
"ru::~mtrl11[JmnJf'l1~l11f ,'ti1~,:m1nrlJ"'1';j'YIEJ1i[J 

Um1~mt1 2551 

~'~'YIt'ti~,'ti1~~n1nrlJ"'11'Y1[J1i[J 



-

FORMATION OF STANDARDIZED DOOR AND WINDOW FOR THAILAND 

Ms.Sothida Ngamwiwatsawang 

A Thesis Submitted in Partial Fulfillment of the Requirements 

for the Degree of Master of Science Program in Architecture 

Department of Architecture 

Faculty of Architecture 

Chulalongkorn University 

Academic Year 2008 

Copyright of Chulalongkorn University 

510695 



~1'lJ11'll1 

Ul ~1~~~~n~11~~1~~~{~~n 

~1-.1~1'd l~fiC;)l -.11~,J1~i?J.,J~~rJl -.1 

~rnu[9l~m~~ 

(l11~[91~1~1~~ C;)~.~~~~ l.Jrurl.J1fim~ 

.. ..... . ... ......... ~~ ..... .. .. . .. . 

~~ 
............. ... . . . ........... . ........... . .. . . ... . tJ~::;ln~nn~m~ 

( ~U-.1(l11~[91~1~1~~ 'llflfi fj~'flc;)~) 

.......... ~: ...... . . ....... m~~m~ 
(m~l~~ c;)~.'d~.nnffj-.1fll~~ub1~i) 

..... .. w ... ... ~ .......... nn~nl~!n~~Un~~11~m~~ 
(~U-.1(l11~[9In~1~~ ~wf[9lu i-.1u'11~m) , , 



(FORMATION OF STANDARDIZED DOOR AND WINDOW FOR THAILAND) 

!l.~mm~l~VltnilYn.lfiV1~n : rP1.~d.~'WVld 1Jt1Jt1J1fimd, 96 V1ih 

l-J 11 'lXf1'J1l-J ~ 1 f1t1JrlU m dL~!l n 1-if r) ~ "JU d:::V1tJ ~~ ~--1--11'W~1V1 ¥UU d::: L Vl rP1 ¥!l'W~'W!l~l--1U d::: L VlrP11 Vl tJ 

LL~:::md1-ifbVlr1 'low 'l~~mdri!l~¥l--1mmd~ LU'W~[?ldrlU~ --1 Wl~~!ll-J hJri!ll'IX Ln~'lJtJ:::r.nnmdri!l 

~1l-J1drl~~fhHr.i1tJ1c1ll-J1nn~1 32.37% ~~L"l~11'Wmrud:::n!lU~~~--1~--1 84.60% LL~:::~~.n1d::: 
-v11f1'J1WiJ'W 258 r)[?lr;l/[?lld1--1Ll-J[?ld/.ff'''l'll-J--1 'lJ!l--1~'W~"lm:::9n L~mmtJULYltJUrlUUd:::[?lV1-W1C?i1--1 

" 

.n1r1~'ll1. ______ mrn:trmJnUd:-Jf·n_~_I!lL ____ ___ _ 
~1'lJ1~'ll1 ___ ___ m __ r1JJ~_tJ.nr_m _______ ___ __________ _ 

, ~M 
~ltJ~!l~!lil~[?l ' _____________ ___ ___________________ -rJ _______ ___ . 
~ltJ~!l~!l!l.~mm~n~Vltnil~'WfiV1~n __ ~ ___ ~ 

umd~m~n __ .2_5_5J 



# # 5074 188025 : MAJOR ARCHITECTURE 

KEYWORDS: STANDARDIZED / DOOR & WINDOW / ENERGY / UPVC FRAME 

SOTHIDA NGAMWIWATSAWAN G : FORMATION OF STANDARDIZED DOOR 

AND WINDOW FOR THAILAND. ADVI SOR : PROF. SOONTORN 

BOONYATIKARN , Ph.D , 96 pp . 

Since awareness of global warming has increased, so has greater pr,or·ity been 

given to bu ilding materials to reduce the demands of C02 which in turn reduces global warming 

through wise r· energy use. It IS undoubtedly true that bu ild ing construction materrals have an 

enormous d irect impact on the environment in terms of energy use. Many simple actions can be 

ta"en to help reduce global warming by reducing waste, reusing materials, recycling products, 

using less air condit ioning through the use of energy efficient products for hot and humid 

climates like Thailand, and encouraging others to conserve energy. Doors and windows have a 

real impact on cooling costs in Thailand. Energy efficient windows and doors are very high cost 

today because they are custom-made resulting in greater waste and consuming much time and 

labor for installation. This research aims to produce doors and windows which are cost-effective, 

easy to install and save construction time in order to encourage people in Thailand to use doors 

and windows that are energy efficient. 

