALTITUDE 

m~Yi 16 U~VI~ l-j}..JLurN (Azimuth) u~ ::; l-j}..Jm::;Yi1 (Altitude Angle) 

2. 3.3. 1.4 Horizontal Shadow Angle '.-11tl HSA. ~flFl'l l }..JLLl11mh .a::;'.-1':il~l-j}..JLiitl~'!Jfl~ 

t.JtJ~ nUl-jw,j tJ ~ 'IJfl -l ~ 'l ~fl1Yil'lU I'i-lUM~l'W~}..Jnl~ 14 

HSA = Sunazimuth - Sur!aceorientation ..... (14) 

2.3.3 .1 .5 Vertical Shadow Angle '.-11fl VSA. LiI'Wl-j}..J~1'ffl"lln~-lnftl-l'llfl~'l,mUftl-ln-l 

'1 f;1~~~ f;1~tl~U'W 1 ::; 'i.nU~ Ln J;)"I1 n l-j}..Jftl~~ ~ ~tl~ l-j}..J'!Jfl-l'lltl~ Ltl f;1 Uft::;-, VI ~-l nftl-l'llfl-l VI'l~tl1Vi j;jU I'i~ LL~ VI~ L 'W 

(
tan (SUnaltitude)) 

VSA = arctan () 
cos HSA 

..... (15) 



AL T = 47.3 deg 

Sun Azimuth 

... . 
Jl1'V'fYl 17 LLt'HMd-.jl-J HOrizontal Shadow Angle (HSA) 

... 

"o~ :; 
Al T = 47.3 deg 

111'V'jYl 18 LLM1'1mrnld-.jl-J Vertical Shadow Angle 

... 
Jl1'V'jYl 19 LL~~ '1 d-.jl-J Vertical Shadow Angle (VSA) 

28 
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( 
height ) 

depth = tan(VSA) 
..... (16) 

width = depth x tan(HSA) .... . (17) 

1 'W ~ ,)'W n l 1tl tl n U,UU~ 1 "'1U LLtJ,nJ-.l U,1iI 1iIYl1-.l ~ l'WVi f'\ In ::;r)'Wtltl n u,fI::;Vi f'\ f'1 ::;r)'Wf'1 mX'W ii f'1 ,)1l-l 

iuiitl'Wn~ll-lln ~-.l~tl-.l-W"llmnC1-.l'li,)-.lL,)fll~H-.ll'W U,fI::;'li,)-.lL')ftl~tJtll-l1~u,~-.lc.h'W nU'II'Wlli1'11tl~U,c.J-.lU~U,IiIIiI~ 
_ .1' 

LnWlJ'W 

1'Wn11tltlnu,UULLc.mJ-.lu,IiIIf) ~l-l Shadow Angles ~-.l;:Jf'1,)ll-l~lr1Cl!n~l~l-lL;jtJ-.lU,~::;l.!l-ln1::;vil 

'IJtl-.l If),)-.ltllVi f'1U L Ctl-.l"ll nl-ll-lY11-.l i-.l u,ft::;Y11-.l'Wtl'W~ Lii If)if'W ;:J f'l,)ll-l~l-lyfufi nUc.JU-.l~~tl~ n11flfln UUU , 

~ 
, I ' 

-* ,y, 

111')'jY121 LL~If)-.l~l-l Horizontal Shadow Angle (HSA) LLft::; Vertical Shadow Angle (VSA) 

., " , 
LLIf) If) LLUU U, 'W')'Wtl'W LL~-.lU-.l u,If)If) u,uu U'W,) ~-.l U,fI::;U,c.J-.lU-.l u,!'\!'\ UUU~f\l-l U'W')'Wtl'WU,fI::;LL\.I'lIJi'~ j;)~111')'jY1 22 
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~Cl1Ut;JtJnnd-Jf'll~t;Jf : d-J'\.n1'YlmfttlPl~thm , ..,tJl 64 
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KING POWER HEAD OFFICE 
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MCOT 

: A49 

'Yld-Jl : http://www.a49.com 
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---._--_ .. --_ ... _-------.. _------... _-------------;,---... -~--.. -
The New York Times Building AUA Rajadamri 

: Renzo Piano : Adul Pinsavana 

... 
Yl~l http://WVvW.lbl .gov/Science-ArticlesiArchive/sb-EETD-NYT-building .htmlu.ft:; 

http://thaiwebsites.com 

2.4.1 Dynamic Daylight Glare Evaluation 1"tI Jan Wienold '1:uilfl. f'i. 2009 

1"" 1"'1· I 1 • - ~ ..J 'I. I .r i?lLfttm "II Lu1u.m~ Radiance (Ward and Shakespeare. 1998) 't.mlT1'11,)~tl 'lI'hu1u.m~'W 

dJ'W Lumm~~i'hn'W Li?ltltll ~m~~n'lltl~ Backwa rd Raytracer v'h 1 ~r\1~11t141fttl-l mru~1iifr\~)}''W,)l,) lti1 

~~n f),)1 ~ ~1 r1 C1! j;]tl n11tn LLi'\~1J1 i?l (;n~ Ln i?l~'W L iitl-l~l n~l'W';j~tJtfL -w'Wn111 ~flunmrU-l u.i?l i?lflltl 1 'WfllFl1nu'W 

1-I~n Li?ltJ~~~tl~~L~tln1ii LU'Wl-m 45 tl~f'\l ~~Il1~~ 25 , , 

... 
Yl~l Wienold. J. 2009. Dynamic Daylight Glare Evaluation . Eleventh International IBPSA Conference. 

Glasgow. 2009. pp .944-950 
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2.5 ttl'aun'a~ Radiance 

hh ,Ln nJ Fltl).-l~'"ll[;1ddJ1..ilFlitl~ijtl~i:J r1'"l1).-l~' ri'1! 11..imn9rJ l~tl~"'n t'\l).-llm~'~tl~t'\mYi u '"lc;,~tl).-l 

Ll~:;l~tl1..ibj;h~11~mh~t'\).-l"'l1~ (Ward and Shakespeare, 1998) tc;,rJ~1).-l1'i(11;h~tllh:;Lii1..imF11~~ritl1..i 
tltlnuuu U~:;>lft~tltlnlluul~ 'l~'Yll1~m'i1iihJmn'i).-lvll ~1~r.ll~tl~ftn~ru:;~~fim.J"l!1~'i'"l).-l~~~~t1'j':;(A~j 

lMuFl'"ll).-lim).-l hJ'ilLn'i).-ll~mr1Ur1tl).-l~'"ll[;1tlfl~mr1UUt'\~t'\'il~miir11..itlth~UYii>l~lrJl1..i,:r."u1..i l'll1..i 

Lightscape, DIALux, Ecotec t liJ1..i~1..i t~rJhJnLn'i).-l Radiance ~H11..i~11..i19rJF1f~if dJ1..ihhu.nnJl~1lJ~).-l1 

rlitl).-lr1uhJ'illn'ilJ Ecotect 'lc;,rJhhun'i).-l~lm'iC1'i:;lj l~tln1'fl(;}tJ'j':;ntlUmFll'ivll~1Ui l'll1..i~,r~ n'j':;"'In 

l~tlrul.,tlf dJ1..i~1..i 'j''"l).Jii~n1'j'rh'>~1..i~n1'i'"ll~Yif'lYl1~~'"l'IJtl~mr11'i 'ltJ'iu.n'i).Jt'\lm'inr.ll~t)~~lJ ).Jt)~~Liic;,;f1..i 

L~tI ~-ln~tl~ Ll~:;ltJ~tl1..i"l!Q~'lJtl~ L~1..irl1~ l~tl ttJmn'i).J ~'U'"lruri'Fl'"ll).Jt'\'i,~ CffiU1tlrJ U~'"l ~l).Jl'iC1~ 

'ilrJ~ :; l ~rJt'l'IJtl~iitll;!~ n1'ir.l l~tl~ 1~11..ift n~ru:; vll~ 1 c;1~ vltlltJif 

1l1Yi Image ~tl1l1Yi~r.ll~tl~[;1 1).J1'1..i l '"l~1~ nl>l1..i~ ~~t'\1).Jl'iC1llM~1l1Yi l1..iftn~ru:; 11..i~).JlJt)~n1'il~1..i 

'lJtl~).J1i~U 

1l1Yil1..i~tJLluu False Color lihmlYi~LlM1~r.J~LiJ1..iril'h~~vll~1 YillM~'i:;c;1UF111).J~tl~~'il~ LL~:; 

~ , Lmu~~Yirilr1'"lI).J~t)~t'\'il~).Jl n~!,!c;, Ll~ :;~'~!,!~ lWllYi 

1l1Yi 261l1Yi Image Ll~:; False Color "'nm'ir.l'~t)~'ltJ'ilLnnJ Radiance 

Lt'lrJ 11..in1'i~n~1~9rJFl¥~if 1~Ul1l1Yi~r.ll~tl~ l~"Il n LtJmn'ilJ Radia nce ltJr.ll~tl~j;)tllu 'ltJ'iumlJ 

Evalglare l~tlUl1tJ>l1l'il F1'"l1).-lUl"1:;liJU'lJtl~Llt'l~U1c;,m" l mlt'\~fi'i'i).J"l!I~ (Daylight Glare Probability >l'1tl 

DGP) ~liit'l:[1..i Lc;,rJ"Iln~IU~9rJ'lJtl~ Wienold, J. 2009. 1~'Ylln1'iI?1'i'"l.,t'ltlUr111).JUll~tlritl'IJtl~LF1itJ"i1t)U.~1 
Yiu'ilil r1'"ll).JlYim I?1N 



.001 
'U'Yl'Yl 3 

-l1L.J~r.rtJ;L.Jd'1~1;F)fin11~r.rmi-lr.ilf'l'fl-l\'\cnL.Jn11ru (Simu lation Research) l~tlr.ilf'ltN'\nimtru:::'!ltl-l 

Ll~~ \'\r) 1--1 ~ In ~;tL.Jll1 tJ 1 L.Jtll f'11 n11:: l11Yl ~ 11rn ,n L.J 1 L.J'II'J--1l '1 f'l1 [;J l~ 1 t~ tJ llU--1iL.Jl'1tl L.Jn11~ Il ilL.J~IL.J~r.r tJtltl n lUL.J 
>-

5 ~'l L.J vI--1iJ 

~1L.J~ 1 m1nli.1L.Jt'1'!lL.Jl~~tl~l-JlI'l1~1L.J llf'l:::M'lll1.hf'1'luf'1l-J ~1il1L.J n11Yl~f'ltl--1 
~ , 

" f'1 'll l-Jtn'li.1tl ~ 

f'1 'lll-J ~~'!ltl~~tl~ 

J" ~ 
YfWYl c.JL.J~Il l tJL.Jtl n 

.... , ..J" ~ .... , , j ~ ...... 
tll'111 t'\'lL.J~L.JYli.1tJl l'll--1l'ltlYnJYl~L.J~tl1 f'1 11 (WNR) 

r1 1 n1 j\,\::Y1tlL.J llt'\--1Il1tJ 1 tJ'!ltl~ c.J1J--1 

r11 n1j\'\:::Y1tlL.Jllt'l~Il1tJ 1 tJ'!ltl--1c.hL ~ 11I 1 L.J 

, " 1 ~ f'11n11~::YltlL.Jllt'\~IlltJ L.J'!ltl~~L.J 

r11 n11t'l::Y1tlL.J llt'l~Il1 tJ 1 tJ'!ltl~ Hl:::Yi1~lL.J 

Visua l Transmission '!ltl~m:::"n 

3 .65ll-J1'l1 

4 .60 ll-J1'l1 

3 .00ll-Jm 

10 .95I'lUJ. 

50 % 

0. 5 

0.8 

0.2 

0.5 

0 .75 



o 
o 

4.60 .~ 
I 

L 
i 

............................. -1 
! 

1.30 . I 
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'1'1::"1 '1 VI 0.75 

f'l'J ll1J1f'l'J'LJ "llJtt.ll~Hhml1'Yl(;l~!l-lifl~ llri ~mYiYi!l-l~ l L(;lU lft!ln H~mYiVi!l-l~lltJt.lll'LJ'LJYi!l-l~ l 

hH-l (Clea r Sky) l~!l1~lVt.l~~m:;'YI'LJ'lI!l-lll~-l"l l niP\ 'N!l1~l?lu1~mh-1 -n(;ll"lt.l~~iP\ lCtl-1"llnn11Lf'l'lrrJ!l-1(;1'J'l 

!l l ~l'1tJ ll~:;YiM'YI1-l'!J!l-l'!l!l-lltJiP\!l1 f'l 11 i1 ~~f?i!lril f'l'J l lJU1"l:; dJt.l'll!l-lll~-1'LJ1iP\I'11"llml~-lfi11lJ'II1~ (Daylight 
, >-

Glare Probability , DGP) ll~:;ril f'l 'JllJ~'El-l~rjl-l~hniP\~t.l 

L(;lu1t.ln11~ 1 ~!l-1~!l-llJlIf1111'1 t.l"l:;~1~'El-l1t.l 4 YiM'YI1-llflllJYiM~'!ltl-1ltJiP\.xt.ll1i'l'\-l11~u.ri Yif'll\.lU!l YiI'lUi ... 
Yif'llfl:;1t.l!l'Eln ll~ :;Yi f'll?l:; 1t.llfln ll~:;~1~'El'l1t.l 31't.l~1r1'1!1~ll ri1t.l~ 2 1 ilt.llf'llJ 2 1 jJCJt.llUt.lll~:; 2 1 ftt.l'Jlf'llJ 

~-l1t.ln1j'~ 1 ~!l'lllf?i~:;1t.l"l:;~1~!l-lYlnl2 i 'lLiJ-l ;'lUf?il'J~l 800- 16 00 t.l.l~llrimn 8.0010 .0012.00 

14.00 U~:; 16.00 t.l. r;1-lnu~:;L~u(;I~1~llMl-11f11lJlflln'l~ 6 

pJuuunrru~mn No. 
ntlf\::Ltitl"'U~.:JU.:Ju"''''n11Lnu~tll;jf\ 

)if'! 21-iLPl. 21-i1.tl. 2 HU'L 

BC_01 
.. 

L\-IUtl • • • 
Q) I 
C/) r- - - - LUi co BC_02 • • • u 
Q) 
C/) 

BC_03 UI::tlutltln co • • • ID - -- -- -

BC_04 UI::1'uUln • • • 



36 

tl'i':::L'Y1f'\l'Y1tJiJyf'W~!l~ 'i':::'1-111-.l~:::~~(;1 5 !l,lPiI 30 fttlvn m\1!l tl-.l 20 !l-.lf'\l 30 fttl(;11 m\1!l LL~:::~!l-.l 

~~(;1tl'i':::l-JlCU 97 !l-Jf'\l 30 ~tl(f)l f;]:::tJ1J!l!ln tl-J 105 !l-Jf'\l 30 fttl>'ll f;]:::tJ'W!l!ln t(;1tJl'W-Jl'W~4"tJi'WtfU;L~!ln 

~IU'I-1-W-.l'!J!l-.ln~-.lL'Y1YnJmW'I'i' ~!l~ILL'I-11,i-.l~~:::~~(;114 !l-.lPiI fl!l-.l~~>'l~ 100.5 !l-.lPi ll'Wm'i'~lfl!l-J t>'ltJ 

~liJl'i'(1~~tlltl LLUU'!J!l-J LlW-JU-.l Ll>'l(;11~f;]liJr11 C1liJ7j4"tJ~I-J1 11 LLW-.lU-J LL>'l >'l~ uuu~I~1~-J Wfl~!lrilf),)liJ-Jl~::: 

dJ'W'!J!l-JLL~-.lUl>'lm~lnLL~-.lfi'i"i'l-J''l!I~ (Daylight Glare Probability, DGP) mh-Jh t>'ltJ~-Jlw'Wltl~'i':::tJ:::~'W 

ltl UUU'!J!l-.llLW-:JU-J LL(;1 >'l Llfl:::~i'I'Y1l-.l'!J!l-.lii!l-.l ti?ltJiJ~ UUUc;1-.l~!lltl1f 

1 'Wr11 C1liJ~4" tJ~ 1 LlW-JU.J LL>'l (;11tllL UU ~1-J1J''W~-J Wfl f;i!l ril f),)l iJ-Wl,,:::LiJ'W'!J!l-J U~.JUI ffI m~l n U~.J 
fi'i"i'iJ'I!l~ (Daylight Glare Probability, DGP) 'I-11!lbJmh.Jh 

ti?ltJnl'i'~n1~1'l-11f),)liJL1.-1iJl:::~iJ'!J!l.JLLW.JU-JUi?li?I~LLUU~I-J11'Wu~fl:::~ f'1'Y11.J J''Wl~L~!ln~tln'i'CWu.J 

LlMltluuumfn ~-:J~liJl'i'C1Yiul~i')ltl ~.Jtl'i':::ntlU~')tJ 

~tl nmJu.J LLffle;] LL'W')'Wtl'W 

~tln'i'ruu.J LLffle;]LL'W,);-.l 
~ 

~tl n 'i'ruU.J Ue;] e;] LLUU LL'W')'Wtl'W Llfl::: Ll 'W,) ~.Jtl 'i':::ntlU n'W 

1 'Wnl'!Ltf1tJu LYitJU LLW-JU.J Ue;] e;]~iJl'Ll LLUU LLf;] n ~l-Jn'WJ''W n1'i'Yi"l'i'CUl ~') LLtl'i'rI')U f')i..! tlPltJ 1 ~ U~-l[;l N~ln ffI,)-J 

!l1~[;luJ''W~Il-Jl'i'(1n'i':::yhl~tJln ~.JY;~1'i'CUlLLW.JU-JLL!?\(;1f;il.J1~'i':::tJ:::~'WLvi1n'W t>'ltJ~'WL1J'W'i':::tJ::: 0 .50 Li..!1fI'i'~-.l 
, , 

iJl-liJ Vertical Shadow Angle (VSA) '!J!l-JLLW.JU-.lLLi?li?lLL'W')'Wtl'WYi 56 !l-li'll LLfl::: 100 LiJlfI'i' Li..!1fI'i' ;-JiJl-liJ 

Vertica l Shadow Angle (VSA) '!J!l-JLLW-.lU.JLL!?\!?\LL'W,)'W!l'W~ 72 !l.Ji'll t>'ltJ~liJl'i'(1UU~!l!lnl~dJ'Wuw.JU-JLli?l>'l 5 

ltlLLuul~LLri LLr.J-.lU-.lLL(;1(;11tlLLUU A (LLr.J-lU-lLL(f)M'W,)'W!l'W) LLW~U.JLL(;1(;11tlLluu B (LLW-JU-JLl>'l(;1Ll'W');-l 2 ~1-l) 

LlW.JU.JLl(;1>'l~UUU C (LlW.JU-lU(;1i?1ll'W')'Wtl'WLlfl:::LL'W');.J 1 ~1-J) LLCNU.JLl>'l>'l~LlUU D (LlCNU-lLL>'l>'lU'W,)'W!l'Wllfl::: 

LL'W,);.J 1 ~1.J) LLW-lU-JLLi?I(;11tlLLUU E (LLr.J-lU-lLLMLL'W')'W!l'WLLfl:::Ll'W');-1 2 ~1~) t(;1tJli,h:::tJ:::~'W'1Itl-1"W~U-1LlIPI>'l 

Ll'W');-1i:h:::tJ:::lVl1nU'i':::tJ:::'1I Ll.J llr.J-JU-J U(;1>'l l'WLl 'W')'Wtl'W ~-1 LlMl-J lwnYi~ 30 

I . 
• UUII'lll>1J IItJU "~\I 

',-
l ' 

" "" 
~~" 

liL t' E 

mYi~ 30 LlMl.J~LlUU1.-1ffn'lltl.Jtltln'i'ruU-lLl>'l>'l~1i11'Wn1~1~tl.J 



1\mll~1~'El-.l"~~1~'El-.l1'-J 4 ~f'lY11-.l1f11~~f'I~'litl-.lLtJ{;1~'-J L~1\n UILLri ~f'lL'vICtl ~f'l1~ ~f'lf?l~r)'-Jtltln 

LL~~~f'lf?l~r)'-Jlf1n LL~~~1~tl-.l1'-J 3 r)'-Jth·lrul~LLrir)'-J~ 21 i:J'-Jlf'1~ 21 ~C1'-JltJ'-J LL~~ 21 i'-J,)lf'1~ ~-.l1'-Jn11 
~ , 

~1~'El-.lLL~~~r)'-J"~~1~tl-.ly!n12 i')L~-.l ~-.lLL~L,)~l 8 .00- 16.00 '-J. UiLLriL,)~l 8 .00 10001 2. 00 14.00 LLfl~ 

16.00 '-J. r;1-.lntJ~~L~tJ(?I~1~LL~(?I-.l1f11~f?lln-.l~ 7 LL~~ 8 

, " , 

1f11n-.lYl 7 LLf'\(?I-.lntJfl~L~tJ{;1n11~1~'El-.lf?l1~~1C11~1{UYi 1 yb~tJ~u'-J 0.50 L~1f11 

pJuuun1[l1~n1:n 
ntlfl::Ltitlj;lUt.l-3U-3LLI1lj;lmniiu~fllJ.fl 

No. 
~f'I 21-ii.f'l. 21-ii.tl. 2 Hl. f'l . 

A_01 .. 
LllUfl • • • 

~ 
;:J 

A_02 1!ii • • • g 
-;:! A_03 11l::1'uflfln • • • .... 

A_04 11l::1'ul1ln • • • 
8_01 .. 

LllUfl • • • 
[l) - - 8_02 1!ii ;:J • • • 
;:J 
::S 

"";:J 8_03 1il::1'uflfln • • • .... -

8_04 11l::1'Uvln • • • 
C_01 .. 

LllUfl • • • 
0 =-
;:J 

C_02 1~ • • • 
;:J 
::S 

"";:J C_03 11l::1'uflfln • • • ""'- -

C_04 1'I::1'ul1ln • • • 
0_01 .. 

LllUfl • • • 
0 
;:J 

0_02 1!ii • • • g 
"";:J -. 0_03 11l::1''-Jflfln • • • ""'- - -

0_04 1il::1'Ul'ln • • • 
E_01 .. 

LllUfl • • • 
w E_02 1bi • • • ;:J 
g 

C03 "";:J - . -- -- - 1'I::1'Utltln • • • .... -
E_04 

11l::1'Ul'ln • • • 
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r;nn-lYl8 ~(~~-lntJ'I'l:::L~tJ~m:i'~1'1'l'fl-l1111~~lrn~';)~tJYl1 Yl:i':::tJ:::Uhl 1.00 (~111~ 

No. 
21 -ii.l'l . 21-i1.U. 21-fi.l'l . 

.. 
LllUtl • • • 

• • • 
• • • 
• • • .. 

LllUtl • • • 
• • • 
• • • 
• • • .. 

LllUtl • • • 
• • • 

C03 • • • 
• • • 

... 
LllUtl • • • 

• • • 
• • • 
• • • .. 

LllUtl • • • 
• • • 
• • • 
• • • 

_I _I .... '" ~ 
3 .2.2 ~11.Ji1.J U.tJtJ(;l1~~1Cl1~'l·UI'Y1 2 . .. 
1U~1 rn~';)~tJ~ 2 ((c·mJ-l U~ ~ Uhl,)U'flhl~ih:::tJ:::~w;h-l rlU ~:::~'H.J ~r;itl rll Fl')1~\l1~ :::dJhl'1l'fl-l Ut'l-lUlV1 

1?1'I~lnU~-lfi1:i'W!l1~ (Daylight Glare Probabili ty, DGP) '-1'1'flL"J'flril-lh 

38 

(ti'fl-l~ln~(c .. mJ-lU~~((hl,)hl'flhliJm1H-llhl'flri1-lUyd'-1'1'lltJ ~-lL~'fln~~l:i'rwl'1'l:::L~tJ~ft\l1tl1hlmTHucN 
tT-lL(~~'!lU~\f~ Vertical Shadow Angle (VSA) r;il\l1 (~'fl'-11Fl')1~~~';Wr'1l'fl-ll..j~ VSA LLft:::rllF\,)1~\l1~:::dju 
'lJ 'fl-lLLt'l-lU1~l1I1~lmLt'l-lfin~'!ll~ (Dayligth Glare Proba bi lity, DGP) :i'')~Ci\lri1F\'lllJ~'fl-lt'l''h-l~LnV\;fu 
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n11YlnlJ~l-Jn1:::yh (Altitude Angle) LL~:::~l-JLdtJ-:l (Azimuth Angle) ~Liir1~\.! Yh1~~lm1t1"nril~l-J 

Horizontal Shadow Angle (HSA) LLf\:::l-jl-J Vertical Shadow Angle (VSA) 't~ "I'ln~l-Jn11~ 14 I.l~::: 15 ~~ii 

rilf'11l-Jf'1111~~ 9 L~'f)\ .. njl~l-jl-J VSA LLf\::: HSA 1cP1'i'\1l-Jl1C1n\.!LL'i'\~LLcP1cP1"11ncP1'1~'fl1Yif'1u1~i~"vIl-JcP1 lcP1U"I::: 

Yl"l'l1o.,nm rb L 1lyn::: 1l.1Yi PI mC'f) LL~:::Yi PlUi L C'f)~"I'lnYl'l~ ~'l.1Yi PI f'1:::1l.1'f)'f) n U~:::f'1:::1l.11n n bJ~1l-J'l1t1 nl.l 

U'i'\~ LLr1cP1"1'lnr1'1~'f)lYif'1tJ1~i~"vIl-JcP1 

f'1111~~ 9 LL~cP1~n11"v11Fil HSA LLf\::: VSA ~Liil?1;f\.!1\'!'h~L'1~'liJi'l~11\'!1.h:::LYlPl'tYltJ 
~"'L",\ifl m\1 8.00 9.00 1000 11 .00 12.00 13.00 14 .00 15.00 16.00 MIN 

ilJli 21 jjt)lJltJlJ 
'HSA 7 10 71 :'. 6? ~ 61,-! ?b:) -44 .B -6:'1 :~ -704 -7 1.4 26.2 

,-------, 
VSA :'B .8 ,'0 :) 70 ' ,-" b BO ., BO .6 /'8 7 14.B 6 /'.:30 58.8: 

-- -- ---

ilJli 21 i'JlJl l'\lJ 
HSA 96 .6 101 .6 109.0 122.9 156 .3 -14B .7 -119.9 -107.6 -100.7 

VSA -74.7 -75.2 -75 .3 -75 .4 -75.5 -75.4 -75.4 -75.3 -75. 1 -
ilJ~ 21 BlJ"lll'\lJ 

HSA 120 .7 127 .B 138.3 153 .6 174 .1 -163 .9 -145 .B -132.9 -1 24.1 

VSA -30 .9 -42 .1 -4 B.0 -5 1.0 -52.1 -5 1.B -49 .9 -45 .7 -37.B 

~fIII'\" mil 8.00 9.00 10.00 11 .00 12.00 13.00 14.00 15.00 16.00 MIN 

ilJli 2 1 jj~lJltJlJ 
HSA -1 09 .0 -108.7 -110 .7 -118.8 -153.8 135.2 114 .8 109.6 108.6 

VSA -836 -83 .8 -82.4 -7 5.2 -28.7 54.5 79 .0 83 .2 83 .9 

_ J • 
"llJY1 21 lJlJl1'\lJ 

HSA ·83 4 784 -.- LO ~II ~ )') 7 . ., 3 1.J 60 . ' 124 79.'1 23.7 

VSA ,., 4 ~' I~' / ;: , 4 ";.'1 7', 4 ,''). 4 ; • . J, 7~) . 1 74.7 

HSA ."g ,; _ ~;._' ;1 <I " ;. .·o.l , q Ib . l :' 4 ;, 4 ' 1 "''>.9 59 
-fuli 21 filJ"lll'\lJ 

' , ,-------, 
VSA \0 9 4.' I ~, 8 ' ,; 0 . ) 1 18 4Q 9 4 ~l I :, " a. 30.9. 

I -------

MAX 

71.4 

807 

MAX 

83.4 

75.5 

59.3 

52.1 

Y1lJr)11uYif'l L"vIC'f) LL~~ LLI?1 1?1"1:::L~'l~mtJ 1 \.!'El 'l r1111 \.!,h~ L~'f)\'! iJ'l\'!ltJ\.! lr1tJiiFil~l-J Vertical Shadow 

Angle (VSA) iJ'EltJ~~I?1~ 58 .8 'f)~Pll1\.!YiPl1~ LL~~LLI?1r1":::L~1~mtJ1\'!'f)1r1111\'!'h~ L~'f)\'! iiUlf1l-J LLf\::: 

fi\'!'11r1l-J lr1tJiiFill-Jl-J VSA iJ'f)tJ~M~ 30 .9 'f)~f'l l , , 

",~J'\.! 1l.1n1141f\'f)~ ~~ L~'f)m-ll-J~iJ'f)tJ~~r11\'!n11nl"v1\'!r11:::tJ:::n11~\.!'lJ'f)~'fltlnmllJ~ 1.lcP11?1 Jl.I~'f)l-jl-J 
VSA ~ 30 'f)~f'll (1::: tJ:::~\.! 2.60 Ll-Jf'11) ~~":::Yl"l'lmnr)lLuunnn~~~~cP11unl1'f)'f)mLlJlJ "I'lnJ'l.I~~L~l-J'f)~f'll 

'lJ'f)~l-jl-J VSA Ylf1::: 1 0 'f)~f'll LU\.!l-jl-J 40 'f)~f'll (1:::tJ:::~U 1.79 Ll-Jln1) l-jl-J 50 'f)~f'I 'l (1:::tJ:::~\.! 1.26 Ll-Jf'11) ~l-J 60 
, , I, 

tNf'll (1:::tJ:::UU 0,87 Ll-Jln1) l-jl-J 70 'f)~Pll (1:::tdj\.! 0.55 Ll-Jln1) l-jl-J 80 'f)~Pll (1:::tJ:::U\.! 0 .26 Ll-J1n1) LC'f)~"'n 

yh 1~~1l-JlmYl"llmn L.\.!'1 HJl-J'lJ'f)~ 1'l'1 Lltl1~\'!~ utlntl~tJ\.! 'ttl't~ lcP1tJiinm'l:::L~tJl?1'lJ'f)~ LLCJ~lJ~ lll?1cP1lll.l'1\'!'f)\.! 

LcP1tJYl",1C1..l, L 1lY11:::'Ii'f)~ lU 1?1Yl'l~~'l\.!Yif'l1~ 1\'!1\'!~ 21 fi\'!'1'lr1l-J LC'f)~"'mU\'!~l\.!~l~flJ CJfln1:::YllJ"Iln 

ll'i'\~'fl1YilnUl-Jln~~r1 41f\'f)~VJn12 ,r'1ll-J-1 ~~lliJil'1fn 800-1600 \.! . 't~LLril'1f11 8 .0010.00 12.00 1400 llf\::: 

16.00 \.! , "'~11tJf\:::l~tJcP1~1~u~cP1~1n1l-J1n111~~ 10 
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, , 

mn~Y1 1 0 u.~ IM ntJft:;L~tJ ~ nl1~ ,ft tl ~ I'l I i-JP'1 l rni-J~r.rtJY1 2 

nUfl::LtiulilU.~-lU-lu.lillilmlliilJ4i'f)l;lfl 

pJ u.lJlJn ro1;1 n1:t1 No. ~1U')UU.~-l 1::U::~U 
~I'I 21-ii.fl . 21-iLu. 2Hi.fl . 

U-lU.1il1il (~ . ) 

0 
---, 

(") 

Ui « V30_1 1 2.60 - - • en 
> 

--.J 

0 L-.. 
« V40_1 1 1.79 UJl - - • en 
> 

-.J 

0 L-
LO 

1~ « V50_1 1 1.26 - - • en 
> 

-.J 

0 ~ 
<0 1Ui « V60_1 1 0.a7 - - • en 
> 

-.J 

0 L 
r--

Ui « V70_1 1 0.55 - - • en 
> 

-.J 

0 L-
eo 

1iJi « VaO_1 1 0.26 - - • en 
> 

-.J 
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'LU~ICl"U-l~4'u~ 3 ~lu,)uur.J ,nr-lLLf?I f?I LLU,)UflU~ L~j-J~1 nifu "l:::~-lr.Jft ~fl rilFl,)I~1il"l:::Lih'('IIfN LL~-lU1f?1 

1?11"llnU~-ln~~'!l1~ (Daylight Glare Probability, DGP) '\..f1flhimh-lh 

1Ul-jj-J Vertical Shadow Angle (VSA) ~~, rl1~'L~LLr.J-lU-lLL~f?lLLU,)UflU L~U-lt1UL~m "l:::Yh'L~LLr.J-lU-l 

LLI'1~ih:::u:::~u~m,)~ln L-rlU~~~ VSA ~ 30 fl-lJ"11 LL~-lU-lLLM"l:::ih:::u:::~uii-l 2.50 Lj-JI?1~ rl1n~l-J~lu')um~ 

HLLr.J-lU-lLLf?lf?I~~~ VSA FI-lLr;;~ Y\l'L~~:::U:::~U'!ItHLLr.J-lU-.lLL~l'1ftf?lft-l tf?ltJ'LUrl11~m:tl;f":::L~~~IU'lULLr.J-lU-.l , 

LLf?lf?lLiJu~,U,)U 2 Uft::: 3 t1U t(>1tJ~"llm,n'LuLW-.lU-.lLLf?lf?I~n~:::tJ:::~ULnu 1 L~I?1~ ~-l1~LLriLLr.J-lU-lLLf?I(>1~n~~ 
-' ... , .:. 0 .... ~ ,J', '" 

VSA VI 30 40 LLft::: 50 fl-lJ"11 L'Yifl"",)lrl1n'Yi~"llU')ULLr.J-.lU-l LLf?I(>1V1~ "1fI'!1U":::r\-lr.J~m:::VlUI?1f)FllFl,)1j-JU1"::: 

LiJU'IIf)-.lLLr\-lU1f?1l?1''''mLr\-.lfi1~j-J'!l1~ (Dayligth Glare Probability, DGP) ~Lnl'1;f'uf)th-lh 
tf?ltJ~"ll~rulL'tl'Yil:::'rif)-.l LUf?lYl1-.lI~i1uiiJ"1'L~ 'Lui',(~ 2 1 fiU,)lFlj-J Ltif)-l"llmiJu~lu~1Mur.Jftm:::Vlu"'n 

LLr\-lfl1i1l?1tJ~ln~~f?I r.h~f)-lYjn12 i'lt~-l ;-lLLtnL')ftl 8.00-16.00 U. UiLLriL'l~l 8 .00 10.00 12. 00 14 .00 LLft::: 

16.00 U. i11-l11Uft:::L~U!i\~1~LLM-l1?11j-J1?11~1-l~ 11 

, , 

1?11~1-.lYl11 LLr\f?I-lnUft:::L~tJf?lrl1~9,ftf)-.lI?1 ' ~~'Cl1j-J~4'tJYl 3 

11tJfl::LfltJi1l LLtNU-3 Ui1li1ln11Li'iu~tll;!fl 

at! uuun1til~nI!t1 No. 41U')UUtJ-3 1::tJ::~U 
~PI 21-il.fl. 21-JJ.tJ. 21-fi.fl. 

U-3LLi1li1l (~.) 

--, 
V30_1 1 2.60 'Wi - - • 

---.I 

0 L-
C') 

'Wi ~ - V30_2 2 1.21 - - • > 
--.J 

L-- V30_3 3 0.75 1~ - - • -
--.J 
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n£Jft::;L~£J11l UtJ'l1r~ UI1lI1l O1nnU~fl~ft 

zUuuunm1~mn No. 41U'lUUtJ~ 1::;£J::;~U 
ViI'! 21-ii.l'I. 21-ii.£J. 21-fi.l'I. 

U~U~~ (l-J .) 

L-
V40_1 1 1.79 161 - - • 

---1 

0 ~ 
"<t 

1tli « - V40_2 2 0.83 - - • en 
> 

---1 

L - V40_3 3 0.52 1tli - - • -
--1 

L-
V50_1 1 1.26 1~ - - • 

---1 

0 L 
L{) 

1tli ;Jj - V50_2 2 0.59 - - • > 
---1 

L - V50_3 3 0.36 1tli - -- • 
---1 



1U~1cnl.J1r.\U~ 4 1:; UU--l~ij F1'1 1 l.JYiU~ 1J11--l nu "I :; ~--l C-Jf'\ IJ1tl Pi1 F1'11;'Jtl1"1:;LiJU'tItl--l LLt'\--lUl rn i1I1"11n LLt'\--l 

fi11l.J'l!I~ (Daylight Glare Probability, DGP) l-fj-tlUJtlt.i1--lh 

43 

~mt1~D UUU LL~NU--l Ur1lfllD LLUU1:;LLu~~i:Jm11 ii Inn 11J'ritl ~ LUlfltl 1 F1 11~IUYi i"Il11 :;1Utltl n LLf'\:;11l:;1Ui1I n 

L~tl nuut'\~rn'1~tlIYii1ltJ~1F1"111u~l.J~11rntJ'~"I11rul~ f'1'11l.JYiU'lltl~1:; U U~~tlUf'\:; 25 ~tlUft:; 50 LLft:;~mJf'\:; 

75 L ~tl~"I:;t'\lm1Cl\.l1 UU'1 L\Jl.JF1'1 1 lJ~l.J~ufi'IItl~ C-Jftfl11Ylrnfttl-:l~Ln rn~u lrnui:l1:;u:;i.-iI-:1"11nC-JU--l 1 Ll.Ji1I1 vI-:I 

, , 

I111n-:lYl12 LLt'\rn~11 Uft:;L~urn n11~If'\tl~i1IIlJr11cnl.J1r.\UYl 4 

pJ UlJlJ nrril~ nl!t1 
"7 ;i "7 ~ No. r 

>oC" .E r 
!: c -:s: 

~ "7 II "7 

r ~ ;;J ;l 
C" U :::S 
~ I) .. )) ... ... 

21-ii.Pl. 21-ilu. 21-fi.Pl . 

~ 0 • R1 - 01 
1O i N 
;:l i 

':0: I 
~ 
r i 
C" 
~ 

3.75 11 .25 

R1 - 02 • 

<F-
a • R1_01 1J1:::1''U.'fI'fIn 
1O 
;:l 

':0: 7.50 7.50 
~ 
r 
C" 
~ • R1_02 1J1:::1''U.l11n 

<F-
lO • R1_01 111:::1''U.'fItln 
t--
;:l 

':0: 11 .25 3.75 
~ 
r 
C" 
~ • R1_02 111:::1''Ulnn 

trn u1U1:;LLU-:l~ f'1 '11l.JYiu 25% Juij~l.J Vertical Shadow Angle (VSA) tl~1:;wjl-:1 10.4 - 14.0 tl--li"l l 

1U1:;UU-:I~f'1')Il.JYiU 50% i:J~l.J Vertic al Shadow Angle (VSA) tl~1:;wh -:l 7.0 - 14 .0 tl-:li"l11u1:;LLU--l~F1'11l.J 

YiU75% i:J~)..J Vertical Shadow Angle (VSA) tl~1:;Wjl-:1 3 .5 - 14 .0 tl--li"ll 
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U1"'~'''I,nLL~-lUnJ'1!,~ (Dayligth Glare Probability, DGP) LLft:::n!T"nf'i'FI')'}.J~tl-lt'lrj'-l (Illuminance) r;)-l 
..; 

IlI'YiYl 31 

( Ecotect 5.6 J 
I 

l---'-- ' Dialux 4.8 1 
i 

[ R.d;.nc. 1 
I 
I 

[ EV.I~gl.r. 1 
I 

1 
[ ..... _D_G_P_....J} - - - - - - - - - -,--II_lu_m_in_a_n_c_e_(_lu_x_)~ 

1 Wn! nn f'i ,ll~-lU1 '" ~,J'W~'}.J'TCl"" f'i,l~"I' n n!Troi, fttl-l~tl-l}.J' J;I Tj,Wrm ~-l~ n~ru::: ll~-lU-l 
ll"''''lwrDmJuffi'-l1~' }.J~,rn).Jn!ij{tJ~1~ri-l1~ tvltJ~Tl-lLLUUr.il fttl-llw1tjHLnT).J Autodesk Ecotect 5.6 

"I , nJ''W~-ltltlnhJu-lhhLLm}.J Radiance l~tlr.i,fttl-l~n~ru:::ll~-l~d'1"':!W1,tJl'W~tl-ll'W'li1 -ll1ft'I1i'-l1 
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~-./' <\.,. ... 
-Jl"l:::LUU'tI!l-.lLL~-.lUlrnm"llmL~-.lnJi-l'!!l~ (Dayligth Glare Probability, DGP) Y1Lnrn'llU ,1?1t1i-lJ1t1ft:;L!ltlrl 

>-

iUrl!lU~1-.l1 rllWlll%JU')n n 

lumnnf'ilFl,)1i-lf'i!l-.l~11-.l"llnhJ1LLmi-lFl!li-l~,)LI1l!lhlu ~li-llJ()f'\n-.lUUU~lft!l-.lluhJTUmi-l 

DIALux 4.8 L~!l~lft!l-.limt~'lI!l-.lLL~-.l~1~rlft!lrni-.ln Hin'Mn.dl!l-.ll11UUuhH-.l (Clear Sky) LrntlvhmJ 

91ft!l-.lYJn 2 i')Li-l-.l~-.lLLlIiL')ftl 8 .00 - 16.00 U. ~-.l"l:;~"llm.nr11F1,)1i-l~11-.lUWllt11U~!l-.l Ufl:;F1')1i-l~11-.lUU 

1:::U1ULPi::'r11-.l1U ~!l~J:::r;1u~-.l"llnifu~!l-.l 0.75 Li-lrl1 r;1-.lJl1~~ 33 

4.60 

2 

, , 

'" <0 
M 

Jl1~Yl 33 U~rl-.l~lLm-J-.l Ca lculation Grid Yl1 LLft::: 2 

3.3.2 .1 lumJvnrilF1')1i-lf'i!l-.l~11-.l Hm1vnr11F1'"l1i-lf'\1 '1 -.lUU1:::U1uLPi:;vll-.llU 

~!l~1:;r;1U~-.l"llnifu~!l-.l 0.75 Li-Jrl1 LrltILLU-.lmrirlFhLiJu 9 ~lLL~-J-.li')LPi::: • 

4.60 

[[J ... 
, •. ''' ;'.' .• :C', . : ", ' ,... -.: .... . .... . 

.... . . ... . . .. . 
. . 

0.56 1 50 
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3.3.2.2 i-nf'\'Jl).J!,\~l'lrntJl\.Ji_1tl'l ~1::"'U~'l"lnif'lJi_1tN 0.7 5 l).J(;l1 tl1\tJuU'lmnif1 

r11lil'lJ 12 ~lu\.nl'll'l'Ji_1tl'l 

E 

8 
6 
@ 

0.50 

, " 
" I " 

, " 
I " I "-

"" I " , • " " • " . , I , . , 

./ '1/ '1/ 'I" 
" '1/ '1/ 'I" .... 