From 11 fielded study houses, the experimental results indicated that standard 

door and window can save fenestrat ion cost more than 32.37%, less installation time 84.60% and 

save energy consumption as low as 258 Watt/m2.hr of standard fenestration compared to 

existin g door and window with 6 mm. green glass and aluminum frame. 

Department: ......... Ar:c.bitect... ................ . 

Field of Study : ...... . Ar:c.bitectum .......... .... . 

Student's Signature ... ... ~":' .. . . 

Advisor's Signature ....... ~ ... !\ .... .. . 
Academic Year : ..... . 2008. ..... ................... . . 



~ ~ 

r1"l'u.J·lhm~~'el bb~::;,J111Ol1Ol1ntJrlrI~ bb~::;W\<btJ'lI'W ~'ll'l'elhm , 

"iI'el"il'eltJrlru P1. (;1~, ~'W'Vl~ tJ ru bLJ1fin1~ 'el11Ol1~tJ~mm~I~'VlmU~'Wlf ~mruI1,x 
q q qQl61 q 

~ 

~lmm-r1 ~1 bb 'W::;,J1 ~'llh::;b~'W1'l1'l11 'Wn1~~ n'lot1 bb~::;~ bb 'W"l 'Vl I'll 'Wn1mnu '1.!~1 n1~~'WrI~I~1 

ojj''eld-J~ b~d-J b~d-J bb~::;r1"lId-J"lf"ltl b ~~'el1 'W~~It1~'l~~It1'elt.JI'l'fi''WbU'WU~::; ttl"1f't1'elt.h'l~'l 1 'Wn1~~ 
'U 

I II I II 

~1 bb'W::;,J1 b~d-J b~d-J vl1 1 m'VlmU~'Wlf'tlutJ~iJ r1"lId-J r1~tJ tl"l'Wbb~::;~d-JtJ~rud-J1 n£j'l~'W 
'U 

., , 
~n~l~ ~ln(;1 ~Y1~'t1tJ~'W'W'Vl'Wn1~~m~n 1,xrl"lId-J"lf"lm~~'el'elt.JI'l~j;l~'el(;1d-J1 

'U " 

"iI'el"il'eltJ~ru~'l';~'W M::;'Vl'el'l"lf"l'l bb~::;il'el'l1 tJ1';'Vll'Vlmtl'el~,r'W ~bUb~t1~~n~l~ 
~1 n (;1 ~~1,x r1"lId-J"lf"ltl b~~'el1 'Wn1~r.r (;1~1 bb~::;~~I'l brli'el'l~'el1 'Wn1 ~~r.rtl 

'U 

"iI'el"il'eltJ ~ru b~'el'W1 r1ru::;~ mUj;ltlm~d-J P11~ j;lf'VJnYiI'W 'VJ n~I"i11~"1f1~1"ld-J'VJ no] 

1"ld-J~"iI1,xrl1~'l11Ol1,xrl"lId-J"lf"lm~~'el r1'eltlmd-Jld~"ltlrl"lId-J~"l'l1t1 bb~::;1,xrl"lId-J1"ld-J~'el'elt.JI'l~~'l , 



U'Yl~lJlri'flfl1M11'Yltl ............................................................................. . ..... . 
'I 

U'Yl~l'lri'flfl1~1t1'ln~~... ... .. ... ....... ... .... .. . .... .... ... .. .. ....... ... . .... ......... ....... .... ... .... ...... ..... "I 

n(;l~nrrJ.Jlh:::n11'1 .. ............. ...... ..... .. ... ........ .... ... .. .. .... .... .. .. ... .... ..... ....... ...... ............ .. . 'il 

t'l1ruqJ. .. ... .... ....... ........ ...... ... .... ............. ... ......... ........ ... ........ ..... ... ..... .. .. .... .. .. ......... .. 'l! 

t'l1rucy(;l1r1'l ... . . ... ...... ..... ... ... ... ..... .... ............ ....... .. ................. .... ....... .. ... ........ ....... . a.J 

t'l1ruqJfl1~ . ...... .... .... .... ....... .... .. ... .. .. .. .... .. ..... .... ... .. .. ........... .. ... .... .... ....... .... .. .. ... .... qJ 

t'l1ruqJLL~lUJij ········ ··· ······· · · ··· · ··· ······ ·· · · · · · · · ··· · ..... ........... . ... ...... ........... ............ . . . ... ... D 
o _ .l"'.... ... 0 I 

fl1'flfiU1t1\'lqJ~n~NLL~:::fl1t1'fl..... . ... ...................... . . .... .. ... . .... ... . ....... .. .. . ... .. .. .. .. ........ . ~ 

'UYI;I 1 'UYlU1 

1.1 fl'l1J.JLth.!J.J1 LL~:::fl'l1J.J~1~cy'll'fl'ltJcy,..n ............................................... . 

... t1 rr - ... 1.2 'l(;lQ r:::t'I'lfl'll'fl'ln11'l"ltl ... .... .... ... .. .......... .... ..... ..... ..... .. ..... .... .... .. . .. ..... . 

1.3 'lI'flUL'lI(;l'll'fl'ln11fj4'tI ............................................................................. . 

.... ~ 1 - ~ 1.4 'lI'fl"l1nl'l 'I..!n11'l"ltl .... ....... ... ... ..... .. .. .... ... ........ ...... ........... ... ..... ......... ... . . 
o 0... -1""' - ~ 1.5 fl1"11nlJlfl'l1l-J'Yl 'l! L'I..!n11'l"ltl .. .. ... .. .... ......... .. ... .. ....... .. .... .. ... .. ..... .. .... .... . 

1.6 r:::LUtlufjfifj4'tI ...... ...... .... .... ... .... ................... ..... ... .. .... .. .. ..................... . 

• I ~ .. .I , ~ ... ~ 
1.7 u1::: LtI"lI'I..!'Yl fl11Jl'l1"1::: LIJlTU ...... ......... ... ..... .... .. .. ... ..... .............. ...... .... .. ... . 

- .... 2.1 U'U'lflVlU~::;'Ylq~D ............................................................................... . 
, , 

_.... ....... II 

2.2 L'flnt'l11U~::;'l1'1..!'l"ltl'Yl Lntl'l"ll'fl'l .. .... ....... ...... .. ........ ... ..... ......... .... ......... .. . 

2.2.1 Ur:::LfI'YlLL~::;~NtUJU~'lI'fl'l"li'fl'lLD(;l ............................................. . 

2.2.2 'lI'U11Jl'll'fl'l'll'fl'ldJIJl ...................................................................... . 

..- _ .... U ....... 
2.2.3 ~Nt'lJ.JU(;ln1:::"In'l..!1fIti r:::~tI(;l~~'l'l1'1..! ... ..... .. ....... .... ................ . 

., , 
o .... I ... 

2.2.5 'l..!1~'I..!n(;l'flU1'1..!'YlL~J.J1::;t'lJ.J ........... .. .... ...... .. .................... ... ... .... .. . 

..... - .1" I 2.2 .6 'lfin1r~~(;ln1:::"In LL~:::'l'lnUu1:::~-~'I..!1(;l1'l ...... ..... ............. ....... . . 

7 

8 

8 

9 

10 

14 

15 

17 

17 

18 

23 

38 

42 

45 



2.2.7 ilry"v11uN-:J1tJ1tJ~'lnr.tri'flt'lh~ ................................................ .... . 

2.2.8 fI'l1l-J~'fl-:Jmril'fl~'fl1~tl1tJlh:;LVlf'\lm.l ......... ... ... ........... .... .... ..... . 

1..1..,;13 'i::L;j!l1..l~~~!ILLft::.r\'lA'!ltJn'ltU •• , 
o - .... 1" ~... 1 ".1 ", 3.1 m'lm"v1tJffI"lItJffln'/:;r.tnVl "lILutJ(;1'lUVltJ tJm'lt'ln-:Ju'l:;~-"v1tJ1m-:J .. ...... ... . 

o '" "':1" ~... 1 ". I ", 3.2 m'lm"v1tJ~"lItJ~'l-:Jnl.lVl "lILutJ(;1'lUVltJ tJm'lt'ln-:Ju'l:;~-'\i1tJ1(;11-:J ............. . 

3.3 m'ln1'\i1tJ~U'l:;L1lVl U~:;'ntJ1~"v1ti1(;]1-:J . . ..... . .. . ....... . .... .. ......... . .. . .... . 

o .... 0 ,:""t 
3.4 m'ln1'\i1tJ~'ntJ1vU.JtJ-:Jr.t1~'fl-:J U~:;"lI'fl-:J Lu~'fl1f11L ................................... . 

" 3 .5 n1'ln1'\i1tJ~itJ(;I'fltJn1'lVl~t'l'fl1.l ..... ..... . ...... ...... . . ...... . ........... ... ... . . . 
, , 
.... .1 ..... 1!:41 .. ., .. " 

3.6 Lflffi-:Jl-J'flU~:;'rlunnUVl "lI LtJmnnl.lLL~:;l.ItJVln'n'fllo!~ ............................. . 

3.7 m'l;')Lflnl,f~~mn'1c;'1t'l'fll.l ..... ...... ....... .. .. ....... ... .. .. ... ... ............. ....... ... .. .. . 

3.8 t'l~~~n1'lVlfflt'l'fl1.l .. ..... ................ .. .................... ....... ... ... ... ...... ..... ...... . . 

1..1..,;1 4 n1'l~ LIiI'l'l::~eJft m'l'" A\'I'!l1..l 

4.1 ~~n1'l;')LfI'l1:;,r .. .. .. ... ................ ............. ... ......... ..... ......... .. ................. . 