----~¥~---~¥~---:¥~----

" , • 
/1 , ,1, /1, 

" " • " , • 
"" I 

, '1/ '1 / '1/ 

" , • 
,; '" '" '-" , -----*-----* -----*-- ---/', /1, ,1, 

/1' /1' /1' 

'. / I ' . / I ' . / • , " 
" I 

" " 

0.95 0.90 0.90 0.90 0.95 

E E E E 

'" '" '" '" '" <0 '" rl} 

6 N M 
@ @ @ @ 

E 
0 
rl} ... 
@ 

rilrnl).J~tl'l!'\~l'l~"lif1 5 6 7 ll~:: 8 J'lJ lil'lJril~"jl).Jllil'\.J!;l'JllYl'lJf'\'Jl).J~tl'l!'\~l'l~~lll'\.nl'l 

vll'l"lnl-lihrl1'l 095).J 1.85).J 2.75).J llft::3 .65 ).Jm).J~lr;i'u 

1'lJmji-nrill1l~tJ'lJtl'lf'\'Jl).J~tl'l!'\~1_:J'lJtmf'li_1tl'l '>n tif1m1l~tJ"lnf'\'Jl).J~tl'l!'\~l,l'If'l 12 "l'" 

ll~::i-n rilf'\'Jl).J~tl'l!,\~l'l ~lM1 rilf'\'Jl).J~tl'l!,\~l'l!'\'lM rilf'\'Jl).J!'\~ll!'\).Jtl'lJtl'lll!'\_:J!'\~l'l "lnJ'lJ , ~ , 

1'lJmii4'tJf'\~'ltf !'\1).JljCl1lf'\n:;~1im;j~1~ t"lUHhhlLn1).J Microsoft Excel 2007 l~tl4'VlYilU.c.JWJij 
lift:; 4' f1IYil~tl).JftYll'l!'\n ~~'lJ1 t",u1lf'\n:;~1itl).J ft m).J ~1 Cl1 ).Jmi)4'tJ~ i'l~'lJ 1 ~ ~'l1 'lJllJ;]ft:;C.Jftm_n4'u,,:; 

w ~ 

"jll!'\'lJtlC.Jft~ltlilil'lJ 2 ,f'lJtJltl'lJ r;i''ll1ltlltJD 

~ .. 
'lI'lJIi'I'8'lJ'Yl 

Probability, DGP) ~l~"lnm~l fttl'l tl1\tJ"jll!'\'lJtlcrtJ'l~l ).J~lCl1).Jm_n4'tJ~l~;'ll~ Yi1tl).JYilmmJ"ffiU lV1tJU 

~tll;jftnui_1tl'l).Jl ~1"1'lJ 

tVlU1'lJlll1l~:;nnu":;1l!'\if1'l~tl).Jfttltlmil'lJ 3 ~'J'lJ ~tl 
w 
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1) ~tll;!rH'blJ~ Lih.Jj;]ln-llli'\f1l-l~~filf)')1~1l1":;Lih.J'Iltl-l ~~-l1Jlf1lj;]1"ln~~-lD11l-J'!Il~ ~Ln(;j;flJllJ 
'll rNL'l~l 8.00 10.00 12. 00 14.00 ~~:; 16.00 lJ. 11..6lJ~ 21 nC")lJltJlJ 21 illJll'll-J LL~:; 21 filJ'lll'll-J ~'ttll-J 

, ..J..J _ .r 
mL'tl~tJYlLn(;1'1l1..J 

-ru~ 
DGP 

~~ allerage 
8.00 10.00 12.00 14.00 16.00 

N 0.4336 0.3636 0.4147 0.3594 0.3631 0.391 

c S 0.2832 0.3204 0.3736 0.3362 0.3158 0.326 
" 7 

N E 1 0.5914 0.3924 0.3242 0.3016 0.522 

W 02823 0.3165 0.3643 0.4532 1 0.467 

N 0.3085 0.3263 0.3466 0.3254 0.2969 0.321 

~ S 02619 0.3515 0.3957 0.3661 0.3776 0.359 

N E 1 0.6912 0.3797 0.324 0295 0.536 

W 0.2777 0.3131 0.3491 0.4564 1 0.479 

N 02595 0.3002 0.3132 0.3077 0.2629 0293 

0 S 0.3696 0.6694 0.6661 0.7243 1 0.694 '" 9 
N E 1 0.6619 0.3566 0.3113 0.2692 0.520 

W 0.27 0.302 0.3215 0.4774 1 0.474 

' . 

• .... <i ._._. ---

_ " ___ : _ .. _ F . .. .. . . . 



._------------------- ----

DGP Base case 
O~ rl-------~---------­

ci 
0.7 I 
0.' -l-------.. -_-i)1,~~ . .,.__----

~ ~ ci ci ~ ~ ~ ; ~ 
0.5 .1--______ .. -:~;';--_a- IHI_II_go ---",--ci-<>-

~ 

& 0.' cill· ~ :; ci :; 

0.3 .... ~~o;..· -II. __ ~I_I.-I _____ ... - . -__ ~I_II_I __ 

0.2 ~-II_II_II_ __ ...... _a_ll_II_II_ __ .... ___ 

0.1 ~-II-II_II-__ ...... _a_ll_ll_ll_ __ ..... -
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':\J"'el\J~ 2 U.~I'h'H..Jftrllf'1'Jl~J~tl'lf'l~l'l (I lluminance) ~1~"llnn1j41fttl'l lVlmhf'ltJtl 

L1U'lj;\1l-J~lrnl-Jn1iH'tJ~1~;'l1~ Yl'§-tll-J"r;ln1mJ1mJLYitJu\i'tl~ftn1J~'tl'll-Jll'1jjltJ 

lr;m ltJu.lPift:::mci1"l:::u.~Vl'l~'tll;JfttltlnLiJtJ 3 ~'JtJ ~tl 

1) ~'tl~ft~'JtJ~ 1 dJtJmn'lu.~Vl'lrll f')'Jll-J~'tl'l~~l'l (Il luminance) ~1~"llnn1j~ l fttl'l11.J 

mrutXtJ1 m"ll nn1jLll~Url l f'1'Jll-J~tl'l~~1'lltJ<)tJtXtJ1 "l 1 n~tl~ft~ LLf'lV1'll tJll l f'1 ~tJ'J n '!J lVlU~tl~ft~ 'J tJ 1 tJC"l ::: 

LLf'l Vl'l rll f'1'J l l-J ~tl'lf'l~l'l~hn nYit'\ Vl (Emax) rl l f'1'Jll--J~tl'lf'l~l'lYltJtlUYlt'\Vl (Em in) LLft ::: ri l L ll~tJ'!Jtl'l f'1'J l l--J ~'tl'l 

f'l ~l'l~Li'iVl;ftJ (Eav) nnJu.1J1Jj;)'lj;\ln'l~ 14 . 

~ .J 
~,~~,~ft~'~In~tu~~~~'=~=~'~1 ;;""N'~'M'~tI~'~In~tu~~~ (lux) ;;""fN'~'=U1UUi= (lux) 

~uYl L~fl1 

0.95 1.85 2.75 3.65 Eav Emin Emax U minlEme Eav Emin Emax U minlEm, 

8.00 1649 818 497 357 821 325 2038 0.4 0.16 2561 873 12209 0.34 0.07 

10.00 1742 818 484 344 822 317 1841 0.39 0.17 1426 860 2118 0.6 0.41 

3 -', 
N 

12.00 1578 739 440 314 745 300 1578 0.4 0.19 1239 753 1825 0.61 0.41 

14.00 1681 788 469 336 794 311 1729 0.39 0.18 1269 748 1917 0.59 0.39 

16.00 1791 86B 525 381 871 346 2071 0.4 0.17 1289 770 1980 0.6 0.39 

8.00 831 409 246 177 406 168 878 0.41 0.19 688 429 1006 0.62 0.43 

10.00 1067 514 307 222 512 212 1076 0.41 02 861 536 1252 0.62 0.43 

~ , 12.00 1009 485 291 210 484 203 1009 0.42 02 796 495 1156 0.62 0.43 
N 

14.00 1043 502 300 217 500 207 1043 0.41 02 B04 493 1186 0.61 0.42 

16.00 1017 494 296 214 492 202 1056 0.41 0.19 767 473 1140 0.62 0.41 

8.00 573 302 188 138 292 131 573 0.45 0.23 464 307 644 0.66 0.48 

10.00 848 447 280 207 433 197 848 0.45 023 686 453 951 0.66 0.48 
0 

~ 
12.00 855 452 284 211 438 203 855 0.46 0.24 688 456 958 0.66 0.48 , 

N 
14.00 858 453 284 210 439 202 858 0.46 0.23 686 458 958 0.67 0.48 

16.00 700 369 229 169 357 161 700 0.45 0.23 558 374 778 0.67 0.48 
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_ .J ll.trTinance ~ IDulTinance tii: 
1U" 

Emax Emin Eav Emax Errin Eav 

21_Jun 1851 320 811 4010 801 1557 

21_Mar 1012 198 479 1148 485 783 

21_Dec 767 179 392 858 410 616 

I~ 1210 232 560 2005 565 985 

2 ) ~t1l;jf'Hoi,)\J~ 2 LthJnI~~I~tll;jfl"i l nt'l,)\J~ 1 l-J1~1llLtJ1.J U~W:Jn LV1tJutJmtJ\J 2 U~w:Jn 

1~ LLr1 LL~Wln~ LL~ V1'l fl,)Il-Jt'ltl'l f'lr)I'lll1tJ 1 \J~t1'l LLfl ~ LL~Wln~ LLf'l V1'l fl,)Il-J~tl'l~r)I'lll1tJ 11.J L~~ 
~ . 

Illuminance 14tH 

8000 

7000 
6731 

6000 .,::>05 
x 

..2 5000 
0 

'" u 
c 4000 tV 

AHA Emax 

c 
'E 3000 ;§ 

2000 '" " 2332 J08l-
~---

Emin 

- Eav 

1000 

0 

_ 1210 

"'l{f 337 410 366 

NORTH SOUTH EAST WEST 

"i l mf1.J~I ~fl~1~ i'l1\J~tl 'l ri l fl ,)l l-JoJl"i ~ LtJ1.J'lJtl'l LLf'l 'l1J1 V1m"i l mlf'l'lDnl-J'!!I M (Daylight Glare 

Probability , DGP) LL fl~ fl,) I l-Jt'ltl'l~r)I 'l l-J1';)Lfl~I~,JL~tl\-ll fl,)Il-J~l-J';\Jfi~ LnV1~\J ri\JLL~'lU'l UV1V11\J!tlLLUU~ 

LL j;lnril 'l n\J YJ1t1l-J';) Lfl 'l'1 ~lf~'lU"i9tJ~\J1 ~ilmll-JL~tJ'J~t1'lj;jt11tl 



.d 
'lJ'VI'VI 4 

l-Jl~1"11.l rmii-lm1"hfttl-lltJ LLLJLJ~tl-l~1~ LLtl-ltltln~ll-J ~lrnl-J14'tli-l 4 ~lrnl-J V)-l~ln-l~1~ LL'"ln LL'"l-l Vll 'W 

LJYl~ 3 tVltlLLtln~ftmil4'tltltlmil1.l 4 t'l11.l v)-ll'1 

.'l\J~ 1 ~ftFilf'l11l-JU1"1:;LtJ1.l'lltl-lLLt'l-llJ1V1~I"11nLLt'l-lfi1nJ'II1~ (Daylight Glare Probability ,DGP) 

~Ln (;1if'W tVltlL1mfhV)LJ~ftlnll-J~lrnl-J~4'tI~1~ i-l1~ V)-ljJntlf'l:;Lt)iJiP11'WLJYl~ 3 

.'l\J~ 3 ~ft mil Lf'l11:;"'1J"I4'tI~'W1~ ~-l ~ft n1::YlLJ IJ1tl fOil f'l11l-JU1"1:;dJ1.l'tltl-l LLt'l-lLJl iP1 1n'l"l1 n LLt'l-l 

fi11l-J'II 1 ~ (Daylight Glare Probability l-I1tl DGP) 

.'l\J~ 4 mil Lr111:;"'L ~tlm F1'l1l-J L l-Im:;t'll-J1:;wil-l I'll r111l-JUT'I:; LiJ1.l'lltl-l LLt'l-llJ1 iP1 ~1'"l1 n LLt'l-l 

finl-J'II1~ (Daylight Glare Probability l-I1tl DGP) nLJFilr111l-J~tl-lrvh-l 
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4.1 i:J'i n1'1";1'i'el·uh fI'J1).J':I1~::: LtJlJ"lI'el~ LL'i!I~'U1 fl11I1~1 n LL'i!I~fi'1'1).J"1i1 ~ (Daylight Glare 

Probability ,"1'el DGP) 

4.1.1 !:Iam'j~1a'8..,fi1 Daylight Glare Probability (DGP) '!I'8"'~'8nn(;1'jJ1'U 

j;]1'l1..jYl16 LL~(;\..jC.J'C'ln1'l91'C'ltl..jFl1 DGP mnh',itl..jlJ1m~11..l 

-../ 'lUfl M 
8.00 

N 0.4336 

c S 02832 ::> 
7 
N E 1 

W 0.2823 

N 0.3085 

~ S 0.2819 

N E 1 

W 02777 

N 0.2595 

0 S 0.3896 '" '? 
N E 1 

W 0.27 

I ... iii! .• , 

... 

08 

07 

0 6 

os 
'" ~ ~ 

~ o. 
0 

~ ~, 

0 
.,.. ci 6 
0 

0, 

0 2 

o l 

c 

~ " ~ 

~ ~ 0 0 ~ 

~ ;::; ~, ., '0 ;; . , 

~ .. 
LLM1..jFl1 DGP 11..li1..l~ 21 jJC]1..l1tJ1..l LLr.J~lJY1 5 

DGP 

10.00 12.00 14.00 

0.3838 0.4147 0.3594 

0.3204 0.3736 0.3362 

0.5914 0.3924 0.3242 

0.3165 0.3843 0.4532 

0.3283 0.3466 0.3254 

0.3515 0.3957 0.3881 

0.6912 0.3797 0.324 

0.3131 0.3491 0.4564 

0.3002 0.3132 0.3077 

0.6694 0.6881 0.7243 

0.6619 0.3568 0.3113 

0.302 0.3215 0.4774 

, . .a 
~. _ ...... -- - "t -J' .~-';'- - -- -- - -_-- .. 

_ .. . -

DGP Base case 

'" ~ 
0 

~ 
~ ~. ~ 0 
~. 

ci 0 0 
~ 

ei 

~ 
'J 

~ ~ 
c 

~ 0 
~ 

c ;::; 1 "' ;; " .. 

16.00 

0.3631 

0.3158 

0.3016 

1 

02969 

0.3776 

0.295 

1 

02829 

1 

0.2692 

1 

-0- .~ __ 

'" ~ 

ei ei 

0 ~ .. .. 

al.<!rage 

0.391 

0.326 

0.522 

0.487 

0.321 

0.359 

0.538 

0.479 

0293 

0.694 

0.520 

0.474 

//>.-,- ----- --------. 

. r'; 

~ 
., 

" 
q 

ei 0 

:;; c 
~ 

'" .~ 

~ N .. 
W 

21 
... 
lJ1..l1f1l-J LL~:; 21 fi1..l'11 f1lJ "1Itl..j~tl..jlJ1l'l'lil11..l I.LtJnl'l1lJl1f'1 ... 
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. . 
l~tlY;~I'trulI?11l-J11..1YiYi ln1 jYJl'1~tl'l~U~ 1 

11..111..1~ 2 1 jj~1..I11'J1..I DGP iJril1n1..l 0.4 1UYif'll?1:;11..1tltln '!!'I'lI'l~1 rltl1..l 12 .00 1l~:;1U~f'Ii;1 :;1W'1n 

'!!'I'll'lftl 'v1ft'l 12. 00 

11..11U~ 21 iJ1..I1 Fll-J DGP iiril1n1..l 0.4 11..1~PlVl:;11..1tltln '!!'I'll'lftl rltlU 12.00 Ilft:;11..1l1f'1[;l:;1U[;ln 

'!!'I~L'Iftl'v1ft'l 12. 00 

11..111..1~ 2 1 i'1..I'Ill'1l-J DGP ijril1n1..l 0.4 11..1~f'I[;l:;11..1tltln '!!'I~L'Iftl rltl1..l 12.00 11..1~f'Ii;1:;1'wnn 

'!! ,)'l I')ftl'v1ft'l 12. 00 Uft:; 11..1~f'l1~ 11..1'!! ,) 'lI')ftl 1000 - 16.00 U. 

. . 
l~tlY;~1 'tn.J1 m l-J~ f'lYiYil n1jYJ I?1fttl'l~U~1 

DGP iJril1n1..l 0.411..11,)~ 1 8.00 Il~:; 12. 00 '!Itl'l1U~ 2 1 n~1..I11'J1..I 

DGP ijril1n1..l 0.4 11..11'1ftl 10 .00 12. 00 14.00 IL~:; 16.00 '!I!l'l 11..1Yi 21 

DGP iifil1n1..l 0.4 11..11')~rl 8 .00 11ft:; 1000 'lJ!l 'l11..1~ 21 jj~1..I11'JU 21 ii1..l1F1l-J 

11ft:; 2 1 i'U'Ilrll-J 

DG P ijril1n1..l 0.4 11..11,)ftl 14 .00 U,ft:; 16.00 '!Itl 'l11..1~ 2 1 jj~1..IltJU 21 ijUlrll-J 

II~:; 21 1l1..l,)lrll-J 

ril DGP 11..11'u~ 2 1 n~1..I1 1'J1..I 2 1 ii1..l1rll-J IL~:; 2 1 1l1..l'llrll-J iirillyilrlU 0.4934 

0 .5319 Il~:; 0.5160 ml-Jft l iu 

ril DG P 11..111..1~ 21 n~1..I11'J1..I 21 ij1..l1 F1l-J IL~ :; 21 i'U,)IFl l-J ilri l1Y11rlU 0.4625 

0.457 1 II~:; 0.44 29 l?11l-JftliU 
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4.1.2 ~jln1'.i<ilj1'a-lfh~11).J\h~:::LtJ'U'Il'a-lLU.-ltJl""1~lnLl.\'l~fi'.i·HJ'II1M (Daylight Glare 
o _..., cl 

Probability, DGP) "1).J~lrn).J1~!l" 1 

f'11rn~~4"'tJ~ 1 : lliJ,:nJ-JLll'll'lpJLlUUt;ll-J1J'W f'i-J~f'lJriflrill'm~1.i1'ij:::dJ'W'1lfl-J~-JU1l'lj;l14nnLl~-J 

Dnwnl~ (Daylight Glare Probability, DGP) ~1fl'WflrJl-Jh 

U1:::nflU~,)tJmNlf'lfl-JLl~-JU-JLlI'1l'lrULlumh-J1 ~1:::tJ:::~'W 0.50 L~j;lnLf'l::: 1.00 L~j;]1 Ll'ltliJpJLl.UU 

l1l-Jif Ll~-JU-JLlI'1iPlIULLUU A (lliJ-lU-JLliPliPlLl.'W')'Wfl'W) 

LL~-lU-JLl.V!V!pJLl.UU B (lliJ-lU-JLl.l'liPlLl.'W')i-l 2111-l) 

Ll.~-JU-lLll'1iPlpJLlUU C (Ll.~-lU-lLLl'liPlLl.'W,)'Wfl'WLl.f'l:::Ll.'W')i-l 1 111-l) 

LL~NU-lLl.V!iPlruLlUU D (Ll.~-lU-lLlV!V!LL'W,)'Wfl'WLl.f'l:::LL'W')i-l 11il-l) 
~ 

Ll.~-lU-lLlll1iPl1ULLUU E (LltJ-lU-lLl.II1I11Ll.'W,)'Wfl'WLl.f'l:::Ll.'W')i-l 21il-l) . 

'- '. '. 

-" 1 " --- --
I 

- -- , -, J 

ruUUtJ A pJutJU B 
'II 

, -
I 

-, - "- - -- - -'-

pJLLUU C ruLLuu D .. 

:.-
-- - -. 

- -- , , .. - -- - -

lULLUU A pJUlJlJ B 

. 

-'- -

pJLLlJU C pJUlJlJ D 

, 

[ 

- - , 

ruLLuu E .. 

.-

T 
- , -

nJLLlJlJ E .. 
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• _I" 'V _I ..:. ..:. 
4.1.2.1 ~am'i~1a'!l.:J'!l1.m'inn.J.:Ju"""iruU1.J1.J ABC 0 ua:: E fl'i::!I::!lU 0.50 L)J"'i . ~ 

~ .J DGP 
'ltm WI 3'oIerage 

8.00 10.00 12.00 14.00 16.00 

N 0.410 0.364 0.392 0.341 0.320 0.365 

c: S 0284 0.31 6 0.366 0.330 0.31 1 0.321 ::> 
7 
N E 1.000 0.399 0.378 0.322 0.301 0.480 

W 0.279 0.314 0.372 0.381 0.726 0.414 

N 0.302 0.321 0.341 0.322 0291 0.315 

:0 S 0.271 0.328 0.368 0.361 0.361 0.338 
~ 
N E 1.000 0.468 0.365 0.321 0292 0.489 

W 0.275 0.310 0.344 0.369 0.713 0.402 

N 0.259 0297 0.311 0.304 0282 0.291 

lil S 0.374 0.526 0.462 0.508 0.562 0.486 
9 
N E 1.000 0.479 0.349 0.306 0265 0.480 

W 0.267 0299 0.316 0.388 1.000 0.454 

FIN A 21 June AN A 21 Uar.::h FIN A _21 O&cember 

, , , , , , .-. 
. " . - ' . 

• ::0= .• 03 F- • 

"'" '00 '00 10.00 .... , ,,, .. 
_ N _ .... _3 _.- E ....• ... W _ N _ .... _ 5 __ E ... • ... W 



-----_._._---_._-- . -------1 
OGPFINA 

O~ -------------
I 
I 

~ t I 
M I 

" 

~ ~ 5 ~ e ~ 
0.5 +--______ -=-o_-'~"_---=-0 -"'ci----"Q"--:~_~~ 

I ~ ~ d ci ci N ~ 0 Q.. I 
180 +4 ~ ;;: ci 

I

' u 0 i 
~ I 

I 
, 0 .1 '-'-111-1.-

N w 

, , 

Lntl~"Il 1rulI1l1l_61JYi.,;lmn'1rl~tl_lYiUrJl 
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11Ji1J~ 21 jJC)1JltJ1J DGP iJril Ln1J 0.411J~f"I(;\:;i1Jtltln 1W'l~1 8 .00 U. LL~:;11J~f"Il1l:;i1Jl1ln 'II'I_lL'Ifn 

16.001J. 

11Ji1J~ 21 iJ1Jl f1~ DGP iJri l Lnu 0.4 11J~f"Il1l :;i1Jtltl n 1umn 8 .00 1Ju.~:; 1000 1J. u.~:;11J~f"I 

l1l:;iul1ln '1i'l_lL'I~ 1 16.00 1J. 

11Ji1J~ 21 fi1J'Ilf1~ DGP iJri l Lnu 0.4 11J~f"Il1l :;iutltln 'II'I_lL'I~1 8.00-10.00 1J. 1U~f"I(;\:;i1Jl1ln 

'1i 'l _l L'I~1 16.00 1J. u.~:; 11J~f"I1~ 11J'1i'l_lL'I ~1 10 .00 14 .00 u.~ :; 16.00 1J. 

" , '" 
Ln tl~"Il 1rul If1 1 ~i1f"1Yi.,;lm1Ylrl~tl_l mnnril DGP L1l~tJ "';'1 3 i1J~ I r1C1! YiUrJl 

, I , , I 

DGP ~ril'~_lMYiiuYi 2 1 iJrl1JltJ1J (DGP=036) ~ril~l~rlYii1JYi 21 fi1J'Ilf1~ 
'U "'I 'I 

(DGP=0 29) iJril L1lfttJtl~Yi 0.32 

DGP iJril~_lM~i1J~ 21 fi1J'Ilf1~ (DGP :.:. 048) iJril~IM~iu~ 21 jJC11JltJ1J 
'U 'I 'I 'I 

(DGP=0.32) iJrilL1lfttJtl~Yi 0.38 

DGP 1Ui1J~ 21 jJC)1JltJ1J 21 iJ1Jlf1~ u.~:; 21 fi1J"lIf1~ ~Fi11n?4L~tJ-.lri1J tii'ltJ 

~FilL1lfttJtl~Yi 0.48 
I • , , , 

DGP ~rilM~l1IYli1JYi 21 fiU'lIf1~ (DGP=0.45) iJFil~l~rlYiiuYi 21 jJC1UltJ1J 
'U 'I 'I 'I 

(DGP=0.40) ~rilL1lfttJtl~Yi 0.42 



_ .J 
'lim 

c: 

'" 7 
N 

~ 
N 

g 
~ 
N 

, , .. 

~ O~ ••••• •• • 

: : ..--.-_.-.~-_:~-_ I-C-:~ .-. -::-::'::II·"'--"'--o;-'- -;;;::"'-..;'_---~ 

08 

0 7 

0 .6 

0 5 
"' '" "' Q. .,; 

"' '-' 04 
C "' 

0.3 

02 

o j 

0 - , -

'" ~ ::< 
c , ;;; 

DGP 
;j,. 

8.00 10.00 12.00 14.00 

N 0.402 0.386 0.404 0.383 

S 0.285 0.343 0.370 0_337 

E 1.000 0.609 0.395 0.337 

W 0.280 0.309 0.378 0.450 

N 0.295 0.330 0.360 0.325 

S 0.326 0.372 0.394 0.392 

E 1.000 0.101 0.380 0.325 

W 0.277 0.310 0.351 0.460 

N 0.402 0.386 0.404 0.383 

S 0.395 0.625 0.710 0.734 

E 1.000 0.671 0.358 0.316 

W 0.271 0.303 0.367 0.465 

-, 

~ u " .... .. 

M 

'" ~ 
0 

-

" 
0 

c " 
~ 

" ... 

:: r.;:.-:~. ~::-. --- .. .,c-":"-.-"----~ 

-

_ II _ .... S _ .... _ E ... .. ... N 

~ 

M 

~ 
.; 

.,; 

'--

~ ~ 
~ 

c, 

--

M 

'" '" o 

~ c 

- 0 

-

DGP FIN B 

'- -- -
'0 c 
~. 0 ~ ~ 
.< c, ~ c, 

'----
~ 

;f 
~ « 

56 

alerage 
16.00 

0.391 0.393 

0.307 0.328 

0.303 0.529 

1.000 0.483 

0.304 0.323 

0.370 0.370 

0291 0.540 

1.000 0.480 

0.391 0.393 

1.000 0.693 

0.266 0.522 

0.608 0.403 

O. _ ' -=- _ - - L-
, " .. --",- --- --,' --

: ~ ~; ~/'~~~::--~~~. 
03 . ::;..-;;r-- ...... ~-:..::. .~.::..:..::...: - ... -~ ... 

I 
I 0.2 _____________ _ 

- _==-_= I 
• .00 IDIX 16.00 ! 

I 
12.00 14.00 

11U. 
_ N _~ ... S __ E ........ W 

. _ _ _____ --1 

~ 

c 

~ 
,. 0 

j i5 ~ 
~ ;;; " ~ ~ 

N 5 l W 

ll ~'hl~ iJ~ 9 ll~f;1'lf'il DGP 1'hl1''hl~ 21 iJCl'hllU'hl 21 iJ'hllF1l-J lL~ :-; 21 fi'hl':llF1l-J pJllUU B ~Un(;nl-J~'" 
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, , 

Li1 tl~'"l ln1..nlflll-J'rl.lYh'ilnlrf1(;\fltl-.1'YiU~l 

11.11'1.1~ 2 1 iJC11.11t11.1 DGP iJFilLnl.l 0.4 11.1Yif'1(f]:;1'l.Itltln 11.1L'"lftl 8 .00 Uft:; 10.00 1.1. Uft:;11.1Yif'1 

1fl:;1'l.Ilfln 'Ii'"l-.1L'"lfll 14.00 Ufl:; 16.001.1. 

11.11'1.1~ 21 i11.111'1l-J DGP i1rilLnl.l 0.4 11.1YiI'![;l:;1'l.Itltln 11.1L'"lftl 8 .00 1.1 Uft:; 10.00 1.1. ufl:;11.1Yif'1 

1t1::1'l.IVln 'Il'"l-.1L'"lfl114 .00 Ufl:; 16.001.1. 

11.11'1.1~ 21 fll.l'"lll'1l-J DGP iJFilLnl.l 0.4 11.1Yif'1(Jl:;1'l.Itltln 'Ii'1-.lL'"lftl 8.00 Uft:; 10.00 1.1. 11.1YiI'l(Jl:;1'w;1n 

'II'"l-.lL'"lft116.00 1.1. Ufl:; 11.1YiI'1U111.1'11'"l-.1L1ftl10.00 12.00 14.00 Uft:; 16.001.1. 

I I , '" 

Ltltl~'"ll'i'(1.,mnl-JYiI'1Yl":hnl'i'Yl(;\fltl-.1 mnnril DGP L~~tI l'l-.1 31'1.I~1f'1C1' 'YiU~l 

11.1Yif'1mutl DGP i1Fil~-.1~Cf1~1'l.I~ 21 iJ01.l1t11.1 (DGP=039) i1Fil~l~rn~1'l.I~ 21 i11.111'1l-J ... 'I' , 

(DGP= 032) i1f'ilL~~tltl~Yl 0.37 
I I I , ' 

DGP i1ril~-.lMYl1'l.IYl21 fll.l'"lll'1l-J (DGP=0.69) iJril~lMYl1'l.IYl21 iJ01.l1t11.1 ... , , , 

(DGP= 0.32) i1f'ilL~~tltl~Yl 0.46 

,c,j I ..d ..... ~ ..... ..., , .; .J .... ~ 
DGP l-J1'11~-.1~Cf1Yl'"ll.lYl 2 1 l-Jl.Ill'1l-J (DGP=054) l-Jl'll[;ll~rnYl'"ll.lYl 21 fll.l'"lll'1l-J 

(DG P-= 0 52) i1f'ilL~~tltl~Yl 0 .53 
I , , , , 

DGP iJf'i l f3-.1~Cf1Yl1'l.IYl 2 1 iJ'l1.l1t11.1 (DGP=0.48) i1f'11~I~rnYl1'l.IYl 21 fll.l'"lll'1l-J 

(DGP= 0.40) i1f'i l L~~tltl~Yl 0.45 
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W 

FIN C~ ::!l )'Jf'I . 

.-
..... 

"·-;e=.,.."",4 

'"oc "eo 

_ 1>1 _ _ . 8 __ E ••. • .•. w 

08 

07 

0 .6 

0 .5 

'" .. '" o. '" ~ ~ 8 cO ~ ~. 

'" ., 
cO ci 

03 0 

02 

0 1 

,-

~ .5 
~ 

'" ~ ." 
;:: ;::; ;:: ~ 

'" 

8.00 

0.361 

02 66 

1.000 

0.279 

0.289 

0.267 

1.000 

0.276 

0.252 

0.342 

1.000 

0.267 

, , 

... 

DGP 

10.00 12.00 14.00 

0.354 0.383 0.341 

0.313 0.361 0.327 

0.398 0.372 0.318 

0.312 0.370 0.379 

0.313 0.333 0.316 

0.321 0.363 0.361 

0.457 0.354 0.315 

0.310 0.341 0.362 

0290 0.304 0.303 

0.464 0.457 0.510 

0.463 0.338 0.302 

0.303 0.312 0.351 

RN =_21 March 

.. 
... 

: ~~&&nm---.~----:: 

"()( 11 00 "'" 
_ r-J __ . 5 _ _ E ... • ... w 

DGP FIN C 

'" 
~ '" ~. '" ~ 
~ '" .... ~ .. .. " .. .. 

o~- - ci O~_G- --.0 .. .... 
'" ~ '" cO 
'" 

.-
,0 

0 cO 

~ 
>;: ~ 

1 ~ ~ '" '" '" ~ c ~ ~ 

;:: ~ ;::; ~ N r, > r, 
'" 

r, « 

average 
16.00 

0.343 0.356 

0.311 0.320 

0.298 0.477 

0.727 0.413 

02 86 0.307 

0.364 0.335 

0.286 0.483 

0.706 0.399 

02 75 02 85 

0.569 0.468 

02 62 0.473 

0.557 0.358 

, , 

.... lOll' . , .. " .. 
Tti' 

_ N __ .. 5 __ E ... .. .. . ...,.,. 

~- C"f--- r .. :;; 
'" cO cO "- cO '" - "0 

--

c 

~ 
~ 0 

~ .5 « 

~ N ;:: r, 
'" 

, ~" s .( ._ Vi . ___ ~_ 

LLCJWliJYl 11 LLfl l11'lfl1 DGP 11..li 1..lVl 21 iJ rJ1..l1£J1..l 21 iJ1..l1F1~ LLft :; 21 fi1..l':nFl~ nJLLUU C LLan,;mJ~" 
W • W 
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, , 

l~tl);"llrrulI111~r)1.JYiYi1nl1Y1"'~tl'lyjUr)1 

11.Jr)1.J~ 21 iir)1.JltJ1.J DGP ilfilln'hl OA 11.Jl1f"\I11:;r)'hltltln 1'hll'1m 8 .00 1.J. u~:;1'hll1f"\(;1:;r)'hl(;1n ,h'll'l~1 

16.00 'hl. 

1'hlr)'hl~ 21 ii'hlll'1~ DGP ilf'illn'hl OA 11.J)1f1(;1::r)1.Jtltln 1'hlm\! 8.00 Uft:; 10.00 'hl. llft::1'hlYif'l 

(;1:;r)'hl(;1n 'Ii'l'll'lftl 16.00 'hl. 

1'hlr)'hl~ 21 jj1.J'lIFl~ DGP iJf'illn'hl OA 1'hll1f'1l11:;r)'hl'fl'fln '!i'l'll'l~1 800 Uft:: 10.00 'hl. 1'hlYifl(;1::r)'hll1ln 

'Il'l'll'l~116.00 'hl.Uft:: 1'hll1f1~ 1'hl'll'l'll'lftl1O.00 12.00 14.00 Uft:: 16.00 'hl. 

" I '" 

l~'fl);"llrrulI111~Yif'lYh'1InlrY1"'~ 'fl'l mnnFil DGP l'il~tJ ~'1 3 r)'hl~Ir1t1! YJUr)1 
, , , , , 

DGP iifil~'1~",Yir)'hlYi 21 iJCl'hlltJ'hl (DGP=0.36) iJFil~IMYir)'hlYi 21 jj'hl'lII'1~ 
'II "" " 

(DGP=0 28) iJrill'il~tJ'fl~Yi 0.32 
I , I , I 

DGP ilFil~'1MYir)'hlYi 2 1 jj'hl'lIFl~ (DGP=OA7) ilfil~IMYir)'hlYi 21 iiCl'hlltJ'hl 
~ " "" 

(DGP=0 32) iJfill'il~tJ'fl~Yi 0.37 
, , , , I 

DGP iJFilf'\'1~",Yir)'hlYi 21 iJ'hllFl~ (DGP=OA8) iJFil~IMYir)'hlYi 21 iiCl1.JltJ1.J 
" , "" 

(DGP=047) ilFill'il~tJ'fl~Yi OA8 

DGP ilFi l ~'1M~r)'hl~ 21 iiCl'hlltJ'hl (DGP=OA1) iJFil~I~"'~r)'hl~ 21 jj'hl'lIFl~ 
" ., 'I 'I 

(DGP=0 36) ilFill'ilfttJ'fl~Yi 0.39 
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8,00 10,00 

OA17 0,364 

0.282 0,312 

1,000 0,393 

0,276 0,312 

0.301 0.320 

0.294 0.338 

1,000 0.467 

0.272 0.305 

0.262 0.294 

0.392 0.536 

1.000 0.483 

0.262 0299 

I , 

' J r .. _ ......... . 

800 101)( 

DGP 

12,00 

0,386 

0,361 

0,372 

0.364 

0.338 

0,362 

0.361 

0,337 

0.308 

0.457 

0.350 

0,310 

14,00 

1<" 

0,334 

0,330 

0,318 

0.373 

0.321 

0,350 

0,317 

0,368 

0.307 

0.495 

0.303 

0.403 

... 
" 

_ N _-.. s __ E .. ...... w 

DGP FIN 0 

16,00 

0,310 

0,301 

0,300 

0.714 

0.292 

0.343 

0.291 

0.711 

0.281 

0.478 

0.266 

1.000 

.-

.. ., 

average 

0,362 

0,317 

OAn 

OA08 

0,314 

0.337 

0.487 

0.399 

0.290 

OA71 

0.480 

0.455 

8.00 101)( 12.00 .... , 
_ N _ ..... 5 __ E _ ... _W 

I N I S E ._ • . Vi ... . __ 1 
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LLc.J'WI1nYl13 LL~(;l~ri1 DGP lWt)\JYl21 nC1\JliJ\J 21 ii\Jlf'1l-J Llft:: 21 fi\J'lIf'1l-J ruLlUU 0 UiJn~Il-J~f'I .. , .. 
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L~fl~"Il1rulm,,61..l~YilnlrYIl'\~fl'lYlU1l 

L1..l11..l~ 21 ij\11..lltJ1..l DGP ~rilLn1..l OA L1..li11"11J1::11..lflfln L1..lL':l~l 8 .00 1..l. 1.L~::11..li11"11/1::11..ll/1n 'll':l'lL':l~ l 

16.00 1..l. 

L1..l11..l~ 21 n1..llf'liJ DGP nrilLn1..l OA L1..ll1I"1I'l:;l1..lflfln L1..lL':l~l 8 .00 I.Lft:; 10.00 1..l. U.~::L1..lYiI"l 

l?\:;lWnn -ri':l'ln~l 16.00 1..l. 

11..l11..l~ 21 111..l':llf'liJ DGP iJrilLn1..l OA11..lYiI"lI11:;11..lflfln -ri,)'lL')ftl 8 .00 I.Lft:: 10.00 1..l. 11..lYiI'lI11::11..ll11n 

-ri,)'lL':l~ l 14.00 LLft:: 16.00 1..l.l.Lft:: l1..lYiI'lL~ L1..l'lh'lL,)fll 10.00 12.00 14.00 

LL~:: 16.00 1..l. 

" , ,., 
Lijfl~"Il1rullJ1liJYiI'lYiYhnl1Y1"'~fl'l nlnnril DG P Lll~tJ Yl'l 311..l~lF1C1! YlU1l 

DGP ~rill'\'ll'\"'~l1..l~ 21 ij\l1..lltJ1..l (DGP=036) ~Fil~lM~l1..l~ 21 tT1..l':llf1iJ 
'V ~.. "I 

(DGP= 029) ~rilLllfttJfl~Yi 0 .32 
I , , , I 

DGP ~Fil~'l~!I\Yil1..lYi 2 1 111..l':llf"liJ (DGP=OA7) ~ril~l~!I\Yil1..lYi 21 ~fj1..lltJ1..l 

(DGP= 0 32) nril L~fttJfl~Yi 0 .38 

DGP L1..l11..l~ 2 1 ijC]1..lltJ1..l 21 n1..llf1iJ LLfl:: 2 1 111..l,)lf"liJ ~rilLnfh~tJ'lrl1..l l!l\tJ~ 

ril L ~~tJfl~Yi 0 A8 
I , , , I 

DGP iJril~'l~",Yil1..lYi 2 1 llU')lFliJ (DG P=OA6) nril~lt'\!I\Yil1..lYi 21 iJfj1..lltJ1..l 

(DG P=OAO) nrilL~~tJfl~Yi OA2 
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_ .J DGP 
'lWl fill a-.erage 

8.00 10.00 12.00 14.00 16.00 

N 0.367 0.355 0.381 0.335 0.333 0.354 

c S 0.280 0.307 0.353 0.318 0.303 0.312 .., 
N E 1.000 0.392 0.364 0.313 0.297 0.473 

W 0.277 0.305 0.359 0.368 0.719 0.406 

N 0.289 0.31 3 0.329 0.312 0.289 0.306 

li; S 0.287 0.330 
~ 

0.357 0.350 0.345 0.334 

N E 1.000 0.456 0.351 0.311 0.288 0.481 

W 0.279 0.305 0.332 0.362 0.703 0.396 

N 0.254 0.289 0.304 0.304 0.274 0285 

0 S 0.367 0.472 0.451 0.496 0.485 0.454 ., 
9 
N E 1.000 0.467 0.339 0296 0.265 0.473 

W 0.262 0.300 0.306 0.368 0.566 0.360 

FIN E ~1 J..,n. 
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UJJW1iJ~ 15 U~j;l-.1f'h DGP lurju~ 2 1 i1ClU1tJU 21 ijU1Fll.J LLft~ 21 flU'11Fll.J n1uuu E UtJn(;l1l.J~f'I 
~ , ~ 
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, , 

~n tl Vi 'il l mn I'l1 i .. 6\JYi vii n11Yl!PI fl tlW,lJ rj 1 

lwf'W~ 21 jJ'1'Wl tJ'W DGP iif'il~n'W oA1\JYlf'l~:;f'Wtltln 1'W~lftl 8,00 1.1, ~~fl:;1'WYlf'l~:;f'W~n 'Ihmfll 

16,00 'W , 

1\Jf'W~ 21 ii'W1F1i-J DGP ilrilLn'W OA 1'WYiI'!~:;f'Wtltln 1Wlftl 8,00 ~~ft:; 10,00 'W, Uft:;1'WYlf'l 

~:;f'W~n '1hmfll 16.001.1, 

1'Wf'W~ 21 i'Wl1F1i-J DGP iif'ilLn'W OA 1'WYlf'll?l:;f'W'fltln 'Ihmftl 8.00 Uft:: 1000 'W. 1'WYlf'lf;l::f'Wf;ln 

'lhHlftI 16,00 'W.Ufl:: 1\JYl1'!1~ 1'W'Ih.l~lfll1O.00 12,00 14 ,00 Ufl:: 16,00 'W, 

" , ".. 

~ntlVi'illnUlI'11i-JYlf'lYi'r11m1Yl!PIfltl-.'l mnnril DGP Vil~tJ '11'1 3 f\J~ll'1C1J YilJrjl 
, , , , I 

DGP iiril ~-.'l~!PIYif'WYi 21 ii'1'WltJ'W (DGP=0.35) iiril~l~CilYir)'WYi 21 i'Wl1F1i-J 

(DGP=029) iiril~1l~tJ'fl~Yi 0. 32 

DGP iiril~-.'lt'\CiI~r)'W~ 21 i'Wrl1F1i-J (DGP=OA5) iifil~lt'\CiI~r)'W~ 21 jJ'1\Jlt11.! 

(DGP =- O J 1) iif'il~1l~tJtlrJYi 0 ,37 
~ 

DGP 11.!f1.!~ 21 jJ'1'WltJ'W 21 iJ'W1F1i-J ~~ft:: 21 i'Wl1F1i-J iJril1n?'iL~tJ-.'ln'W LCiltliJ 

ril~1l~tJtl~Yi OA8 
I I , I I 

DGP iJf'il~-.'l~!PIYif1.!Yi 21 ii'1'WltJ1.! (DGP=OA1 ) iiril~l~CilYif1.!Yi 21 i1.!11F1i-J 

(DGP- 0 36) iJf'il~1lfttJtl~Yi 0,39 
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o t1"~ tI d d 4.1.2 .2 e.Jjlm'i"ljI'll~'ll n'in.nNU~fI'i LLUU ABC 0 LL"a::: E 'Vl'i:::!I:::!I'U 1.00 L~j;J'i . " 

'iUYl Yi" 
DGP 

a-.erage 
8.00 10.00 12.00 14.00 16.00 

N 0.399 0.360 0.383 0.337 0.309 0.357 

c S 0284 0.316 0.362 0.330 0.309 0.320 :> 
7 
N E 0.622 0.362 0.372 0.322 0.300 0.396 

W 0277 0.314 0.369 0.365 0.545 0.374 

N 0299 0.318 0.341 0.322 0288 0.314 

~ S 0.266 0.324 0.361 0.353 0.355 0.332 

N E 1.000 0.401 0.359 0.321 0291 0.474 

W 0273 0.310 0.342 0.353 0.597 0.375 

N 0.258 0295 0.311 0.304 0.280 0.290 

0 S 0.352 0.452 0.384 0.423 0.536 0.429 Q> 

9 
N E 1.000 0.421 0.346 0.304 0.263 0.467 

W 0.265 0.300 0.315 0.365 1.000 0.449 

. , , , 
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, , 
d _ .... .... , 

Ll-J t1Y1'l l ~Rn r;nl-J11.JYlYll m ~Yl (fI'1'lt1~Y11J1 1 

11.Jf1.J~ 2 1 ~C")1.JltJLJ DGP rJrilLn1.J OA 11.J~f'I(;1 :;f1.Jt1t1n 11.JL1'1'l1 8 .00 1.J. u'1'l:;11.Jl1 f'1(;1 :;f1.Jl'ln '1h~L1'1'l1 

16.001.J . 

11.Jf1.J~ 2 1 rJ1.J1 F1l-J DGP rJri l Ln1.J 0 .4 11.JYiPllJl:;f1.Jt1t1n 11.JL1'1'l1 8 .00 1.J. LL'1'l:;11.JYiI'l~~fwlln "Ih~L1'1'l1 

16.00 1J . 

11.Jf1.J~ 2 1 iT1.J11F1l-J DG P lJrilLn1.J 0.4 11.JYiPl~:;f1.Jt1t1n ,h~l1f'11 800-10 .00 1.J. 11.JYiI'l~~f1.J~n 

'li1~l1'1'l116.00 1.J. LL'1'l:; 11.JYiPl1~ 11.J'li1~n'1'l110.00 1400 U'1'l~ 16.00 1.J. 

" I l.t 

Liit1Y;'ll~rulr;nl-Jl1f'iYiYhm~Yl(fl'1'l t1~ m n.nrh DGP L~~tJ '11~ 3 f1.J~l l'1C1! ~1J~1 

DGP lJrh~~~(fI~f1.J~ 21 jjC")1.J1tJ1.J (DG P=0 36) lJf'h~l~(fI~f1.J~ 21 iT1.J11F1l-J 

(DGP=0 29) lJf'ilL~~tJt1~Yi 0.32 
• I , , , 

DGP iJril~~~",Yif1.JY12 1 iT1.J11F1l-J (DGP=OA 3) iiril~l~",Y1f1.JYi 21 j1'11.JltJ1.J 
.... , ~ , ...j 

(DGP=- 032) l-JFllL~f'ltJt1r.!Yl 0.36 

DGP lJf'il~~~"'~flJ~ 21 lJ1.J1F1l-J (DG P=- OA 7) nril~l~"'~f1.J~ 21 nC")1.JltJ1.J 

(DG P=OAO) lJf'ilL~~tJt1~Yi OA 5 
, I , , , 

DGP nril~~~r1Y1f1.JY1 21 iT1.J11 F1l-J (DGP=OA 5) nril~l~(fIYif1.JY1 21 j1C)1.JltJ1.J 

(DGP=037) iif'ill1l~tJt1~Yi 0.40 
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_ .J DGP 
~\.IYI ~" average 

8.00 10.00 12.00 14.00 16.00 

N 0.383 0.380 0.401 0.383 0.411 0.392 

c: S 0.290 0.349 0.363 0.338 0.301 0.328 
" 7 
N E 1.000 0.606 0.383 0.316 0.300 0.521 

W 0.276 0.304 0.371 0.444 1.000 0.479 

N 0.291 0.329 0.343 0.345 0.336 0.329 

~ S 0.348 0.391 0.397 0.385 0.362 0.377 
~ 
N E 1.000 0.693 0.369 0.311 0.288 0.532 

W 0.276 0.310 0.360 0.457 1.000 0.481 

N 0.251 0.289 0.307 0.303 0.273 0.285 

0 S 0.403 0.616 0.694 0.726 1.000 0.688 ., 
Ii' 
N E 1.000 0.672 0.354 0.308 0.265 0.520 

W 0.260 0.300 0.359 0.480 0.537 0.387 

FIN B_~ 1 ' ...... rfh 
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, , 
dI _ ........ 0 I 

L~!lYi"l 1(1-11 j;l1 ~11.JYlYl1 m ~YlIf)~!l--lYiUl1 

11.Jr)1.J~ 21 iJ'l1.JltJiJ DGP i1filln1.J 0.4 1iJ~f'1j;l:;r)1.J!l!ln 1iJmn 8.00 llf'\:; 10.00 iJ. llf'l~1iJ~f'1 

j;l:;r)w;m '!!l--lll~l 14.00 ll~:; 16.00 1.J. 

11.Jr)1.J~ 21 i1iJlfl~ DGP i1filLniJ OA 11.Jiif'1(91:;r)iJ!l!l1l 1Wl~1 8.00 llf'\:; 10.00 1.J. llf'l:;11.Jiif'1 

j;l:;r)iJj;lll '!!l--ll'l~l 1400 LL~:; 16.00 1.J. 

1iJr)iJ~ 21 fiiJl1~~ DGP i1fi1lniJ OA L1.J~f'1j;l:;r)iJtltln '!!'l--ll'l~l 8.00llf'l:; 1000 iJ. LiJ~f'lI'I::r)iJj;ln 

'!!1--lllf'11 1400 LLf'I:; 16.00 iJ.LLr1:; 11.J~f'1U\ L1.JYjn-n'l--ll'lf'll 

" , '-" 

Lj.j!l~"lH1J1j;l1~~f'1Y;Yhm~YlIf)~!l'l mnnfi1 DGP Lll~tJ 'f1--l 3 r)'W~lFiC1J YiU11 
I I I , , 

DGP i1ril ~--lt'l(;1YiiiJYi 21 ij(1iJ1tJiJ (DGP:-039) i1ri 1~1t'l(;1 .y;r)'W.y; 21 fiiJ'llfl~ 
'U ~, ~ 

(DGP- 028) i1ri1 Lll~tJtl~.y; 0.33 

DGP i1rh~-lf'\If)~r)'W~ 21 fi'Wl1~~ (DGP=069) jjfi1~1~1f)~r)'W~ 21 n'liJltJiJ 

(DGP=033) nri1Lll~tJ!l~.y; 0.46 

DGP i1fi1~-l'1'\If)~r)'W~ 21 n'W1~~ (DGP=053) jjrh~li'\(;1~r)iJ~ 21 fi'W'll~~ 

(DGP=052) nri1lll~tJ!l~Yi 0.52 

DGP nfi1~-l'1'\(;1~r)iJ~ 21 ijr)'W1tJiJ (DGP=OA8) jjfi1~1~i?I~r)iJ~ 21 fiiJ'll~~ 

(DGP= 0.39) i1fi1lll~tJtl~Yi 0.45 
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- -I 
DGP 

~UYl Yi~ al.<lrage 
8.00 10.00 12.00 14.00 16.00 

N 0.326 0.339 0.361 0.329 0.328 0.336 

c S 0.283 0.308 0.352 0.321 0.308 0.314 J 
7 
N E 0.624 0.354 0.353 0.308 0.292 0.386 

W 0.278 0.307 0.358 0.356 0.542 0.368 

N 0.271 0.305 0.322 0.306 0.283 0.297 

~ S 0.269 0.310 0.348 0.352 0.354 0.327 

N E 1.000 0.383 0.339 0.305 0.282 0.462 

W 0.275 0.307 0.332 0.340 0.580 0.367 

N 0.244 0.284 0.301 0.297 0.264 0.278 

lil S 0.306 0.345 0.376 0.423 0.547 0.399 
9 
N E 1.000 0.382 0.324 0.291 0.258 0.451 

W 0.265 0.301 0.305 0.316 0.441 0.326 
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~L~Wlij~ 21 ~~Ml>lf'il DGP 1'W1''W~ 21 iin'WlfJ'W 21 n'Wi~~ lL~:; 21 1i'W'n~~ :rlh~uu C I.lfJntJl1~YiM 
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, , 
... _ ..... .." 0 , 

L).J'ElYi"lIHWl ml~'J1,!YlYl l m TYl (;)~'El~Yitl'J l 

11,!11,!~ 21 iJC11,!ltJ1,! DGP iJrilLn1,! 04 11,!)1I"1~~11,!'El'Eln 11,!L'J~1 8 .00 1,! llft~11,!YiI"l~~11,!~n '1h'l L'Jftl 

16.001,! 

11,!11J~ 21 iJ1,!If'l).J DG P ilFil Ln1,! 0411,!)1I"1~~11,!'Eltln 11,!L'J~1 8 .00 1,! ll~~11,!)1f'1{;1~11,!~n 'li'J~l'J~1 

16.001,! 

11,!11,!~ 21 fi1,!'J l f'l).J DG P iJrilln1,! 04 11,!)1f'1ff1~11,!'Elfln 'Ii'J~l'Jm 8 .00 1,! 11,!)1f'1~~11,!~n ,h'l l'J ft l 

16.00 1,!ll~~ 11,!)1f'11~ 11,!'li 'J'll'J~1 14 . 00 llft~ 16.00 1,! 

" I ... 

Lij flYi"l I Hl.Jl m).JYif'lYivilm TYl(;)ftfl~ mnnril DG P L~~tJ 'f1~ 311,!~1f1l1! YilYll 

DG P iJril"3'l~(;)~11,!~ 2 1 iJC11JltJ1,! (DG P=0 34) iJril~1~(;)~11,!~ 2 1 fi1,!'Jlf'l).J 

(DGP=0 28) iJrilL'Il~tJfl~Yi 0.30 
, I , , , 

DG P iJril~~~(;)Yi1UYi 21 fiU'Jlf'l).J (DGP=040) iJril~1~(;)Yi1UYi 21 iJC1UltiU 

(DG P=031 ) iJrill'll~tl fl ~Yi 0.35 

DG P iJril~'l~(;)~1U~ 21 iJU'lf'l).J (DG P- 046) ilril~1t1(;)~1U~ 2 1 iJC1Ul t11,! 

(DG P- 0 39) iJri l L'Il~tlfl~Y; 043 

DG P iJril~'l~(11~1U~ 21 iJC1UltiU (DG P=0 37) jJril~ 1 ~(;)~1U~ 2 1 fiU'J l f'l).J 

(DG P=0 33) jJri lL'Il~tJfl~Y; 0.35 
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DGP 
nl'! al.erage 

B.oo 10.00 12.00 14.00 16.00 

0.402 0.35B 0 .370 0.323 0293 0.349 

0.271 0.304 0.342 0.312 0293 0.304 

0.600 0.351 0.359 0.317 029B 0.385 

0270 0299 0.346 0.345 0.523 0.357 

0.299 0.319 0.331 0.317 0.292 0.311 

0284 0.325 0.345 0.340 0.319 0.323 

1.000 0.397 0.348 0.313 0.2B9 0.469 

0.266 0.300 0.325 0.342 0.590 0.365 

0.260 0293 0.305 0.305 0.277 0.288 

0.382 0.459 0.372 0.397 0.372 0.396 

1.000 0.424 0.344 0.306 0.268 0.468 

0.253 0.293 0.301 0.378 1.000 0.445 
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, , 
~ _ ...., ~ 0 , 

LiJtl~"l1 nWl m ).J'"JUYlYll nl1Yl VI f'ltl -J ~U'"J I 

1ufu~ 21 j]C:Ul rJU DGP iJfilLnu 0.4 1U~PlI11::; rr1Jtltln 1UL'"Jf'l1 8 .00 U. LLf'l::;1uYiPlI11::;ful'ln 'Ih-1L'"Jf'l1 

16.00 U 

1ufu~ 21 iJU11'1).J DGP iJf'ilLnu 0.4 1uYiI'1",::;futltln 11Jnf'l1 8.00 U. Llf'l::;1uYiI'1I11::;ful'1n 'Il'"J-1L'"Jf'l1 

16.00 u. 

1ufu~ 21 ilU'"Jll'l).J DGP iJrilLnu 0.4 1uYiI'1I'l::;futltln 'Ii'"J-JL'"J~1 8.00 Uf'l::; 1000 U 1uYiPlI11:5ul11n 

'll'"J-JL'"Jf'l1 16.00 'hULf'l::; 1uYi1'11~ 1U'Ii'"J-1L'"J~11000 U 

I. , v 

L;jtl~"llnWlm).JYiI'1YiYi11l11YlVlf'ltl-J 1l11mAl DGP L~fttJ 'f1-1 3 fU~II'1'1! ~u'il 
I , , , , 

1UYil'1L"vIUtl DGP iJfil~-J~VlYifUYl2 1 j]rlUltJU (DGP=0 35) iJril ~ 'lM\Y1fuY121 ilU'"Jl f)).J 
'If .. "I .. 

(DGP- 0. 29) iJfilL~~tJtl~Yl 0.32 
, I , , , 

DGP iJril~-1MYlfUYl21 il1J'"J l f)).J (DGP=0.40) iJf'il~lf'lrlYlr)UYl21 i10U1UU 
'U .. 'I" 

(DGP=0 30) iJfilL~~tJtl~Yl 0.34 
, , , , I 

DGP iJfil~-1~VlYifuYi 21 iJUl f)).J (DGP=047) iJfil~l~rlYifuY1 21 i1CjU1UU 

..., I ..j ,...i 
(DGP=0 39) ).Jf'l rH~f'ltJtlr.JYl 0.44 

DGP iJril~-1l'lVl~r)U~ 21 ilU'"Jl f'1).J (DGP=0.44 ) iJfil~ Il'l Vl~fu~ 21 i1CjU1UU 

(DGP- 0.36) iJfi l L~fttJmJY1 0.39 
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DGP 
a~rage 

8.00 10.00 12.00 14.00 16.00 

0.332 0.337 0.360 0.320 0.316 0.333 

0270 0.305 0.346 0.319 0.289 0.306 

0.605 0.346 0.348 0.318 0288 0.381 

0270 0.306 0.347 0.349 0.523 0.359 

0.270 0 .305 0.330 0.314 0.279 0.300 

02 69 0.315 0.337 0.340 0.320 0.316 

1.000 0.381 0.338 0.313 0.282 0.463 

0.255 0.305 0.330 0.333 0.575 0.360 

0.244 0.285 0.305 0.295 02 64 0.279 

0.342 0.365 0.366 0.399 0.385 0.371 

1.000 0.387 0.324 0.291 0.258 0.452 

0.253 0.289 0.303 0.336 0.458 0.328 

nil ( ~ I r~I ... ch 

g .... 5 , ., • 

_to. - - --11 :: .. ------..... --~- :.: ... - - ~.~ -:: .~ ...... ;.:- .. - -
~,. I .. , \)(' HOO 

_ I. _ .... . _._ t _ Ii _ .... _ ~, ..... _ [ .. • ... 'N 

DGP FIN E 

"' "' ~ " . .. 
0 .,; ~ 

~ 0 
~ ~ c · " . "' "' . ., .,; 0 ::5 

~ .. 
"' 

0 "' 0 
.,; .,; .,; 

I .- r-

r- r-

~ 
0 

0 
, 

~ u 
, 

.5 ~ 
~ ~ Co 

~ 
~ 0 

~ 

~ ;:; ~ ~ ;:; r , 4: 0, r , " 0, " 0( 

-
;:; 

\;\1 



73 

, , 
d _ ..... .... , 

LjJ tlY1911CWl m mUY1Y11 n l 1Y1 ~ ~tl':]Y1U'J l 

1ur)u~ 21 iJ'1U1tJU DGP nrilLnu 0.4 1u~f'lI'l:;r)Utltln 11.JL'J~1 8.00 U. LL~:;1U~f'lI'l:;r)1.JInn '!h~L'J~l 

16.00 u. 

1U'lU~ 21 nUl l'ljJ DGP iJrilLnu 0.41uYif'l(;1:;r)Utltln 11.JL'J~1 8.00 U. u~:;1Ul1f'1(;1:;r)u~n 'Ii'J':]L'J~l 

16.00 U. 

1ur)u~ 21 llU'Jll'ljJ DGP nrilLnu 0.4 1Ul1f'1(;1:;r)Utltl n 'Ii 'J.:]L'J~l 8.00 U~:; 1000 u . 1uYiI'l~:;iu(;1n 

'ri'J':]L'J~116.00 U . Ll~ :; 1uYip\1~ 1U'Ii'J':]L'J~11000 u . 

" , '" 
L~tl~ 9 1 1CWl mjJYif'lYiYhn l JY1t'1~tl.:] mnnfil DGP Lll~tJ i'l.:] 3 r)Uth'IClJ Y1u 'il 

I , , , 1 

DGP iJril~~~t'1Yir)1..lYi 21 iJ'1U1tJU (DGP=0 35) iJfi l ~l~(;1YiiuYi 21 llU'Jl l'1jJ 

(DGP:= 0 29) nfil Lll~ tJtl~Yi 0.32 
I I , • I 

DGP nril ~ ':]MY;r)UY; 2 1 llU'Jl l'ljJ (DGP=040) nril~lMY;r)h!Y; 21 iJrl1..l1tJU 
\I 'I 'I 'I 

(DGP=0 30) iJfil Lll~tJtlrJY; 0.34 
I , , I , 

DGP nril ~.:]~t'1Yir)uY; 21 iJU11'1jJ (DGP=047) iJri r\~l~(;1Yir)UY; 21 iJ'1U1tJU 

(DGP- 0 39) iJfilLll~tJtl~Yi 0.44 
I I I , , 

DGP n ri l'i3.:]~~~HuY; 21 llU'Jll'ljJ (DGP=044 ) nril~l~(;1Yir)UYi 21 iJ'1U1tJU 

(DGP:-0 36) iJfilLllft tJ tl~Yi 0.39 
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FIN A FIN B FI N C FIN D FIN E 

, DGPAverage 
... ... lip! 'JU'Yl 

BASE FINA FIN B FINC FIN 0 FIN E .. 
0.391 mUtl 0.365 0.393 0.356 0.362 0.354 

c 
:::l 

1J}i 0.326 0.321 0.328 0.320 0.317 0.312 
-;> 
..--

11l:;t)utltln 0.522 0.480 0.529 0.477 0.477 0.473 N 

11l:;t)ul1ln 0.487 0.414 0.483 0.413 0.408 0.406 

.... 
0.321 mUtl 0.315 0.323 0.307 0.314 0.306 

L.. 1~ 0.359 0.338 0.370 0.335 0.337 0.334 ro 
~ 

I ..--
11l:;t)Utltln N 0.538 0.489 0.540 0.483 0.487 0.481 

1n:;t)ul1ln 0.479 0.402 0.480 0.399 0.399 0.396 

.... 
0.293 L~Utl 0.291 0.393 0.285 0.290 0.285 

() 1~ 0.694 0.486 0.693 0.468 0.471 0.454 Q) 

0 
I ..-- 11l:;t)Utltln 0.520 0.480 0.522 0.473 0.480 0.473 N 

11l:;t)ul1ln 0.474 0.454 0.403 0.358 0.455 0.360 

lif'l 
DGP Average vf~tJ 

BASE FINA FIN B FINC FIN 0 FINE .. 
L~Utl 0.335 0.324 0.370 0.316 0.322 0.315 

1~ 0.460 0.382 0.464 0.374 0.375 0.367 

11l:;t)Utltln 0.527 0.483 0.530 0.478 0.481 0.476 

11l:;t)ul1ln 0.480 0.423 0.455 0.390 0.421 0.387 
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.3A:; [ 

• BAS[ 

• FIN B 

~~~W:J5J~ 29 ~~M'lrll DGP ~~~tJi'li'J 'jJ~'l~~'l~hjn~~~\lU'l~L(;l(;l ~mtJlJ~YlmJnlJ~~'l~lilU~'lU'lW;\(;lUlJlJ B 

(~'W 0,50 j.,J,) 

~~~W:J5J~ 28 ~~~:: 29 ~~~(;l'lrll DGP ~~~tJ~~n(;l~'W L(;lmmtJlJ~YltJlJ1:: .. dl'l"'~\l~hj'lil~~~'lU\lU(;l(;lnlJ 
~~'l~1il~~~'lU'l~L(;l(;l1t1UlJlJ B ~S:h::tJ::~'W 0,50 ~j.,JlJI1 L(;ltJ"lm~~'WJl5J YilJrJI1'W~f'll~u~:;);f'llJI::1''W~~n nl11il 

~ ~ 

LL~'lU\l~~(;l(;lltlL~lJlJ B hj~\l~~1LP11r;i~rll DGP LL~::~'l~~iJ~tJj.,Jln1'WYif'llJl::1''WlJIn LLPltJYif'llJl::l''WlJIn rll DGP 

ftLPI~'l"ln~~'lj.,JllJl1"1'W"ln 0.48 dJ'W 0.46 
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BASE vs FIN C 
<t .,.. 
<0 

0 

..., 
" ~: ~ 
~, :;; ri "' ) '" oc u: ...... 
0 ' ~ .... 

<C n .... .. 
0., 

.. ... ... 
::. Q _ ..o_. __ ~. ___ c-- 0 

'" ... 
0- F. 0 .r" 'i. a 

" .... 

~ .., 

t- I ~ '-",0 e n, 

L """, oro: ri "'co 
0 ~,..., 

°d l- I-. 

:- 't- l- t- r-

i- t- i- t- I-

'-- '---

y,; N Vi 1\ 

21-Jufl 21- M.:( l l ·Dec 

BASE vs FIN C 

.Ii 
(tJ\J 0 .50 lJ.) 

r11 DG P flrnfl'l"lniltl'l).Jl~~j'I\JI'nn 0 .33 LlJ\J 0. 32 

r11 DG P flrnfl'l"nniltl'l).Jl ~jtj'l\J"ln 0 .46 LiJ\J 0 .37 .... 

77 

-.- -------~ 

~ .. 
0 

oe 
n 

'" 0 • B.ASE 

I Hr~ L 

\V 

FIN .: 



0 _3 

0 7 

f l ,.) 

o .~ 

... 
~ 0.4 
o 

0.3 

0 .2 

0 .1 

o 

os 

0 .7 

O_G 

U ... 

"-
~ 
0 

O _ ~ 

It ; 

0.2 

0 .1 

0 

r, 
'" "' , 
0 ' .. -

N 

~ I -Jull 

r. 

~ or. .... 
'" =- 6 

N 

------ ------- -------------------------l 
BASE vs FIN 0 
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""" '" .. o~ "'" 6 " <>: """'" 0 C_~ ___ fO 6~ _ --- ---or)------- - If- e--
0 0 ... '" 0 
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0 

"'0 
C"t-';\ 
"!N 

t- r-
• BASE 

On 
I'!I- • [IN 0 l-

I 
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t- l- I-- r- t-- I-
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IN N \V N S W 

2 1-M,; [ 21-Dec 
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BASE vs FIN 0 
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.. n 
ri 

• BASE 

• fiN 0 
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ll~W:JnYl33 ll~rn_lFi1 DGP l~ftrJ;1_ltl '!ltl_l~tl_lYlbJi:Jll~_lU_lllrnrn lmmJlYlrJun1J~tl_lYl1iiUJNU_lUrnrnUU1J 0 

Yif'lI?l:::rJ1Jtltln 

Yif'l(;l:::rJ1J(;ln 

... 
(mJ 0_50 j.J) 

rh DGP ~rnfN"ln~tl_lj.J11'l1jl1J"ln 0_33 lU1J 0.32 

I'l l DGP ftrnft_l"ln~tl_lj.J11'l1"11J"ln 0.46 lU1J 0.38 
u 

I'll DGP ftrnft_l"ln~tl_lj.J11'l1311J"ln 0.53 lU1J 0.48 

I'll DGP ftrn~_l"ln~tl_lj.Jll'lpn1J"ln 0.48 lU1J 0.42 
u 
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<Hull n :~.r ___ . __ .L ___ --,-2_1._De<;_· ___ ~'__ __ __' 

lLr.JWJil~ 34 LlM'I'lrl1 DGP 'lJ'fl'lil'fl'l~bJ):jLLr.J'lU'lLL£iI£iI LmtJULYltJUnuiI'fl'l~1ilLLt.J."U'lLL£iI"'LLUU E (~U 0.50 l-J.) 

BASE vs FIN E 
:J.S 

11 

:J.G 
r-

" U" 

r. 

J .5 

"-
~ 
0 

J." 

J .; 

:>.2 

J.1 

0 

N 

.... 
(tJU 0.50 l-J .) 

YiU~1 m·NriLLr.J'lU'lLl£il£ilzULLUU E ~ih:::tJ:::~u 0.50 l).J1'l'! ~'lr.Jft[;\'flf'i1 DGP ;'lif 

Yif'lL'l-lilfl rl1 DGP ft£ilfWnnilfl'll-J1j;11~1ur.nn 0.33 LUU 0.32 u 

Yif'l1~ rl1 DGP ftfflft'l"nnil'fl'll-J1j;11j1U"l1n 0.46 LUU 0.37 

Vi f'I j;1:;rJU'flfln 

Vif'lt;l:;rJut;ln 

fi1 DGP ft£ilft'l"nnil'fl'll-J1l'11j1U"'l1n 0.53 LUU 0.48 

fi1 DGP ft£ilft'l"l1nilfl'll-J1mj1U"'l1n 0.48 LUU 0.39 

• BAse 

• FIN E 
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.... r.!: q I I .., ~ • .- -... .., _4 ..... .cA.. cl 
m~~ 1J~!ltH Vl!lU fll DGP T.;'VI11-3'VI'8-3Vl L;J;JUFNU-II UJI JlU~:::Wil~Vl;JUFN'lNUJIJI Vl;JT.;S:::S'Y 0.50 

L;Jj;l~ (LL~'1U-llLLJlfI~tlLLUU ABC 0 LL~::: E) ..---

-- .-.--.-- --------- -~-.----.- - _. __ ._-------- -- -, 

All Fin 21Jun -
0 .-3 

U I 

0 .0 

U :. .... r) .3.'\5c 
C'. 

" 
G 

'" '" 
r) <t 

• 'IN!\ 0.. .,; ~ 
.,; Cf\ 

" OA '" 0 .,; 
• -IN ~ 

n, • :IN C 

• :IN 0 

0 .2 :IN E 

0 .1 

.} 

N W 

/'I - Itln 

9In~ftn11~lft!l_1n1nmmJ lYltJUfll mll-lt..l19~Lth.l'lJ!l_.l I.J.t'I_1U11'l11l19In I.J.t'I_.lfi11l-l'!!1 ~ (DG P) 1~wil_1 

iitl_1~1~~LL~_1U_1LLI'lI'lLLft~iitl_1~iiLL~_1U_1LLt'lt'l (lUlLUU A B C 0 LLfI~ E) ~1~tJ~~l.l 0.50 Ll-l11l11l.lfl.l~ 21 

iJC1l.l1tJl.l Yiurjlll.liitl_1~1~iJLL~_1U_1LLt'l1'l DGP 9~iJflILnl.l 0.4 ll.lYif'llPl~fl.ltltlmLft~Yif'll1l~fl.ll1ln Ll'ltJnl1HLL~_1 

U_1LLI'lt'l!lhLUU A C 0 LLfI~ E ~1~tJ~~l.l 0.50 Ll-l11l1 t'lll-l11C1ftt'lfll DG P 1~lnfh~ tJ _1nl.l Ll'ltJn11HLL~CNU_1 

Llt'lt'l1ULLUU E t'll)..Jl1C1f1t'lfll DG P 1~)..Jln~t'l1'l ~')l.ln11HLL~_1U'lLLI'lt'lnJLLUlJ B tTl.l ~'l~flf?i!lfil DG P tJ!ltJ . .. 

All Fin 21 Mar 
0 3 

0.7 

0 .·) 
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LL~WJiJ~ 37 LLt'lI'l_1~fln1nmtJULY1tJuFi l DG P L~~ tJ nnw A B c· 0 LLft~ E 1l.l~l.l~ 21 ~l.l1F1~·~ 
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''In ~f'ln11~1~t)'ln11L mtJu LYltJUt'i1 fYl1i-Jl.J1,,:;d:Ju'!J'fl'l Llt'l'lU1"'~l"l n Llt'l'lfim·J'I!l~ (DGP) 1:;~~1'l 

iit)'l~hjiiLL~'l,r'lLl"''''LL~:;ii'fl'l~iiLL~'lU'lLU'\''' (nJLluu AB C 0 LL~:; E) 1U'ru~ 21 ):1U1f1i-J Yiurj11u~t)'l~bJ):1 
~ 

LL~'lU'l LL"'''' DGP ..,:;):1 t'i1 Lnut'i1i-J1 ~1~lU 1uYi 1"\~ :;r)U'flt)mL~:;Yi I'l ~:;r)u~n t"'tJ 1uYi 1"\111:;r)Ut)t)nn111i!LI~'lU'l .... 

LL",,,,~tJLLUU A C 0 LL~:; E ~J:;tJ:; 0.50 Li-J~J t'l1~lJ(l~", t'i1 DGP ~'l1~ 0.058-0.049 LI~:;1uYif'l~:;r)u~nn1J 

1ihL~'lU'lLl"''''1tJLLUU A C 0 LL~:; E ~J:;tJ:; 0.50 ~1'l1 ~lmJ(l~",t'i1 DGP ~'lU; 0.083-0.077 ~')t.ln1J1iill~'l 
~ 

-- .-- . . __ ..... __ ._ .. _. _._._------ --_._ .. _-_. _- ----- -------_._---------. 

All Fin 21 Dec 
0 .3 

07 

0.:3 

O.S ,., . 311.5 0 
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• ' INA 0 
t.:) OA 
" J< • =IN R .., 

~ 

0 .3 - ' • =INC 

• =IN D 

0 .2 ' IN [ 

0 .1 

,} 

N w 

Zl -Ot'l 

LL~WJ~~ 38 LLM''l~~n11LmtJuLYitJut'i1 DGP L~~tJ n~rii~- B C ~~L~~ -E- 1ur)~~~~"i~,)1f'1i-J -

.., 1 n ~~ n11~1 ~'fl'l n11L mtJu L YltJU t'i1 fl,)1~-J1":; LUt.I'!J'fl'l LI~'lU1 '" ~1"1 n LL~'lfi 1J~'I!1 i11 (DGP) 1:;~~1'l 

ii'fl'l~hji:JLL~'lU-.lLL~"'LL~:;ii'fl-.l~i:JLL~-.lU-.lLL~~~1:;tJ:;~lJ 0.50 L~JI11J (JtJLLUU AB C 0 ll~:; E) 1ur)u~ 21 
~ 

fit.l,),' fl~ YiU~11Uii'fl-.l~llJi:hL~-.lU'lLL~~ DGP ,,:;i:JFi1Lnu 0.40 1t.1Yi1"\1~ YiI"\~:;r)t.I'fl'flnll~:;YiI"\~:;r)t.llJ1n t",u1t.1 

YiI"\1~rl1J1iiLL~'lU,m~~~tJLLUU A t'l1i-J11C1Mt'i1 DGP ~'ll~"ln 0.694 L~~'fl 0.486 LI~-.lU-.lll"''''ltJllUU C 

LL~:; 0 ~1~l JC1~~t'i1 DGP f'l-.ll~m~'fl 0.468 LL~:; 0.471 1111i-J~1r;1U ~,)t.ln111iill~'lU'l~"'rtJLLUU B Jt.I 

~'l~~r;l'flt'i1 DGP U'flU~ln 1t.1YiI"\IJ1:;r)U'fl'flnLL~-.lU'lLLtrI~YJnrtJLLuullJ~1i-J1Jm:h1~Fi1 DGP ):1Fi1~lnrj1 0.45 

1~ ttrlUn1J1iiLL~-.lU-.lLL"'trlltJLLUU A C 0 LL~:; E !'\1~11C1~trlri1 DGP ~-.l1~ m~'fl 0.480 0.473 0.480 LI~:; 

0.473 m~~lr;1U ~,)t.l1t.!YiI"\~:;r)t.llJ1n n1J1il LL~-.lU-.lLLtrltrl1tJ UUU A U~:; 0 ~'l~~j;j'flri1 DGP rl'flt.lil1'lU'flU n11 . 
1iiLL~-.lU-.lLL~~ltJLLUU B r11mJCl~l?Iri1 DGP ~-.lUi ''In 0.474 mftt) 0.403 n111illl~'lU'l Ll~"'ltJllUU CLIft:; 

E !'\ 1~lJ(l~~ri1 DGP ~'ll~L~~'fl 0. 358LL~:; 0.360 mi-J~lr;1U r;1'lLL~"''l1Ull~t.lJl~~ 38 . 
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"1 n ~~ n'l~9 1~ tl~ n'l mnuu L YlUU rl 1 f'\'"l1~1l1"::: L iJ1.J'lJtl-l LL~-lU'l ~vn"1 n LL~~1i1~~'I!1 ~ (DGP) 1:::"vI'l1-l 

~'il..'l~hjiJLL~ ,nr-lLL(;1~LL'(d~'il-l~ijLL~..'liJ~LL(;1(;1~i:h:::u:::~1.J 0.50 L~ I?I~ (~ LL1J1J AB C D LL~::: E) L~'il~"1m.mf..'l 

tJ YilJ'l 111.J~tl-l~hJihL~-liJ-lLL~(1) DG P ,,:::ilri'lLil1.Jrl1 0.4511.JYiI'\1~ Yif"lIrl:::t)1.JtltlnLL~:::YiI'\I?I:::i1.Jl?ln Lv1u11.JYi f"l 

1~n'l~HLL~..'liJ..'lLL"'(;11ULL1JU E ~1~1~C1~~ri1 DGP ~-ll~mn~i'\~ ~tl..'l~..'l~1~ tl n'l~HLL~..'liJ-.1LL~~~LLU1J D C 

LL~::: A 'l~U~(;1~..'l " 1 n 0.460 L"vI~'il 0 .367 0.374 0. 375 LL~::: 0 .382 1?11~ft1~1J l'I'"l'Wn'l1HLL~..'liJ..'lLLtiI~lULL1J1J B 
... 

11'1.J l'I-l~~(;\tlril DG P iJtlmnn 

1'WYif"lI?l:::t)'W'il'ilfHL~~iJ-lLLtiltilYlmULL1J1Jhi~I~11tlYi11~ ri 1 DG P ilril~ln'l1 0.451~ 'ltil U n'l1HLL~-liJ..'l . ~ 
LLrltillULLUU E ~1m1Cl~ rlril DG P ~..'ll~mn~i'\rl ~'il..'l~..'l~I~tlm1HLL~~iJ..'lLLtiI~~LL1J1J C A LL~::: D ltilU 

~rl~-l"ln 0.527 mfttl 0.4760.478 0.483 LL~::: 0.481 ~n~ftl~1J l'I'"l'Wm~HLL~-.1iJ~U~tiI~LLU1J B tY'W l'I-l~~ 

1?l'ilr11 DGP iJtlm-nn 

l'I'"l1.J1'WYiM:::t)W;1n m11iiu~-l iJ-lU~~IULLUU E ~1~11C1Mr11 DGP ~..'lUil..nn~i'\tiI 1tl..'lft..'l}.Jl~tlm1H 

LL~-liJ-l LLtiI~~ULL1J1J C A LL~::: D trlU~~tN"ln 0.480 LVlft'il 0 .387 0.390 0.421 LL~::: 0.4 23 IrI lj.Jfh~1J l'I'"l1.Jm~ 
~ 

f 
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4.1.2.4 n1~L'l..rhI1JL;;etJfh DGP ~'VI';h-3~'2l-3m~jijLLr./.nr-3LLAALLa::~'a.:J;1iiLL~,nr.:JLLAA ;1ii~!J::~'U 

1.00 L~A~ 

FINA FIN B FIN C FIN 0 FIN E 

., ... DGPAverage 
'l'U'VI Vip! 

BASE FINA FINB FINC FIN D FIN E 

.. 
0.391 L'VI'Ufl 0.357 0.392 0.336 0.349 0.333 

c Ul 0.326 0.320 0.328 0.314 0.304 0.306 :J -, 
I .,.... 

UI:;1'Uflfln 0.522 N 0.396 0.521 0.386 0.385 0.381 

UI:;1'UUln 0.487 0.374 0.479 0.368 0.357 0.359 

.. 
0.321 L'VIl.Ifl 0.314 0.329 0.297 0.311 0.300 

0..... 1~ 0.359 0.332 0.377 0.327 0.323 0.316 ro 
f .,.... 

UI :;1'Uflfl n N 0.538 0.474 0.532 0.462 0.469 0.463 

UI::1'UUln 0.479 0.375 0.481 0.367 0.365 0.360 

.. 
m'Ufl 0.293 0.290 0.285 0.278 0.288 0.279 

u 1~ 0.694 0.429 0.688 0.399 0.396 0.371 Q) 

0 
I .,.... 

UI ::1'Uflfln 0.520 0.467 0.520 0.451 0.468 0.452 N 

UI::1'UUI n 0.474 0.449 0.387 0.326 0.445 0.328 

ViI'! 
DGP Average vT4t1 

BASE FINA FIN B FINC FIN D FIN E .. 
L'VI'Ufl 0.335 0.320 0.335 0.304 0.316 0.304 

1~ 0.460 0.360 0.464 0.347 0.341 0.331 

11l::1'Utltln 0.527 0.446 0.524 0.433 0.441 0.432 

1fl::1'Ul1ln 0.480 0.399 0.449 0.354 0.389 0.349 
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BASEvs FIN A 
O.R .... 

c;> I 
"" e I 

! 0.7 
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0 ........ .~ "- C\ .... 
11-ci~ 0.:; 

L-; ":I ~ .... "! 
0 n:~ 11- ~ rO o~ 

r- c-
"0 .BASE 

~ C;j 

cicie- 11- "'''' --. .... 
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l- e- r- e- r- r- FINA 
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0 .3 

I' I 
02 l- I- t- l- I- l- I- l- I- t- t- t-

0 .1 l- I- l- I- l- I-
I 

l- I- l- I- l- t- I 
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N 1 :; F wi N I s I F I w r~ I s I = I w I 

'; t -h.n 
I ) I-~I d r 71-0 ..... 

I 

o 

0 .1 -'-----------------------

O.b +-------------;;i---------

0.5 +-------~----

... 
:::: 0 .4 -+---~~---

• BASE 

0.3 

0.2 

0.1 

, l_O _ N _,---.; . W • 

LLC_Jw;JiJYl41 LLf'lj;1'lFl1 DGP L~fttJ'I1'ltJ "lJt1'l~t1'lYlhJi1UC_J'lU'lUIM1 LU1tJULYlmJnU~t1'lYl1,uC_J'lU'lUt;jt;jUUU A 

Yi PI f;l :;rj\.l t1 tln 

YiPl(;l:;iulnn 

. 
(iii-J 1.00 l_J.) 

~1 DGP ftl1lfW'l1n~t1'll_Jllnj'~IU~ln 0 .33 LUU 0.32 

~1 DGP ftj;1fN.,ln~t1'll_Jlm~IU.,ln 0.46 LUU 0.36 

~1 DGP ftj;1ft'l.,ln~t1'll_JIInj'.,IU~ln 0.53 LUU 0.45 

~1 DGP ftj;1ft'l.,ln~t1'll_JIInj'~IU.,ln 0.48 LUU 0.40 
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LL~WJ~~ 43 LLMl-lFl1 DGP L~~tJi-ltJ 'jJtl-l~tl-l~hH:ju~~U-lLLCiICiI L~tJ~ ~~iJniJ~tl-l~1~L~~-lU>lUCilCilUiJiJ B .. 
(mJ 1.00 l-l.) 

~tl -l~n LL ~>lU-lLL(;lCilpJLLiJiJ B ~ih::tJ::~lJ 1.00 Ll-l~1 LCi\tJ"l1nU~WJ~Y;iJ~11lJ'Yif'lL~i1tlU~ ::1~ n111~U~>lU-l 
LLCilc;,!lhLiJiJ B hJ~-l ~~1Ci11~tlfi1 DGP LL~ :: ~-l~~iltltJmn1lJ~f'I[;J::ilJtltlmL~::~f'I[;J::ilJ[;Jn L(;ltJ~f'\V1::ilJ~n 

Fl1 DGP ~ Ci\~-l"l 1n~tl-ll-l 1 [;JJj1lJ"l1n 0.48 LUlJ 0.45 
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(~i.J 1.00 ).J.) 

Vi M::rJi.Jtltln 
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l'il DGP flc;)fI'l.,ln~tl'l).JllJl1~1i.J.,ln 0.46 dJi.J 0.33 .. 
l'il DGP flc;)fl'l.,ln~tl'l).Jlm.,.li.J.,ln 0.53 dJi.J 0.43 

I'h DGP flc;)fI'l.,ln~tl'l).JllJl1.,.1i.J.,ln 0.48 dJi.J 0.35 
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4 .1.3 ~~ m'i<il~'il..:Jfilf111~'lh~~LthJ"lI'il..:JLl?l..:J'LJ1~r;lI"lnLl?l..:Jfi'i·HJ"lIl~ (Daylight Glare 
o ~ ...... .d! 

Probability, DGP)r;lI~ fllm~1"!I'Y1 2 

~lrnJ..J~r.i't1~ 2 • UJJ--1U--1 LL"'MLl.'lJ'l'lJ!l'lJ~~h:::t1:::~'lJL'h:l11'lJ "'l:::f'i--1CJf1If1!l rllfl'llJ..J1..il"'l::;LiJ'lJ"lJ!l--1 Ll.~--1U1!P1IWl 

"'llmL~--1nJJJ..J'l!l~ (Daylight Glare Probabili ty, DG P) m.h--1h 

th:::n!l 1J ~'I tJnlJ41 f1!l--1Ll.CJ--1U--1LLM !P1LL'lJ'I'lJ!l'lJ~jJliJ..J Vertica l Shadow Angle (VSA) ~1f11--1n'lJ (F)--1C 

-, '-- L-

--1 --1 --1 

VSA = 30 VSA = 40 VSA = 50 

L- L L 

--1 --1 --.J 

VSA = 60 VSA = 70 VSA = 80 

16.00 'lJ. 