- ... " .1 "I 4.1.1 ~~m'l'lLfln:;'\i1(;1tJ'VJtJm'llJ'l:;~-'\i1tJ1(;11-:Jl-J1(;1'll1tJ ..... ....... .. ....... . 

4.1.2 ~~m'l;')Lfln:;,rL'l~1~lfttJm'l~ffI~-:JU'l:;(;1-"v1ti1(;]1-:Jl-J1(;1'lti1tJ ... .. : " .. 
• 1 - ., 5.1 t'ltu~~n1'l'lr.ttl ... ...... ........ .. ...... ....... ........ .. ... .... .... ..... .... ....... ... .. ........ . 

_ .. I .a. .... 
5 .2 'flJllJ'l1t1~~n1'l'lr.ttl ................ ... ...... .... .. ..... .. ... .............. . .. .. ....... ........ ... . 

5.3 ;J'flLt'ltJ'flUtJ:; ........................ .... ........... .... ...... ... ...... ........ .. ... ... .. .... .. ...... . 

... .... 
'l'l!ln1'l'!l1..:J'!l..:J ..................................... .... .... .. ... .. .......................... .. .. ... .................... . 

1..I'l'ltU1~n'l~ ........ .. ...... ....... .. ........................... .. ... .. ........................... .... ...... .... ....... . 

1l1Ii1eJU'ln ........................... ... ................................................................................. .. 

" .... .... ... tJ "I 
Jl1f1~tJ'ln n. f!!l-J'fl(;l~(;1-:J 'l:;~-'\i1tJ1(;11-:J l-J1(;1'll1tJ .. .. ....... . ............ . ........ .. 

_... 0 I 1'" 1 0 .. 

Jl1f1~tJ'ln 'no 'lfinl'lPl1tJ'lNfl1 "lIr.t1t1 tJn1n'11f1'l1l-JLtltJ ...... "" .. ........ ...... .... . 

tJ ..,.,..... -- .. 
'i::'l1Jl e L'II!lU'l"'!I1U,"U 6 ...................................................................................... . 

49 

51 

54 

55 

61 

62 

64 

68 

69 

70 

71 

71 

77 

85 

87 

87 

89 

90 

91 

92 

94 

96 



1.1 

1.2 

2.1 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

4.1 

4 .2 

4.3 

4.4 

4.5 

4 .6 

4.7 

4.8 

4.9 

~ tl'..... uvv..J ~ LYltJ ~'fltJn1"l1L1'fl'l.lm:::~m 'I.I'fl'l.lVlUYl 31 '1I'fl'lL~n ............ .. .. ...... ........ .. . 
, 

~ tl'..... u vv ,,", ... LYltJ ~'fltJn1"l1L1'fl'l.lm:::~m 'I.I'fl'l.lVlUYl 4 '1I'fl'lL'flL"lItJ ...... .... .......... ...... ............ . 

tl 
", '!I'I.I1Vl 1:::'!I-"''1.11(;11'1~1(;11l1'1.1 . .. .... ..... .. . .. .. .. . .. . ...... .. .... .. .... . ........ . . .. . 

LmtJU LlitJu~1l'11l1'1.1~"'fl'flL~1-n1 LL~:::tYltJ ........ ... ... .. ................. . .. .. .. 

-I. u"'-'!I'I.I1Vlm:::~nYl'l.l1~1L 'I.I'l(;JVlU~1l'11l1'1.1 .................. ........ ................... . 

'11'1.11 Vltl 1::: I!!-",111 ~1'1~1l'11l1'1.1~1"'futl1:::L Yl PIt YltJ ............ .. .... ... ... ... ..... . .. .. .. . 

tl 
.... 1-11 ,.I ~ .I - ~ ,,"," ..J J 

'!I'I.I1V1n1:::~nLL 1tuYl "'C\JYl.~VlYlc.J~l'1 LVI L'I.Il'1'1.1'VJ'I.IYl(;l1 .. .... .. .. .. ..................... .. 

" , 
tl ,." 1" , ... ""'1" L 'fl1L"lI'I.I "lIn1:::~n(;l'flVi'l.lYl 'II~'fltJ .. .. ............ .... .... ............................ .. 

LL~VI'Itl1:::~YlfiJl1Vil'1.1n11H'1'l'1'l~u .. . .... . . ........................... . ............. . 

LL~ VI'Itl1:::~YlfiJl1Vil'1.1n11H'1'(;IQ~u ............................... .. ...... ..... ...... . 