DGP , , ... 
1----.------.-----,---.------1 R1L'll~tJ 

8.00 10.00 12.00 14.00 16.00 

Base case (VSA90) 0.390 0 .669 0.688 0.724 1.000 0.694 

VSA80 0.386 0.602 0 .575 0.615 0.579 0.551 

VSA70 0.371 0.516 0.443 0.489 0 .558 0.475 

VSA60 0 .356 0.459 0.390 0.429 0.541 0.435 

VSA50 0.342 0.434 0 .370 0.410 0.525 0.416 

VSA40 0.330 0.425 0.361 0 .399 0.513 0.406 

VSA30 0.325 0.419 0 .352 0.389 0.504 0.397 



,- --- _._--_._--- ..... _._--_ .. _. 
I 

u.~ 

0 .7 

O.f 

0 .5 

'Ll~ / 
C>. 
l) 0.4 .---0 

0 .3 

() ) 

0 .1 

0 .0 

30 40 

cO cO • 
DGP ~'il~!J<m_pJ VSA Dl1.:1 1 

50 6·) 
VSA 

o E94 

• ./ 

y = 00124 xl- 0.055x + 0.4539 
R] = 0.9791 

70 80 90 

93 

~tl~~"llmLC--JWJn~ 54 LL~iP1-.l1~L{iiJ~1 ~~ Vertica l Shadow Angle (VSA)'jJtl-.lLLC__J-.lU-.lLLiP1iP1~L~~1fiJ "l~ 
~-.lC__J~1~rilf) ,)1 ~t.il"l~LtliJ'jJ~NU.~-.liJli1Wn"ll mL~'ljj'i''i'~'D l ~ (Daylight G lare Probabili ty \-ITt) DGPh~l-.J;fiJ 

[;n~hJ~')u LiP1UP'11 DGP "l~L~l-.J"lln 0.397 dJiJ OA06 OA16 0.435 OA75 0.511 0 . 6941iJ~l-.J Vertical 

Shadow Angle (VSA) Y130 40506070 80 LL~ ~ 90 tl-.lPl l LJl ll-.J~lCPliJ 

DGP 
~ 

DGP av Y1ft(;lft~ 
l-jlJ 

r.nn Basecase average 

Base case (VSA 90) 0.694 -

VSA80 0.551 0.143 

VSA 70 0.475 0.219 

VSA60 0.435 0.259 

VSA50 0.416 0.278 

VSA40 0.406 0.289 

VSA30 0.397 0.297 
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l~t)~"I11rullmuULYiuuri\Jnl1hjHm.j,nJ~u",C'1 YiU'il Uc.J.nr~ll"''''~lil-J Vertical Shadow Angle 

(VSA) 80 t:WI1 r11f'1'11l-J111"1:; ltl'W'lJtl~llf'l~ Ul"' ~ 1 "11nUf'l~ fi1j'l-J"Il l ~ (Daylight Glare Probability l-I1tl DGP) 

~r11fl"'fl~"I l n 0.694 m~tl 0.551 fi"'ltl'Wml-Jlru~fl"'fl~ 0.143 (143%) ~lil-J VSA 70 tl~f'11 r11 DGP ~fOi l 

flC'1~~"Iln 0.694 mfttl 0.475 fiCilltl'Wml-Jl ru~~",~~ 0.219 (219%) ~lil-J VSA 60 tl~f"I l Fll DGP ~ril~CiI~-.l 

"lIn 0.694 ll-lfttl 0.435 ?)"'lu'Wml-Jlt1J~~"'~-.l 0.259 (259%) ~lil-J VSA 50 tl~f"Il fOil DGP ljr11~"'r<~"Iln 

0.694 ll-l~tl 0.416 ?)"'ltl'Willl-Jlru~fl"'r<~ 0./78 (278%) ~lil-J VSA 40 tl-.lf'll r11 DGP ljril~(M~~"Iln 0.694 

mfttl 0.406 ?)"'ltlt.lU1Wlru~~"'r<~ 0.289 (28.9%) ~l-Jl-J VSA 30 tl-.lf'll r11 DGP ilril~"'ft~"Iln 0.694 LYlfttl , 

0.397 ?)"'LtI'Wml-Jlru~ft"'fl-.l 0.297 (297%) 

4 .1 A u'amj~I~'Pl~l'h~11~'lh~~LiJ'U'II'8.:JU.~.:J'lJ1flfll~lmU.~fij'ii'~"lIl~ (Daylight Glare 
o _ ..... ~ 

Probability, DGP) "1~~1r;n~1~!l'YI 3 

~lrnl-J7){u~ 3 ~l'W'I'WUc.J-.lU-.llltn '" lL'W'I'Wtl'W~L~l-Jmn~'W "I:;~~c.Jft~tlril f'1'11l-J111"1:;Ltlt.l'IJtl-.l Uf'l~Ul "'~1 
"I1nU~-.lfi11l-J"Ill ~ (Daylight Glare Probability, DGP) tlt! l-.lh 

-, -'p~ -',. 50 3 

F 

f J 
41t.l'lt.lLL~",U"'LL(Ml 1 tlt.l ~1t.l'lt.lLl.~",U"'Ll.(;1(;1 2 tlt.l 41t.l'lt.lLl.~",U"'LLI?lI?l 3 tlt.l 
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16.00 \J. 

DGP 
~~ 41U~U~~~~~UU~UftU CM3rage 

8.00 10.00 12.00 14.00 16.00 

~~1~ 0.325 0.419 0.352 0.389 0.504 0.397 
0 
C') 

« ~~2tiu 0.282 0.379 0.327 0.356 0.400 0.349 C/) 

> 
~~3tiU 0.259 0.338 0.319 0.341 0.355 0.322 

~~ 1 tiu 0.330 0.425 0.361 0.399 0.513 0.406 
0 
..r 
« ~~2tiU 0.302 0.394 0.348 0.380 0.418 0.368 C/) 

> 
~~ 3tiU 0.284 0.355 0.340 0.369 0.379 0.345 

~~1~ 0.342 0.434 0.370 0.410 0.525 0.416 
0 
LO 
« IIfN 2tiu 0.323 0.414 0.366 0.399 0.436 0.388 C/) 

> 
~~3tiU 0.306 0.378 0.361 0.392 0.413 0.370 

lItl ~fi"'n i?l1j'1~~ 37 L~mJl Pi l L il~tJ'IItl~ Pil Fl'Jl,.n.h"l:::L u\J'IItl-l LL~~U1 c;] i?l,", n uf'l-l fimJ'!ll ~ 

(Daylight Glare Probability i-I1tl DGP) ~'~"'j'ru, "::;LLM-l1iiLi1\J~1~~~ Vertical Shadow Angle (VSA) 

LVii L~~ n1j'L~~~,\J,)\J 'IItl-l UtJ-llI-l U£'l£'l ,,::;t'i-l tJrl N Pi, fl,) l ~\.il "1::;LU\J'IItl'l uf'l'lU1ifli?l,,,, n Uf'l'lfia~'!ll~ 

(Daylight Gla re Probability i-I1tl DGP) iiPilfliflrl'l LC;]tJ~~"j VSA ~ 30 tl'lf'll nlj'HLLtJ'IlI'ILLi?li?I~'\J,)\J 2 Ufi::; 

3!l\J vh1iiPiI DGP fiC;]fl-l"lnnlj'HLLcNlI-lLLl?1l?1~'\J,)\J 1 !l\J "l,n 0.397 LU\J 0.349 LLfl::: 0.322 m~~I~tJ ~ 

~l-J VSA ~ 40 tl'lf'll nlj'1.IjjutJ'l1I'JUi?li?l4'\J')\J 2 Ufi::; 3!l\J vhliirh DGP fli?lfi-l" ' nnlj'HLLtJ'IlI'JUi?li?I~'\J,)\J 

1 !l\J "l I n 0.406 LU\J 0 .368 Ufl::; 0 .345 ml-J~,~tJ ~~l-J VSA ~ 50 tl'Jf'l1 nl j'HLLtJ'IlI'JU£'li?l~I\J,)\J 2 U~::: 3 

!l\J ~,1iiPiI DGP ~i?lfi-.l"lnnlj'HLLtJ-.l1I-.lLLl?1l?141\J,)\J 1 !l\J "l,n 0.416 LU\J 0 .388 LLfi ::: 0.370 i?l1~~,~tJ 
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VSA 30 

09 

08 

07 

06 
n-

O!; <!) +------------------------------------------~~ 
0 

04 

03 

02 

01 

0 

8.:n ~. fJO m.nn 11 cn ' 7.no B .on 14JTJ 1~ . no 1iH.n 

TIME 

.------------------------ - ---_.----------------------, 

VSA 40 

:1.9 

) .8 

).7 

) .6 

Q. 
\!) ) .5 

0 
).4 

•••• 
:J:=t 

).2 

).1 

0 

t.OO 9CO '10.00 '1'1.00 '12 CO '13.00 '14 CO 15.JO '15 CO 

TIME 



VSA 50 

0 .9 

0.8 

0 .7 

0.6 

O.4~----.;;i". 

~
~_._A --. -Us.' 

~:.~ 0.3 

0.2 

0 .1 

o 

f. .on Ron 10.rm l1H"J ' 7.00 n .on 14.rn l~.OO lfH.1l 

nME 

"lmL~W:JiJ~ 55-57 'Y'iU~1 rilf1'11)..JoJl,,~d'J'W'jJ'f)~LL~~U1~~I"lmL~~fjj'n.J'lIl~ (Daylight Glare 

Probability 1.-11'El DGP) ,,~iJril)..Jln~'i'j(;11'W'li'1~L'1~116.00 'W. J'El~~~".n~'El 1000 14.00 LL~:; 8.00 'W. 

~1)..J~Ic;)U LL~~nrJ1ii LL~~U~ LL(;1~~I'W'1'W~L~)..JlJln;{'W ~1)..J1Jn'li'1tJ~(;1ril DGP 1~~~'El(;1y!n'li'1~L'1~1 L(;1tJ 

~1l-.J1Jn~~ 1~)..Jln~~(;11'W'li'1~L'1~1 16.00 'W. 

0.6 

0 .5 

Q. 

..., 0 .4 
C\ 

0.3 

DGP average 

... - .--.0 .. :-: _ _ ~~ _____ .... ...... --... 
............ ::~.~ .. ~.~.::~.~ 

0.2 ----.. ---.---~-------------.---------

o 1 3 4 

r.j1U,)UU~Nli\lUflI'lU U'lU'ilU ('tlU) 

...... VSA30 - r VSA4 0 _ VSA50 

~-------.---------.---~~--~-, . , 
u.~\.Uli1Yi 58 U.~(;1~ril DGP L1lfttJ Yi VSA 30 40 LLf'l~ 50 'f)~1'I1 .. 
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~~tl~m!Ju\Y1!Ju~'il~~~1~rlurhfl'l1j.,J1..l19::;LU1.J'lItl'l\\~'1Ul(;1111191n~L~'1Dnl-J'!l1~ (Daylight Glare 

Probability'l-11'il DGP) '!Itl'l11.J~ 21 fi1.J'llfl}.J 11.J)1f"\1~ ~51ril 0.676 i11'1L\Ml'll1.Jl1Iln'l~ 39 'Y'iUrjl~~j.,J 

Vertical Shadow Angle (VSA) ~ 30 tl'lf"\11l1JHucmr'lU(Ml~11.J'l1.J 1 tl1.J 2 tl1.J L\~::; 3 tl1.J rhl~ril DGP 

~(;1~'191n1l111}.J'1:nLLC-J'IU.:J~L(;1rPl~rPl~'1LU1.Jm}.J'HU 0.279 0.327 U~::; 0.354 11I1}.J~1i11U ~~}.J VSA 40 tl'lf"\l m1 

1.lfiUc.J'IU'IU!?\!?\~11.J'l1.J 1 tl1.J 2 tl1.J LL~::; 3 tl1.J rh1i1ril DGP ~rPlfWnnn1JbJnUc.J'IU-3U£'l!?\~!?\fhlLU1.Jmj.,Jlru 

0.271 0.380 LL~::; 0.331 11I1}.J~1i11U U~::;~~j.,J VSA 50 tl-.lf"\l n'nl:nu.c.J'IU'I\\rPlrPl~l1.J'l1.J 1 tl1.J 2 tl1.J U~::; 3 tl1.J 

rhli1ril DGP ~rPl~'191nm1hi1.lfiLLC-J'IU'IL~rPlrPl~(;1~-.lLU1.Jml-Jlru 0. 260 0.289 \\~::; 0.307 11I1l-J~1i11U 

~-.ltrPlm'tl~!Ju~'l 1l111.lfi ~LCNU-.l LLM~l1.J'l1.J 1 tl1.Jl1.J)1f"\1~~1l-J1J()";11i1rilfl'l1}.J1..l1"::;LU1.J'!Itl'lLL~-.lUlrPl 

11I1"lnU~-.lD1Jl-J"I11~ (Daylight Gla re Probability , DGP) i1ril~(;1~'191niitl-.l~1lJi1mJHLLc.J'IU-.lLL(;1ff1LU1.J 

m}.Jlru 0.270 (27%) 1l1111fiLLC-J'IU'I ~L(;1(;1~l1.J'l1.J 2 tl1.J~1}.J1J()";11i1rilFl'l1l-J-J19::;LiJ1.J")tl'l LL~-lU1rPlI1l1"lmL~-.l 

Dn}.J'!ll~ (Daylight Glare Probability, DGP) i1ril~!?\f'i-.l"lniltl-.l~1lJn1l1Jl.lfiu.&NU-.lU£'l!?\LU1.Jml.Jlru 0.308 

(308%) mJl.lfi\\C-J-.lU-lLLrPlrPl~l1.J'l1.J 3 tl1.J~lmm";11i1rilfl'l1l-Jti19::;LU1.J'lItl-l \\~'1U1rPllJl l"lnU~'1DJJl-J'!l1~ 

(Dayligh t Glare Probability , DGP) i1ril~rPl~-.l"lniltl'l~1lJilmJl-n\\C-J-lU-lU!?\(;1~U1.Jmmru 0.331 (331 %) 

4.1 .5 tJ'Rnl''i~1'R'El,:j~1f'l'Jll-J'\h"l!;btJ'\J''Il'El,:jbb'14,:j'Ul(;l(;l1''lmb'14~fi1'nJ''lIl~ (Daylight Glare 

Probability, DGP)';I1l-J ~lm).l1~tl.y; 4 

~1()1l-J:)r.r!J~ 4 J::;lL1.J'I~i1fl'lll-JYiU~ r;ll'1rl1.J 9::;~-.lC-J~r;ltl ril Fl'l1l.J1..l19::;LU'IJ'lItl'l L\~'1Ul!?\ 11I191n U~-.l 

DJ1l-J'!l1~ (Daylight Glare Probability, DGP) mh'lh 

d .. 
1::U'IJ,:j'Vlfl'l1l-J'Vl'U 25 % 



~ 

~\..l,)1 1'l~ i?l~LLlfimn 8.00 - 16.001..1. 

s 

E 

w 

"-

" 0 

DGP DGP 

8.00 10.00 12.00 14.00 16.00 a~rage 

Base case 

1:::LLU-lViu 25% 

1::: LLU-lViu 50% 

Base case 

1:::LLU-lViu 25% 

Base case 

100'" 

90 ... 

eo ... 

't, 
~, 

.~, . .' . , 
70 ... ." . , '.:, " 
6()'" 

SO ... 

.. , . , ., , ... , 

0.390 0.669 0.688 0.724 1.000 

0.348 0.505 0.514 0.542 1.000 

0299 0.406 0.428 0.438 0.787 

0.276 0.316 0.330 0.337 0.306 

1.000 0.662 0.357 0.311 0.269 

1.000 0.502 0.327 0.314 0276 

1.000 0.414 0.307 0.317 0.284 

1.000 0.322 0.266 0.320 0.290 

0.270 0.302 0.322 0.477 1.000 

0.260 0.300 0.297 0.401 1.000 

0.251 0.300 0.286 0.356 1.000 

0.241 0.300 0261 0.306 0.550 

East 

40'" 

I. , ............ 

I....... .... ........ 

30 ... 

11 _ ........ 

. . . . . . : . - . :. ':-- .i~~ .. ~-':~_'1.;;~~~ ___ """_ .... q;; .. . ...... -:" ...... . 
20 ... 

10 ... 

0 ... 

8.00 9.00 10.00 11 .00 12.00 13.00 14.00 1~ . OO 18 .00 

TIME 

0.694 

0.582 

0.471 

0.313 

0.520 

0.484 

0.464 

0.440 

0.474 

0.452 

0.439 

0.331 

100 



I -- .~-- -~---- -------- . 
I 

1001. 

901. 

801. 

T01. 

601. 

CL 
<!> 501. - - - -----

'" 
401. 

:wr. 

201. 

101. - ~~ 

8.00 9. 00 10.00 

West 

11 .00 12.00 

TIME 

~- --------~ 

I 

13.00 14 .00 15.00 16.00 

I 
I 
I 

I 

__ r::u.u~~u 0% ___ r:: u.u~~u 25% _. _r::u.u~~u 50% ••••• r::u.~u 75% 

DGP DGPav 
>- .. 

~l-J r~U~::fI'l1lJVlUll~-lr:: IlU-l 
a\erage fl~fl-l 

Base case 0.520 -

r:: IlU-.lViu 25% 0.484 0.036 
E 

1:: IlU-.lViu 50% 0.464 0.056 

r :: llu-.lViu 75% 0.440 0.080 

Base case 0.474 -

1:: IlU-.lViu 25% 0.452 0.023 
W 

1:: IlU-.lViu 50% 0.439 0.036 

r:: UU-.lViu 75% 0.331 0.143 

...,. - - , 
L).J'fl'fl"11rulI111UY1PlYll~'fIU,)1 

fi11).J'l!1~ (Daylight Glare Probability '1,11'fl DGP) 1~111~t1(1li~il.l L(1lEJ~1).Jl1Cl~(1lrh DGP 1~).Jln~~(1l1l.l 
"li(NL,)~l 10.00 l.l. 
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Illuminance lltH 

8000 

7000 
6731 

6000 ::>905 
)( 

2 5000 
<1/ 
u 
c: 4000 
"' 

4174 
c: o§ 

3000 
~ 

2000 1995 
2332 

"08l--

1000 

0 

_ 1210 

"'2~~ 337 410 366 , , 
NORTH SOUTH EAST WEST 

1h!~f'1 L'I-Il1tl iJrhf'l,)Ii.J~tl~~~I~tl~ 232-121 0 L"'rJiJf'iIL'U~tJtl~~ 560 lux 

1h!~f'11~ iJf'iIf'l,)Ii.J~tl~~~I~~ 337-6731 t"'tJiJf'iIL'U~tJtl~~ 1995 lux 

1h!Vif'1I1l~rjh!tltln iJf'ilmli.J~tl~~~I~~ 41 0-5905 L"'UiJf'iIL'U~Utl~~ 2332 lux 

1h!Vif'1I1l~rjh!l1ln iJf'ilmli.J~tl~~~I~~ 336-417 4 LC;\rJiJrhL'U~rJtl~~ 2083 lux 

Illuminance til:: 

8000 7790 

7000 b!kl4 

6000 
)( 5636 
2 5000 
<1/ 
u . 

, 

c: 4000 
"' 

10 4269 '''''6-
c: o§ 

3000 
~ 

. ~ 3278 
LISD.1 

2000 

1000 

2318 

I 00 

-. 565" 829 

0 , I 

NORTH SOUTH EAST WEST 

r,nn LlC.JWJn~ 62 ~~ LL~C;\~ f'ilfl,)I)..J~tl~~~I~1Jh! L~~Yh~lh! 1h!~tl~)..JII1lj'~Ih!Yi1J~1 

1h!~f'1ml1tl iJf'ilf'1,)I)..J~tl~~~I~tl~ 565-2005 L"'UiJf'iIL'U~Utl~~ 985 lux 

1h!Vif'11~ iJrhml)..J~tl~~~I~~ 829-6934 trnuiJf'iIL'U~rJtl~~ 3278 lux 

1h!Vif'1I1l~rjh!tltln iJf'ilf'1,)I)..Jf'ltl~~~I~~ 2318-7790 LrnuiJf'ilL'U~tJtlU~ 4269 lux 
~ 

, 

105 

Emax 

Emin 

- Eav 

Emax 

Emin 

- Eav 
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FINA FIN B FIN C FIN 0 FIN E 

4.2.1.1 ~fm1'a<i1'i1'el~fi111)J~'il ~ 'M'h~ "II'il~~'el~;t'tiur.I .nJ~UJlJI'illumJ A (Ur.I~U~UJIJI .. 
~.. ~ 

U'U1'U'!l'U) 'Yl)J-a:;!l:::!l'U 0 .50 L)JJI'a 

f1J~ 
IIh.JlT1nance \4fN InulTinance t":: 

Emax Errin Eay Emax Errin Eay 

21_,llm 1958 585 1103 4147 1174 1843 

21_Mar 1334 459 800 1457 857 1134 

21_Dec 878 312 529 957 563 746 

L~i~il 1390 452 811 2187 B65 12,(1 

v oJ IIlulTinance \4fN IRulTinance til:: 
~UYl 

Emax ElTin Eav Emax Errin Eay 

21_Jun 1353 467 813 1472 870 1151 

21_Mar 1795 532 1014 1968 1075 1487 

21_Dec 8096 631 1951 8304 1341 3993 

oJ • 
LIlfltIti~il 37.(8 543 1259 3915 1095 2210 

f1J~ 
IIhJlTinance \4fN IlulTinance tJi:: 

Emax EITin Eay Emax Errin Eay 

21_Jun 3999 643 2171 4124 3233 3658 

21_Mar 3271 649 2166 3432 2602 2993 

21_Dec 2413 495 1429 2541 1766 2129 

L1Iiitsi~il 3228 596 1922 3366 253.( 2927 

v oJ IIhJlTinance \4fN lIulTinance til:: 
~1JYI 

Emax Errin Eay Emax Errin Eay 

21_Jun 5010 593 1875 5170 1184 3673 

21_Mar 4698 588 1792 4844 1142 3453 

21 _Dec 3110 483 1530 3173 937 2602 

L1Iiitsi~il ,(272 555 1732 ,(396 1088 32,(3 



8000 

7000 

x 6000 
~ 
~ 5000 
u 
C 
IV 
C 

E 
:§ 

4000 

3000 

2000 

1000 

a 

F-
• 1390 

"'J52l 
NORTH 

Illuminance ~'il~ nJu.uu A -.. 

4272 Emax 
3748 

3228 Emin 

.1922 1732 
-Eav 

. ~ 1259 
543 596 555 

SOUTH EAST WEST 

~.-- ~- _._---- -------,,--~------------' 

LL~W1}j~ 63 LLM'lfi1Fl(Y)l-J~tl'l~~1'l1l1tJl\Jilt:l'l~HLL~,nr'lLL~~nJLLlJlJ A 
v ~ 

1\Jl1i"\L~ilt:l iJfi1Fl,)1l-J~t:l'l~~1'l~ 452-1390 t~tJiJfi1L1l~tJt:l~~ 8111ux 

1\Jl1i"\1~ iJri1m1l-J~t:l'l~~1'l~ 543-37 48 t~tJiJri1L1l~tJt:l~~ 1259 lux 

1\Jl1i"\I?1:;r)\Jt:lt:ln iJfi1m1l-J~tl'l~~1'l~ 596-3228 t~tJiJfi1Ll)~ml~~ 1922 lux 

l\Jl1P1I?1:;r)\Jl?1n iJri1F1,)1l-J~t:l'lf'lrj1'l~ 555-4272 t~tJiJfi1L1l~tJt:l~~ 1732 lux 

Illuminance ~~~ nJu.uu A -.. 

8000 

7000 

x 6000 
~ I . 5000 t-III 
u 
c 4000 

4396 Emax 
IV ~-------------
C 

°e 3000 Emin 

~ 
2000 -Eav 

1000 

0 

NORTH SOUTH EAST WEST 

"nmL~t.UJ}j~ 64 ~'l LLf'1~'lri1F1'l1l-J~t:l'l~~1'llJ\Jt~:;";1'l1\J1\Jilt:l'l~HLL~'lU'lLL(;)(;)~LLlJlJ A ~lJrj1 

l\Jl1l'1milt:l iJfi1m1l-J~t:l-.lf'1~1'lt:l~ 865-2187 t(;)tJiJI'i1L1l~tJt:l~~ 1241 lux 

1\Jl1i"\1~ iJI'i1m1l-J~t:l'lf'1~1'l~ 1 095-3915 t(;)tJiJ .. hLl)~tJtl~~ 2210 lux 

l\JYii"\I?1:;r)\Jt:lt:ln iJfi1m1l-J~t:l-.lf'lrj1'l~ 2534-3366 t(;)tJiJ .. hL1l~tJt:l~~ 2927 lux 

l\Jl1i"\I?1:;r)\Jl?1n iJ .. hFl,)1l-J~t:l'lf'lrj1'l~ 1088-4396 t(;)tJiJ .. hLl)~tJt:l~~ 3243 lux 
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1'u~ 
Illuminance !lIN Ilurrinance tii: 

Emax Errin Eav Emax Errin Eav 

21_Jun 2393 633 1212 2493 1262 1795 

21_Mar 1337 448 781 1451 829 1108 

21_Dec 897 319 547 984 581 768 

11liIui~il 15-42 467 847 1843 891 1224 

~ .J Illuminance ~IN llurrinance tii:: 
'lUfi 

Emax Errin Eav Emax Errin Eav 

2CJun 1325 453 786 1447 834 1112 

21_Mar 2158 573 1108 2267 1151 1637 

21_Dec 17902 723 4536 17129 1556 7322 

L~~il 7129 583 2143 6948 1180 3357 

1'u~ 
Illuminance "IN inurrinance tji: 

Emax E,rin Eav Emax Errin Eav 

21_Jun 4209 672 2254 9520 3296 5502 

21_Mar 8267 700 3459 8454 2711 4748 

2UJec 6238 542 2052 6367 1881 3493 

I~~il 6238 638 2589 8114 2629 4581 

~ .J Illuminance ~IN IDurrinance tji: 
'lUfi 

Emax Emin Eav Emax Errin Eav 

2CJun 5216 634 2746 5399 4421 4874 

21_Mar 4885 628 2600 5017 4101 4527 

21_Dec 3435 528 1630 7412 1008 3274 
.J • 

LIIfim1~il 4512 596 2325 5943 3177 4225 

.. 



Illuminance ,"'!I.:! ~U\J\J B 
~ 

8000 

7000 71")0 

x 6000 6238 
.2 . 5000 
III 
u 4512 
c: 4000 III 
c: 
E 3000 
::J 

2000 ')143.--
2589 . ~ 2325 

1000 
• 1542 

... ./67' 583 638 596 
0 I I I 

NORTH SOUTH EAST WEST 

"'llnmJ~iJ~ 65 ~~LL~~~I'iIf')')Il-Ji'itl~~(hl1mJ11...liltl~~HLL~~U~U.~~atJu.UU B YiU~1 

11...l~f'H'y\Ctl iJfiI Fl')Il-J~tl~~~I~~ 467-1542 L~uiJfiIL'il~Utl~~ 847 lux 

11...lYif'!1~ rJfiIFl')Il-J~tl~~~I~~ 583-7129 L~uiJfiIL'il~Utl~~ 2143 lux 

11...lYiI"ll'l:;<)1...ltltln ilfilf')')Il-J~'El~~~I~~ 638-6238 L~UrJI'iIL'il~Utl~~ 2589 lux 

11...lYif'lL'l~iw;ln rJfiI Fl ')Il-J~tl~~~I~~ 596-4512 L~urJfiIL'il~Utl~~ 2325 lux 

Illuminance tii:; nJu'U'U B 
-.u 

9000 -

8000 

x 7000 
::J 
• 6000 

8 5000 c: 
III 
c: 4000 

,-_._._-_._----- -6~·'+&oR-----f---~-·--·----~ 

r------------~----------------~--59¢Y 

~ 4581 
r-------------~--------__ ------_4~~ 

3000 il-' ______ ._-"'-3".3-'5~7 __ . __: _._ .. ___ '!..3122 
2629 

'E 
::J 

- 2000 -----:-::-cc-;:----- t-.. ---.- .-.-~-.-.---------.~.~ 

1000 .... ~4 __ .--.-.. - 1l&O.... -~--_. _____ -----~--
o ----- --------- - --------,-------------, 

NORTH SOUTH EAST WEST 

Emax 

Emin 

-Eav 

Emax 

Emin 

- Eav 

"'llnu.~WJiJ~ 66 ~~ u.~~~ fil Fl')Il-Ji'itl~~~I~U1...lL~~'I'1I~I1...l11...liltl~~H u.~~U~ u.~"'atJ LLUU B 'YiU~1 

11...l~f'lmi1tl iJfi IFl')Il-J~tl~~~I~'El~ 891-1643 L"'uiJfiIL'il~Utl~~ 1224 lux 

11...lYiI"l1~ rJI'iIFl')Il-J~tl~~rJl~~ 1180-6948 L~UrJI'iIL'il~Utl~~ 3357 lux 

11...lYiI"ll'l~i1...l'Eltln rJfiIFl')Il-J~tl~~rJl~~ 2629-8114 L~urJfiIL'il~Utl~~ 4581 lux 

11...l~I"IL'I~i1...lL'ln rJl'ilf')')Il-Ji'itl~~rJl_l~ 3177 -5943 L"'UrJI'iIL'il~Utl~~ 4225 lux 
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4 .2. 1.3 ~'ilm'i<il'il~ ~~111~~'8~~'h~ 'II'8~~'8~Yhi'u.~~U~u.""ruu.'IJ'IJ c (u.~~U~u."" .. 
~ ..., .dtQ .c4 

LL'tJ1'tJ~'tJU.'iI::;U.'tJ1"~ 1 '111~) 'YI~-a::;!I::; "'tJ 0.50 L~"'i 

"lnh~~j;iu~1~ ~ll-Jlnl4' In L1U-l ~~ 1~ ~-ld' 
m'l-l~ 56 ~~~In-l~f)l-JM,)1l-J~f)-l~~1-l'!Jf)-l~f)-l~1iill~-lU-l~~lfIlf1nJllUU C Y11-l~P'lL\lCf) 

~ ~ 

_ .J Illuninance ~~ lIurrinance tJi:: 
~u" 

Emax Errin Eav Emax Emn Eav 

21_Jun 1923 576 1079 2096 1148 1580 

21_Mar 1278 449 774 1397 829 1091 

21Jlec 841 306 515 920 543 719 

L~iI 1347 «. 789 1.71 840 1130 

_ .J INurrinance ~~ lIurrinance Ui:: 
~Url 

Emax Emn Eav Emax Errin Eav 

21_Jun 1298 455 788 1417 839 1110 

21_Mar 1764 523 993 1926 1053 1454 

21 _Dec 8089 623 1809 8290 1319 3643 

L~~iI 3717 53.( 1197 3877 1070 2069 

_ .J lliurrinance ~~ Inurrinance tii:: 
~UrI 

Emax Emn Eav Emax Emn Eav 

21_Jun 3989 638 2164 4115 3225 3648 

21_Mar 3216 633 2134 3382 2570 2952 

21_Dec 2339 474 1318 2459 1708 2058 

L~~iI 3181 582 1872 3319 2501 2888 

_ .J lliurrinance ~$I IHurrinance til:: 
~U" 

Emax Errin Eav Emax Emn Eav 

21_Jun 4955 579 1842 5115 1148 3628 

21_Mar 4674 582 1780 4827 1129 3436 

21_Dec 3153 489 1542 3199 949 2618 

L~~iI 4261 550 1722 4381 1075 3227 



Illuminance ~'il~ i"UUUU C 
~ 

8000 

7000 

x 

-= 
6000 

, 5000 
GI 
u 
c 4000 III 
C 

E 3000 

4~1 
3717 

~1R1 

~ 2000 

1000 • 1347 
.LOlL 1722 

llq7 

-IN 534 582 550 
0 

NORTH SOUTH EAST WEST 

1'_J~I"\Lt.1Utl i1")lF1,)l~f'itl_l~rJl_l~ 444-1647 tc;,fJi1")lL'tl~fJtl~~ 789 lux 

1'_J~1"\1~ i1ril F1,)l~f'itl_l~rJl_l~ 534-37 17 tc;,tJi1rilL'tl~tJtl~~ 1197 lux 

1'_J~I"\I1I:::.-r'_Jtltln i1rilF1,)l~~tl_l~rJl_l~ 582-3 181 tc;,tJi1 fOi lL'tl~tJtl~~ 1872 lux 

1'_J~I"\I1I:::.-rw;]n nril F1,)l~f'itl_l~rJl_l~ 550-4261 tc;,fJi1")l L'tl~tJtl~~ 1722 lux 

Emax 

Emin 

- Eav 

---------------------- -----------------------------------, 
Illuminance 1ii:: i"UUUU C 

~ 

8000 

7000 

x 
-= 

6000 
, 5000 

GI 
u 
c 4000 III 
C 

E 3000 

~ 2000 

4381 
~Oll 

__ 3319 
~.3221 ~ 

1.11.71 -,ncn 
T fStfi° 

- Eav 

Emax 

Emin 

1000 6 1130 
8210 11;)71;) 1G+S-

0 

NORTH SOUTH EAST WEST 

"nn U~W:J~~ 68 ~_lLL~c;,_l,.)1F1')1~~tl_l~rJ l_lU'_JL~:::111_l 1 '_J1'_Jiitl_l~1ilu~_lU_l uc;,~pJUUU C Y'lUrJl 

1'_J~I"\ Lt.1iltl n,.)lF1')l~f'itl_l~rJl_ltl~ 840-1471 t~tJn,.)lL'tl~tJtl~~ 1130 lux 

1'_J~1"\1~ i1rilF1')l~f'itl_l~rJl_l~ 1 070-3877 t(;ltJ;:J,.)lL'tl~ml~~ 2069 lux 

1'_J~I"\ I1I :::.-r'_Jtltln i1,.) l F1')ll-jf'itl_l~rJl_l~ 2501-331 9 t(;ltJi1,.)lLll~fJtl~~ 2886 lux 

1'_J~I"\I1I:::.-r'_Jl'ln n,.)lF1')ll-jf'itl_l~rJl_l~ 1 075-4381 t(;ltJnFi lLll~tJtl~~ 3227 lux 
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"lln~tl~~~u~l~ i'll)Jl1Clr.li?1 LTU ,HJ~ lliivi'-JQ 

m1l-J~ 6 0 LLM-J~fl)JM'll)Jt'i tl --li'l~l-J 'tl fl-J~fl-J~1il u.tmr-JLLi?1i?1nJU.UU 0 r m Yif'lmiJtl 
~ . 
~ .J Illuminance ~tH lliurrinance tii: 
~UYI 

Emax Emn Eav Emax Errin Eav 

21_.Aln 1945 579 1089 4119 1168 1819 

21jAar 1280 448 775 1395 838 1093 

21_Dec 838 304 513 916 552 719 

l~~i:l 1354 .... 792 2143 852 1210 

1'u~ 
lliurrinance ~!N IHurrinance tii: 

Emax Errin Eav Emax Errin Eav 

21_Jun 1292 456 788 1409 850 1109 

21_Mar 1751 520 987 1908 1056 1443 

21_Dec 4674 621 1575 7550 1324 3482 
.J • 

L1liitM~i:l 2573 532 1117 3622 1077 2011 

<ju~ 
Illuminance iifl.l iUurrinance tii: 

Emax Errin Eav Emax Emn Eav 

21_.Aln 3941 621 2133 4054 3195 3597 

21Jy1ar 3243 642 2151 3410 2589 2974 

2 1_Dec 2452 500 1440 2593 1782 2155 

L~~i:l 3212 588 1908 3352 2522 2909 

_..I Illuminance ~ lIurrinance tii:: 
1UYI 

Emax Errin Eav Emax Emn Eav 

21_Jun 5000 595 1872 5165 1182 3667 

21_Mar 4651 578 1768 4789 1119 34 07 

21_Dec 3041 466 1362 3063 893 2190 

L~~i:l 4231 546 1667 4339 1065 3066 



Illuminance ,"'£I~ ruLLUU 0 -.... 
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)( 6000 
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QI 
u 
c 4000 III 

.A231 
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3212 
2573 

2000 

1000 

0 

• 1354 
.I.::1VO . I" 1667 

1117 

""~i 532 588 546 

NORTH SOUTH EAST WEST 

r.nnill-JWJi1~ 69 ~'HU'l!Mrilr1'lljji'\tl':]i'vh.:]rn£Jlw~tl.:]~1'~~N,r'm{;1{;1tu~UJU 0 YiU~1 

1l.J~I"ILl-li1tl ;:jrilr1'lljji'\tl':]i'l~I':]~ 444-4354 t!iWill'ilL'Tl~£Jtl~~ 792 lux 

1l.J~1"I1~ nrilr1'l ljji'\tl':]~~I':]~ 532-2573 t!i\£Jilri1L'Tl~£Jtl~~ 1117 lux 

1l.J~I'I[fJ:;1'l.Jtltln ilrilr1'lljji'\tl':]i'l~I':]~ 588-3212 t!iWilrilL'Tl~tJtl~~ 1908 lux 

1l.J~I"I(;1:;1'l.J(;1n nl'ilr1'lljji'\tl.:]i'l~I':]~ 546-4231 t!i\£Jnl'il~'Tl~£Jtl~~ 1667 lux 

Illuminance t;J:: 'itlLLUU 0 -.... 
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)( 
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I 5000 
QI 
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.~ 
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_·H.d~ ... 1" .... 

.11710 

~u •• 
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1fP.7 1965-
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NORTH SOUTH EAST WEST 

Emax 

Emin 

-Eav 

Emax 

Emin 

-Eav 

'nmL~WJi1~ 70 ~':]~Ml.:]rilr1'lljji'\tl':]i'l~I':]Ul.Jt~:;;11':]1l.J1l.J~tl.:]~1'L~~,r':]LL{;1{;1xDLLUU 0 YiU~1 

1l.J~f'\mi1tl iJrilr1'lljji'\tl':]~~l':]tl~ 852-2143 t!i1£JiJl'ilL'Tl~£Jtl~~ 1210 lux 

1l.J~1"I1~ iJrilf'\'lljji'\tl':]i'l~l':]~ 1 077-3622 t!imiJril L'Tl~tJtl~~ 2011 lux 

1l.J~I'I[fJ:;1'l.Jtltln iJrilf'\'lljj~tl.:]i'l~l':]~ 2522-3352 t!iltJ;:jrilL'Tl~£Jtl~~ 2909 lux 

1l.J~1"II11:;1'l.J(;1n nrill'l'll).Jl'itl':]i'lrjl':]~ 1065-4339 t{;1£Jill'ilL'Tl~tJtl~~ 3088 lux 
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"nn~tll;jft~1J~'1.~ ~ll-Jlnl4'(i1crtJ--1C-1ft '1.~~-1if 

11l1n-1~ 64 ~~M-1~tll;jM'l1l-Jf'itl-1~11-1'11tl-1~tl-1~11iillC-l-1U-1~llfllfirUll1J1J E vn-1)il'\l'\-IUtl 

1'u~ 
lliuninance M&I llurrinance Ui:: 

Emax ErTin Eav Emax Errin Eav 

2LJun 1915 571 1065 2069 1142 1556 

21_Mar 1222 439 746 1332 607 1046 

2U) ec 801 299 498 676 531 691 

L~~O 1313 436 770 1426 827 1098 

iu~ 
lliurrinance ~&I IRurrinance til:: 

Emax Errin Eav Emax Errin Eav 

21_Jun 1235 444 761 1350 819 1065 

21_Mar 1725 512 966 1666 1033 1409 

21_Dec 4686 614 1434 7534 1303 3132 

L~~O 2548 523 1054 3583 1052 1889 

~ .J Illuminance \(t}.1 IHurrinance tii:: 
~u" 

Emax Errin Eav Emax Errin Eav 

21_Jun 3932 615 2125 4042 3166 3585 

21 _Mar 3189 626 211 9 3359 2558 2932 

21_Dec 2383 479 1329 2509 1723 2083 

.J • 
LllMn1~O 3168 573 1858 3303 2489 2867 

~ .J lIIurrinance M&I Iliurrinance t;i:: 
~u" 

Emax Errin Eav Emax Errin Eav 

21_Jun 4974 684 1922 5110 1146 3621 

21.-Mar 4628 572 1755 4771 1105 3390 

21_Dec 3088 472 1375 3088 904 2205 

L~~O 4230 576 1684 4323 1052 3072 



Illuminance ~'8~ n1u.'U'u E ........ 
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NORTH SOUTH EAST WEST 

"lln~~~iJ~ 71 ~-l~M-l;;ilfl,)l)..J~tl'lf'l~l-lJl1ul',.r~tl-l~H~~-lU-l~l(;1(;1rU~UU E 'l'fU~l 

lU~f'lL'\.1i1tl nrilfl11)..J~tl-lf'l~1-l~ 365-950 ti?lu~rhL'il~utl~~ 595 lux 

lu~l'\l~ ~rilI'l11)..J~tl'lf'l~1-l~ 423-1268 ti?lU~rilL'il~Utl~~ 738 lux 

lU~f'lj;i::;iutltln il;;ilI'l11)..J~tl'lf'l~1-l~ 468-2679 t(;1UnrilL'il~Utl~~ 1288 lux 

lu~ f'I j;i::;iUj;i n n rilfl,)l)..J~tl-lf'l~l-l~ 435-2689 ti?luil ril L 'il~umj~ 1067 lux 
~ 

Illuminance t;t:: ~t.lLLm.J E ........ 
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Emax 

Emin 

-Eav 

Emax 

Emin 

-Eav 

"lln~t.JWJjJ~ 72 ~'lLLf'li?l'lrilI'l11)..J~tl-lf'l~1'lUUtPi::;;11-l1Ulu{\tl'l~Hut.J-.lU'l~i?l(;1rUuuu E 'l'furh 

lU~I'\L'\.1i1tl il;;ilfl11)..J~tl-lf'lrjl'ltl~ 827-1426 ti?lUilrilL'il~Utl~~ 1098 lux 

lu~f'll~ ilrilfl11)..J~tl'lf'l~1'l~ 1 052-3583 ti?lUilrilL'il~UtlrJ~ 1869 lux 
~ 

hl~l'\l'l::;iutltln nrilfl11 )..J~tl'lf'lrjl'l~ 2489-3303 ti?lU;:JrilL'il~Utl~~ 2867 lux 

lW~f'lI1l::;iuj;in ilrilfl,)l)..J~tl'lf'l~l'l~ 1052-4323 t(;1tJil;;ilL'il~Utlti~ 3072 lux 
~ 

115 



116 

4.2.1.6 ~~m~<il~iI~fil'l1~~iI~~11~ "Ilil~~iI~;niLl~~U~Ll~~:tlLl'U'U A (Ll~~U~Ll~ '" 
...... ... 