• ~ ""' " .., - ..J1!f'1 -L1.JffiULYltJU(;I'I.I'VJ'I.I'll'1Q"UYl 'II L'I.In11c.J~l'1 ..... . ....... ..... . ...... .... ... ... .... .... .. 
, " . ~ ""''' ""'1!f'1 - - v L1.JffiULYltJU(;I'I.I'VJ'I.ILLN'I1'1.1Yl "lI L'I.In11c.J~(;ILL~:::l'1V1l'1'1 ..................... .. ........ . 

ill ""''' .., ..J1Dl - - ~ L ffiULYltJU(;I'I.I'VJ'I.IVi~'1'11'1.1Yl "lI 'I.In11c.J~l'1LL~:::l'1V1l'1'1 ...... .. .... .. .... .. .. ........ . 

.11" ..J tl L'l~1Yl 'IIL~~tJLLtJnl'11~ 1:::LJlYl ......... .. ............... . ............ ........ ........ .. 

ill ..J1Dl - ~, , ""' L ffiU1:::tJ:::L'l~1Yl "lI 'I.In11l'1V1(;1'1LLl'1~:::m~~'fl1"l1Vi ...................... .......... .. 

ill 

3 

3 

23 

57 

58 

59 

59 

60 

62 

71 

72 

74 

75 

75 

76 

79 

83 

83 



.. 
1l1YtYI 

2.1 

2.2 

.-
\II'U1 

i~~'l\J.i1'lmm~~t111'tl'l111t11Yltl'il1tJ1~~~1'l 17-49 n. .. .... ...... .. .... ...... .. .. 19 
, 

ifl~'l\J.i1'lmm~~'tltll.J'41;'tJ. .. .. ... ... ... . .... . . ... ... . .. . . . .......... .. .. . .. ... .... ... 20 

2.3 Solar Intensity at Sea Level by Wavelength. .... ... ....... ..... ......... ... ..... .. ...... 25 

2.4 Solar Reflection I Transmission of Clear glass... .. .... ...... ..... ...... ........ . 25 

2.5 Solar Reflection !Transmission of Pilkington K Glass(Low-E)... .... ... ..... 26 

2.6 Solar Reflection I Transmission of Ipasol 66/34(Low-E). .. ......... ... .... .... 26 

2.7 

2.8 

2.9 

2.10 

2.11 

2.12 

Spectral Transmission Ration ................. ..... ...... .... ... .. ....... ... ... . .. .. . 

. ~ ... , 
mnu1t1ULYltlUf'l1 U-Value (;I1l.Jl.J1V1131\J. EN673 ......... .... .... .. .. .. ........ . 

- ~ ..... I ... I • 

Lu1t1ULYltlUf'l1 U-Value nUf'l1 emittance .... ..... .... .. ... .... ..... .................. .. ... . 

Aluminum Spacer. ......... ... .... .... ... ............ .. ............... . ... .... ... ..... . . 

Impact of the gap in a double-pane window on the U-value ........ ....... . 

Energy Factor. ..... .... .. ... ... ........ .. .... .. ..... ...... ....... .. ..... .......... ....... ... .. ......... . 

28 

29 

29 

30 

31 

32 

2.13 f'l~ UV. ........ ...... ............ .... ..... .. ... . ... ....... .. ........................ ..... ... 35 
>-

2.14 mnnfl~t1fl1l1u\J.~'lm~i;jn . . ........ . ......... .. .... . ... .. .. . .. .. .. ..... .. .. .. ... . .. .. . .. .. . .. .. .. 36 
>-

2.15 mnn~~t1~1l1u\J.~'lm~i;jnU(;]~~l1il~... . .. ... ... .. .. . .. . ... ....... ........ .. ..... .. ...... .. .. 37 

11 v v 3.1 m~"In 1~~t1~Vi~'l'l1\J.~\J.1 24 l.Jl.J.............. ........ .. ...... ...... .. ...... ....... 56 

3.2 Solar Energy through window...... .. ................ ...... ...... .. ...... .. .......... 56 

3.3 24 Heat Stop REAVGN .. .......... ........................ .. .......... .. .......... ............ .. ... 58 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

'l'lnUU1\J.L~'tl\J. U~~U1\J.Ltl~ .......... ...... . . .. .. .. . . . . .. . .. . ... ..... . . ... .......... ... 60 

~.nr'lU~~'Il'tl'lLtl~r.h~'tl'l.... . .. .. .... .... . .. . . . .. ...... .. ... . ... . .. . ..... . ... . . . .. . ..... .... . .......... 66 
>-

- ....... '" I 

U~~'lm1(;1"'(;I'l(;l'lUYl\J.~\J.1(;11'll.J1(;1131\J. .. . . .. .... ....... ... ......................... 64 

." -
~\J.1(;11'lU1\J.(;I~(;I1t1'\J.1'" ........ ........ . . ..... .. ...... . . . ... ................. .. . .... . 

, 
." .. 

~\J.1(;11'lU1\J.L~'tl\J.'\J.1~ ...... .. .. .... ......... ...... .... ........... ... .................. .... ....... . 