LlU'lUilU) 'r1~r.;!I::; !lU 1.00 L~j;I~ 

1'1.I~ 
lilurrinance li~ llurrinance tii:: 

Emex Errin Eav Emex Errin Eav 

21_Jun 1822 570 1054 3993 1129 1755 

21jAar 1279 448 771 1392 828 1090 

2U)ec 843 303 511 917 544 718 

I~~ 1314 440 779 2100 834 1188 

1'1.I~ 
INurrinance litN llurrinance tii: 

Emex Emn Eav Emex Errin Eav 

21_Jun 1328 541 859 1415 845 1111 

21jAar 1690 524 975 1846 1044 1418 

21_Dec 7692 559 1771 7874 1176 2938 

,~~il 3570 541 1201 3711 1022 1822 

~ .J IHurrinance Mfl-l lliurrinanca tii:: 
~1.I1'1 

Emex Emn Eav Emex Errin Eav 

21_Jun 3781 596 1564 3912 1128 2839 

21_Mar 3081 603 1726 3215 2489 2832 

21_Dec 2231 461 1285 2331 1675 1982 

,~~il 3031 S54 1525 3153 1764 2551 

~ .J IlIurrinance Mfl-l lliurrinance tii: 
~1.I1'1 

Emex Errin Eav Emex Emn Eav 

21_Jun 1677 555 997 4949 1076 2470 

21_Mar 4517 549 1698 4651 1044 2354 

21_Dec 2925 449 1327 3018 868 2498 

.J • 
11lii!m~il 3040 517 1341 4206 996 2441 



Illuminance ,..~~ 'ltlU1.JiJ A -.... 
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• 1314 1')01 
I ~ 1525 ~ 1341 

-liC¥ 541 554 517 

NORTH SOUTH EAST WEST 

L'L..IYiP'lL",{1tl i1f'iIFl'JI~~tl'l~~I'l~ 440-1314 t"'tJi1f'iIL~~tJtl~~ 779 lux 

lWl1P'1L~ j:jf'iII'l'JI~~tl'l~~I'l~ 541-3570 trmi1f'iIL~~tJtl~~ 12011ux 

L'L..Il1Ml:-:1'L..1tltln j:jf'iII'l'JI~~tl'l~~I'l~ 554-3031 t"'tJi1f'iIL~~tJtl~~ 1525 lux 

L'L..Il1Ml:-:1'L..1l'1n j:jf'iII'l'JI~~tl'l~~I'l~ 517 -3040 t"1tJj:jf'iIL~~tJtlti~ 1341 lux 

)( 

.a 
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~ 

Illuminance til:: 'ltlu'U'U A --... 
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7000 +---------------------------------------
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NORTH SOUTH EAST WEST 

L'L..Il1P'1mi1tl i1FiII'l'JI~~tl'l~~I'ltl~ 834-21 00 t"'tJj:jf'iIL~~tJtl~~ 1188 lux 

L'L..Il1P'1L~ i1f'iII'l'JI~~tl'l~~I'l~ 1022-3711 t"'tJi1f'iIL~~tJtlii~ 1822 lux 
~ 
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Emax 

Emin 

-Eav 

Emax 

Emin 

- Eav 
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r,;nn~!)~~~u~Ui f'l1l-Jl1tl4'f;)L1tWJ~ lbii~if 

j;l1n-l~ 72 Llf'l f;)~~!)l-JM,)1l-J~!)~f'l~1"''1l!)..,ii!)-l~11 Ll.cmJ,mf;) cnnJ Ll.UU B YI1-lVi f'\ mil!) . ~ 

~ .J lliurrinance \1!1-1 lliurrinance 1;i:: 
~\m 

Emax Emin Eav Emax Emo Eav 

21_Jun 2253 608 1145 2334 1190 1685 

2CMar 1289 433 749 1391 791 1059 

21_Dec 825 295 501 896 530 700 

I~~j] 1456 445 798 1540 837 1148 

iu~ 
IMurrinance \1!1-1 IHurrinance 1;'1:: 

Emax Emin Eav Emax Emin Eav 

21_Jun 1265 430 744 1376 785 1051 

21_Mar 2042 550 1050 2137 1088 1544 

21_Dec 15570 690 4269 15483 1465 6699 

I~~ 6293 557 2021 6332 1113 3098 

~ .J lilurrinance \1!1-1 lliuninance 1;'1:: 
~1IY1 

Emax Emin Eav Emax Errin Eav 

21_Jun 4001 597 1948 9313 3133 5303 

21_Mar 8052 623 3322 8236 2561 4567 

21_Dec 6052 483 1873 6171 1746 3329 

.J • 
l-m~j] 6035 568 2381 7907 2480 4400 

iu~ 
lliuninance \1!1-1 lliuninance 1;'1:: 

Emax Emin Eav Emax Errin Eav 

21_Jun 5106 594 2673 5282 4342 4777 

21_Mar 4781 594 2535 4900 4025 4430 

21_Dec 3336 500 1445 7278 935 2686 

I~~j] 4408 563 2217 5820 3101 3964 



Illuminance ~'tH 'itlU'U'U 8 -... 
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- ._---
~~~~~~ 75 ~~~I'l >l Fil l'\ 'lliJ ~!l>l~r) I >lmtJ1\.I'i-1!l>l~liiLl.tNU>l ~~~~ttl~~uu B 

"nnLl.~~iJ~ 75 ~_lLl.~£'l_lFill'\'lliJ~!l _l ~r)I_lmtJlw~!l_l~1iiu.~_lU_lLl."'£'lpJLl.UU B YiUr)1 

11Jl1P1 L'>1il!l ~Fil l'\'l l iJf'4!l_l~r)I_l~ 44 5- 1456 t£'ltJ~FilL~~tJ!l~~ 798 lux 

11Jl1 P11~ ~ Fi1 1'\'lliJf'4!l~~r)1>l~ 557 -6293 tl'ltJ~ Fi1 L ll~tJ!l~~ 2021 1ux 

11Jl1P1f'! :::rJ1J!l!ln ~Fi 1 1'\ 'l1 iJf'4!l_l~r)I _l~ 568-6035 tl'ltJilFilLll~tJ!l~~ 2381 lux 

11Jl1P1f'! :::rJ1J ~ n iiFi1 1'\'l I iJf'ifl_l~r)I _l~ 563-4408 tlf1tJiiAl~~~tJfl~~ 221 7 lux 

Illuminance tiiz 'itlU'U'U 8 -... 
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- Eav 

'----------------------_ .. _--------' 

"1 n Ll.~WJiJ~ 76 ~_l u.~ £'l_l Fill'\'l 1 iJf'ifl _l ~r)I_lU1J L~ :::~I _l I1J 1 tJ~tl>l~1ii Ll.~_lU_l Ll.£'l ~lu u.uu B YiUr)1 

11Jl1P1 L'>1il!l ~Al l'\'ll iJ~!l~~r)1_l!l~ 837 -1540 t"'tJ~ AI L~~tJtl~~ 1148 lux 

11Jl11'11~ iiFi1f1'l1~1'l!l_l~r)I_l~ 111 3-6332 t£'ltJiiFilLll~tJ!lti~ 3098 lux . 
11Jl1I'1f'!:::rJ1J!l!ln iiAll'\'l1iJ~!l_l~r) I_l~ 2480-7907 t£'ltJiiFil Lll~U!l~~ 4400 lux 

11Jl1P1 ~ :::rJ1J~n iiFil f1'lI ~I'l!l~~rjl_l~ 31 01 -5820 Lc;\tJiiFil~~~tJtlti~ 3964 lux . 

11 9 
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"'Ilniifl~fi ~1J~U; ~1l-Jl1C1.r In [j-thl CJfi 1~ ~-l;:f 

~111-l~ 76 LLI'\In -l iifl~M,)Il-J~fl-l l'\ rjl-l'llfl-l~fl-l~lii U,CJ -lU-l LLlnln~LL1J1J C VIl-lYi1'1 mCfl 

~ .J Illuminance ~!J,l IRurnnance til:: 
~IIY! 

Emax Emin Eav Emax Errin Eav 

2LJun 1489 499 882 1626 947 1262 

21_Mar 1030 393 646 1119 693 893 

21_Dec 697 271 440 758 467 605 

L~~il 1072 388 656 1167 702 920 

~ .J I Ruminance iltN lilurnnance til:: 
'lilY! 

Emex Em;n Eav Emax Emin Eav 

21_Jun 1050 400 659 1140 707 911 

2LMar 1387 458 818 1515 876 1172 

21_Dec 5977 500 1376 2638 1014 1510 

L~~il 2805 453 951 1764 866 1198 

~ .J Illuminance il!).l IlIurnnance tili:: 
'lilY! 

Emax Emin Eav Emax Emin Eav 

21_Jun 3547 536 1443 3671 1000 2657 

21_Mar 2818 538 1581 2938 2339 2622 

21_Dec 1958 398 1007 2042 1505 1753 

L~il 2774 491 13« 2864 1615 2344 

~ .J Illuminance iltN Illuminance til:: 
'lilY! 

Emax Emin Eav Emex Ernn Eav 

21_Jun 1395 487 842 4659 917 2246 

21J,1ar 4288 490 1578 4417 920 2176 

21_Dec 2785 414 1132 2865 788 2379 

L~il 2823 463 1164 3980 875 2267 



r--------------------------------

Illuminance ,"'iI.:J '3'tJutJtJ C 
-<u 

8000 

7000 

)( 

.2 
6000 

I 5000 
Q/ 
u 
c 4000 IV 
C 

E 3000 
g 2000 

1000 

0 

LHU!> 2774 t; 1n"7'" 
. ~ 1344 ... ~ 4s3~ 491 463 

NORTH SOUTH EAST WEST 

r.nn m.Jw:Jn~ 77 ~'II.I.~(;)~ All'1')Il_J'i'\tl~~~I~mtJlw~tl~~1ii LLC_.J~U~ U(1) r;)lU LLiJiJ C 'Y'liJ~' 

1'W~PH'\-liltl ~All'1')Il_J'i'\tl~~~I~~ 388-1072 tr;)tJijA1L'il~tJtl~~ 656 lux 

1'W~Pl1~ ~All'1')Il_J'i'\tl~~~I~~ 453-2805 tii\tJnri'lL'il~tJtl~~ 9511ux 

1'W~PI (Jl~rj'Wtltln nAll'1')Il_J'i'\tl~~~I~~ 491-2774 tr;)tJiI AI L 'tl~tJtl~~ 1344 lu x 

1'W~PI(Jl~rj'W(Jln ~All'1'lIl_J'i'\tl~~~I~~ 463-2823 tii\tJnA1L'il~tJtlrJ~ 1184 lux . 

Illuminance 19\:: '3'tJLL\JtJ C 
-<u 

8000 

7000 

)( 6000 
.2 

I 5000 Q/ 
u 
c 4000 IV +------------------~~'~~ 
C 

°e 3000 

Emax 

Emin 

- Eav 

Emax 

Emin 

~ 2000 +-______________ ~~----~~~-----~~2~2~67 - Eav 

1000 

0 

NORTH SOUTH EAST WEST 

"nnLLc..JWJij~ 78 ~~LL~(;)~All'1')Il_J'i'\tl~~~I~iJ'Wt~~yh~I'W1'W~tl~~1iiLLC_.J~U~LL{1)(;)pJLLiJiJ C 'Y'liJ~1 

1'W~PlL'\-liltl ilAll'1')Il_J'i'\tl~~~I~tl~ 702-1167 tii\tJilA1L'il~tJtl~~ 920lux 

1'W~Pl1~ nAll'\')ll_J'i'\tl~~~I~~ 866-1764 tr;)tJi1A1L'il~tJtl~~ 1198 lux 

1'W~PI(Jl~rj'Wtltln nri'lI'\')Il_J'i'\tl~~~I~~ 1615-2884 tii\tJi1A1L'il~tJtl~~ 2344 lux 

1'W~PI(Jl~rj'Wl'1n i1rill'\')l)Jf'itl~~~I~~ 875-3980 t(;)tJi1A1L'il~Vtl~~ 2267 lux 

121 



122 

- ~ 
Iluminance lifW lUurrinance Ui:: 

'lUYI 
Errax Emin Eav Errax Emin Eav 

21_Jun 1509 506 893 3610 962 1482 

21_Mar 1029 394 647 1102 701 885 

21_Dec 693 269 438 739 471 595 

L~~il 10n 390 659 1817 712 987 

-~ 
IUuminance lifW IBurrinance t;i:: 

'lUYl 
Emax Emin Eav Ernax Errin Eav 

21_Jun 1044 398 656 1113 710 896 

21_Mar 1370 455 811 1465 874 1146 

21_Dec 3231 496 1201 3297 1013 2201 

L~,ru 1882 450 889 1958 866 1414 

-~ 
Illuminance lifW Illuminance t;'i:: 

'lUYI 
Errax Emin Eav Emax Emin Eav 

21_Jun 3502 524 1403 3563 949 2568 

21_Mar 2855 548 1605 2952 2357 2636 

21_Dec 2096 431 1214 2181 1598 1869 

L~~il 2818 501 1407 2898 1635 2357 

iu~ 
Iluminance lifW Illuminance t;i:: 

Emax Ernin Eav Emax Ernin Eav 

21_Jun 1444 503 874 4684 946 2271 

21_Mar 4252 487 1555 4335 889 2113 

21_Dec 2651 386 925 2643 696 1406 

L~,ru 2782 .s9 1118 3887 8« 1930 



- -----~.---

Illuminance '"~~ ~tJLL'l.J'l.J 0 -... 

8000 

7000 

)( 

..:! 
6000 . 5000 

QI 
u 
c 4000 10 
C 

E 3000 
~-fl!l8 t= ~ 2000 

1000 
1407 

501 459 a 
NORTH SOUTH EAST WEST 

r.nmL~WJ~~ 79 ~'lLLM\'lril~,)I}Jf'itl'lf'vh~.rntJ1U~tN~nLL~'l1r'HL~~ltJLLUU 0 'Y'iU~1 

1Ul1f'1L~iltl ijril~,)I}Jf'itl'l~~I'l~ 390-1 077 t~tJijriIL'U~tJtl~~ 659 lux 

LUl1f'\LUi ijril~,)I}Jf'itl'lf'l~I'l~ 450-1882 t(;1tJijrhL'U~ml~~ 889 lux 

LUl1f'\tf1:;r)Utltln ilril~,)I}Jf'itl'lf'l~I'l~ 501-2818 L"ltJijriIL'il~tJtl~~ 1407 lux 

LUl1P1tf1~r)Utf1n ijril~,)I}Jf'itl'l~~I'l~ 459-2782 L~tJijriIL'il~tJtl~~ 1118 lux 

8000 

7000 

x 6000 
..:! 
~ 5000 
u 

Illuminance Ul~ ~t1LL'l.J'l.J D -... 

-,- -.-----~-- --~.--, 

lij 4000 -l __ -- - ------- -- - --- ----3887 
c 

~ 3000 -_I----------------.-2~i~ 
2000 - ~9 -i~tl 

1000 1-, _~1 .... -,-(:~b1-1---I1~8~--------1-6-3-5----8' ~-
o -.-------- -------- ----

NORTH SOUTH EAST WEST 

Emax 

Emin 

-Eav 

Emax 

Emin 

- Eav 

"nn LL~WJ~~ 80 ~'l LLM1'l ril ~')I}Jf'itl'l~~I'lUUL~:;YiI'lIULU~tl'l~H LL~'lU'l LL(f1(f1~ LLUU 0 'Y'iU~1 
LUl1P1L~iltl ijril~')I}Jf'itl'l~~I'ltl~ 712-1817 L~tJilriIL'il~tJtl~~ 987 lux 

LUl1P1LUi ijrilml}Jf'itl'l~~I'l~ 866-1958 Lj;ltJilril L'il~tJtl~~ 1414 lux 

LUl1 PI (;I:;r)Utltln ilril~')I}Jf'itl'lf'l~I'l~ 1635-2898 L[;1tJilril L'il~tJtl~~ 23571ux 

LUl1P1(;1~r)UPln ijriIFl')I}J~tl'l~~I'l~ 844-3887 L~tJilriIL'il~tJtl~~ 1930 lux 

123 
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4.2.1.10 ~"mli<il~il"l~111~"'il"l~"h:) "IJil"l,"il.:lft'ti'Uf.J,nJ.:IUflfli'llI.l,'U'lI E (Uf.J.:I,J.:IUflfl .. 
J:, .., d... d 

I.l,'U1'U'!I'UU'iI:;U'U1fl.:l 2 "111.:1) 'Yl~~!l:;!I'U 1.00 b~fli 

r.nn~tl~f'l~lJ~U; \'11lJl'W~r;)L1mC-Jf'l1~~-Jif 

1111r1-l~ 84 ~~\'1r;)-.1~tl~M'Jl)..J~tl-l\'1~1-l'lJtl-.1iitl-.1~1il LLC-J-.1U-l LLr;)r;)zD L~UU E rmYif'1L'l-rWtl 

- ..j 
IDuminance ilfN IHurrinance tii":: 

'\I~ 
Emax Emin Eav Emax Errin Eav 

21_Jun 1352 476 813 1441 881 1137 

21.-Mar 895 368 580 957 627 780 

21_Dec 604 250 392 644 420 525 

\~i~il 950 365 595 1014 643 814 

1'\I~ 
lliurrinance ilfN lliurrinance tii":: 

Emax Emin Eav Emax Errin Eav 

21_Jun 912 371 589 975 637 794 

21_Mar 1231 428 741 1317 800 1038 

21_Dec 1663 471 885 1720 937 1287 

\~~O 1268 423 738 1337 791 1040 

1'\I~ 
lliurrinance ilfN lliurrinance ti>i:: 

Emax Emin Eav Emax Errin Eav 

21_Jun 3406 500 1352 3477 897 2500 

21_Mar 2708 513 1525 2813 2276 2530 

21_Dec 1921 390 987 1999 1482 1719 

\~O 2679 468 1288 2763 1552 2250 

- ..j 
IHuminance ilfN inuminance Ui:: 

'\I~ 
Emax Emin Eav Emax Errin Eav 

21_Jun 1300 467 792 4545 862 2162 

21_Mar 4150 462 1502 4246 835 2044 

21_Dec 2616 377 905 2610 675 1378 

\~~O 2889 435 1067 3800 791 1861 



Illuminance ,"'fl~ -a-t1U1.J'U E ---.... 

8000 

7000 -- ~------ --------

x 
.:! 

6000 ~--~-~- ----

. 5000 
QI 
u 
c 4000 III 
C 

E 3000 
g 2000 

2679 2689 

1000 

0 

_ 1268 . ~ 1288 1nl;7 ... ~ "'m 468 435 
I , I 

NORTH SOUTH EAST WEST 

1\J~l'1l~C'f) ;:jrhfl(Y)l-J~'f)-l~~l-l~ 365-950 L~tJi1rill'tl~tJ'f)~~ 595 lux 

1\J~1'11~ ;:jrilfl')ll-J~'f)-l~~ l-l~ 423-1268 L~tJi1rillll~tJ'f)~~ 738 lux 

1\J~I'1[?l:::i\J'f)tln i1rilfl'"lll-J~'f)-l~~l -l~ 468-2679 L~tJ;:jrilLll~tJtl~~ 1288 lux 

1\J~I'1[?l:::i\J[?ln nrilfl'"lll-J~'f)-l~~ l -l~ 435-2689 LV1tJnrill'tl~tJ'f)rJ~ 1067 lux 
~ 

Illuminance L~:: -a-t1LL'U'U E ---.... 

8000 

7000 

x 6000 
.:! . 5000 
QI 
U I 
C 4000 ~ 
III 
c 
'E 3000 E---- --:::l 

2000 

1000 ... 1.01.L_-HM" ~§F 
643 

791 -

~ ________________ .~2~7~63~ __ · t;38~1· 
r- 2250 - 0 

1552 

0 

NORTH SOUTH EAST WEST 

Emax 

Emin 

-Eav 

Emax 

Emin 

- Eav 

r,nnLl~W:JiJ~ 82 ~-lLLM-lrilfl'"l1l-J~fl-l~~1-lU\JL~:::Yh ,n\J1\J~fl~~1~Ll~,nr~LlVlVll1lLlUU E Y'lU~l 

l\J~l'1l~Cfl i1rilfl')ll-J~fl-l~~l~fl~ 643-1014 L~tJnrill'tl~tJfl~~ 814 lux 

1\J~f'11~ nrilfl'"lll-J~fl~~~l~~ 791-1337 LiPltJnrilL'tl~tJflrJ~ 1040 lux . 
1\J~I'1[?l:::i\Jtltln i1rilfl')ll-J~tl~~~l~~ 1552-2763 LiPltJnrilLll~Utl~~ 2250lux 

1\J~I'1[?l:::i\J[?ln i1rilfl')ll-J~fl~~~l~~ 791-3800 t(;lUi1rilLll~UtlrJ~ 1861 lux 
~ 
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. 4 

illuminance Average~1I year _on desk_'i::t1::t1U 1.00 L~Iij'i 
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--- ------------- -- --_.-
..!o 

Illuminance Average_All year _on Room_~!J::!J"U 0050 UJIM'i 
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• BASE CASE 

. FINA 

. FIN B 

. FIN C 

FIN D 

FIN E 

- - Standard 

• BASE CASE 

. FINA 

. FIN B 

. FINC 

FIN D 

FIN E 

- - Standard 

LL~WJij~ 86 U~(;l~mntfhJlJLYiUlJfi11'l':l1).J~'f)~~~1~L'U~U mu1\.1~'f)~'IJ'f)~U~~U~LL(;l(;ltuUlJlJ ABC 0 Uri:; E 

Yl'j':;u:;U\.I 1.00 L).J~'j' 

'j':;U:;~\.I 0.50 LLf'l:; 1.00 L).J~'j'J\.I yh1~fi11'l':l1).J~~1~lJ\.IL~:;f'l(;lf'l~LLj;jv~ijfi1hJ~1n~1mj;1'j'''1\.1~lh1..,\.I(;l (500 

lux) L(;lu1\.1Yif'lmi1'f) Yif'l1~ Yif'l~ :; r)\.I'f)'iln LLft:;Yif'l~:;r)\.I~n LLWlU~LL(;l(;lltJLLlJlJ E (LL~~U~UV1(;lU\.I':l\.l'f)\.ILLft:; 

LL\.I':li~ 2 ~1~) vi11~1'l':l1).J~'f)~~~1~lJ\.IL~:;f'l(;lf'l~mn~~(;l ~':l\.lLL~~U~LL(;l(;lruLLlJlJ B (UCJ~U~LL(?}(;lLL\.I':li~ 2 , " 
~1~) J\.Ivi11~1'l':l1).J~'f)~~~1~lJ\.IUi :; L~).Jf\.ll~ 1\.1~l'Imi1'f)Uft:;Yif'll11:;r)\.I'f)'f)n 



-lu;1 
IUuminance M&l 

Emax Emin Eav 

21_Jun 861 346 

21_Mar 1086 394 

21_Dec 7010 418 

l~~il 2986 386 

-lu;1 
Illuminance M&l 

Emax Emin Eav 

21_Jun 956 388 

21_Mar 1220 438 

21_Dec 7163 462 

l~~il 31 13 429 

r)U~ 
IUurnlnance i1M 

Emax Emin Eav 

21_Jun 1001 397 

21 _Mar 1308 452 

21_Dec 7292 475 

l~~il 3200 441 

-lu;1 
IIlurrinance M&l 

Emax Emin Eav 

21_Jun 1086 422 

21 _Mar 1424 475 

21_Dec 7541 535 

oJ • 
11liMl'~il 3350 477 

IUurrinance Ul:: 

Emax Errin 

550 926 586 

669 1178 710 

1429 7113 820 

883 3072 705 

IUurrinance tBi:: 

Emax Emin 

613 1027 653 

748 1322 793 

1517 7289 906 

959 3213 784 

IUurrinance Ui:: 

Emax Errin 

636 1074 677 

789 1415 837 

1573 7430 959 

999 3306 824 

lilurrinance til:: 

Emax Errin 

686 1176 732 

845 1555 896 

1696 7704 1081 

1076 3478 903 

128 

.4 
LLlJ'llJ'2llJ'Vl~nJ VSA . 

Eav 

746 

929 

2384 

1353 

Eav 

828 

1041 

2515 

1461 

Eav 

864 

1109 

2616 

1530 

Eav 

940 

1205 

2809 

1651 
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1'\I~ 
IHuminance "tM lUurrinance tiii:; 

Emax Emin Eav Errax Errin Eav 

21_Jun 1160 434 72 1 1262 769 998 

21_Mar 1542 484 888 1690 938 1284 

21_Dec 7854 585 1830 8025 1211 3022 

lllitui~il 3519 501 1146 3659 973 1768 

~ ..I IRuminance ~fW Illuminance til:; 
'1\1~ 

Errax Emin Eav Emax Errin Eav 

21...,Jun 1253 447 759 1365 804 1063 

21_Mar 1740 512 964 1895 1004 1410 

21_Dec 12459 652 3606 17441 1369 7068 

l~~il 5150 537 1777 6900 1059 3180 

.., 
Illuminance \JI'!I.:I 

10000 

5150 

: 1000 ~- I'::I::fr~;:~[:~: 
• ~386 429 441 477 

1777 
Emax 

Emin 
537 

- Eav 

100 

V5A 30 VSA 40 VSA 50 VSA 60 VSA 70 VSA 80 

r,;nnu.~~iJ~ 87 ~~U.M~ ril rl'Jl l-J ~ 'fl 'l~11 ~ Jl1tJ1'W~ 'fl~~ Vertical Shadow Angle (VSA) 30-80 'fl~ f'l l YJ1J l 1 

~'l),j l-J VSA iiril l-Jln;'W ril rl 'Jll-J~ 'fl ~t'l11'lJl1tJ 1 'W~ 'fl~., ::;fj ~~'W'J 'LiJl-J L ~l-Jl-J l n;1..II"l l-JhJ ~'JtJ 
~ VSA 30 'fl 'l f'l l ;:jril rl 'Jll-J~'fl'lt'l11'l~ 385-2985 Lv1tJii f'i lL1l~ tJ'fl~~ 883 lux 

~ VSA 40 'fl ~ f'l l iirilrl'Jll-J~ 'fl ~t'l11~~ 429-311 3 Li?lU ;:j ri lL1l~U'fl~~ 959 lux 

~ VSA 50 'fl 'l f'l l ;:j ri l rl'J ll-J~ 'fl ~ t'l11~~ 441 -3200 Li?l tJi1 ri l L1l~U'fl~~ 999 lux 

~ VSA 50 'fl~ f'l l iirilrl'Jll-J~ 'fl 'lt'l11~~ 477-3350 Li?l uiirilL1l~U'fl ~~ 1075 lux 

~ VSA 70 'fl -.lf'11 ;:j ri lrl'Jll-J~ 'fl -.l~11~~ 5 01 -35 1 91i?lu i1 ril~1l~umJ~ 11 451ux 
~ 



10000 

)( 

.: 
I 1000 

tIO 
.2 

100 

Illuminance til:: 

Emax 

3072 

Emin 

3213 [;306J ~478 365916:::0 

1353 1461 1530 1651 1768 
+-___.1---- -------1 __ -- 73 1059 

705 784 824 

-Eav 

VSA 30 VSA 40 VSA SO VSA 60 VSA 70 VSA 80 

"llmL~WJii~ 88 ~~LL~~~rhrl')I).JA!I~~~I~lJ'WL~:;'th_lI'W~ Vertical Shadow Angle (VSA) 30-80 !I~f'l1 

YilJ~I~~~).J VSA iiril).Jln;f'W rilml).JA!I~~~I~lJ'WL~:;Yh~I'W"l:;ii LL'W,) Lil).J).Jln;f'Wf;11).J1tI~')tJ 

~ VSA 30 tl~pn iirilrl,)I).JAtl~~~I~~ 705-3072 'L~)tJiirhL'U~tJtl~~ 1353 lux 

~ VSA 40 tl~f'l1 iirilfl,)I).JA!I~~~'N~ 784-3213 t~tJiiriIL'U~tJ!I~~ 1461 lux 

~ VSA 50 !I~f'l1 iJrilfl,)I).JAtl~~~I~~ 824-3306 L~tJiiriIL'U~tJ!I~~ 1530 lux 

~ VSA 60 tl~f'l1 iirilrl,)I).J~!I~~~I~~ 903-3478 L~tJiiriIL'U~tJ!I~~ 1651 lux 

~ VSA 70 tl~f'l1 iirilrl,)I).J~!I~~~I~~ 973-3659 t~tJiiriIL'U~tJ!I~~ 1768 lux 

~ VSA 80 tl~f'l1 iirilrl,)I).JAtl~~~I~~ 1 059-6900 t~tJiJrhL'U~tJ!I~~ 3180 lux 

., ,-
I 
I J SOO ~ 

"" 

Illuminance vl VSA Gh~, 
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2:;00 

" ~ 1000 

• : a'li dC'si< 
~ 
~ 
E 1500 
~ 

• :. J'v" mOlT 

- - Standard 
1000 

500 

0 

I 6AS[C""S[ 'v'S"" EO '.15/170 V5AG: VSA50 ,;5 ... 40 VSA30 
I I 
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LL~WJii~ 89 L~~~~m1L~tJlJ L~-~~-ri~~,)I).J~~~~~I-lL'U~tJ~~tl~~tJ 'n~~ LL~~U~ LL~~-L~~,)~tl'W~iJ~-~ VSA 

"h~n'W 
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L~!lY;"11rul~ f1l fi1,)lN~!l'l~ll'1L 'U~tJ (;If'l!l(PIi-1u Y1Ulln11 n LL~ ,nr-l u.(PI(PI~;1l--j~ Vertical Shadow 

Angle (VSA) ~-.liJ!ltJ'I'I-.l r11Liirilfi1,)1~~ll-lnf1l'1'1~f'l-.l~htJ LLIJi~-1i1rhhj~lnll~l~'J~li.J~rhvrw(?1 (500 lux) 

~-.ln1J n LL~-lU-.l LL(PI (PI~l--j~ ~lnll 70 "::;-v11L ii f1 l fi1,)lN!'i!l-1~ll-l'l'l(PIf'l-.l"lnii!l-.lNlt;lJjli.J~ln nll1t1t1'1'1 ::; 50 

"ln~!ll,j'i'l~u~Ui ~lmJCl4'(;1Lj-tJ-.l~'I'I1~~-.l1f 
m1l-l~ 94 u.~~-l~!ll,jM,)lN!'i!l-l~l l-1 '!J!l-.lii!l-.l~1.1fiLL~-lU-1U.~l?1tuLLUU VSA 30 ~1i.J,)i.J 1 tri.J 

.ju~ 
IQuminance ~1N lIIuninance Ui:: 

Emax Emn Eav Emax Enin Eav 

21_Jun 861 346 550 926 586 746 

21_Mar 1086 394 669 1178 710 929 

21_0ec 7010 418 1429 7113 820 2384 

L~~~j] 2986 386 883 3072 705 1353 

_ .J IRuminance ~ft..l IIIUlrinance lBi:: 
~\lVI 

Emax Emin Eav Emax Enin Eav 

21_Jun 555 275 389 599 408 493 

21_Mar 731 323 491 785 515 638 

21_0ec 5087 348 916 6564 593 1535 

L~~j] 2124 315 599 2649 505 889 

_ .J Ulurrrinance ii'iN lilurrinance tii:: 
~\lVI 

Emax Ernin Eav Emax Errin Eav 

21-.Jun 427 243 321 454 338 396 

21_Mar 553 285 404 597 431 513 

21_0ec 6336 323 949 700 515 609 

L~~j] 2439 284 558 584 428 506 
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x 
.=! 

I 1000 
boO 

.!2 

100 

1 utJ~ 

Illuminance "'~H VSA 30 

2986 

386 

12124 
599 

315 

2 LltJ~ 

1
2439 

558 

284 

3 LltJ~ 

Emax 

Emin 

-Eav 

r.nmLc.J1.UJ~~ 90 ~,m~"''lf'ilfOl(YUJ~!l'l~~I'lmtJlh!~!l'l~1i!LLeNU'lLL''''''LLh!,)h!!lh!~l-jl-J VSA 30 f)..:!f'llYilyl1 

lh!n1~1i!LLeJ'lU'lLL"'''' 1 'flh! j:jf'ilfOl,)Il-J~'fl'l~~I'l~ 365-2986 t"'tJj:j~IL'U~tJf)~~ 883 lux 

lh!n1~l~LLeJ'lU'lLL"'''' 2 'flh! j:j~lfOl,)Il-J~f)'l~~I'l~ 315-2124 t~ltJj:j~IL'U~tJf)~~ 599 lux 

lh!n1~1i!LLeJ'lU'lLL"'''' 3 'flh! j:j~lfOl,)IJJ~'fl'l~~I'l~ 284-2439 t"'tJj:jf'ilL'U~tJ!l~~ 558 lux 

10000 

x 
.=! 

1000 
QO 

.!2 

100 

'fl'lf'lIYi1J~1 

Illuminance L~~ VSA 30 

1
3072 

1 1353 

L
S

, 

1 utJ~ 2 LltJ~ 

889 

505 506 ... 584 

428 

Emax 

Emin 

- Eav 

lh!n1~HLLeJ'lU'lLL"'''' 1 'flh! j:jf'ilfOl,)IJJ~tl'l~~I'l~ 705-3072 t"'tJj:j~IL'U~tJtl~~ 1353 lux 

lh!n1~1i!LLeJ'lU'lLL"'''' 2 t1h! j:j~lmlJJ~'fl'l~~I'l~ 505-2649 t"'tJi1~IL'U~tJf)ti~ 889 lux 
~ 
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r.nn~'f)~~~u~l~ ~lmnl~!PIi1tJ'I~~l~r;1'1n 

1111n'l~ 97 ~~M'I~tU,J~mll--l~!l'l~~1'1'IJ!l-lii !l 'l~1~~~~,nr'l~LC'lC'lnJU.UU VSA 40 ~lU'lU 1 tlU . . 
1''U~ 

Illuminance \l!).l Illuminance tii:: 

Emax Emin Eav Emax Emin Eav 

21_Jun 956 388 613 1027 653 828 

21_Mar 1220 438 748 1322 793 1041 

21_Dec 7163 462 1517 7289 906 2515 

.J • 
L1lIMi~il 311 3 429 959 3213 784 1461 

_ .J Illuminance i4tN Illuminance tii:: 
~\jl'l 

Emax Emin Eav Emax Emin Eav 

21_Jun 656 318 459 704 495 597 

21_Mar 856 370 577 922 626 772 

21_Dec 5252 414 1040 6762 755 1733 

L~~il 2255 367 692 2796 625 1034 

_ .J IHuminance \l!).l Iluminance fii:: 
~\jl'l 

Emax Emin Eav Emax Emin Eav 

21_Jun 521 265 374 547 403 470 

21_Mar 701 312 481 735 520 621 

21_Dec 6580 360 1138 937 663 792 
.J • 

Loomi~il 2601 312 664 740 529 627 



~-- - - ---~-- ~ .. ~--~~--. --------------------. 

Illuminance "'~-3 VSA 40 

10000 ,--------------------------------------

3113 

E-
2255 

x 
2 Emax , 1000 59 
till 692 664 Emin ~ 

429 367 -Eav 312 

100 

1~ 2~ 3~ 

I ~_, __ ~_ , ---,-,_~ 
llc.JWl iJ~ 92 LLf\(;1__lril..,')I~I'i!l_lf\rJl_lmtJ11...r~!I_l~l~LLc.J ,nr_lLL(;1(;1LL1.J')1.J!l1.JYi~~ VSA 40 !I_lf'll 

~ . 
"i l n LLc.JW:JiJ~ 92 ~_l LLM_l ril fI')I~t'1!1_lf\rJl_lmtJ11...lii!l_l~11ri LLc.J__lU_l LL(;1(;1 LL1.J,)1...l'fl1...l~l_j~ VSA 40 'fl-.3f'11",UrJl 

11...lnl~1~LLc.J_lU_lLL(;1(;11 t11...l jJril..,')I~f'i'fl_lf\rJl__l~ 429-3113 t(;1tJ):jrilL'il~tJtl~~ 959 lux 

11...lnl~1~LLc.J_lU_lLL(;1(;1 2 t11...l jJrilf1')I~f'i!l_l~rJl__l~ 367-2255 t(;1tJiJrilL'il~tJ!I~~ 692 lux 

11...lnl~HLLc.J_lU_lLL(;1(;1 3 t11...l iJril..,')I~f'i!l_l~rJl_l~ 312-2601 t(;1tJ):jrilL'U~tJ!I~~ 664 lux 

Illuminance U;::; VSA 40 

10000 

1000 1
3213 2796 

_ 1461 __ I -19-34-

784 lir
625 

Emax 

Emin 

-Eav 

100 
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"ilnLLc.JW:JiJ~ 93 ~_l LLM_lril..,')I~f'i!l_lf\rJl_lU1...lt~:;Yll_ll1...l mtJ11...lii!l_l~nuCJ_lU_lUPlPlU1.J')1...ltl1...l~l_j~ VSA 40 

fNf'll",UrJl 

11...lnlr1iiLLc.J_lU_lLL(;1(;1 1 tl1...l ):jril"',)I~~!I_lf\rJl_l~ 784-3213 tPltJiJrilL'U~tJtlij~ 1461 lux . 
11...lnlr1iiLLc.J_lU_lLL(;1(;1 2 t11...l jJrilf1,)I~f'i!l_lf\rJl_l~ 625-2796 t(;1tJjJrilL'il~tJtlij~ 1034 lux . 
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4.2.3.3 ~~m'a<il~'el~Pil11).J~'el~~11~ 'II'el~~'el~;hiu~~,:r~u"" u'U'l'U'el'Uv1).J).J VSA 50 • 
'el~pfl "II'el~"li'el~btJlil'Y11~Yif'f1.~ 

"'lln~fl~fl~U~U; ~1l-Jl1 C1 fc;) L1tJ ~ r.J fl l~~\lif 

~lrN~ 1 00 LL~C;)\I ~ fl l-J M'Jl l-J ~fl \l ~~l\1 '!Jfl \l~fl \l~H LLr.J\lU\l LLc;)c;)nJLLUU VSA 50 ~1 \,l'J \,l 1 tl\,l 
~ ~ 

iu~ 
Iluminance ~&I IUurrioance r.i:; 

Emax Ernin Eav Em!x Errin Eav 

21_Jun 1001 397 636 1074 677 864 

21_Mar 1308 452 789 1415 837 1109 

21_Dec 7292 475 1573 7430 959 2616 

L~~il 3200 441 999 3306 824 1530 

IUuminance \(tN IRurrioance r.i:; 
iun 

Emax Ernin Eav Emax Ernin Eav 

21_Jun 757 332 504 787 544 663 

21_Mar 1016 388 645 1058 700 875 

21_Dec 5524 445 1161 6978 881 1912 

L~ui~il 2432 388 170 2941 708 1150 

fuYi 
Illuminance \l~ lliorrioance t ;'i:; 

Emax Emin Eav Emax Errio Eav 

21_Jun 655 300 450 681 492 589 

21_Mar 884 349 575 916 632 778 

21 _Dec 6869 408 1859 2685 825 1522 
.J • 

L1LflUif~il 2803 352 961 1427 650 963 



---------- ----. -----------

Illuminance ~'iI..:J VSA 50 

10000 

3200 2803 2432 
x .a 

nnn 
Emax . 1000 

til) 
-'-'J . 770 

:7U..L 

E Emin 
441 388 352 -Eav 

100 +---------,------.-------, 
3LUH 

~lm~c.JWJ~~ 94 ~,HL~c;)~f'ilFl')I)J~tl~~~1~mtJ1u~tl~~H~~c.J,nr~L~rMIUU')UtlU~~)J VSA 50 tl~1'I1YjU~1 

1Un1j'H~~c.J~u~~~c;)c;) 1 'flu ilf'ilFl')l)J~'fl~~~I~~ 441-3200 Lc;)tJilf'il~'il~tJtl~~ 999 lux 

1Un1j'H~L~NU~~~c;)c;) 2 'flu ilf'ilFl')l)J~'fl~~~l~~ 388-2432 Lc;)tJilf'ilL'il~tJtl~~ 700 lux 

1Un1j'1ii~Lc.J~U~L~c;)c;) 3 'flu ilf'ilFl')l)J~'fl~~~I~~ 352-2803 Lc;)tJilf'ilL'il~tJtl~~ 961 lux 

'fl-.lfi'llYjU~1 

Illuminance t~:: VSA 50 

10000 --------------------

x 
.a 
• 1000 
til) 

E 

100 

3306 2941 

1530 

824 

I 
L--.-.---,----r-----. 

Emax 

Emin 

-Eav 

hmlj'1iiLLc.J~U~ LLC;)C;) 1 'flu ilf'ilFl')l)J~'fl~~~l~~ 824-3306 Lc;)tJilf'ilL'il~tJtl~~ 1530 lux 

1un1j'HLLc.J~U~LLc;)c;) 2 'flu ilf'ilFl')l)J~'fl~~~l~~ 708-2914 Lc;)tJilf'ilL'il~tJ'fl~~ 1150 lux 

1un1j'Huc.J~u~uC;)", 3 'flu ilf'ilFl')I)J~'fl~~~I~~ 650-1427 Lc;)tJ;:Jf'ilL'il~mlti~ 963 lux 
~ 
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4.2.4 .1 ~a~mi~1a'il~lh:I1~~'iI~'iI'h~ 'Il'il~~'iI~mir.:LI.\mr~LI.",,;lfl11~;j'U~'iI!la:: 25 

~'fl!Ja:: 50 LLa::1'fl!la:: 75 Y11~-4'i1~LtJJ;1Y11~~TUYif'l"::1U'fl'fln 

iu~ 
Illuminance iitN lluminance til:: 

Emax Errin Eav Emax Errin Eav 

21_Jun 3922 598 1599 9186 1314 4637 

21...Mar 7988 606 3290 3397 1142 2459 

21_Dec 5890 463 1716 6039 1681 3239 

.J • 
IIlIMI~U 5933 556 2202 6207 1379 3-445 

~ .J Illuminance iitN Il uminance til:: 
'Jut) 

Emax Errin Eav Etrex Errin Eav 

21_Jun 3668 512 1440 7066 965 3118 

21 _Mar 7755 515 2456 3090 978 1816 

21_Dec 4919 389 1332 2287 810 1634 

I~mf~il 5«7 472 1743 4148 918 2189 

~ .J Illuminance iitN IUurrinance t;j:: 
'Jut) 

Emax Errin Eav Etrex Errin Eav 

21_Jun 3450 412 1294 5266 727 2017 

21_Mar 6187 404 1968 1567 810 1162 

21_Dec 4691 305 1198 2025 653 1189 

I~i~il 4776 374 1487 2953 730 1456 



,---------------------- ----------, 

I 
'" .. ~ 

Illuminance ~'il~_~LI.'U~'YIf'lfilI::'l'U'il'iln 

10000 ---~.-----~----.- --- ----.----------. ---.. ---- .---------

)( 

:::l 

, 1000 
til) 

~ 

100 

5933 

2202 

556 

5447 4776 

1743 1487 

472 
374 

l'I'llJiiu 75% 

Emax 

Emin 

- Eav 
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"nnm.JWJD~ 96 ~,mM_.lfil f'1(Y1l_.J~tl_.l~~I _.lrntJ1u~tl_.l~1"ii1~~Ll,mr_.lU.c;1c;1~f'1')'nJ~lJ1tltJf'j::: 251tltJ!'1::: 50 L~f'j::: 

~tltJ!'1 ::: 75 Yl1_.l-ri'fl_.lLlJc;1Yl1'l~IU)1P1l'l:::1U'fl'fJn 'YilJ~ 1 

n111"ii1~LLU_.l~mll_.J~lJ~'fltJ!'1~ 25 nfilf'1')Il_.J~'fl_.l~~I_.lY1 556-5933 'lc;1tJnfilL'tl~tJ'fl~~ 2202 lux 

nl1H!~~~U_.l~ml l_.J~lJ~tltJ!'1 ~ 50 iJfilf'1')Il_.J~'fl_.l~~I_.lY1 472-544 7 Lc;1t1ilfilL'tl~tJ'fltJ~ 1743 lux 
ti 

10000 

1
6207 

3445 

)( 

.a 1379 
1000 

til) 

~ 

1=-148~ ~953 2189 
1456 

+------------
730 

Emax 

Emin 

100 I 

-Eav 

l'I'llJiiU25% 

u.~WJD~ 97 ~L~~;~~~~~ ~~'fl_.l~~~_.l~u'l~~~-~_.l-~U 1l~tJ1~~'fl-;~1~1~~~~~U.c;1~~f'1-~-I~~~~~~!'1~- 25 'ftltJf'j~ 

50 LLfl:::~tltJfl::: 75 Y11_.l'l1'El_.l LU ~Y11_.l ~IU)1 Pll'l~1U'fl'Eln 

"lmL~WJD~ 97 ~_.l U.~~_.lfil f'1')Il_.J~'El_.l~~ I_.l lJUL~~Yil_.llU rntJ1u~'El'l~H1~U.U'IU_.lLLV1Ii\~f'1')Il_.J~lJffitJ!'1::: 25 

~'fltJf'j::: 50 U.f'j ~~'EltJfl::: 75 Yl1-l"ll'fl_.lLtJ~Yl1_.l~IU)1P1l'l:::1U'El'fln 'YilJ~1 

n1!1ih:::u.U_.l~f'1')Il_.J~lJ~'fltJfl::: 25 iJfilF1')Il_.J~'fl_.l~~I_.lY1 1379-6207 t~tJiJfilL'tl~tJ'EltJ~ 3445 lux 
~ 

n1!H1:::LLU_.l~f'1') I l_.J~lJ~'fltJfl::: 50 i1fi l mll_.J~'fl-l~~ I -lYi 918-4148 L~tJiJfilL'tl~tJ'El~~ 2189 lux 

n11H1:::LLU'I~l'I'Jll_.J~lJ~'EltJf'j::: 75 ilrill'1'Jll-.Jf'ltl_.l~~I_.l~ 730-2953 tc;1tJiJrilL'tl~tJ'El~~ 1456 lux 





x 
::s 
, 

bII 
..2 

'" ... ~ 
Illuminance 'Wil"_ <i::u, 'U"'Vl PI (;I:;'l'U "n 

10000 T -- -- --

! 14185 1:933 

3322 t- ~ ~~:~--------- ~~~:- --------E210-

: 524 443 
I 359 

1000 

I 

100 ~ . - -". ~- -~------------.----'--"---. -------- --:--- - -.. ---.-~ - ._---------, 

~'l lJliu 75% 

140 

Emax 

Emin 

- Eav 

"1 mU-JWJ~~ 98 ~'l~M'lFi1f1,)1~~tl'l~~1'lrnu1'U~tl'l~1il1:::~'U'l1r'l~,U"r;)~fI,)1~~tJffiuft::: 25 ffiUft::: 50 ~ft::: 

'ftltJft::: 75 Yl1'l'lltl'lLtlr;)Y11_1~1'U~P'\!r1:::1''U!r1n YitJ~l 

n1r1ih:::LL'UAfI,)1~YhJ'ftltJft ::: 25 i1Filf1,)l~~tl'l~~l'lYi 524-4185 t"ltJi1FilL~~Utl~~ 2103 lux 

n1r1~r:::~'U'l~fI,)1~YitJ'ftlUft::: 50 s:lFilf1,)l~~tl'l~~l_1Yi 443-3933 tr;)Ui1FilL~~Utl~~ 18n lux 

n1r1ii1:::~'U'l~fI,)1~YitJ'ftlUft::: 75 i1Filf1,)l~~tl'l~~l'l~ 359-3322 tr;)Us:lFilL~~Utl~~ 1210 lux 

10000 ~------------------------------------t 5734 t 5467 1
5227 

3375 

x 
2689 

.=! 

2201 

Emax . 1000 39 896 bII 755 ..2 Emin 

- Eav 

100 +------------.------------,------------. 
R'llJliu 25% I'I'llJliu 75% 

ron mU-JWJ~~ 99 ~'l UM'l Fil Fl')l~~tl'l ~~l'ltJ'U tUi:::~hn'U rntJ 1'U~fl'l~HT::: U 'U'lU'l Ur;) r;)~ fl11U~tJffiuft::: 25 

'f'flUft::: 50 LLft:::'f'flUft::: 75 Y11'l41'fl'lLtJr;)Y11_1~l'U)1P'\(J1:::1''U(J1n YitJ~l 

n1THT:::LL'U'l~fI')l~YitJ'ftltJft::: 25 s:lFilf1')l~~tl'l~~l_1~ 1 039-5734 tl'lUs:lFilL~~Utl~~ 3375 lux 

n1THT:::LL'U'lYifl')l~YitJ'ftlUft::: 50 s:lFilf1,)l~~tl'l~~l'l~ 896-5467 tl'lUs:lFilL~~Ufl~~ 2689 lux 

n1THT:::U'U'l~1'l')1~YitJffiu~::: 75 i:iri11'l,)1~~tl~~~1~~ 755-5227 tr;)ui:iFilL~~Utl~~ 2201 lux 
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4.3 m'i1Lf\'i1~~L~'!I'Wlf\113JL~m~\'I3J~whuhf\113J'lh'"l~LtJlJ"'!I~LL\'I~UI(;1(;11'"1lnLL\'I~fi'i'i3J"lII~ 

(Daylight Glare Probability ~1'!1 DGP) nU~If\113J.'!I~'ll11~ 

1 \Jn1 1n1 J1 Lf1 J1::;t.lL ~tl')..11 f1,)1 ~ L ')..1~I::;i'lm::;wh-l I'll f1,)I~t.h,,::;LiJ\J'iltl-.l LLi'l-.lU1V1 Vll"l n LL£'l-.lUnJ'lI1 ~ 

(Daylight Glare Probability ')..11tl DGP) nUFilf1,) I ~f'itl -.l i'lrJl-.lJ\J ,,::;Ul~I4'V\LrtJ-.l;;tll,j~'lItl-.lFilLll~ui-.ltl~l~ 
'lItl-.lLLc.J-.lU-.lLL(;lV\rULLUU A (LLc.J-.lU-.lLLVlv\LL\J')\Jtl\J) LLc.J-.lU-.lLLVlVI!ULLUU B (LLc.J-.lU-.lLLVlVlLL\J');-.l 2 ;;1-.l) LLc.J-.lU-.lLLVI(;l 

ruLLUU C ( LLtNU-.lLLVlVlLL\J,)\Jtl\JLL~::;LL'\ .. n;-.l 1 ;;1-.l) LLc.J-.lU-.lLLVlVlruLLUU D (LLc.J-.lU-.lLLVlVlLL\J,)\Jtl\JLL~::;LLt.l');-.l 1 
~ ~ 

~1-.l) LL~::; LLc.J-.lU-.lLLVlri\P]LLUU E (LLc.J-.lU-.lLlVlVlll\J,)\Jtlh!LL~::;LL\J,);-.l 2 ;;1-.l) 

1\Jf'i,)\J'IJ!l-.lFilf1'11~tJ1,,::;LiJ\J'lItl-.llLi'l-.lU1V1j;Jl"lmLi'l-.lDn~'lI1~ (DGP) J\J ,, ::;ulFillll~tJ~41~!l-..l1~~1 

{(;lL1!'J-.l~tl~~~-.l1\Jj;Jl11-.l LLihlltJ-.lLLtJm::;~urmW')..1~I::;i'l~j;Jll.JLnru'Vl~~tl~~-.lllM-.l1\Jl'l111-.l~ 109 

pJ u,uu U,tNU-l u,(i\(;1 North South East West 

A 0.324 0.382 0.483 0.423 
~ 
5: 
!: B 0.370 0.464 0.530 0.455 
0 
lO 
c:i C 0.316 0.374 0.478 0.390 
;! 

';1 
0 0.322 0.375 0.481 0.421 H 

;1 
H 
~ 

E 0.315 0.367 0.476 0.387 

A 0.320 0.360 0.446 0.399 
~ 
5: 
!: B 0.335 0.464 0.524 0.449 
0 
C! 

C 0.304 0.347 0.433 0.354 ..-
;! 

-';1 
0 0.316 0.341 0.441 0.389 H 

;1 
H 
~ 

E 0.304 0.331 0.432 0.349 

LVltJnl11t.hnru-n1\J-.ll\J1{tJif ,,::;til-.l~-.l"lmnru'Vl~nl')..1t.lVlj;Jl~l'l1Jl-.l~ 5 ~ii!l~L~~ L~!l1~i'l1~11Cl 

ul1uuJ::; tjnl'l1.lDl~LV\tJi'l::;V\')n ~tl 

DGP ;JrhiJtlrJnrJl 0.35 

DGP nFil'i'::;')..1rJl-.l 0.35-0.40 

DGP ilFil1::;')..1rJl-.l 0.40-0.45 

DGP ~1"11l.JlnnrJl 0.45 

tl~1wnru'Vf~~ln 

tl ~1 wn ru'Vf~ 

tlfJ'1t.lLnru'Vl')'j!l n 
tl1J'1 wn ru'Vf f1') ru1uU 7-..l 

1 \Jri')\J'lI!l-.l I'l l f'1,)I~ f'ltl-.li'lrJl-.l ( lllu minance) " ::;Ul 1"11 L ~~tJ~41~tl-.ll~~I4' VI LrU-.l;;!ll.J~~-.l1 t.ll'lIJ1-.l LLfh 
~ 

LLtJ-.lLLtJm::;~Uf'1,)I~L')..1~I::;i'll-J!Jll~Lnru'Vl~;Jtl~~-.lLLi'lVl-.l1\Jj;J1J1-.l~ 110 LL~::;j;J1J1-.l~ 111 LVlU~"11ruli-.l~ 

f'1,)I~ritl-.li'lrJl-.lU\Ji\J~Yil-..l1\J ll~::;f'1,)I~f'ltl-.li'lrJl-.lmtJ1\J~tl-.l 
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ml).J~~~~11~L'fl~tJ (Eav) ~~~ 
4UUUUUtNU~UI'II'I 

North South East West 

A 811 1259 1922 1732 
~ 
s: 
~ B 847 2143 2589 2325 
0 
l{') 

c:i C 789 1197 1872 1722 
;t -,;:1 

0 792 1117 1908 1667 H 
;:I 
H 
~ 

E 770 1054 1858 1684 

A 779 1201 1525 1341 
G-o 
s: 
~ B 798 2021 2381 2217 
0 
~ 

C 656 951 1344 1184 ..-
;t -,;:1 

0 659 889 1407 1118 H 
;:I 
H 
Q-o 

E 595 738 1288 1067 

lU uuu utJ~U~ LLI'I c;! 

North 

f'I'lI).J~~~~11~L'fl~tJ (Eav) L~:: 

South East West 

A 1241 2210 2927 3243 
Q-o 

s: 
~ B 1224 3357 4581 4225 
0 
l{') 

c:i C 1130 2069 2886 3227 
;t -,;:1 

0 1210 2011 2909 3088 H 
;:I 
H 
Q-o 

E 1098 1869 2867 3072 

A 1188 1822 2551 2441 
Q-o 

s: 
~ B 1148 3098 4400 3964 
0 
~ 

C 920 1198 2344 2267 ..-
;t 

-';:I 
0 987 1414 2357 1930 H 

;:I 
H c;, 

E 814 1040 2250 1861 

L~~~'"l11rulf'ill'l'Jl).J~tl~~r)I~L'fl~Umn~~I'I Uft::f'ill'l'Jl).J~tl~~r)I~L'fl~UlJf)tJ~~(;l Yiur)lilfil~~ 

1::'v1r)1-l 500 - 4500 lux ;-lilJL~tl~ltJU.rin1~'"l11rulL~tl-Wl1uL~f)n1~ ~-lLLtJ-lLtntJiil-lfi-3'"llnLnruey)1Jtl~ 
Illuminating Engineering Society of North America (IESNA) ~r)lf'l'Jl).J~f)~~r)I~1Jf)-lilJ~Yil~llJbJFl'Jnlf'il 

\J~unr)1 500 lux ~'JlJf'il~ilf'il).Jlnnr)lilJ fi"l::1~LtllJl'l'Jl).JL'v1).Jl::~).J~1tl-lft~).Jl L~f)~'"llmJ1).Jlruu~~fl1~£l 

f'h).JlmnlJml).J~tl~n11t~ tl'lutl1lUn111i,hnru"'1lJ-31lJ~fuif ~l).Jl1r1U.tJ~t~;~if ~f) 



f)'Jl:Jt'i!l-1i'1(h~ iJril1::;",dl-1 500-2000 lux 

f)'Jl:Jt'i!l-1i'111-1 iJril1::;"v111-1 2000-3500 lux 

f)'Jl:Jt'i!l-1i'111-1 iJril1::;"'11-1 3500-5000 lux 

!If,n 1.JL n ru 'Y1~ m n 

!l£n'WLnru'Y1~ 
~ 
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d 
U'YI'YI 5 

l.r ..; _ ../' ... l.r.... ~ 

rrll1..lLl~~U1rr1l'll LLft::;tfhnruLL~~Yl Ln fPI'llWllU11..l'fl1 rll1 11~r:N n11Ll1..l::; LL1..l1n11 h!D LLUU LL~NU~ LLrrI rrlYl 

Lj.1m::;~).,J11..li1f'1Yl1~l'il~1 Yi'1'tl).,Ji~~'1'l~ I'lln~~(1l11l LLUU Ll~mr~ LLfPlrrI~ m).,Jl::;~).,J L~tl1~~tltl n LLUU~1).,Jl1Cl 

i.Jl11lHl~tfPIu~lU tfPItJHF)fir){ULlUUL:a~41fttl~f'lCl11..ln1mr (Simulation Research) tlP1tJ1~tll1LLn1).,J 

Evalglare LLft::;t1l1Lln1).,J DIALux 4.8 41fttl~~Jl1YiLL~~~rjl~Jl1t111..ltllrll1 ~~"Ilnt.Jftn1141fttl~~1~11Cl~(1l 

t.Jftn111{ul~Lij1..l 31'i11..l1~Llri 

1'i11..l~ 1 ~(1lt.Jftn11:.){U L~tli.11!D LLUU Llt.J~LJ~ LlfPIfPI~ L m.n::;~~~lj.1fU~f'1Yll~ I'il~1 

1'i11..l~ 2 n11i.Jl1itl).,J~11lH~1j.1fu~Cl1llun 
~ 

LLrrlrrlif1..l vh 1~rilrl11~Lmuul'il'l1::; j.1rjl'lJl1u11..ltllrll1LLft::;LLt.J'lLJ'l LLlP1rr1tl~~ 1.12 1'i11..lrilm l ).,JLmuul'il~ 

r::;j.1rjl~ml).,J~rjl~'!ltl~ Llt.J,nI~ LLlPIlPI Ll~::;rl11).,J~rjl ~ Jl1U1..ltln'fl1 rllr'tl~Yi 15 ~'lI'i'lt.J~f?itl~ruJllYi'!l'tl'l LL~~~ 

Li'i lPlif1..l Llf'l::;I'i~t.Jft1~LnlPln11L~tlU~llP11'l1'l1 ~!'llPl!'l~ r1~LL~rrI~1WllYi~ 36 
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LI'1tJ 1 hlmi)~tJC~lj.Jl~TI~1tJ ~~ 1~ f;llj.J~lrnj.J1~tJ~1~;-ll~ LI'1tJ~ ~~ "'-lC 

filma.J1.r!l~ 1 : ~~rJ-lU-lU.M~LLUU~l-l1Jhl ~-lrJ~~tlr1lf'l'llm.h"l~Lilhl'lltNL~~-lUll'1m"llnLL~-l 

jj~~j.J'!Il~ (Daylight Glare Probability, DGP) ,,r?tlbi!ltJl-lh 

>-

u.~,:]U-l ~~I'11'11tJ u.uu ~l-l1u'W ~.:] ~~~!l r1l f'I'llj.Jlll"l~ ~ilhl'll!l':] ~~~-lUl ~ f;ll.,ln LL~-ljj~nJ'!Il~ (Dayl ig ht 

Glare Probability, DGP) LI'1tJ"lnrJ~m~Y1~~!l-l'l"iU~l ~~rJ-lU-lL~~~~LLUU E (LL~-lU-lU.I'1~L~UUrJ~j.J 

~~hl'lhl!lhl~~~~~~hl'l i-l 2 ~l-l) ntJ~~~Y1fifll'l"i1 hlm~~ ~r1lf'l'llj.Jlll.,~~ilhl'll!l-l U~-lUl~f;ll"llnL~~~jj~~l.J'!Il ~ 

(Daylight Glare Probability ~1!l DGP) 1~~~f11'1 ~!l-l~-lj.Jl~!lL~rJ-lU-l~~lnln~LLUU A (U.rJ-lU-lLL~~LLhl'lhl!l'W) 

LLrJ-lU~U.I'1~ttJL~UU C u.~~ D ~lj.Jl~ClfH~r1l f'I'llj.Jlll,,~~ilml!l~u.~-lUl~lWl"lnLL~-ljj'nj.J'!Il~ (Daylight Glare 

Probability vl;!l DGP) l~lnth~tJ~nhl ~'lhl1'W~LrJ-lU~LL~~~L~UU B (U.rJ~U~LL~~LLhl'li-l 2 ~l'l) n 

tJ j~~Y1 fi fll'l"i 1 hln l ~~ ~ r1l f'I'llj.Jlll"~ d'J'W'lItl'l U.~'lUl ~ m.,l n U~-l jj'nl.J'!Il ~ 1~ ~l~f1 ~ LlntJ~i-lCf'I'lll.J~tl'l 
~~l'lUhl L~~'r1l'll'Wnr1l hi ~l n~lj.Jlf;ljtjlhl~ nl~hll'1 (500 lux) .., 

th!:~'V1fimYf'll'tl~~~~U~LLIPlIPl!'I..l~'ll'lllh!l '1 

LL~NU'l LL~~jtJ ~UU A (LLrJ'lU'l u.~ t'l LLhllhl!lhll ~lj.Jlj'Cl'!htJ~ ~ r1l f'I'll~lll"~Lilhl'll!l'l U.~-lUl~ ~l"ln L~~-l . 

~Pl1~ 

Vi PI f;l~rJhltltln 

Vi PI ~~rJ'Wf;l n 

r1l DGP ~~~'l"lln~tl'll.Jlf;ljjlhl"ln 0.46 ~ilhl 0 .36 

r1l DGP ~~~'l"ln~!l'lj.Jlf;l~tjlhl"ln 0.53 Lilhl 0.45 .. 

LLrJ-lU-lIL>'lIn!ULIUU B (UrJ-l1J'Iu.In>'l~~1ni-l 2 ~lli hJ~lmj'Cl'!htJ~~r1lf'l'llj.Jlll,,~~ilhl'lltl-l~~~'lUl~m 

"lm~~-ljjj'j'j.J'!Il~ (Daylight Glare Probability ~1tl DGP) 1~ 1hlViPl~~W!lu.~~1~ L~~ ~~'1rJm:itltJmn1hlYiPl 

f;l~rJhl!l!ln U.~~YiM~rJ'Wf;ln LlntJYiPl f;l~rJhlf;l n r1lf'l'llj.Jlll"~~ ilhl'll!l'l ~~~'lUlln ~l"lnL~~'1jjJ'i'j.J'!Il~ (Daylight 

Glare Probability ~1!l DGP) ~1n~'1"lln~!l-lj.Jlf;l'i'lij'lhl"lln 0.48 ~ilhl 0.45 ... 

~Lc.J'l1J-lU~~pjk~UU C (uc.J,nr'l~>'l\L'W?'WtlhlLlf'l~~hl')i'l 1 ~l-.l) ~l~lj'Cl'!htJ~~r1lf'l'll~lll,,~~il'W'lI!l'l 
~~~'lUl~~l"lnU~'1jj'i''i'j.J'!Il~ (Daylight Glare Probability ~1tl DGP) "ln~!l-.lj.Jl~jjlhll~ 

r1l DGP ~1n~'1"lln~!l'lm~jjlhl"ln 0.33 ~ilhl 0 .30 

r1l DGP ~1n~'l"ln~tl'lj.Jl~'i'jlhl"ln 0.46 ~ilhl 0.35 

r1l DGP ~1n~~"ln~!l'lj.Jl~jjl'W"ln 0.53 ~il'W 0.43 

r1l DGP ~~~'l"ln~tl'lj.Jlf;l~lij'lhl"ln 0.48 ~ilhl 0 .35 ... 

LLc.J'lU'l LLIn Inpj ~LUU 0 (LLc.J-.lU'l LL'" M'W')'Wtl'W~Lf'l~ u.'W? ;-.l~ ~l'l) ~l~l~Cl'!htJf'l~ r1lf'l,)lj.Jlll,,~~il'W"II!l'l 
U~'lUll'1m"lnLL~-.ljjJ'Jj.J'!ll~ (Daylight Glare Probability ~1tl DGP) "ln~tl-lj.Jl~jjlhll~ 
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Vi f"IlJI:::r)'U'Eltln 

Vi f"IlJI:::r)'U1JI n 

i'il DGP ~1'1~-l"lln~fl.UnlP1j'jl'U"lln 0.46 dJ'U 0.34 

i'il DGP ~'MN"lln~'El-lmlJlj'Jl'U"lln 0.53 dJ'U 0.44 

i'il DGP ~1'1~-l"lln~'El-ll-JllP1j'jl'U"lln 0.48 L1J'U 0.39 

~~~NU-l'kVlVlpJ'kUU E (uC-J-lU'ml1l(;lU'U'J'W'El'Uk~~:::kUJ')i-l 2 ~1-l) ~lmnl'lhtl~l'1rilmll-JU1"l:::LiJ'U1I'El-l 

~l~-lU1(;11P11"llnU~,wt'i'lJ'lIl~ (Daylight Glare Probability i-I1'fl DGP) "lln~'El-3l-JllJ1j'Jl'Ul~ 

Vif"lm-w'El ril DGP ~O'\~-l"lln~'El-ll-JllJ\j'jl'U"lln 0.33 dJ'U 0.30 

i'il DGP ~l'1fN"lln~tl-ll-JllJ1j'jl'U"lln 0.46 liJ'U 0.33 

i'il DGP M~-l"llnii'El-ll-JllJ1j'jl'U"lln 0.53 liJ'U 0.43 

rll DGP ~1'1~-l"llnii'El-l).JllJ1j''il'U''lln 0.48 liJ'U 0 .35 .... 

film3J1~!I;1 2 • UC-J-lU-l LlVl Vl U 'U'J'U'El'U~ih:::t1:::~'UJ?il-ln'U "l:::filC-J~J?itl rllrl'Jll-JU1"l:::liJ'WlItN Ll~-lUll'1 

lP1l"llm~i'\-lfij'j'l-J'lIl~ (Daylight Glare Probability , DGP) i-I1'Ell~'Elth-lh 

llC-J-lU-llLI'1 Vlll 'U'J'U'El'U~ i'h:::t1:::~'UJ?il-l n'U "l:::1'i -1 C-Jft ~ 'El i'il rl'Jll-JU1"l::: L iJ'U'lJ fl-l Ll~-lU1 VllJll"ll n Ut'l-lfi'i''i'lJ'lIl~ 

(Daylight Glare Probability, DGP) LVltl"llnC-Jftrllj'Yll'1ft'fl-l"r'jUrJl 1'ULW-lU-l~LVlVlLL'U'J'U'El'U~jj)..jl-J Vertical 

Shadow Angle (VSA) jjrlll~l-J;f'U rllrl'Jll-JU1"l:::dJ'U1I'i)-lL~I'l-lU11f11J11"llmLI'l-lfinl-J'lIl~ (Daylight Glare 

Probability i-I1'El DGP) ~-ljjrlll.nn LVlI'J)..jl-J~ VSA ~lnrJl 40 'fl-lf"ll "l:::'I'111iii'ilrl'Jll-JU1"l:::liJ'W'IJ'El-3LLt'l-3U11'11J11 

"llml~-lfij''i'l-J'lIl~ jjrlll~ln'Ul-Jl(;1j'jl'U (DGP i!.fltlnrJl 04) '[Vltl~f1'l1).J1'i'El-ll'lrJl-1U'WL~:::'I'11-l1'Ujjrlll~~lnrJl 

l-JIIJ\j'jl'UYinli-1'U(;I (500 lux) 

rllj'~1'111'U1Vl)..jl-J Vertical Shadow Angle (VSA) Yln 10 fl-3f'11 I'lIl-Jl'iT1"lhtlMrllrl'Jll-JU1":::LU'WlItl-l 

ILI'l-lU1Vl(;11"llm~l'l-lfi'i'nJ'lIl~ (Daylight Glare Probability i-I1fl DGP) U)lllJlnJ?il-ln'ULVltll'lll.Jl'i'ClftVlrill~ 

j':::i-IrJl-l1tltlft::: 0.8 - 1'Elm~::: 14.3 LV\t1rllj'~Vl'!J'U1V\)..j).J"lln 90 tl-lf'll IU'U 80 'El-lf'll 1'l1l-Jlj'Clfteni'ilf1'Jll-JU1"l::: 

IU'W'IJfl-lU~-1U1v\IP1l"llnU~-1fij'j'l.J'lII~ (Daylight Glare Probability i-I1tl DGP) l~l.Jln~i'lVl~'Elj-tltl~::: 14. 3 

ll~:::rllj'~Vlll'U1Vll-l).J"lln 40 'El-lf'll IU'U 30 'El-lf"ll ~1).Jlj'Cl~Vli'ilf1'Jll-JU1"l:::lU'UlIfl-llli'\-lU1I'1IP1l"llmLi'\-3 
_ ..o:!II ~ "... ..J .... ~ 

fij'j'l-J'lIllJ1 (Daylight Glare Probability i-Ij''El DGP) I.Vll-JlnYl~Mm'Eltl~::: 0.80 

fil Cll3J1~!I;1 3 • 41'U'J'UUC-J-lU-lILv\ en 1~'U'J'Ufl'W~ 1~l.Jmn;f'U "l:::~-lC-JftJ;i'El i'il mll.JU1"l:::IU'U1I'El-l Ui'\-lU1V\ 

IJIl"llnLl~-3finl.J'lIl~ (Daylight Glare Probability , DGP) i-I1'Ell~'Elth-lh 

fij'W'lll~ (Daylight Glare Probability , DGP) LVltl"llnC-J~mj'YlVl~'El-l"r'jUrJl mn~l-J~l'W'J'UUc.J-3U-llLv\VlLiJ'W 2 

tl'U ~)..jl.J Vertical Shadow Angle (VSA) ~~mn'U i'\1l.Jlj'Cl~V\rllf1'Jll-JU1"l:::LU'W1I'El-l~Li'\-31J1Vl(;11"lmLt'l-3 
fij'j'l-J'lIl~h'tl~t1 ~-ll~ffil'J~::: 4.90 j-'Eltl~::: 3.7 0 LL~:::j-'Eltl~::: 2.90 lItNm'i'1:nLIC-J-1U-lLLv\Vl~I'U'J'U 1 tl'W L'W3Jl-J 

. .J 0 ..... ..4 ... I ....I , ..... 
Verlical Shadow Angle (VSA) Yl 30 40 ~l~::: 50 'El-lf"ll (;11l-J~11'11J "II,n.Jrlll'tlfttlmj'~en~-l'El~mfltl~::: 3.83 

rlln~).J~I'U'J'UILC-J-3U-lUenenLU'U 3 tl'U ~l-ll-J Verti ca l Shadow Angle (VSA) l~mn'U ~ll-Jlj'Cl~{ilph 
rl'Jll-JU1":::IU'U'lJ'El-lLLI'l-lU1enJtll"llnUi'\-1Dnl-J"II1~ (Daylight Glare Probability i-I1'El DGP) L'tl~tl fNOO'Eltlft::: 

, 
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7.50 1tltlfl::: 6.00 Ufl:::1tltJfl::: 4.70 'lItl '-1n11ViimnU'HL"W)~1'W'"l'W 1 'fl'W l'W~tJ VSA ~ 3040 LLfl::: 50 tl-lPl1 

~ltJfh~"u ~-liJ Fl1 L 'U~tl m1fl I11fl-ltl~mtltlfl::: 607 tl11~J~ f1'"lltJ~tl-l\'vh-lu'Wl~:::vl1-l1'WniJ Fl1fl I11fl-l L'l1'WL(;\mn'W 

LLL'i<J1~Fl1hi~lnrhtJ1~131'W~n1\1'W111 (500 lu x) 

"nn LL'W'"l tihJ'lItl-l~tlt;jfl~ Lnl11if'W~ltJ1JCl~FJ1~ 'i1 1'Wmn111liFl1f1'"lltJt.i1'~:::dj'W'lItl-l LL~-lUl rn j;ll"lln 

LL~-lnJJtJ'l!1~tl~1'WLnrw-n~n1\1'Wrn mn~tJ~l'W'"l'WLLC.FJU-lLLI11I11~J.nnif'W ~l-J Vertical Shadow Angle (VSA) ~ 

Viitl1"1"1::: lill-J1nif'WnUi (1:::tl:::~'W'lItl-l LLr.J-JU-JLLl11l11iJmJfl-J) "I1nm1YlI11fltl-J~tl m11ilur.J-JU-l UI11(1\~~J.J VSA 40 

tl-J 1"'11 ~1'W'"l'W 2 Ur.J-J il Fl1 Fl'"lltJt.i1"l ::: LU'W'lItl-J LL~ -JUl l11~l"llmL~-Jn1JJ.J'I!1~tl~1'WLnrw-nL(;\mnUm'l1il ur.J-lU-l 

u.rnrn~~tJ VSA 30 tl-lPl1 ~1'W'"l'W 1 Ur.J-l m1HLLr.J-lU-lLLI11I11~~tJ VSA 50 tl-lPl1 ~1 'W'"l'W 3 LLr.J~ ~ri1Fl'"l1l-Jt.i1"l::: 

LU'W'lItl~ LL~-lU1 111 rll "I 1 n U.~-ln11tJ'I!1 ~tltl'1 'WLn rw-nL~mnu m11 il LLr.J-lU-l LLl11rn~tJl-J VSA 40 tl-l 1"'11 ~1'W'"l'W 2 LLr.J-l . . 

VSA30 

VSA40 

VSA50 

DGP 

IiIl..J1rl < 0.35 

~ 0.35-0.40 

l'Ill1i! 0.40-0.4 5 

l'\'lrtJfutJl~ >0.45 

n1'll-J'll1~ (Daylight Glare Probability, DGP) 1..1j-tlhimh-lh 

1::: u.U-l~~fmJ.JYiu~ L'i1 -Jnu "I:::~~ r.Jfl L'itl Fl1Fl'"l1l-Jt.i1"l:::LU1.J'!Itl~ U.~-lU1 111 rll"lln Ut'I>ln'l'lJ.J'lll ~ (Daylight 

Glare Probability, DGP) t(;)tl"llnr.Jflm'lYli11l'1tl-l~U<J1 l'WYiPl[J1:::C)'Wtltln m'llii'l:::u'W>l~Fl'"l1l-JYiu(Jh-l1 hj 

~1l-J1'lC'lYi11liFl1 Fl'"ll l-Jt.i1"1::: LU'W'lItl-l Ut'I-lUl 111 ~l"ll n u.t'I-l D'l'll-J 'I! 1 ~ L 'U~tJi-lC)U~ln<J1ri1l-J1[J1'l"1'W1~ ~'"l'W 1'W 

)1P1~:::c)'W~n ufl:::)11"'11~ m'l1il'l:::LL'W-l~Fl'"lll-JYiu 75% ~1l-J1JClvl1l~Fl1 Fl'"l 1 l-Jt.i1"1::: LUU'1Itl-l Ut'l-lUl(;\~lr,nmLt'I-l 

n1'll-J'!I1~ iJtltln<J1 OA ~-l~lU~1l-Jl-J1[J11"1'W ti11tl~f1'"l1l-J~tl-l~<J1-lU'Wt~:::Yi1>llUn~Fl1fl(;\fl-l L'l1'WL~mnu LLrl<J1 

ilFl1hj~ln<J1l-J1~1~lU~n1Wl.JiPl (500 lux) .. 



148 

.. 
fOl'lll.J'VlU 

E w 

25% 

50% 

75% 

DGP 

~).J1 n <. 0.35 

~ 0 35~0 . 40 

Yi'ilH 0.40~0.4 5 

1'1'l1tJfutJ r-l >0.4 5 

lWm'i''f111r1 1 'i'1-.l~rJ~~'flm'i'L.Jlhn''6Ji.J 1~L.Jl m'i'1 -.l ~LL~C'1-.lrilm'i'~'tl-.l~11-.l~LLi.J:::L.J1LC'1tJ Illuminating 

Engineering Society of North America (IESNA) r;1-.l LlM-.lli.JlrI l 'i'1-l~ 3 ~1~tJi.J~1'fltil-.lli.Jm'i'~C'1'f11Irll'i'1-.l 

~l~ru mrul hJ1iir.i1-l LC'1tJ~ (PI L1m ~tJi.JlrIl'i'l-.l ~lM\-lf111~ ~ ~~'lJ'fl-l~~ r;ll-.l hJ ~~tl LL~ ~-ln-.lf11 '1~~1 rTt1i'fltil-.l~tJi.J 

~lr;1U 

r.nn(.J~mn~tJ~~(tJl~~l~l'i'tl~pJ'fl'fl mn Hi ~tJi.Jm'i"l -l L~'fll~~tlltJlln ~L~:::~'fl'fln LLUU~l~l'i'tlL.JlltJ 

tJ'i':::£jnIrl1"61~L~tJ~:::C'11n r;1-l~L~C'1-.l1~1i.JIrI1'i'1-l~ 114 LC'1tJLLU-llrllwnru-nr;1-ln 

.-
DGP Illuminance mru'Yl 

... 
< 0.35 500-2000 lux tnl.Jln 

... 
tn 0.35-0.40 2000-3500 lux 

Yltl1"n 0.40-0.45 3500-5000 lux 

fOl'l1tJfuUl-3 >0.45 
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Shadow Angle (VSA) 72 !I~P\1 

Shadow Angle (VSA) 56 !I~P" 

~lnm'n-J~ 114 lthml1u.~nu."'l-Jn11nll~-JU-Ju.(;\~1\,l!UllUuI1h-J1 nmn'h;h-J~rl,)Il--J~-J 1.50 ll--J(111 

~i1n11Hu.~-JU-JLL~~~~l--J Vertical Shadow Angle (VSA) ~(;]I-Jn1.! 2 ~l--J ~tl~l--J VSA ~ 56 tl-JP'11 LLrl:;~l--J 

VSA ~ 72 tl-JP'11 i-Jd'n1rul~tll;!rl1uH.r\,l m1~"'l11rul~-J ':h4'rJ~\,l1 UI:;ntlU~,)rJ l1\,l rl,)Il--J~-J\-IU1~1-J'lItl-J 

tllrl11 y]P'1iltJmYHLrl:;~n~ru:;~-J u. ')~~tlwntJ\,ltln'Enrll1 ~n~ru:;~-Jll')(;\~tJl--JmrJ 1\,l'Enrll11')l--JO-JtI"I4'tJ~ 

L~miitl-J~\,l1 n-Jc;.tl-J r)~~~u.(11n~l-Jn\,l"lltl-Jll~-JU-JlL~~ n11~~'Jl-JL~:;1\,lI:;rJ:;(;]1-J1 1')l--Jn-J~l--Jl--Jtl-J~i1ml 

U1U lU~rJ\,l1u ~-J ~,)\,lll(;]~-J ~rl m:;Y1U (;]tlU1:;~YI fimYl'lltl-J u.~-J~ Ln lPlifW11rJ 1 \,l'En rll1i-Ji\,l 

l11')tltil-Jn111 "niitll;!rl"'lln i1Il'n-J L'll\,l n11m!U LLUU~ l\-ll--Jl:;~l--J'lItl-J u.~-JU-J lLlPl ~Y11-J ~1\,l~ P'11~ ~1l--Jlm 

m1~L~rJ~"'l11rul"'lln 3 U"'l4'rJ U"'l~mL'i'nr11mll--J'I11"'l:;dj\,l"lltl-J ll~-JU1 ~11l1r.nn U.~-lfil1l--J'llI~ (Daylight 

Glare Probability, DGP) ~-J"'llnmnn"ju'il1\,l~l--J Vertical Shadow Angle (VSA) ~ 56 tl-JP'11 n111"nUCNU-J 

Ll~~U.\,l,)\,ltl\,l~~l--JnUu.~-JU-JLL~~lL\,l'Ji-JL'Y;rJ-Jiil-Jl~~I\,l\-l~-J (1 +2 .. iTtl 1 +3) 1~~rltl~1\,lLnru"L~mn\,lnum1 

1~U.~-lU-JLL~~Ll\,l,)\,ltl\,l~~l--Jnu~-JU-lu.~~u.\,l,)~ 2 ~1-l (1 +2+ 3) ~tltlfJ'1\,lLnru"~l--Jln ~-ll~tl~"'lIJrul 

U1:;ntlU nuu"I~tJ~~tl-J Ll~:;U"'l~tJ~~Il--J ~fl r11 mll--J~tl-J~'il-lmrJ 1 \,l~tl-J Url:;r11rl,)Il--J~tl-J~'il-JU\,lyf\,l~Yil-Jl\,l 

YlU'ilflf.j'1 wn ru"~l--Jl n L 1\,ln\,l i-Jifm n ~fltl n LLUU~tl-J n111 "n lL~-JU-J u.lPllfI~ih:;u:;~\,lutlrJrl-J ~tltl n uuu 

~1l--Jlm~"Il1rul~~l--J Vertical Shadow Angle (VSA) ~ 72 tl-lP'11 ~-l"l:;Ylu'ilY11-l~I\,l~P'1~m11"nu.tNU~ 

U.~(;\LL\,l,)\,ltl\,l1~r11rl,)Il--J'I11"'l:;lrJ\.l'llfl-JU.~-JU1(;\i1Il"'llnu.~-Jfi1m·lll~ (Daylight Glare Probability, DGP) tl~1\,l 

Lnru,,~~ l'li\,lL~mn\,lnUn11nLl~-JU-Jll~M\,l'J\,ltl\,l~l--Jl--J VSA 56 tl-JP'11 , 

5.3 oUi1LftlJi1LLlJ:: 

l~flliJ\,lU1:;ttJ"II-JU.rin11:=j4'rJ (;]tllu ~-J'lItl l~\,lfl U\,l:; lL\,l,)Y11~C;)-J(;]tl1uif 

1. LCfl-J"'lln 1 \,l-Jl\,l~~rJi11:;rJ:;L'Jrll~~ln ~ c;)-J.r\,l9-J hJ1~i1n1JY1lPl~tlU~rln1JY1~rltl-Jnu'En rll1 

fhJn-Jl\,l"'l1-J c;)-J.r\,l1 Wl\,l:=j~U (;]fl hJ'En"'l ~n~ L ~tlL muu l )1rJu ~rl~ Ln lPlif\,l"l1 n LU 1Un1l--J Fltll--J~,)ll1lflf 
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2. lW-.lI'W~r.1tJi'Wr;lfJ hJ '!l 1"1~ "11n1.nil-:J1U ~UU ~~C-J-.l';-.l L~rtIrt1~'W1 ~j:J C-J~ r;I'!l rJNJlIYi~'!l-.l LLl'Wl1tJ 1'Wtnf1Tl' 

I'J)"! il-.l nI 11 ~l'WCI)~ i1 rJ ru~ )..!u'ii r;l1-.l1 n1.J~ ~ mn f1Tll-J ~ "vIl-JI::;~l-J~I"v1 ~U lLC-J-1';-1 LLm mIn tJ'WfJ nfJl I'll 'i' 11.J~ LLUU~'W 

r;I'!llu i-1iffJ1"1~"11Irulil-1n11t11 hJ1-n11.JYif"lvn-1~1.J1 L~l-Jl?il-J l~Llri Ylf"l(;l::;l1.JfJfJm~tJ~L"vIilfJ Ylf"l(;l::;l1.J(;Im:tlm 

l"vlCfJ Yir'\~::;i'W(;Im~tJ-11~ ~ft::;Ylf"l(;l ::;l'W(;Im~mHi 

3. 11.J-.lI1.Jlr.1tJifl-n~l-Jl-JfJ-:J 45 fJ-1f"11nUmJIIfiI-111.JnI'i'~I~fJ-1 ~-1~-1C-J~ l~~I~l~fJ1"1i:J~I1JJ~)"!)"!I(;1r 11.J 

-111.J~r.1 tJiUl?1fJ hJfJ1"1~lftfJ-1l-J l-Jl-JfJ-11u)..!)..!~ n~u n1.J l~fJ l mmJ l YltJU ~1 f1'JI)..!t.lI"1::; l UU'1IfJ-l LL~-lU1 '" ~1"11 n LL~-.l , , 
_ 4 ....1_.L' 

nJ'/)"!'lf11?1 (Daylight Glare Probability "vIIfJ DGP) YlLn",'lI1.J 

4. ~mnlU LLUU'lIfJ-1 ~C-J-:J';-1 ~rtI "'IntJUfJntnf11~~-1 C-Jftl?1'!lnlr lillY/yh"il n LL£'l~U'i'::;~~.!mlllufJ1Fm 

~ ~-1 C-Jft I?1fJ nil HYi ~-1-.l1 1.J lUfJ1 I'll 'i'i-1 Yi ~-1-.l11.J LL~-1 ~~ 1 -1 LL~::;Yi ~-1-11U 1 1.JnI nJ ~UfJl nr f"I LrtI tJ~"illrul~1 f'l'J1)"! 

~'!l-1~~ 1-1~hjYifJ L ~ ll-1 (;II)..! m ru-n)..! 1 ~11.J'J ruL U1.J~1 nI 11 il Yi ~-.l-.lI1.J 11.J ld'1lfJ-.l Lf"I 'i'~j f"l1~ (;I f lLft::;nI'i' ~'W'Y)1.J 

5. ~ n~1 L~)"! L?i)..! il-l Lnru-nL ~fJ f1,)Il-J~U1tJ ~1'l1'!l-1 ~HfJl I'll 111.Jm ruml1.J1 L'IlU f1'JIl-J~~1 L~)..!tl'lltl-.l LL~-.l 

f1'JIl-JLmUUr;lI-.l LU1.J~1.J 



m~11YltJ 

n'Wn'J'I'ICU fl~'Wt'W 2539. lULLUU'!Jtl~flUnnLJU~Uf11f11~p .. nn ::~j.J~l~fU~tl~CitJ'W: nl11~u.~~~/:h~D'I'Ij.J'Dl~ 

_u.~;:~f11n11dltJ\Ylf'l11j.J1tl'WL~'lW'Wtl1f'111 . 1YlmuYi'WthJ1CkJCkJlj.J~lUCU-viIrl , ~ 1'!Jl1'1!1 

LYl fll'Wlf'ltjtllf'111 ucu-viIn:jYlmfttJ .,)ilfNn1CLJ).J~11YlmfttJ . 

'l!lCkJI'i'ni tlJltJu'If~11. 2545. ~Ylf'lijFlnlffitlOLL1JULZU1JI.I.~~f9')1~ (~U1JUfuUt~) . ~:.Jl>ff'lf~~ 4. 

n1~LYlYij.Jm'Wf'I'I : \'lj.Jlflj.J~~L\'l1).JLYlf'l t'Wl~tj (lYltJ-rd~'W) 

1111~1" \p'CU\'lWm 25 14. n l 1tltlmL1J1J~t)1Ul1ltJ011j.JLntl~1'fl'Wl'Wu1::LYlPI1YltJ . f'lcu :: ~rnUlrltJ011).Jf'll\'llrlf : 

).Jm1YlmfttJ~f'lUlm 

r-Jn111n111n~~~u1:: lYi. 2551. lL'W1Yl1~n1rul U~ ~D'I1j.J'D l~j.Jl1ill'W~fl~til1,1~tr-l~tlO1ru~n~~fl~l-jf11 

LL'L-1~'!Il~. 1YlmuYi'WthRCkJ CkJlj.Jmucu-vi11l , rnf'l1'1!1~rnUlrltJ011j.J flcu::~rnU\J1tJm1).Jf'll~\J1f 

j.J~11YlmfttJPlf'lU101 

Yi11CU'l!ftYl 1'111tJfi'W. 2547. i~::n11ritl~h~~ft'flf111~Yh n1-lLYlYi).J~I'Wf'l1 : ~l,rn~m{U'L-1~'~l~N01nr 

).Jm:jYlmfttJ 

Yift~~l'W, m::Yl11-l . 2547. LL~'W~ \Lft::.!l\4~tll,jfl ..rn tJrnYi LL~~~r,h~llLUJ'I!1®"10rnYi G1fJf111'J LY;tJj.J~1~f1J 

lJ'I::LYlPI1Yl tJ. n1~lYlYij.Jm'Wfl1 : ~f~f'l!~. 

~\!~U ~~!fllf)j.J 2540. n11tl'flmLUU1:::UULL~~~rjl-l . n1~LYlYi).Jm'Wfl1 : 1Ltllf)fJLfl-i'W 

~1)i-JfIrl11lj1u1::l~1., . 2543. !1l uuu'ritl~ It] rn ~11J'~1-l \ ~tl 011tJl LL~~fi1j'j.J'Dl ~tnl~1'Wtl1f'111~ltrn'11'W. 
1Yl mUYi'WfimCkJ CkJl).Jmu cu-n In, ~1'!J l1 '1! 1 L Ylfl t'W lfttj tl l fll1 flcu::~rnUlntJn11W'\1~lrl f 

.,)il fl-1 n 1ru).J~11Y1 tJl fttJ . 

~j.J~Yli U(;1tJ:::. 2541. n11tl'flmLUUtlll'11i~1~i1J~iJtl101P1\'lJI1l'ftl'W;(1,I n l-1LYlYi).J~1 'Wfl1 : ~'WUmr~~'flLl'L-1-1 
.,)il fl-1 O1nrj.J~ 11 Y1 m fttJ . 

m~tl-lnr]~ 

Boyce, PR. , and others. 2006. Lighting quality and office work: two field simulation experiments. 

Lighting Res. Tec hnQl 38,3 (2006) :191-223. 

Brown , G. and DeKay, M. 2000. Sun, Wind & Light Architectural Design Strategies. i ld 
ed. United 

States of America : John Wiley & Sons, 

Chauvel , P.,Coll ins, J, Dogniaux, R. , and Longmore, J. 1982. Glare from windows: Current views of 

the problem. Light. Res. Tec h. 14(1):13-46 

Egan, D , and Olgyay, V. 2002. Architectural Lighting . 2
nd 

ed. New York: McGraw-Hili , 

Inanic i, MN. 2006. Eva luation of High Dynamic Range Photography as a Luminance Data 

Acquisition System. Lighting Res. T eQhoQj 38,2 (2006) 123-1 36. 



152 

Mohamed, B. 2008. Daylighting, Architecture and Health: Building Design Strategies. 1 SI ed. Great 

Britain: Architectural Press, 

Nazzal, A. and Chutarat , A. 2001 . A New Daylight Glare Evaluation Method : A Comparison of the 

Existing Glare Index and the Proposed Method, and an Exploration of Daylighting Control 

Strategies. Architectural Science Review, 44(2001): 71-82. 

Sutter, Y., Dumortier, D. , and Fontoynont. M. 2006 . The use of shading systems in VDU task office: A 

pilot study. Energy and Building 38 (2006): 780-789. 

Tuaycharoen, N. and Tregenza , PR 2005. Discomfort glare from interesting images. Lighting Res. 

Technol 37.4 (2005) pp.329-341. 

Velds, M. and Christoffersen, J. 2001. Monitoring Procedures gor the Assessment of Daylighting 

Performanc e of Building. A Report of lEA SHC TASK 21/ECBCS ANNEX 29 (February,2001) . 

Wienold , J. and Christoph, F. 2010 . The Daylighting Dashboard - A Simulation-Based Design 

Analysis for Daylit Spaces Building and Environment (August 2010) 

Wienold , J. and Christoffersen, J. 2006. Evaluation methods and development of a new glare 

prediction model for daylight environments with the use of CCD cameras. Energy and 

Building 38 (2006): 780-789. 

Wienold , J. 2009 . Dynamic Daylight Glare Evaluation . Eleventh International IBPSA Conference. 

Glasgow, (2009) 944-950 . 





154 



155 

1. nl'J~1r1,)I).J1..h"l:::LiJU'll'tl~U.1'I~tJl(;lffll"11mL1'I~fi'J'n.J'jjl~ (Daylight Glare Probability ~;'tl 

DGP) r.nnLtl'JLLnHJf'\'tl)..J~,)Lffl'tl.f 

L1Jn1J'v11 ~ 1 LL~~1J l (11lfllJ'\Jj'llfJlnm l ~11~"'n n n1J~ ~lfl'1l ~'.~ '1l un [;lJ'i l Urm ~~ if n~ru :::u.r.J~u~ .. 
LLt'1t'1Lu~tl LL1Ji.J l;h~l mfJ~1i1l ~~\,\W.j~ ~luH :t'1tJ\,\11 lLL1J1J~1~'1l~ LuLtlru.nnJ Autodesk Ecotect 5.6 ~lnJu 
?1~'tl'tln 1tltl-l hJmnw Radiance L~'1l";lfl '1l~ifn~ru:;LL\,\-l~Lnl'1~umtJlll~'1l -11u'li') 1L'J'i\ l "h~l 'v1 if~"lnJu,jl 

nl'fj~1~L1fi L f1n:-\-ill'1tJHhJJLLlln.J ba lgl are L~'tl'v11fh DGP ~ln~~u L(11tJ~ntJfl:;L~tJli\iuffl'tlUph~ l 

i1\~ 1ii'1l1u~ 

1.1 hlHLllJfJ Ecotec t 5.6 

1.2 LUiLLnw Rad iance 

~ 

ri ~I \\ U rn ri ~ 1 1'l ru \'\ l1 1J~ r;i r l ~ l #i ~ U 

I Leave blank for de/ault values. 

i Parametel IValue I !!I( II 
-dp 512 I;ancel J11 
oar 43 

oms 0.23 8dd 
ods .3 

-dt .1 
jnsert 

-de .5 Q.elete 

-dr 1 

-si .7 !;opyAIl [ 

-st .1 EasteAIi 
-ab 2 Cjear 
oaf RCP_amb 

-aa .15 I 
-ad 800 I -as 128 I 
-av 0.01 0.01 0.01 I 
-k 8 

II 
-Iw .002 

I LIQ~ir~~r.r_eni-~-erauTfVaJ~~~;::: ::1 Help 

1.3 LUmnw Eva lglare 

L~'1l~l~'1l-lJll'y.r~ l n~UmmfJ Radia nce L\,\j"LL~,) 1~,jl1yj!f~1~ (' p,c)11fi ",n:::'>1 .. nrh 

LL~-l1J l li\m 11lLumnw Evalg lare LtiltJl,w l .l1ilumnw Eva lg lale Ju ~'tl-l(111')\r:',1~rnhJHLm).J Dayslrrl 

3.0 ~u1u ; ~ \,\lW' H1I'1YJulmlI'11~(;1!J1l i L~tJrhHr.htJ L(11tJiJ1~ n1Ji1\1~ 



.,; 
1.3 .2 ni1lYl Stali > Run ... 

Run 
._---- - -=== 

Type the name of a program, folder, document, or 
Internet resource, and Windows will open it for you . 

Open: ! gncil 

OK ) [ Cancel I [ Browse. " 

cd - change directory 

:,DocIlJTlent" and Settings,A"u",Desktop,PIC>getinfo -ci ~B.pic 
O.pic: - y 480 +X 480 

Evalglare [~'il1yj-cr.Picl 

C:,Docunents ctod Settinys'~sus'Desktop'PIC>eualylctre OS.pic 
dyp.dyi.uyr.ucp.cgi: 0.347699 16.807878 21.609653 12.859417 27.193624 
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1l1FH·JU'ln "lI 
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~ .J 
';1"111J1\-i1~m!J 1,.mH~f:;!J:;"1~1 n~1fnl1';11'111 11"-i1~m!Jl"~f)I Oux) n"1'1\I1~r.:"1\Jt;r:; Oux) 

1lrn ~1f11 

0.95 1.85 2.75 3.65 Eav Emln Emax U min/Ema Eav Emin Emax U min/Em~ 

8.00 1649 818 497 357 821 325 2038 0.4 0.16 2561 673 12209 0.34 0.07 

10.00 1742 818 484 344 822 317 1641 0.39 0.17 1426 860 2118 0.6 0.41 
c: 
::J 

" 12.00 1576 739 440 314 745 300 1576 0.4 0.19 1239 753 1625 0.61 0.41 
N 

14.00 1681 788 469 336 794 31 1 1729 0.39 0.16 1269 746 1917 0.59 0.39 

16.00 1791 868 525 381 871 346 2071 0.4 0.1 7 1289 770 1960 0.6 0.39 

8.00 831 409 246 177 406 168 678 0.41 0.19 688 429 1006 0.62 0.43 

10.00 1067 514 307 222 512 212 1076 0.41 0.2 661 536 1252 0.62 0.43 
;V 
::;: , 12.00 1009 485 291 210 484 
N 

203 1009 0.42 0.2 796 495 1156 0.62 0.43 

14.00 1043 502 300 217 5(10 207 1043 0.41 0'<- 804 493 1186 0.61 0.42 

16.00 1017 494 296 214 492 202 1056 0.4 1 0.19 767 473 1140 0.62 0.41 

8.00 573 302 188 138 292 131 573 0.45 0.23 464 307 644 0.66 0.48 

10.00 848 447 280 207 433 197 848 0.45 0.23 686 453 951 0.66 0.48 
0 

" 0, 12.00 855 452 284 211 438 203 855 0.46 0.<-4 688 456 958 0.66 0.48 
N 

14.00 858 453 284 210 439 202 858 0.46 0.23 686 458 958 0.67 0.48 

16.00 700 369 229 169 357 161 700 0.45 0.23 558 374 778 0.67 0.48 

-r,.~ 
';1"111J1\-i1~m!J1"1ffi~~f:;!J:;.h~1 n~1fru1ri11'111 I1ft-i1~m!Jl"~f)I (lux) n"l1'1\I1~f:;"1\Jt~: (lux) 

~1\11 

0.95 1.85 2.75 3.65 Eav Emin Emax U minlEmc Eav Emin Emax U min/Em~ 

8.00 834 420 256 186 413 179 843 0.43 0.21 844 414 930 0.64 0.44 

10.00 1059 509 305 220 507 209 1059 0.41 0.2 810 497 1200 0.61 0.41 
c: 
::J 

" 12.00 1060 501 297 214 502 204 1060 0.41 0.19 825 503 1215 0.61 0.41 
N 

14.00 1065 508 303 218 507 208 1065 0.41 0.2 849 528 1232 0.62 0.43 

16.00 956 474 286 208 468 200 969 0.43 0.21 778 493 1120 0.63 0.44 

8.00 1044 516 312 226 515 208 1192 0.4 0.17 763 470 1148 0.62 0.41 

10.00 171 3 807 481 345 8 11 315 1833 0.39 0.17 1263 741 1934 0.59 0.38 
;V 
::;: , 12.00 1746 816 487 347 825 327 1748 0.4 0.19 1351 807 2012 0.6 0.4 
N 

14.00 1756 824 488 347 829 322 1620 0.39 0.18 1421 861 2107 0.61 0.41 

16.00 1433 689 411 294 691 270 1614 0.39 0.17 1213 730 1826 0.6 0.4 

8.00 5142 843 527 382 1440 341 5706 0.24 0.06 1497 696 5219 0.46 0.13 

10.00 20405 1528 92 1 666 5844 592 20772 0.1 0.03 11905 1342 20645 0.11 0.06 
0 ., 
0 12.00 27650 1542 946 679 7664 638 , 
N 

27650 0.08 0.02 10608 1534 27987 0.14 0.05 

14.00 234 16 1555 932 667 6606 606 23676 0.09 0.03 93 19 1629 23952 0.17 0.07 

16.00 9332 1099 677 488 2296 438 9953 0. 19 0.04 5924 1185 9987 02 0.12 

-
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~ oJ 
fi1M1lJiI~1~mDltl~~'::!J::'h~1 Yl~1fN1fi1t'111lJiI~1~rn!JltllitN (lux) ;;"I1'N1~'::1l1Uilli:: (lux) 

11lYl L11l1 
0.95 1.85 2.75 3.65 Eav Emin Emax U miniEm, Eav Emin Emax U mirli£m, 

8.00 13011 12022 .1352 1012 6818 879 13274 0. 13 0.Q7 12510 11867 13143 . 0.95 0.9 

10.00 2804 1370 831 599 1364 555 2847 0.4 1 0.19 10864 1322 29253 0.12 0.05 
c 
:> 

" 12.00 
N 

1384 640 374 267 645 253 1384 0.39 0.18 1062 631 1589 0.59 0.4 

14.00 929 465 283 208 457 201 929 0.44 0.22 730 465 1047 0.64 0.44 

16.00 801 441 281 211 42 1 201 801 0.48 025 650 447 884 0.69 0.51 

8.00 9341 8625 811 0 1073 6753 993 9380 0.15 0.11 9079 8672 9513 0.96 0.91 

10.00 27064 1545 938 676 75 15 627 27121 0.08 0.02 10473 1610 27482 0.15 0.06 
(;; 

~, 12.00 1473 690 408 292 693 275 1473 0.4 0.19 1166 718 1713 0.62 0.42 
N 

14.00 925 454 283 208 456 201 925 0.44 0.22 736 473 1045 0.64 0.45 

16.00 785 438 280 211 4 16 201 785 0.48 026 638 439 864 0.69 0.51 

8.00 5657 5045 4603 745 37 16 613 6019 0.16 0.1 5562 5129 6012 0.92 0.85 

10.00 20211 1372 817 589 4254 530 20577 0.12 0.03 8132 1461 2081 4 0.18 0.07 
0 
Q) 

0 
12.00 1405 655 384 274 657 254 1466 0.39 0.17 1138 690 1693 0.61 0.41 , 

N 
14.00 924 469 287 211 459 204 924 0.44 0.22 744 484 1052 0.65 0.46 

16.00 672 373 236 177 354 166 672 G.47 0.25 544 369 740 0.68 0.5 

~ oJ 
";1'mlJiI-l1~m!Jltl~~~,::tJ::fi1~1 Yl~11N11i1t'111lJlI-l1~mtlltllitN (lux) ;;"I1'N1~,::tl1UY;i:: (lux) 

1tlYi L11l1 
0.95 1.85 2.75 3.65 Eav Emin Emax U minlEm' Eav Emin Emax U miniEm, 

8.00 726 408 260 196 386 185 726 0048 026 590 406 798 0.69 0.51 

10.00 879 456 282 209 443 201 879 0.45 023 704 461 986 0.66 0.47 
c 
:> 

" 12.00 
N 

11 47 533 312 223 535 213 11 47 0.4 0.19 898 547 1318 0.61 0.42 

14.00 2242 1062 636 455 1067 427 2247 004 0.19 1782 1102 2613 0.62 0.42 

16.00 19047 17712 1258 918 9693 829 19255 0.09 0.04 18583 17800 19451 0.96 0.92 

8.00 657 375 24 1 182 353 174 657 0.49 0.26 539 379 719 0.7 0.53 

10.00 859 454 283 211 439 202 859 0.46 024 687 457 958 0.67 0.48 
(;; 
:; 

12.00 ~, ·11 2 1 525 308 221 527 21 1 11 21 0.4 0.19 861 519 1281 0.6 0.4 
N 

14.00 2300 1091 655 470 1097 437 2326 0.4 0.19 1762 1053 2620 0.6 0.4 

16.00 17708 16490 1366 1006 9100 924 17776 0.1 0.05 17160 16430 17898 0.96 0.92 

8.00 553 310 197 147 293 138 553 0.47 0.25 454 319 607 0.7 0.53 

10.00 864 451 279 206 437 197 864 0.45 0.23 685 453 962 0.66 0.47 
0 ., 
0 12.00 1193 561 328 236 561 220 1216 0.39 0.18 895 533 1353 0.6 0.39 .J 
N 

14.00 2371 1149 686 496 1142 447 2639 0.39 \l .17 6258 1020 23003 0.16 0.04 

16.00 9875 8962 1097 808 51 75 685 10346 0.13 0.07 8532 1429 9972 D.li 0.14 
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. ../ . ";1"~1lJlI-i1~m~ 1 ... ~tN~'~~~~h~1 ;;'·Wtu1,hM1lJlI-i1~m~1 ... ,xtN (lux) ;;'11tu1~~1Utji~ Oux) 
~\IYI 1~1\1 

0.95 1.85 2.75 3.65 Eav Emin Emax U minlEma Eav Emin Emax U minlEma 