\J.1~mr.ruL'l~1 ............... .......... .......................... ....... .. ... ........... .. 

68 

68 

69 



..... 
l.1.e", un).l 'VI 

1.1 

1.2 

1.3 

1.4 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

2.10 

2.11 

2.12 

2.13 

3.1 

3.2 

4.1 

4.2 

4.3 

4.4 

4 .5 

.. 
~I' .. ... 'i' m wfl'tltJn I'll Lffl'U.m::;'"In"ll'tl'l ~fln ... ... ...... .. ...... ... ...... ...... ..... ..... ... ..... ... .. . 

mrufi'tlEJn1'11 Cffi'U.m::;'"I n'"l 1 nIl 1 1'l'Yii'l'l1 'U."11'tl'I LVI tlLUffiU LYlEJUU 1994 

LLfl::;2003 ... ..... ... ..... .. ............ .. .. .... .. ..... ... .............. ... ................. .. ..... .. .... . 

~ CfI~'J'U.~'U.'VJ'U.m rt.J~ (;JU r::;~-'\.-lih ~1'1 n 2009 ......................................... . 

" - .1 ", ~ 9 (;J'U.VI'U.mrt.Jfl(;Ju1::;(;J-'\.-l'U.1(;J1'1 u 200 .... . . ..... ..... .. .. ... . ... .. . . .. .. .... .. . . .. 
LUffiULYlEJmh U-Factor "II'tl'lm'::;'"In 5U1::;L1lVl ................................ . 

U-Factor and SHGC of Tinted Glass ... ........ . .. ... ... ... .. ... ... ........ .. . 

U-Factor and SHGC of Low-E Coated and non Coated Glass ..... ..... . . 

SC and VT of process and non process Glass ............................. . 

Surface Temperature ...... .... ...... ... .. .... ....... ....... ........... .... ...... .. . 

U-Factor of Aluminum Wood, and PVC Frame ............................. . 

PVC-U window & door profile markets in Europe ..... ... ...... .... .. ......... ... . 

% PVC-U l'U.(;Jfl1 fI~ bu(;J::;r)'U.(;Jn .. .. .... . .. .. . ... . .. .. ... .......... .. ..... ... . .. . 

~fI~'J'U.m11i PVC-U l'U.(;Jfl1f1~tru(;J::;r)'U.(;Jn ....... . ... .................. .... .. . 

1'l'J1l.Jfl1l.J1 rn 1 'U.m1EJ n"ll'tl'l'\.-ltrn"ll'tl'l I'l'U.L VlEJ ................................... . 
, " 

.1 "", ~"".!"l"" " ur::;L1lVlVl'tl~'tl1I"1EJVI Lu'U.VI (;J'tl'lm1 ..... ... ..... .. ... . . . .. ....... ... .............. . 
, 

~'J'U.LLtl'l (;Jfl1Cf111 1'l1U1'U.L;lEJ'J ..... ... ... .. .......... ........ .. ....... ............ ... .... ... ... . 

(;Jfl1 fI~'tl~'tl1,rEJ 1 'U.U1::; LVI filL VlEJ .................................................. . 

LUffiU~CUfll.JU~"II'tl'lm'::;'"In l.J1(;J1l1'U.LVlEJ flU NFRC LLfl::; Energy Star .. . 

U Value Comparison ... .... .... ..... ......... .. ...... ... ............ .... .... ... ... . 

aI 0 ""~ 1 ' LL"fI'I'"I1'U.'J'U.'tl11'l11m'CUl"1mt1 'U.LL(;lfl::;"II'U.11n . .. . ... . . . .... . .. ..... ...... . ... . .. . 

LLfl fI'IU11::;~'Ylfi1l1'Yi 1 'U.m1lir) (;J 'l ~U .. . ........ ............ . ... ... . ... . .. . .. .... . 

" • I '" I 
(;l'U.'VJ'U.1'Jl.Ju1::;~-'\.-l'U.1(;l1'1 . . . ......... .. ... . ........ . ... . .. . .......... ... . ... ... .. . .. . 

• 1 ".1 ", LLEJ n u 1::; L1l 'Yl (;J'U.'VJ 'U. u 1::; ~- '\.-l'U.1 (;l1'1l.J 1 (;l1l1 'U. .......... ...... .......... .. ... ... .... ...... . 
, , 

""1" .... .1 L'Jfl1'Yl 'IIL1lflEJLLEJn(;J1l.Ju1::;L1l'Yl ... ...... .... . ... .. ..... .. .. .. ........ . .. . . ...... . . 

,., 
,",U1 

2 

4 

5 

6 

30 

31 

33 

34 

37 

38 

40 

41 

41 

45 

51 

52 

53 

57 

61 

72 

73 

76 

77 

80 



4.6 

4.7 

, ~ ... u 1 ... "'u ", L'Jfl1L~fltlLltlnlJru.J 'l::L1l't'l lJn1'lVl~Vl'l 'l::~-~lJ1Vl1'1 ........ . .... .. .... . . 

• ~ ... 0 ... 0 ' 'i' 
Lu'ltllJ L't'ltllJ'-'1lJ'JlJ'JlJ't'l1'11lJLllJlfl:: L~Nn1 1 ................................... . 

80 

81 



ANSI 

AR 

ASTM 

Btu 

CFM. 

o.IIIQ. ...,.., tI o. 

fil1'il fiU1t1'll ru~ m~WLL~:; fil1t1'il 
'" 

. " A1L9IJJ 

Absorptions. 

Air Infiltration 

Annealed Glass 

American National 

Standards Institute 

Argon 

American Society 

for Testing and 

Materials 

Awning 

Casement 

Cubic Feet per 

Minute 

Composite frame 

Condensation 

Conduction 

Convection 

lihaB'l.J1!1 

~~~~U'~~~~~~1UU~~~1~~U~n1~~n~~ 
iuH i:hnl~uLtluLtl~fL;U 

llh.nru~1mf'l~f~ L;r1".r~~~n ~1Utl1~~-
" 0 

"'U1~1~ 

m~~n L yj~'Y1~ u~n Ltlutl1n'Yl~1~ LtlUt)~ ~ . 
.l 
~Ul1U'~~m~~n Utl1pJ 

~muum~1l1UUY1~'1~ ,~~~".f~~L~1m 

" 'YlU~U~~1m~u 

Ltlu~~..rm~1Umm[ij.JU1~1~1l1U 

1:J~~.nru.,r 

" tl~u~ 'fJru\.uJi1~~;u 1 of 

tl'j'~~ ".r~ "'U1(;\1~U1ULtI~ ltl~1u1~~1u .. 
".U~ 

m~1ru~1mf'l~fJ 1 ~nu1f'1nli~/U1Yl 

"0 " __ _ _ 0 I 0.., 

'fJru'.-lJJ~I:J~~~~UU1 ~1m1'~U1~1~ 

m~1ru~~1~1~U~'ll1 ~1Ut)~~ U~~~1n ~1U • 

m'j'~~~1U~~1~1~UL~tlm~tI mmf'l ".r~ 

,~~1".~ LtlU~~'ll1~1 



DGU 

SHG 

HS 

IR 

KWH 

Low-E 

. .. 
A1LPUJ 

Desiccant 

Dew Point 

A1'!1fi1J1!1 

~11~~1'l,)1~~t.I tl1::~'Vlfi1l1~~-.3 "I::H1t.1 

~~-.311-.31::~11-.3n1::"In~~-.3U~t.I 

t;)n.!~1li1~"I111~'t111~ Liil11~t1111~1 
~ " , 

" , 
I .., ...." - ..... 

Double Glazing Unit m::"In2ut:Jt.I')1-.3't.l1t.1nt.l nt.ll11,)t1 'tl~~t.I~ 

Double-Hung 

Window 

Fixed Panel 

Fixed Window 

Frame 

Gas Filled 

Solar Heat Gain 

~ utl L'lI'tl1 L~tlfll11m1U11'l,)1~1tlt.l~1t.1 

" 
U t.I') (;]-.3 

~~-.3U~-.3't.l11111~qj ~1'tlU1t.1~~1'l1t1 

", -~t.l11'l1-.3U1t.1l'll11 mtl 

,)-.3nu nffiUU1t.1tl1::1'l-~ih11l1-.3 
" 

tl1mfll ~1'tln1'l1L~'tltl~L~~1t.1~tl-.311-.3 

1::~11-.3m::"In ~1 Lfl j;] L~tlltl L~~1'l,)1~Ltlt.I 

'tlt.l')t.l1'l,)1~1'tlt.l ~1~fll11ph U-Factor 

m~1 n.!1'l,)1 ~1'tlt.l~ ~1t.1n 1::"1 n~')t1 m1U1 

mm1 ufl::m1u~ 
, , 

Q I " " .... .... Heat-strengthened m::"In'Vl t:J 1t.1m::U')t.lm1 ~ ~ 1'l,)1~1~t.lL ~tl 

glass 

Infrared radiation 

Krypton 

Kilowatt Hour 

Laminated glass 

Low Emissivity 

, " 
vh1~Pi1 stress '~-.3n')n1::"Im~~~t.I 

1'l~t.lu"h~~n1vH41 ~i11'l,)1~m')l'l~t.I 

mnn11 70 t.l1Lt.lL~j;]nj;]'tl1 

n1'l1L~~t1 'Wd:lt.lvh~ H\~'tlL~~1'l,)1~Ltlt.I 

'tlt.l')t.l1~nu m::"In~t.l1! Lfll'l 