8.00 1432 816 53 419 779 385 1453 0.49 0.27 2330 856 11 62B 0.37 0.07 

10.00 1938 1224 866 661 1136 6 19 1938 0.54 0.32 1651 1252 2110 0.76 0.59 
c 

" " 12.00 2019 1326 959 737 1222 698 
N 

2019 0.57 0.35 173(1 1325 21B2 0.77 0.61 

14.00 2000 1283 918 703 l1 B9 663 2000 0.56 0.33 1697 1266 2172 0.75 0.56 

16.00 1700 993 68B 523 942 485 1700 0.52 0.29 1369 948 1872 0.69 0.5 1 

8.00 853 508 352 270 482 256 853 0.53 0.3 726 529 958 0.73 0.55 

10.00 1397 907 663 519 646 492 1397 0.58 0.35 11 92 916 1512 0.77 0.61 
(u 
~ , 12.00 1498 1008 758 597 937 568 1498 0.6 1 0.38 1289 1006 1614 0.78 0.62 
N 

14.00 1461 968 722 566 901 540 1461 0.6 0.37 1255 968 1582 0.77 0.61 

16.00 1184 734 522 404 690 38' 11 64 0.56 0.32 987 725 1293 0 .73 0.56 

8.00 521 315 221 173 300 166 521 0.55 0.32 438 319 573 0.73 0.56 

10.00 950 614 454 362 580 346 950 0.6 0.36 807 613 1029 0.76 0.6 
0 ., 
~, 12.00 1060 701 527 422 660 406 1060 0.61 0.36 908 70 1 114 7 0.77 0.61 
N 

14.00 995 649 483 386 612 370 995 0.6 0 .37 855 655 1082 0.77 0.61 

16.00 687 426 303 238 403 228 687 0.57 0.33 581 433 752 0.74 0.58 

. ../ ";11'1~1lJlI-i1~m~ 1 ... ,x!N~'~U~~h~1 ;;~11tu1";11'1~1lJlI-i1~mtJl ... ,xtN Oux) ;;~11tu1~'~"'1Utji: Oux) 
~\IYI 1~1\1 

0.95 1.85 2.75 3.65 Eav Emin Emax U minlEmf Eav Emin Emax U minlEma 

8.00 888 545 386 300 516 289 888 0.56 0.33 742 545 972 0.73 0.56 

10.00 1421 923 675 525 1213 918 1544 0.76 0.59 1213 9 18 1544 0.76 0.59 
c 

" :' 12.00 1587 1059 788 612 982 583 1567 0.59 0.37 1363 1055 1713 0.77 0.62 
N 

14.00 1506 994 734 569 923 542 1506 0.59 0.36 1289 994 1626 0.77 0.6 1 

16.00 11 16 702 502 390 659 374 1116 0.57 0.33 948 713 121 8 0.75 0.59 

8.00 1004 578 395 301 554 284 1019 0.51 0.28 800 555 1100 0.69 0.5 

10.00 1871 11 52 609 614 1076 575 1871 0.53 0.3 1 1558 11 24 2046 0.72 0.55 
(u 
::. , 
N 

12.00 2087 1344 957 728 1242 690 2087 0.58 0.33 1777 1337 2263 0.75 0.59 

14.00 2006 1275 901 685 11 81 646 2006 0.55 0.32 1706 1293 2179 0.76 0.59 

16.00 1466 872 600 454 822 425 1466 0.52 0.29 1250 909 1640 0.73 0.55 

8.00 4830 685 462 353 1272 323 5009 0.25 0.06 1326 6 10 4929 0.46 0.1 2 

10.00 2289 1347 915 690 273!.l 630 19627 0.23 0.03 3837 1289 20007 0.34 0.06 
0 ., 
0 12.00 , 2453 1508 1040 784 1410 7.4 
N 

2453 0.53 0.3 2074 1516 2687 0.73 0.56 

14.00 2373 1433 975 732 1344 674 2373 0.5 O_~8 2000 1484 2597 0.7. 0.57 

16.00 8915 925 615 464 2097 422 8996 0.2 0.05 5452 981 9150 0. 18 0 .11 
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~ .J 
/hfl~1lJI\11~m!l"u\itN~'::!l::'h~1 Vl't11n11ri11'1~1lJII11~m!llu\itN (lux) w..1'nl1~'::u1\JUi:: (lux) 

~UYl ~~fi1 

0.95 1.85 2.75 3.65 Eav Emin Emax U minlEm. Eav Emin Emax U minlEm 

8.00 12455 1585 1124 865 3976 780 12506 .02 0.06 8750 1544 12635 .0. 18 0.12 

10.00 2333 1438 10Q4 762 1346 717 2333 0.53 0.3 1 1962 1424 2540 0.73 0.56 
c: 
:> -', 
N 

12.00 1924 1271 925 716 1172 679 192. 0.58 0.35 1646 1257 2071 0.76 0 .61 

14.00 1299 869 656 522 814 501 1299 0.62 0 .39 1119 869 1401 0.78 0.62 

16.00 841 541 397 319 511 305 84 1 0.6 0.36 720 545 913 0.76 0 .6 

8.00 8945 8262 1123 867 4775 826 8956 0.17 0.09 8682 8297 911 0 0.96 0.9 1 

10.00 2430 '488 ,034 784 '395 731 2430 0.52 0.3 2048 1513 2642 0 .74 0.57 

'" 3 12.00 1947 1276 928 717 1180 678 1947 0.57 0.35 1664 1279 2092 0.77 0.6 1 
N 

14.00 1267 846 640 511 794 490 1267 0.62 0.39 1085 843 1362 0.78 0.62 

16.00 805 5 16 371 302 488 292 805 0.6 0.36 683 5, 5 869 0 .75 0.59 

8.00 5290 4758 4410 61. 3157 523 5504 0.17 0. ' 5156 4815 5541 0.93 0.87 

10.00 21B4 1278 865 650 1203 599 2184 0 .5 0.27 1816 1332 2365 0.73 0.56 
0 
CD 
a, 12.00 1726 1092 780 601 1016 565 1726 0.56 0.33 1466 111 2 lB66 0.76 0.6 
N 

14.00 1115 723 535 423 679 405 "15 0.6 0.36 946 723 1202 0.76 0.6 

16.00 626 394 281 222 372 213 628 0.57 0.34 528 392 680 0.74 0.58 

~ .J 
';1"~1 lJ I'l 11~m!llu\itN~'::tJ::fi1~1 Vl~1'nl1 ri1 "~1lJ\'l11 ~m!llu,xtN (lux) li't11n11~1::U1\Jtji:; (lux) 

~U\'l ~~ fl 1 

0.95 1.85 2.75 3.65 Eav Emin Emax U minlEma Eav Emin Emax U minlEma 

8.00 695 441 316 251 415 242 695 0.58 0.35 587 440 751 0.75 0.59 

10.00 1114 731 557 446 695 428 1114 0.62 0.38 951 734 1199 0.77 0.6 1 
c: 
:> 

:' 12.00 1720 11 47 843 655 1058 621 1720 0.59 0.36 1474 1139 1846 0.77 0.62 
N 

14.00 2233 14 12 996 754 1309 711 2233 0.54 0.32 lB93 1422 2413 0.75 0.59 

16.00 2621 1603 1115 638 1509 771 262 1 0.51 0.29 7447 1646 18538 0.22 0.09 

8.00 599 379 268 211 355 203 599 0.57 0.34 509 383 649 0 .75 0.59 

10.00 1047 690 5'7 414 650 398 1047 0.61 0.38 898 69 1 1132 0 .77 0.6 1 
;;; 
::; 

12.00 I 1664 11 08 818 635 1024 605 1664 0.59 0.38 1427 1097 1792 0.77 0.6 1 
N 

14.00 2237 ' 409 991 750 1308 709 2237 0.54 0.32 '889 1392 2424 0.74 0.57 

16.00 17037 1665 11 67 884 5153 828 17037 0.16 0.05 7048 1658 17260 0.24 0 .1 

8.00 480 297 208 163 280 156 'SO 0.56 0.32 408 304 52' 0.74 0.58 

10.00 982 633 466 369 596 353 982 0.59 0 .36 841 638 1068 0.76 0.6 
0 

~, 12.00 1574 '009 724 559 936 030 1574 0.5; 0.34 1331 994 1709 0.75 0.58 
N 

14.00 2066 1230 64' 637 1155 591 2068 0.51 0.29 1702 11 77 1269 0.69 0.52 

16.00 9375 8620 918 697 3866 613 9523 0.17 0.06 8206 1227 9519 0. 15 0.1'3 
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~ .J 
"1"~1IJ\I-)1~1l1!J lljlltN~1~!J~fh~1 Yi~11tu.1 1'i1"~1IJ\I~1~1l1!Jllj,)'!N Qux) ;;~1'tu1~~1U1~; (lux) 

~1JY1 l'lfl1 

0 .95 1.85 2 .75 3 .65 Eav Emin Emax U mirv£ma Eav Emin Emax U minlEm, 

8 .00 1718 1011 672 503 972 482 2207 0 .5 0.22 1588 1058 2346 0.67 0.45 

10.00 2156 1270 882 676 1211 645 2338 0.53 0.28 1878 1309 2615 0.7 0.5 
c: 

" -', 12.00 2045 1256 901 702 1191 672 2045 0 .56 0.33 1724 1256 2270 0.73 0.55 
N 

14.00 2 152 1299 913 698 1226 664 2267 0.54 0 .29 1723 1243 2344 0.72 0.53 

16.00 1985 1176 797 600 1123 575 2408 0.51 0 .24 1514 1085 2096 0.72 0.52 

8.00 909 541 356 ~78 513 270 97. 0.53 0.28 789 556 1082 0.7 0.51 

10.00 13;1 867 632 500 821 475 1411 0.58 0.34 1190 883 1574 0.74 0.56 
Co 
::; 

1 12.00 
N 

1384 918 696 533 865 528 1364 0.61 0.38 1188 915 1508 o.n 0.6 1 

14.00 1402 909 675 532 856 511 1414 0.6 0.36 1170 893 1516 0.76 0.59 

16.00 1189 7.31 509 394 690 381 1263 0.55 0.3 959 709 1277 0.74 0.56 

8.00 554 338 231 179 319 172 554 0.54 0.31 465 337 608 0.72 0.55 

10.00 921 594 434 344 561 331 921 0.59 0.36 784 592 lC-02 0.75 0.59 

" ., 
0 , 12.00 992 658 495 399 623 385 992 0.62 0.39 845 652 1072 0.77 0.6 1 
N 

14.00 954 622 46{) 368 589 357 954 0.61 0.37 813 626 1034 0.77 0.61 

16.00 703 439 306 239 414 232 703 0.56 0.33 593 445 763 0.75 0.58 

~ .J 
"1"~11Ji\~1~1l1tJlll~~~'~!J~fh~1 Yi~11tu1 1'i1M11Jt\-i1~rn!JlljlltN (lUX) ;;'mtu1~'~1ut~~ (lUX) 

~ljYl l'lfl1 

0.95 1.85 2.75 3.65 Eav Emln Emax U minlEma Eav Emin Emax U minlEma 

8 .00 871 535 371 288 507 280 893 0.55 0.31 715 530 942 0.7. 0.56 

10.00 1374 870 630 493 821 47a 1410 0.58 0.34 1133 848 1485 0.75 0.57 
c: 

" -', 
N 

12.00 1456 943 704 552 890 533 1456 0.6 0.37 1233 938 1587 0.76 0.59 

14.00 1440 919 676 531 868 508 1453 0.58 0.35 1241 927 1622 0 .15 0.57 

16.00 1085 669 473 371 635 357 1115 0.56 0.32 934 68 1 1244 0.73 0.55 

8.00 1157 664 449 332 648 321 1379 0.5 0.23 892 641 1223 0.72 0.52 

10.00 2097 1234 847 643 117. 611 2339 0.52 0.26 1628 1159 2259 0.71 0.5 1 

'" ::;, 
12.00 2208 1316 921 706 1249 676 2208 0.54 0.3 1 1806 1288 2435 0.71 0.53 

N 
14.00 2211 1302 903 668 1240 658 2338 0.53 0 .28 1900 1334 2624 0.7 0.51 

16.00 1668 - 664 501 937 484 1947 0.52 0.25 1494 1020 2144 0.68 0.48 

8.00 1395 853 548 395 823 367 2046 0.45 0.16 1025 729 1413 0.7 1 0.52 

10.00 20560 1i77 1157 883 4590 BC-6 2110 ' 0.18 0.04 1 ()IJ75 1579 2!1713 0.16 0.06 

" ., 
0 

12.00 ..J 27945 1890 1265 945 7953 902 27945 0." 0.03 10896 1859 28244 0.17 0.07 
N 

14.00 23~61 1844 1204 910 6853 849 24021 0.12 0.04 9615 1£120 24285 0 .2 0.06 

16.00 1953 1166 7&0 560 11 27 526 2739 0047 ~. 1 9 la8. 1239 2,52 0.66 0.45 
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~ .J 
";'M' lJi\'h~mvllj,x~~t:;V:;I'i'~1 n"'N,f'i'M'lIi\?'~mvllj1i~ (lux) ;;'1"tII,;ir.;lj'lJl~:; (lux) 

11J"f1 L1f1' 
0.95 1.85 2.75 3 .65 Eav Emin Emax U minlEma Eav Emin Emax U minlEm. 

8.00 12966 12010 1352 1035 5953 901 13257 0.15 0.D7 12397 11798 13081 0.95 0.9 

10.00 3024 1670 1119 860 1610 806 3'".£8 0.5 0.26 11072 1599 29447 0.14 0.05 
c 

" ..." 
12.00 1773 1079 

N 
777 610 '024 581 ln3 0.57 0.33 1449 1054 1957 0.73 0.54 

14.00 1119 728 545 443 685 424 "'9 0.62 0.38 940 718 1220 0.76 0.59 

16.00 788 496 352 286 467 275 786 0.59 0.35 659 495 860 0.75 0.58 

8 .00 9273 859<1 8093 1065 6700 980 9273 0.15 0. 11 9008 8631 941' 0.96 0.92 

10.00 27221 1789 1186 909 7714 853 27254 0.11 0 .03 10666 1842 27610 0.17 0.07 
Oi 
::<, 

12.00 1868 1132 
N 

810 633 1072 604 1868 0.56 0.32 1585 1 142 2116 0 .72 0.54 

14 .00 1105 718 539 438 677 418 "05 0.62 0.38 941 716 '213 0.76 0.59 

16.00 760 417 337 273 448 261 760 0.58 0.34 634 473 830 0 .75 0.57 

8.00 5527 4935 91S 704 3025 599 5967 0.2 0. 1 5478 50 18 5956 0.92 0 .84 

10.00 20224 1541 1011 775 4394 724 20no 0.16 0.03 8273 162. 20984 0 .2 0.08 
0 ., 
0 

12.00 -' 1746 1036 722 564 986 539 1895 0.55 0.28 1523 1070 2119 0.7 0.51 
N 

14.00 1004 631 458 368 598 352 1004 0.59 0.35 854 635 "'2 0.74 0.57 

16.00 626 385 264 211 361 200 62£> 0.55 0.32 519 381 685 0.73 0.56 

~ .J 
";'~11I1i\11~mvlljlffi~~':;V:~h~1 n~11N1 f'i1~11 I1i\11~m!Jllj,\'f).l (lux) ;;'111N1~':lj1lJl.li: (lux) 

1ljl'l L1i\1 
0.95 1.85 2.75 3.65 Eav Emin Emax U minlEma Eav Emin Emax U minlEm. 

8.00 726 464 327 256 435 247 726 0.57 0.34 611 458 786 0.75 0 .58 

10.00 1036 685 515 414 549 398 1036 0.61 0.38 887 680 1129 0.77 0.6 
c 

" :' 12.00 1597 1021 750 564 962 581 1597 0.58 0 .35 1369 1024 1769 0.75 0.58 
N 

14.00 2661 1543 1059 800 1470 769 2698 0.52 0.28 2235 1552 3056 0.69 0.5 1 

16.00 19200 17907 1441 1070 9849 996 19473 0 .1 0.05 18,84 17997 19669 0.96 0.91 

8.00 645 410 283 221 383 218 645 0.57 0.34 551 417 701 0.7£> 0.59 

10.00 980 646 483 .la9 613 378 980 0.62 0.39 841 649 l C~ 0.77 0.61 
:. 
::<, 

12.00 1564 1004 739 577 946 555 
N 

1566 0.59 0 .35 1308 986 1703 0.75 0.58 

14.00 2720 1557 1076 810 1497 768 2786 0.51 0.28 2174 1502 3009 0 .69 0.5 

16.00 17848 16670 1529 1130 9234 lOse 17926 0.11 0.06 17276 1657 1 18023 0.96 0.92 

8.00 532 332 227 177 311 171 532 0.55 0.32 455 340 582 0.75 0.58 

10.00 9<11 W4 440 349 573 340 94 1 0.59 0.36 797 606 1024 0.7£> 0.59 
0 
<J) 
0 

12.00 15,6 973 666 534 919 513 1674 0.56 0.3 1 1270 938 1702 0 .74 0.55 -' N 

14.00 2634 1501 1008 762 1441 723 3066 0.5 Q.24 6506 1369 23189 0.21 0.06 

16.00 9650 1708 1140 846 3980 753 10465 0.19 0.07 4400 1422 9a93 0.32 0.14 
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~ ..J 
,j1"1'UJft'i1~mvlu~~'::V::,j1~1 ;;"1'lU1,hrl'l1~ft~1~mvlu~ Oux) ;;"1'lU1~r.;u1\Jt;j~ Owe) 

1Ul'1 11111 
0.95 1.85 2.75 3.65 Eav Emio Emax U minlEma Eav Emin Emax U minlEm 

8.00 988 626 438 337 586 317 1077 0.54 0.29 887 656 1175 0 .74 0 .56 

10.00 1493 997 725 56() 917 532 151 1 0.58 0.35 1315 1020 1660 0 .76 0.61 
c: 
::J 

: 1 12.00 1634 1115 826 640 1022 609 1634 0 .8 0 .37 1428 1113 1768 0.78 0.63 
N 

14.00 1685 1111 806 622 1023 585 1685 0.57 0 .35 1443 1088 1831 0.75 0.59 

16.00 '536 914 636 485 860 451 1536 0.52 0.29 1237 660 1694 0.7 0.51 

8.00 635 411 294 230 385 223 646 0.58 0.35 556 421 715 0.76 0.59 

10.00 1060 733 554 441 680 423 1060 0.62 0.4 930 735 ',47 0.79 0.64 
ro 

::lE, 
N 

12.00 '202 649 653 522 764 499 '202 0.64 0.42 1059 645 1294 0 .8 0.65 

14.00 1213 834 63' 499 772 476 '213 0.62 0.39 1058 828 1314 0 .78 0 .63 

16.00 '027 654 471 366 611 346 '027 0.57 0.34 863 639 1123 0.74 0 .57 

8.00 428 274 196 '54 258 147 428 0.57 0.34 366 272 466 0.74 0.58 

10.00 760 519 39' 3 17 487 302 760 0.62 0.4 658 510 821 0.77 0 .62 
0 

~, 12.00 • 871 606 464 377 566 360 671 0.64 0.4 1 762 600 940 0.79 0.64 
N 

14.00 835 568 428 345 531 333 835 0.63 0.4 732 569 912 0.78 0.62 

16.00 5>lO 379 275 216 356 211 590 0.59 0.36 507 383 648 0.76 0.59 

,j1"11~tI~1~mulu,x!l~~,::u::Fi1~1 ;;"1'lU1';1"11~ft'i1~mulu,)'~ Oux) ;;""N1~'::U1\Jt,ii~ Oux) 
-rU~ 11111 

0.95 1.85 2.75 3.65 Eav Emin Emax U minlEma Eav Emin Emax U minlEm 

8.00 768 487 349 272 457 281 766 0 .57 0.34 649 482 843 0.74 0 .57 

10.00 1186 794 593 464 739 443 1188 0 .6 0.37 1025 787 129' 0.77 0 .61 
c: 
::J 

..." 
12.00 1278 683 674 532 819 5'0 1278 0.62 0.4 1120 883 1380 0.79 0.64 

N 
14.00 1171 8'0 617 489 753 469 117 1 0.62 0.4 1026 812 1264 0.79 0 .84 

16.00 845 566 4'9 332 529 3 19 845 0.6 0.36 736 569 923 0.77 0.62 

8.00 908 532 367 279 5Q7 284 928 0.52 0.28 724 504 996 0.7 0.5 1 

10.00 1613 1015 720 550 943 515 1613 0.55 0.32 1349 977 1768 0.72 0.55 
ro 

::lE, 12.00 17'6 1137 825 632 '045 597 1716 0.57 0.35 1480 1128 1864 0.76 0.6 
N 

14.00 '565 '041 757 58' 957 554 '572 0.58 0.35 '371 '059 1732 0 .77 0.61 

16.00 1059 687 490 378 639 J60 1106 0.56 0.33 938 712 1214 0 .76 0.59 

8.00 4827 690 463 352 1272 326 5033 0.26 0.06 1318 609 4921 0.46 0.12 

10.00 2116 1258 860 647 2639 594 19436 0.22 0.03 1745 1190 2332 0 .68 0.51 
0 

" 0 12.00 , 2113 1316 
N 

920 695 122" 661 2113 0.54 0.3 1 1805 1323 2342 0 .73 0.56 

14.00 1901 1169 813 616 1089 577 1966 0.53 0.29 1652 1223 21i1 0.74 0.56 

16.00 "'6 687 473 364 655 340 133~ 0 .S2 0.25 '028 727 1426 0 .71 0 .51 
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~ ..I 
1'i1 r1~1 1J1I-i1~mvl'll~~1::V::,j1~1 Yi"l1fN1 ri1M11J1I ,)1~mvl'll1i!).l (lux) li"l1fN1~f::'111Ut;i:: (lux) 

~'IIl'I L~fl1 

0 .95 1.85 2.75 3.65 Eav Emin Emax U miniEma Eav Emin Emax U miniEm, 

8.00 ' 2323 ' 5" '075 .8'8 3899 735 '236, 0. '9 0.06 8640 1463 '250' 0.17 0., 2 

10.00 2027 1272 899 683 "85 64' 2027 0.54 0.32 1720 1254 2222 0.73 0.56 
c 

" ""', 12.00 '573 1076 
N 

803 624 989 59' '573 0.6 0.38 ' 369 1063 1700 0.78 0.63 

14.00 '063 740 570 460 69' 438 1063 0.63 0.4 1 936 738 1150 0.79 0.64 

16.00 i10 478 356 268 449 277 713 0.62 0.39 622 480 780 0.77 0.62 

8 .00 8741 8135 1032 811 4648 766 8805 0.16 0.09 8530 8182 8935 0.96 0.92 

10.00 2025 1 ~68 896 682 1182 648 2046 0.55 0.32 1748 1298 2259 0.74 0.57 
lo 
;3 12.00 1548 1064 794 617 977 588 1548 0.6 0.38 1357 1063 1674 0.78 0.63 
N 

14.00 10'2 710 550 447 665 425 '0'2 0.64 0.42 888 702 '090 0.79 0.64 

16.00 679 459 343 277 432 i<63 679 0.6' 0.39 587 451 734 0.77 0.61 

8.00 5017 4558 660 509 2383 455 5329 0.'9 0.09 4957 4630 5340 0.93 0.87 

10.00 1640 1015 711 544 95' 508 1745 0.53 0.29 1447 1066 19'2 0.74 0.56 
u ., 
0 , 12.00 ' 303 884 652 509 8'5 486 1317 0.6 0.37 1150 896 1442 0.78 0.62 
N 

14.00 867 596 453 366 559 349 867 0.62 0.4 755 589 938 0.78 0.63 

16.00 53 1 351 255 203 329 193 531 0.58 0.36 454 343 576 0.75 0.59 

~ ..I 
';1M11J"~1~mvl'lllffi~~1::v::"'~1 Yi~11N11'i1M11J1I-i1~mvt'll1i!).l (lUX) ;;"1'N1~1::'111lJtii:: (lux) 

~'IIl'I L~fI' 

0.95 1.85 2.75 3.65 Eav Emin Emax U miniEma Eav Emin Emax U miniEm, 

8.00 587 392 287 230 368 2'8 587 0.59 0.37 505 383 636 0.76 0.6 

10.00 896 6:'6 482 392 586 372 896 0.63 0.41 764 617 968 0.79 0.64 
c 

" "", 12.00 1357 944 717 563 871 536 
N 

1357 0.62 0.4 119, 942 1463 0.79 0.64 

14.00 1815 1187 850 649 1092 620 1815 0.57 0.34 1577 ' 200 2003 0.76 0.6 

16.00 2238 1383 967 736 1293 667 2319 0.53 0.3 7173 1444 18224 0.2 0.08 

8.00 507 333 239 189 310 183 507 0.59 0.36 441 335 563 0.76 0.6 

10.00 860 592 4!.O 36:' 553 348 860 0.63 0.4 755 590 937 0.78 0.63 
(;; 

:::;; , 
N 

12 .00 1352 933 706 554 861 528 1352 0.61 0.39 1181 926 1462 0.78 0.63 

14.00 1905 1230 876 666 1134 625 lW5 0.55 0.33 1629 1211 2081 0.74 0.58 

16.00 lS815 1543 1087 823 5030 765 16815 0.15 0.05 6876 1538 H041 0.22 0.09 

8.00 410 264 168 148 247 145 4'3 0.59 0.35 357 269 459 0.75 0.59 

10.00 832 557 416 332 522 318 832 0.61 0.38 723 557 910 0.77 0.6' 
u ., 
0, 12.00 1319 870 636 493 805 465 1319 0.58 0.35 1125 849 1438 0.75 0.59 
N 

14.00 1864 1'1 27 777 590 1054 543 1864 0.52 0.29 1533 1068 2052 0.7 0.52 

16.00 9322 1335 902 662 3033 599 9497 0.2 0.06 8156 1197 9464 0.15 0.13 
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~ .J 
";11'111lJtldl~mIJN~~1::1J::"1~1 n~11lUll'ilI'11:] lJlI-il~1l11J'1J.l\'tN (lux) ii~11lUl~t::1J1Ut~:: (lux) 

1UYl ~1111 

0.95 1.85 2:75 3.65 Eav . Emin Emax U minlEma Eav Emin Emax U minlEma 

8.00 1344 772 528 402 738 371 1385 0.5 0.27 2263 608 11556 0.36 0.07 

10.00 1663 1071 771 598 994 562 1663 0.51 0.34 1419 1098 1195 0.77 0.6 1 
c 
:J 

:' 12.00 1647 1119 831 646 1029 611 1647 0.59 0.37 1411 11 15 1756 0.79 0.64 
N 

14.00 1563 1056 779 605 972 576 1567 0.59 0.37 1323 1037 1660 0.78 0.62 

16.00 1212 783 561 433 730 409 1283 0.56 0.32 992 754 1282 0.76 0.59 

8.00 745 454 320 248 431 234 745 0.54 0.31 638 470 837 0.74 0.56 

10.00 1174 786 586 463 731 440 1174 0.6 0.38 1008 798 1256 0.79 0.64 
(;; 
:2 
• N 

12.00 1213 852 656 525 789 500 1213 0.63 0.41 1049 850 1285 0.81 0.66 

14.00 1135 796 612 490 739 467 1135 0.63 0.4 1 983 798 1202 0.81 0.66 

16.00 875 585 434 343 547 329 878 0.6 0.37 145 589 930 0.79 0.63 

8.00 446 280 201 157 265 ' 53 446 0.58 0.34 376 285 481 0.76 0.59 

10.00 803 540 407 328 507 31' 803 0.62 0.39 684 541 854 0.79 0.63 
(,) 
<D 
0 12.00 865 5ge 459 373 560 356 866 0.64 0,41 742 598 916 0.8 0.65 -' N 

14.00 797 550 419 342 517 323 797 0.62 0,41 696 561 849 0.8' 0.66 

16.00 552 362 265 211 341 199 552 0.58 0.36 477 371 594 0.78 0.62 

";1~11lJlI-il~mtl'1Jl\'tN~,::tJ::"1~1 n'l11lUl";11'1~l lJlI-il~mlJ'1J~tN (lux) ;;'11'lUl~'::U1Ut,;;; (lux) 
rjuYi L~ftl 

0.95 1.85 2.75 3.65 Eav Emin Emax U minlEm' Eav Emin Emax U minlEm 

8.00 674 442 323 255 415 244 674 0.59 0.36 576 450 720 0.78 0.62 

10.00 1084 745 564 448 693 429 1084 0.62 0.4 932 746 1151 O.S 0.65 
c 
:J -', 12.00 1264 876 671 531 814 507 1264 0.62 0.4 1092 880 1342 O.Sl 0.66 
N 

14.00 1239 838 633 498 781 476 1239 0.61 0.38 lCf)2 846 1321 0.8 0.64 

16.00 958 617 449 351 578 335 958 0.58 0.35 816 630 1032 0.77 0.61 

8.00 , 03 446 316 242 419 232 743 0.55 0.31 577 436 746 0.76 0.58 

10.00 1401 922 668 514 853 488 1431 0.57 0.34 1169 897 1489 0.17 0.6 
(;; 

~, 12.00 1683 11 21 820 628 1032 598 1683 0.58 0.36 1428 11 11 1199 0.78 0.62 
N 

14.00 1691 1095 789 605 1014 568 169. 0.56 0.34 1441 1115 1824 0.77 0.61 

16.00 1302 784 546 417 739 389 1302 0.53 0.3 1115 811 1466 0.73 0.55 

8.00 803 494 340 2W 477 243 1043 0.51 0.23 618 450 832 0.73 0.54 

10.00 1767 1080 754 573 1013 534 1870 0.53 0.29 1405 1018 1884 0.7.3 0.54 
0 
CD 
0 

12.00 • 2076 1293 
N 

9(J7 688 1205 658 2076 0.55 0.32 1729 1265 n-8 0.7_ 0.57 

14.00 2155 1301 896 677 1223 623 2155 0.51 0.29 1814 1347 2351 O.7t! 0.57 

16.00 e886 911 608 4W 2086 422 901 1 0.2 0.05 5439 963 9172 0. 18 0.1 
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_ .J ~1~~1IJtI'i'Nm IJ1"~~'::V::';1~1 ;:;"11CU11'i1M11J1I'i1~111!J1,.ifl.l Oux) n"'1'N1~'~1Utj\':: (lux) 
~"YJ L~~1 

0.95 1.85 2.75 3.65 Eav Emin Emax U miniEm' Eav Emin Emax U miniEm, 

8.00 12138 1377 987 754 3777 6B4 12284 0. 18 0.06 8409 1288 12262 0.15 0.11 

10.00 1930 1214 866 661 1131 627 1936 0.55 0.32 1593 ,.88 2D67 0.75 0.57 
c 
:> 

:' 12.00 1541 1058 799 622 974 593 154 1 0.61 0.38 1317 1046 1631 0.79 0.64 

'" 
14.00 1045 73() 568 462 684 439 1045 0.64 0.42 906 736 1105 0.6 ' 0.S7 

16.00 i05 476 359 293 450 279 705 0 .62 0.4 611 467 749 0 .8 0.65 

8.00 6799 616B 1601 638 46B5 786 8799 0 .17 0.09 6536 8 . 69 8912 0.96 0.92 

10.00 2144 1324 934 713 1240 867 2144 0.54 0.31 1797 134. 2317 0.75 0.58 
<;; 
~, 12.00 1612 1066 610 630 1002 595 1612 0.59 0.37 1379 1086 1712 0.79 0.63 
N 

14.00 1042 719 567 452 674 43() 1042 0.64 0.41 693 7'; 1099 0.6 0.65 

16.00 678 451 336 273 425 263 678 0.62 0 .39 573 451 718 0.79 0.63 

8.00 5264 4732 4394 805 3136 519 5464 0.17 0.09 5134 4790 5529 0.93 0.87 

10.00 2032 1169 616 623 1124 571 2032 0.51 0.26 1695 1239 2209 0.73 0 .56 
0 

'" 0 
12.00 ~, 1474 949 691 536 683 503 1474 0.57 0.34 1254 972 1580 0.77 0.62 

N 

14.00 961 634 479 383 596 386 951 0.61 0.39 811 638 1012 0.79 0.63 

16.00 540 349 256 204 329 .93 540 0.6 0.37 452 350 573 0.77 0.61 

_ .J FhR~11J1'I11~1111J1"~~1::!J::fh~1 ;:;"I11N1,hl'l~1 1J1'I11~111!J1,.ifl.l (lUX) li"l11N1~1::"1Utlii:: (lUX) 

~"YJ L1~1 

0.95 1.85 2.75 3.65 Eav Emln Emax U minlEma Eav Emln Emax U miniEma 

8.00 591 388 286 230 365 224 591 0.61 0.38 498 369 627 0.76 0.62 

10.00 914 628 465 394 590 379 914 0.S4 0.42 762 &26 967 0.6 0.65 
c 
:> "", 12.00 1389 954 725 569 863 543 1369 0.62 0.39 1192 954 1471 0.6 0.65 
N 

14.00 1894 122{) 877 670 1130 635 1894 C.56 0.34 1602 1227 2030 0.77 0.6 

16.00 2434 1492 1049 797 1404 733 2434 0.52 0.3 7263 1532 18325 0.2 ' 0.06 

8.00 517 339 247 197 319 ' 90 517 0.6 0.37 444 347 552 0.76 0.63 

10.00 649 !>86 451 369 552 353 849 0.64 0.42' 737 595 699 0.6 ' 0.66 
<;; 
:. , 12.00 
N 

1306 908 695 550 842 526 1306 0.S3 0.4 1125 906 1363 0.6 0.65 

14.00 1820 1179 849 6<19 1090 616 1620 C.57 0.34 1521 11 58 1943 0.76 0.6 

16.00 16726 1474 1048 797 4970 747 16784 0.15 0.04 6737 1440 16696 0.21 0.09 

8.00 416 267 192 153 252 145 416 0.58 0.35 356 275 449 0.71 0.61 

10.00 773 523 396 322 493 3()6 773 0.62 0.4 66B 534 622 0.6 0.65 
0 

'" 0 
12.00 , 1183 804 

N 
605 475 746 455 1183 0.61 0.38 1004 795 1252 0.79 0.63 

14.00 1554 979 697 532 914 499 1622 0.55 0.31 1255 934 1649 0.74 0 .57 

16.00 8971 1060 753 571 2220 521 926. 0.23 0.06 3743 944 9044 0.25 0.1 
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~ ~ 
"1"~1~ft-i1.unvl'U~~1:;v:;1i1~1 n"111l11"1"~1IJ\l11~111 !J1'U~ (lux) n"1'1lI1~':;'U1ut;r:; (lux) 

1W1 L'l~1 

0.95 1.85 2.75 3.65 Eav Emin Emax U miniEma Eav Emin Emax U min/Emc 

8.00 1009 639 448 343 599 325 ,'07 0.64 0.29 908 688 12'0 0.74 0.55 

10.00 1420 953 699 545 879 520 1422 0.59 0.37 1247 976 '562 0.78 0.63 
c: 

" -', 12.00 '494 '034 776 603 947 578 '494 0.6' 0.39 1298 1033 1599 0.8 0.65 
N 

14.00 1471 '00' 744 577 920 550 147, 0.6 0.37 '252 982 1566 0.78 0.63 

16.00 1199 776 555 428 722 406 1264 0.56 0.32 981 744 '270 0.76 0.59 

8.00 582 384 278 2'8 359 211 59' 0.59 0.36 51' 394 648 0.77 0.6' 

10.00 97' 682 520 4'6 633 403 97' 0.64 0.4' 852 687 '040 0.81 0.66 
;;; 
::! 

12.00 ,.! 1073 775 603 486 7'5 471 '073 0.86 0.44 943 772 1140 0.82 0.68 
N 

14.00 1033 738 570 457 682 442 ' 033 0.65 0.43 904 736 1097 0.8 1 0.67 

16.00 806 548 408 323 5'0 3'3 806 0.6' 0.39 69' !A5 859 0.79 0.64 

8.00 379 250 18' 143 235 140 379 0.6 0.37 324 250 407 0.77 0.6' 

10.00 675 474 36' 295 444 285 68 ' 0.64 0.42 585 468 718 0.8 0.65 
0 

'" ~ 12.00 753 540 418 344 502 334 753 0.66 0.44 657 533 799 0.81 0.67 
N 

14.00 706 500 363 3'4 467 302 712 0.65 0.42 62i' 5'0 758 0.8 1 0.67 

16.00 492 332 245 196 3'2 189 496 0.6' 0.38 433 340 538 0.79 0.63 

"1"~1~1I-i1~m !Jl'U1\'fN~1::!J :;l'i1~1 n"111l11 ,h"111J1I-i1~111!J'l'U1\'f).I (lux) n'l1'0I1~1::'U1Ut;r:; (lux) 
1'\jYl L1ft1 

0.95 1.85 2.75 3.65 Eav Emin Emax U miniEma Eav Emin Emax U min/Ema 

8.00 611 409 301 238 383 232 6" 0.61 0.38 527 416 656 0.79 0.63 

10.00 988 690 525 417 641 406 988 0.63 0.41 858 689 1053 0.8 0.65 
c: 

" -', 12.00 1130 803 613 489 740 474 1130 0.64 0.42 989 802 1204 0.81 0.67 
N 

14.00 1060 747 570 4SJ 691 439 1060 0.64 0.41 926 748 1134 0.81 0.68 

16.00 769 523 391 309 489 302 769 0.62 0.39 670 530 828 0.79 0.64 

8.00 678 435 308 236 407 227 716 0.56 0.32 558 422 i21 0.76 0.58 

10.00 1337 883 641 494 816 410 1349 0.58 0.35 1117 857 1425 0.77 0.6 
;;; 
~ 12.00 1551 1044 771 500 959 587 1551 0.59 0.37 1328 1036 1665 0.78 0.62 
N 

14.00 1472 983 720 553 905 527 1472 0.58 0.36 1284 997 '607 0.78 0.62 

16.00 1021 865 476 366 619 349 1068 0.56 0.33 905 687 1169 0.76 0.59 

8.00 865 531 363 275 511 260 1126 0.51 0.23 663 484 896 0.73 0.54 

10.00 1777 1083 764 572 1015 537 187 1 0.53 0.29 1411 1021 189; 0.72 0.64 
0 

'" 0 12.00 , 1951 1219 856 649 1132 626 
N 

195 ' 0.55 0.32 1636 1215 2126 0.74 0.57 

14.00 18,9 1151 BOO 807 1073 571 1926 0.53 0.3 1625 1199 2136 0.74 0.56 

16.00 1188 728 4&8 382 693 360 '439 0.52 0.25 1096 767 1643 0.7 0.5 
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~ ..I 
'h"~1)J1I-i1~m!Jl"~~f::!J::pj1~1 Yl~1fN1fi1 1'1~1 )J1I-i1~m!Jl"~f>l (lux) n"1fN1~f::U1Utii:: (lux) 

~UYI l~ft1 

0.95 1.85 2.75 3.65 Eav Emin Emax U minlEma Eav Emin Emax U minlEmc 

. 8.00 12121 1365 975 742 3763 676 12244 0.18 0.06 . 8399 1277 12257 0.15 0. \ 

10.00 1834 11 60 831 631 1078 599 1834 0.56 0.33 1526 1136 1981 0.7. 0.57 
c: 
:> 

:' 12.00 1407 981 745 581 901 557 1407 0.62 0.4 1218 972 1501 0.8 0.65 

'" 
14.00 922 661 517 424 614 409 922 0.67 0.44 814 663 981 0.8 \ 0.68 

16.00 614 427 325 266 402 259 624 0 .64 0.41 544 436 664 0.8 0.66 

8.00 8679 8089 999 783 4603 744 8679 0.16 0.09 8454 8120 8823 0.96 0.92 

10.00 1940 1214 861 657 1131 626 1940 0.55 0.32 1659 1236 2132 0.75 0.58 
lo 
~, 

12.00 1429 991 
N 

748 582 910 557 1429 0.61 0.39 1247 991 1534 0.79 0.65 

14.00 895 642 502 411 597 396 895 0.66 0.44 783 634 951 0.8 1 0.67 

16.00 589 407 308 251 383 243 598 0.63 0.41 507 401 626 0.79 0.64 

8.00 5049 4574 668 514 2397 463 5362 0.19 0.09 4983 4643 5387 0.93 0.86 

10.00 1656 1020 715 547 957 514 1758 0.54 0.29 1458 1067 1937 0.73 0.55 
0 
Q) 

0 12.00 1221 833 622 484 769 463 1223 0 .6 0.38 1076 848 1336 0.79 0.63 ~, 

'" 
14.00 782 547 420 341 513 329 782 0.64 0.42 68C- 543 836 0.8 0.65 

16.00 469 317 235 186 298 182 482 0.61 0.38 399 310 500 0.78 0.62 

~ ..I 
';11'1~1)Jft11~m!Jl"lffi~~1::tJ::~h~1 Yl~11N1';11'1~1)Jft11~mtJ\,.~~ (lUX) n'l1'N1~'::"1ulii:: (lux) 

~UYI l~fl1 

0.95 1.85 2.75 3.65 Eav Emin Emax U minlEmc Eav Emin Emax U minlEmc 

8.00 516 352 262 212 331 205 527 0.62 0.39 441 346 550 0 .78 0.63 

10.00 iSS 562 438 380 525 348 785 0.66 0.44 686 554 836 0 .81 0.66 
c: 
:> 

""', 12.00 1230 668 667 527 801 507 1230 0.63 0.4 1 1077 668 1314 0.8 1 0.66 
N 

14.00 1706 1120 814 620 1032 595 1706 0.58 0.35 1473 lt31 1855 0.77 0.6\ 

16.00 2209 1358 953 726 1272 682 2250 0.54 0.3 7133 14,2 18168 0 .2 0.08 

8.00 449 304 223 179 285 177 454 0.62 0.39 395 312 492 0 .79 0.63 

10.00 739 527 408 3.."6 493 327 739 0.66 0.44 656 !.32 791 0.81 0.67 
(;j 
~ , 12.00 1186 838 645 512 775 494 1186 0.64 0.42 1034 834 1263 0.8 1 0.66 
N 

14.00 1717 1122 812 619 1034 589 1717 0.57 0.34 1447 1099 1847 0.76 0.59 

16.00 18625 1429 1012 768 4924 723 16652 0.15 0.04 6689 1400 16838 0.21 0.08 

8.00 364 242 176 140 227 137 372 0.6 0.37 321 249 403 0.78 0.62 

10.00 690 481 367 299 452 29 1 690 0.65 0.42 608 487 742 0.6 0.66 
0 
Q) 

0 12.00 , 1095- 75;; 570 448 699 429 
N 

1095 0 .61 0.39 937 744 1166 0.79 0.64 

14.00 1537 970 669 527 905 496 1601 0.55 0.31 1244 924 1640 0.74 0 .56 

16.00 9019 11 07 767 585 2244 531 9324 0.24 0.06 3780 969 9100 0.26 0.11 



170 

n'inni~L~ ,nJ-lL~~j;lL~tJ ';i tJ'fltJ.yi ~ ).J Verti ca l Shadow Angle (VSA) .yi£Pil-lntJ 

• .J 
,h M11J1l'i1~mtJlu1l'!l~~,::v::l>h~1 ~'t1,ru1,hrt'l1 1J1l'i1-u11vlu1l'tN (lux) ",mru1~'::U1ut;;:: (lux) 

'lUY! l'lm 
0.95 1.85 2.75 3.65 Eav Errin Ernax U rrinlEma Eav &rin Ernax U ranlEma 

8.00 651 421 311 245 396 236 651 0.59 0.36 551 417 707 0.76 0.59 

10.00 933 638 491 396 598 378 933 0.63 0.41 Bl l 632 100B 0.78 0.63 
,.; 

t;f 12.00 973 691 536 439 642 419 973 0.65 0.43 856 685 1041 0.8 0.66 
N 

14.00 957 667 517 419 623 400 957 0.64 0.42 830 664 1019 0.8 0.65 

16.00 791 523 393 311 492 298 791 0.61 0.3B 682 532 855 0.78 0.62 

8.00 746 447 318 246 427 232 751 0.54 0.31 602 426 817 0.71 0.52 

10.00 1209 792 590 459 740 434 1209 0.59 0.36 1037 772 1331 0.74 0.58 
.: 

1;f 12.00 1210 B51 652 516 7B9 495 1210 0.63 0.41 1065 B45 1299 0.79 0.65 
N 

14.00 1217 B34 632 497 777 472 1217 0.61 0.39 1049 B37 1299 0.8 0.64 

16.00 1042 648 468 361 610 338 1042 0.55 0.32 892 670 1145 0.75 0.59 

8.00 4508 515 306 279 1101 256 4552 0.23 0.06 1095 458 4594 0.42 0.1 

10.00 14B7 956 677 513 2344 470 19004 0.2 0.02 3249 921 19246 0.28 0.05 
.: 
~ 12.00 1442 1005 745 569 924 540 1454 0.58 0.37 1275 1000 1585 0.78 0.63 
N 

14.00 1485 998 714 546 919 503 15B2 0.55 0.32 1267 1006 1571 0.79 0.64 

16.00 8460 679 464 353 1856 320 8460 0.17 0.04 5036 717 B569 0.14 O.OB 

• ..I f'h"''l11J1l'i1~mvlu1l'!l~~'::El::~h~1 ffl"flI1,hM1 1J1l'i1-u11vlu1l'floI (lux) ffl11ru1~'::U1Ut;;:: (lux) 
'luY! l'lm 

0.95 1.B5 2.75 3.65 Eav &rin Emax U niniEma Eav Errin Emax U :mnlEma 

8.00 414 293 234 lB5 279 188 414 0.68 0.45 363 289 451 0.8 0.64 

10.00 600 446 363 310 421 298 600 0.71 0.5 540 440 662 0.82 0.67 
,.; 
I~ 12.00 639 488 402 348 461 334 639 0.73 0.52 576 485 68B 0.84 0.7 
N 

14.00 624 473 385 331 444 318 625 0.72 0.51 554 467 662 0.84 0.71 

16.00 497 361 290 243 342 235 498 0.69 0.47 434 358 530 0.83 0.68 

8.00 494 324 248 201 309 188 494 0.61 0.3B 4 13 310 534 0.75 0.58 

10.00 807 575 458 378 54 1 353 807 0.65 0.44 711 557 894 0.78 0.62 .: 
1;f. 12.00 836 636 513 429 591 411 B36 0.7 0.49 751 622 902 0.83 0.69 
N 

14.00 828 623 496 412 579 389 847 0.67 0.46 730 614 B77 0.84 0.7 

16.00 670 462 35B 291 435 273 670 0.63 0.41 583 472 720 O.Bl 0.66 

8.00 4187 368 277 223 655 200 4187 (;, 0.05 B69 325 4231 0.37 0.08 

10.00 963 695 542 436 2105 395 18488 0.19 0.02 2818 665 18611 0.24 0.04 
.: 
~ 12.00 966 737 598 488 689 463 981 0.67 0.47 874 728 1057 0.83 0.69 
N 

14.00 954 725 569 458 671 421 1037 0.63 0.41 B49 727 1019 0.86 0.71 

16.00 743 499 364 289 462 260 743 0.56 0.35 2263 518 7901 0.23 0.07 
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~ .J 
1'i1'1111J1l'i1~mtJ\ui~~~,:v::,j1~' m1rnmh"~11J1l'i1.u11tJ\ui~ (lux) m1'1lI1~':U1uti:: (lux) 

~UYl mn 
0.95 1.85 2.75 3.65 Eav Errin Emax t..i rriniEma Eav Elfin Emax U frriniEma 

8.00 298 238 199 173 224 167 302 0.74 0.55 281 235 331 0.84 0.71 

., 10.00 461 373 314 276 349 265 464 0.76 0.57 434 366 508 0.84 0.72 
;;;; 

'=t- 12.00 518 421 350 313 393 300 518 0.76 0.58 483 413 551 0.85 0.75 
N 

14.00 477 388 327 289 363 277 483 0.76 0.57 442 382 497 0.86 C.77 

16.00 364 294 246 214 276 206 370 0.75 0.56 340 293 384 0.86 0.76 

8.00 350 263 211 176 246 166 354 0.67 0.47 315 250 383 0.79 0.65 

10.00 607 486 395 336 446 313 609 0.7 0.51 569 466 684 0.82 0.66 
~ 
1~ 12.00 658 543 444 384 497 364 658 0.73 0.55 623 530 714 0.85 0.74 
N 

14.00 636 523 426 366 477 342 651 0.72 0.52 600 519 670 0.87 0.77 

16.00 492 380 305 259 353 240 492 0.68 0.49 460 389 534 0.85 0.73 

8.00 4029 309 241 197 587 177 4029 0.3 0.04 365 271 450 0.74 0.6 

10.00 724 608 490 403 2005 369 18250 0. 18 0.02 706 578 862 0.82 0.67 
c: 
~ 12.00 764 659 549 459 599 439 782 0.73 0.56 743 649 836 0.87 0.78 
N 

14.00 732 631 511 426 569 391 801 0.69 0.49 711 639 780 0.9 0.82 

16.00 7819 418 321 266 987 237 7819 0.24 0.03 521 440 573 0.84 0.77 

~ .J 
";1~'1lJIl'i1~mtJlui!rl~,::tJ::';1~1 m1'1lI1";1"~1lJIl'i1.u111J1u1l'~ (lux) m1'1lI1~1:U1uti:: (lux) 

~UYl mn 
0.95 1.85 2.75 3.65 Eav Elfin Emax U ~nlEma Eav Elfin Emax U ~nlEma 

8.00 699 451 332 265 426 255 699 0.6 0.36 591 446 759 0.75 0.59 

10.00 1041 715 550 442 670 425 104 '1 0.63 0.41 904 709 1122 0.78 0.63 
;:i 

f~ 12.00 1111 792 619 503 736 484 11 11 0.66 0.44 975 786 1186 0.81 C.66 
N 

14.00 1076 755 584 471 704 454 1076 0.65 0.42 936 752 1148 0.8 0.65 

16.00 853 565 423 338 530 323 853 0.61 0.38 735 571 922 0.78 0.62 

8.00 799 477 338 265 457 249 811 0.55 0.31 642 453 873 0.71 0.52 

10.00 1354 887 655 515 827 481 1354 0.58 0.36 11 55 857 1480 0.74 0.58 
0; 

1;:f 12.00 1413 990 751 593 913 561 1413 0.61 0.4 1234 976 1515 0.79 0.64 
N 

14.00 1395 956 719 565 885 531 1395 0.6 0.38 1207 957 1494 0.79 0.64 

16.00 1126 701 502 393 66C 366 1126 0.56 0.33 967 723 1247 0.75 0.58 

8.00 4581 556 387 304 1143 277 4654 0.24 0.06 1147 491 4669 0.43 0.11 

10.00 1666 1051 736 568 2438 517 19142 0.21 0.03 3376 998 19409 0.3 0.05 
~ 
~ 12.00 1711 1152 833 647 1065 613 1711 0.58 0.36 1483 1141 1872 0.77 0.61 
N 

14.00 1691 1110 783 606 1027 556 1752 0.54 0.32 1445 1127 1814 0.78 0.62 

16.00 8556 733 499 385 1910 348 8556 0. 18 0.04 5125 771 8682 0.15 0.09 
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, 
~l1)J VSA 40 ~IW'lWU.>J~U~~~i?li?l 211\J 

~ .J 
fi1r1~1I.1tri1~1l1~'u,)'fH~,::~::,j1~ m1'1lI1fi1"~1I.1wh.u11t1'u1AtrI (lux) m111l11~'::U1ut~:: (lux) 

~UYI mn 
0.95 1.85 .2.75 3.65 Eav Errin Emax U minlEma Eav Errin Emax U min/Ema 

8.00 469 343 264 221 318 213 469 0.67 0.46 422 340 509 0.81 0.67 

10.00 718 545 426 362 50 1 347 718 0.69 0.48 654 538 776 0.82 0.69 
oj 

';f 12.00 776 603 479 408 554 392 776 0.71 0.51 713 596 829 0.84 0.72 
N 

14.00 747 578 454 387 529 371 747 C.7 0.5 68C 573 795 0.84 C.72 

16.00 571 426 330 278 393 267 57 1 0.68 0.47 515 426 612 0.83 0.7 

8.00 555 380 279 227 35 1 213 555 0.61 0.38 475 361 600 0.76 0.6 

10.00 949 697 529 431 635 406 949 0.64 0.43 852 673 1031 0.79 0.65 
.: 

1;f 12.00 1015 788 603 495 710 475 1015 0.67 0.47 933 775 1085 0.83 0.71 
N 

14.00 990 759 578 471 685 447 990 0.65 0.45 903 760 1058 0.84 0.72 

16.00 770 548 405 330 502 310 770 0.62 0.4 696 561 834 0.81 0.67 

8.00 4295 458 330 268 733 241 4295 0.33 0.06 964 401 4340 0.42 0.09 

10.00 1164 884 640 515 2241 467 18649 0.21 0.03 3024 831 18801 0.27 0.04 
.: 
'1 12.00 1217 986 726 587 862 559 1217 0.65 0.46 1154 964 1329 0.84 0.73 
N 

14.00 1179 931 677 545 820 499 1227 0.61 0.41 1107 944 1265 0.85 0.75 

16.00 87 1 604 425 340 546 302 87 1 0.55 0.35 2414 633 8073 0.26 0.08 

~ .J 
fi1r111I.1tri1~1l1!J'U,)'ti~~,::~::pj1~' m1'1lI1,h"~1I.1tri1.u11t11u1Afl~ (lux) m1'1lI1~'::U1Ut~:: (lux) 

1UYI mn 
0.95 1.85 2.75 3.65 Eav Errin Emax U min/Ema Eav Errin Emax U min/Ema 

8.00 376 290 222 189 265 181 376 0.68 0.48 337 283 399 0.84 0.71 

10.00 563 443 349 302 405 287 563 0.71 0.51 510 432 603 0.85 0.72 
oj 

.~ 12.00 617 488 390 341 449 325 617 0.72 0.53 558 481 648 0.86 0.74 
N 

14.00 588 465 370 321 427 306 588 0.72 0.52 532 462 610 0.87 0.76 

16.00 458 356 277 236 326 226 459 0.69 0.49 412 355 476 0.86 0.75 

8.00 442 322 235 194 293 178 453 0.61 0.39 378 301 461 0.8 0.65 

10.00 772 589 442 369 531 343 772 0.65 0.44 683 559 825 0.82 0.68 

'" 1~ 12.00 836 659 500 422 591 400 836 0.68 0.48 752 639 879 0.85 0.73 
N 

14.00 809 633 478 402 569 377 81 1 0.66 0.46 728 630 839 0.87 0.75 

16.00 621 462 344 285 419 262 633 0.63 0.41 563 471 672 0.84 0.7 

8.00 4192 418 295 237 983 210 4287 0.21 0.05 476 358 607 0.75 0.59 

10.00 996 789 559 450 2140 402 18478 0.19 0.02 893 723 1093 0.81 0.66 
.: 
'1 12.00 1074 876 637 515 759 486 1077 0.64 0.45 969 843 1122 0.87 0.75 
N 

14.00 1030 836 597 480 722 436 1052 0.6 0.41 940 836 1076 0.89 0.78 

16.00 8007 537 378 302 1085 265 8007 0.24 0.03 680 556 789 0.82 0.7 
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~ .J 
'h~11lJll'il~mIJ11J,)'&I~':IJ:,j1'1 ffll'Nl,h~11lJll'il-u111J11Jll'&I (lux) ffll'Nl~':1J1UtlA': (lux) 

11JYI L1fl1 
0.95 1.85 2.75 3.65 EaIJ . Errin Ema)( U rriniEma Ea\'. Errin Ema)( U :rriniEma 

8.00 736 467 340 269 442 259 736 0.59 0.35 618 463 797 0.75 0.58 

10.00 1085 737 565 453 692 433 1085 0.63 0.4 937 731 1167 0.78 0.63 
;i 
1;# 12.00 1160 819 639 519 764 495 1160 0.65 0.43 1015 814 1238 0.8 0.66 
N 

14.00 1128 783 604 487 732 466 1128 0.64 0.41 979 783 1203 0.8 0.65 

16.00 895 586 433 345 551 331 895 0.6 0.37 770 595 967 0.77 0.62 

8.00 841 494 346 268 475 254 857 0.53 0.3 671 470 917 0.7 0.51 

10.00 1447 931 680 529 870 494 1447 0.57 0.34 1221 898 1573 0.74 0.57 
.: 

1;# 12.00 1542 1056 793 618 976 586 1542 0.6 0.36 1335 1042 1651 0.78 0.63 
N 

14.00 1508 1013 752 585 939 551 1508 0.59 0.37 1301 1024 1617 0.79 0.63 

16.00 1187 727 515 399 686 373 1187 0.54 0.31 1019 750 1318 0.74 0.57 

8.00 4664 590 409 317 1186 290 4788 0.24 0.06 1201 527 4748 0.44 0.11 

10.00 1825 11 08 766 583 2500 530 19244 0.21 0.03 3477 1049 19537 0.3 0.05 
.: 
o;i 12.00 1883 1208 857 655 1127 624 1883 0.55 0.33 1607 1196 2050 0.75 0.58 
N 

14.00 1855 116 806 614 1086 565 1855 0.52 0.3 1568 1191 1997 0.76 0.6 

16.00 8664 787 531 406 1965 368 8692 0.19 0.04 5225 830 8816 0.16 0.09 

~ .J 'h"'11lJll'il~mIJ11Jll'!N~':IJ:~h~1 ffll'Nl,h~11lJll'il-u111J11Jll'!N (lux) m,'Nl~':1J1UtlA': (lUX) 
11JYI L1fl1 

0.95 1.85 2.75 3.65 Eav Errin Emax U rrinlEma Eav Errin Emax U :rriniEma 

8.00 549 380 279 234 353 224 549 0.63 0.41 474 377 574 0.8 0.66 

10.00 82 1 592 450 379 546 360 821 0.66 0.44 718 584 854 0.81 0.68 
;i 

';f 12.00 893 661 508 430 607 410 893 0.68 0.46 788 654 924 0.83 0.71 
N 

14.00 855 627 479 404 577 385 855 0.67 0.45 753 627 885 0.83 0.71 

16.00 665 470 350 294 436 281 665 0.64 0.42 584 478 700 0.82 0.68 

8.00 644 419 293 239 389 222 646 0.57 0.34 527 399 671 0.76 0.59 

10.00 1125 775 560 456 709 425 11 25 0.6 0.38 957 747 1166 0.78 0.64 
.: 

1;f 12.00 1223 878 647 527 800 501 1223 0.63 0.41 1063 870 1255 0.82 0.69 
N 

14.00 1184 842 616 501 768 470 1184 0.61 0.4 1035 858 1224 0.83 0.7 

16.00 900 607 428 349 557 324 900 0.58 0.36 794 625 972 0.79 0.64 

8.00 4450 539 371 298 814 267 4450 0.33 0.06 1059 471 4473 0.44 0.11 

10.00 1479 1023 693 557 2371 499 18874 0.2 1 0.03 3205 957 19011 0' 0.05 
.: 
o;i 12.00 1594 1143 775 628 1011 589 1594 0.58 0.37 1365 1124 1584 0.82 0.71 
N 

14.00 1506 1074 725 582 951 525 1506 0.55 0.35 1328 1099 1534 0.83 0.72 

16.00 1086 713 483 387 657 344 1196 0.52 0.29 2605 752 8286 0.29 0.09 
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~ .j 
tI"mlJft'i'm1tJlwlH~,;u::,jl~l ,""I\I"h"~'lJft'i,-m'!Jl",x1H (lux) ,"l'I\I'~';l<lUtM; (lux) 

~"I'l 1~ft1 

0.95 1.85 2.75 . 3.65 Eav Etrin Emax U ITiniEma Eav Emn Emax U. FmnlEma 

8.00 465 342 258 207 312 200 465 0.64 0.43 413 337 486 0.82 0.69 

10.00 715 539 417 342 492 328 715 0.67 0.46 642 531 746 0.83 0.7 1 .. . ~ 12.00 785 599 469 389 547 374 785 0.68 0.48 708 595 813 0.84 0.73 

'" 14.00 744 564 440 363 515 348 744 C.68 0.47 672 568 769 0.85 C.74 

16.00 568 420 322 260 385 251 568 0.65 0.44 511 428 591 0.84 0.72 

8.00 542 379 270 210 343 196 563 0.57 0.35 460 355 568 0.77 0.62 

10.00 963 703 519 406 633 383 963 0.61 0.4 846 670 1007 0.79 0.66 
C 

1;f 12.00 1062 798 597 471 715 453 1062 0.63 0.43 953 768 1100 0.83 0.72 
N 

14.00 1031 764 570 446 686 424 1031 0.62 0.41 927 779 1064 0.84 0.73 

16.00 776 547 399 310 497 291 799 0.59 0.36 705 567 840 0.8 0.68 

8.00 4350 513 355 269 1075 243 4547 0.23 0.05 598 438 770 0.73 0.57 

10.00 18776 962 662 SOl 5203 452 18781 0.09 0.02 1149 879 1385 0.76 0.63 
C 
~ 12.00 1401 1064 751 571 923 544 1401 0.59 0.39 1279 1053 1464 0.82 0.72 
N 

14.00 1367 1013 703 530 680 483 1372 0.55 0.35 1242 1046 1421 0.84 0.74 

16.00 8245 670 465 352 1215 316 8245 0.26 0.04 3342 709 8383 0.21 0.08 

~ .j tI'''~'lJft'il~l11tJMIH~';!J;,j'~1 ,"l'l\I,ri'''~'lJft'i,-m'!Jl,,~ (lux) ,""l\Il~';l<lUtM; (lux) 
~"I'l 1~ft1 

0.95 1.85 2.75 3.65 Eav Etrin Emax U fmntEma Eav Etrin Emax U frrinlEma 

8.00 786 497 358 284 469 272 786 0.58 0.35 660 491 857 0.74 0.57 

10.00 1175 800 605 482 745 460 1175 0.62 0.39 1013 787 1269 0.78 0.62 
;i 

';f 12.00 1284 910 698 558 839 535 1284 0.64 0.42 1125 897 1378 0.8 0.65 
N 

14.00 1230 857 652 521 793 497 1230 0.63 0.4 1075 852 1326 0.79 0.64 

16.00 956 623 458 363 585 348 956 0.6 0.36 827 632 1050 0.77 0.6 

8.00 899 526 365 283 505 267 929 0.53 0.29 715 496 983 0.69 0.5 

10.00 1570 998 717 559 932 521 1570 0.56 0.33 1315 959 1712 0.73 0.56 
C 

1:f 12.00 1692 1143 839 653 1052 617 1692 0.59 0.36 1466 1123 1837 0.77 0.61 
N 

14.00 1647 1090 791 617 1008 579 1647 0.57 0.35 1429 1102 1796 0.77 0.61 

16.00 1268 771 541 419 728 390 1281 0.54 0.3 1098 799 1445 0.73 0.55 

8.00 4777 658 448 347 1252 316 5007 0.25 0.06 1279 578 4865 0.45 0.12 

10.00 2097 1256 867 669 2646 605 19425 0.23 0.03 3676 11 79 19781 0.32 0.06 
C 
.; 12.00 2176 1385 965 743 1285 702 2176 0.55 0.32 1870 1366 24 12 0.73 0.57 
N 

14.00 2139 1324 911 698 1239 640 2139 0.52 0.3 1831 1354 2367 0.74 0.57 

16.00 8818 880 592 454 2058 411 8956 0.2 0.05 5390 926 9095 0.17 0.1 
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1'u~ 
fi1'mlJm'1~111IJW,)'8~~'::IJ::Pi1~1 ~1'lU1,h"~1lJm'1.u11!J1UI4~ (lux) ~1flU1~'::U1Ut~:: (lux) 

1~1I'l 

0.95 1.85 2.75 3.65 Eav 8]1n Emax U rrin/Ema Eav E'.rrin Emax U fnin/Ema 

8.00 844 524 371 294 496 282 844 0.57 0.33 703 518 922 0.74 0.56 

10.00 1256 841 626 497 783 471 1256 0.6 0.38 1073 825 1360 0.77 0.6 1 
;;f 

.;f. 12.00 1375 957 726 578 884 551 1375 0.62 0.4 1197 946 1481 0.79 0.64 
N 

I' 14.00 1302 889 668 532 825 507 1302 C.61 0.39 1134 890 1410 0.78 C.63 

16.00 1023 654 472 374 615 358 1023 0.58 0.35 883 668 1135 0.76 0.59 

8.00 984 555 377 292 533 274 1014 0.51 0.27 760 522 1057 0.69 0.49 

10.00 1689 1045 734 571 979 530 1689 0.54 0.31 1392 998 1852 0.72 0.54 
..; 

1;f 12.00 1832 1193 854 666 1105 628 1832 0.57 0.34 1562 1173 2001 0.75 0.59 
N 

14.00 1779 1138 809 630 1059 591 1779 0.56 0.33 1532 1160 1961 0.76 0.59 

16.00 1357 805 554 430 765 399 1394 0.52 0.29 1176 838 1577 0.71 0.53 

8.00 4909 735 488 374 1327 338 5255 0.26 0.06 1368 636 5001 0.46 0.13 

10.00 2419 1420 952 739 2803 669 19650 0.24 0.03 3899 1319 20061 0.34 0.07 
..; 
of 12.00 2568 1556 1057 815 1462 767 2568 0.52 0.3 2144 1541 2838 0.72 0.54 
N 

14.00 2483 1478 999 769 1400 705 2519 0.5 0.28 2121 1526 2815 0.72 0.54 

16.00 9005 976 646 495 2158 447 9280 0.21 0.05 5580 1035 9408 0.19 0.11 

_ .J fi11'1~1lJm'1~1111J1UI48~~'::IJ::Pi1"1 ~1'lU1';1"~1lJm'1.u11!J1ul4~ (lux) m1'lU1~'::U1ut~:: (lux) 
~U1'1 1~1I'l 

0.95 1.85 2.75 3.65 Eav Ernn Emax U rrin/Ema Eav Errin Emax U rrin/Ema 

8.00 918 556 385 302 528 292 920 0.55 0.32 752 545 1000 0.72 0.55 

10.00 1349 877 640 508 821 484 1349 0.59 0.36 1134 853 1461 0.75 0.58 
;; 
.;f. 12.00 1475 996 743 589 924 564 1475 0.61 0.38 1265 980 1593 0.78 0.62 
N 

14.00 1416 938 694 549 875 525 1416 0.6 0.37 1221 942 1539 0.77 0.61 

16.00 1105 686 486 384 649 369 1105 0.57 0.33 945 700 1234 0.74 0.57 

8.00 1062 596 397 305 577 287 1141 0.5 0.25 821 557 1155 0.68 0.48 

10.00 1890 1128 774 600 1065 561 1923 0.53 0.29 1520 1064 2070 0.7 0.51 
..; 

1;f 12.00 2049 1281 899 701 1198 666 2049 0.56 0.33 1717 1255 2250 0.73 0.56 
N 

14.00 1999 1223 853 662 1150 624 1999 0.54 0.31 1695 1247 2220 0.74 0.56 

16.00 1512 871 586 452 831 422 1586 0.51 0.27 1296 899 1779 0.69 0.51 

8.00 5075 830 537 405 1420 370 5531 0.26 0.07 1475 706 5156 0.48 0.14 

10.00 20327 1633 1067 814 592 1 751 20534 0.13 0.04 8064 1481 20567 0.18 0.07 
..; 
of 12.00 3053 1772 1176 901 1683 858 3053 0.51 0.28 10694 1739 27939 0.16 0.06 
N 

14.00 23350 1698 1121 856 6717 789 23475 0.12 0.03 9291 1748 23769 0.19 0.07 

16.00 9254 1106 720 541 2291 494 9700 0.22 0.05 5817 1172 9775 0.2 0.12 
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8.00 10.00 12.00 14.00 16.00 

1.\''1l-1)..J1If1Hl'U (base case) l1p\1~ 
'" 

8.00 10.00 12.00 14.00 16.00 
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8.00 10.00 12.00 14.00 16.00 

8.00 10.00 12.00 14.00 16.00 
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800 10_00 12 _00 14 _00 1600 

8_00 10.00 12.00 14_00 16_00 
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8.00 10.00 12.00 14.00 16.00 

8.00 1000 12.00 14.00 16.00 



18 1 

8.00 10.00 12.00 14 .00 16.00 

8.00 10.00 12 .00 14 .00 16.00 
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8.00 10.00 12.00 14.00 16.00 

8.00 1000 12.00 14.00 16.00 
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8.00 1000 12.00 14.00 16.00 

8.00 1000 12.00 14 .00 16.00 
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8.00 1000 12.00 14.00 16.00 

8 .00 10.00 12.00 14.00 16.00 
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8.00 10.00 12.00 14.00 16.00 

8.00 1000 12.00 14.00 16.00 
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8.00 10.00 12.00 14.00 16.00 

8.00 1000 12.00 14.00 16.00 
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8.00 1000 1/.00 14.00 16.00 

8.00 1000 12.00 14.00 16 .00 
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8.00 10 .00 12.00 14.00 16.00 

8.00 1000 12.00 14.00 16.00 
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8.00 10.00 12.00 14 .00 16.00 
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8.00 10.00 12.00 14.00 16.00 

8.00 1000 12.00 14.00 16.00 
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8.00 1000 1200 14.00 16.00 

8.00 1000 l ? OO 14 .00 16 .00 
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8.00 1000 12.00 14.00 16.00 
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U1.J?ll')ru!J~n l'\ij"11?jI'l11r1JvI Lil"1Lih6uYi 16 mn!Jl f1'-1 '~.f"I . 2530 Yin~Wr1~'-1""Uf1J ~'L1" 
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