, "' .. 
~t.I')t1''tl-.3~fl-.3-.31t.1 ~1~-.31t.1 

.. 0 ,J'ltl 4_.., 
l'l~mru1m::"In 2 utJt.I,t.I ~1t1111j;]l11nt.l 

~')t1U~t.I PVB ~1'tl EVA ~1'tl INP ~1'tl 

RESIN L~~L~~PJn.!~~~1~Ltlt.lm::"In 
U,1Jltl 

Lfl~::~ LI'l~~UUt.ln') m::"In L ~'tlfl ~ m1u~ 

f-.3~1'l,)1~1'tlt.l"l1nm::"In 



., '1!fi n1!tcU'\II1'il A1 fi'il 

NFRC 

U PVC 

SC 

o g 

Fl1LPlJ.I A1'il aU1!! 

National ~muu~ih'\-lU~2-Jl~~~lU 1'~~1..h:;'\-I~{;) 

Fenestration Rating 'Yi~'N1U 

Council 

Un plasticizer 

Polyvinylchloride 

R-value 

Radiation 

Reflectance 

Reflective glass 

Safety glass 

Sash 

Sealant 

Ly.j~2-J~l;w~m:;"InlM~nU'n'tl-1U~-1'tll~l~ 

Vil2-Jl"ln'Yi~l~~n 

R-value ~-1~-1 m:;"Inlij:;n~,)l2-JLtlu~U')U 

2-Jln 

, , " 
~ln1~U~~,)l2-JffiU 

m2-Jln.!~,)l2-Jr'tlU '\-I1'Vu~-1~~:;Vf'tlu~h1'~~ 
.J .. ~ _ ... ",,_ 

m:;"n'YlL~~'tlU ~~'\-I:;uu~')m:;"nL'Yi'tl L'\-ILn~ 

, _ .., 4 .... 

m:;"nUlIltJ L 'Yi'tl~ ~'tlU~l1tJ"Ilnm:;" nUl ~ 

th:;n'tlu"'')tJ 3 U~:;L11'Yl~'tl m:;lijnih.ntJ 

L'Yl2-JLU'tlf m:;lijnih.ntJ~lijLU~ u~:;m:;lijn 

L~r2-J~,)~ 

~'tlU1UU~:;~ '\-I1'tl'\-ll!1[;Jl-1~u~:;n'tlU~')tJ 

Ly.j~2-J LL~:;m:;lijn 

1'~~muu') ltX~~~'tltJf') 'll'tl-111-1[;Jl-11 L~'tl 
, 

~ ~ ... 
nUn1~~,)'I!2-J 

Shading coefficient f'il~2-JU~:;~'Ylfin1ru-1L-11 ~'tl SHCG 'tI'tl-1 

Short-wave infrared 

radiation 

Sliding window 

, , ... _ I _ 0 

m:;lijnL'YltJunu 0.87 ~1 SC tJ-1~l m:;lijn 
, 

":;U-1U~:;'\-I~I11'Yi~-1-11U 

~~uLUJL'\-I~n1vHh~~,)12-Jm')~~U'tl~~:; 
'\-111 700-2500 nm. 

", ... 
'\-IU1~1-1U1UL~'VU 



.'Y"n1!ta!,..1ilP\1!iil 

SHGC 

Tsol 

UV 

VT 

Solar heat gain 

coefficient 

Tempered glass 

Thermal break 

Solar Transmittance 

U-factor 

Ultraviolet light 

Visible light 

Visible 

transmittance 

P\1il61J1!J 

tfhJ1ruf'l'l12-J1~u.r.nnLL~~~1l1(;1tJ~~~~1U. 

m:;~n L~tI(;1'N 1'l2-JnUUnJ1ruf'l'l12-J1~U.~ 
, 

- I _ ......, 

Ln~~1nm1LLc.J~1nc.J'lm:;~n'Y1I{J~'I!Uf'I'l12-J 

ffiu.H Pl1 SHGC ~~~1m:;~n~:;~~ 

1.h:;~tJ~Yii~~1U. 

~~n1:;~n~~1u.m1t~f'I'l12-J1~U.~f.lCWJi1 

600-650 °c Yht~m:;~njjf'l'l12-JLL;~nrJ1 
m:;~n Annealed 4 Lvh LL~:;LL(;1mi1u.u1~ 

;r1'lLYi~ ~~t1U.(;111t1!J\~~~~~tnt\' 
, 

~ ~ .. 
~n1:tru:;m1LL(;1n'1J~~n1:;~n~u.Lu.~-l2-J1~1n 

1'l'l12-J LL(;1n !J\1-l'1J~-lf.lru~1Ji1uu.~'lm:;~n LL~U. 

L;)mnu. 2-J1mnu. 30 °c tu.mrilm:;~n 
Annealed 

m:;~n 

LL~-lL~il~~'l~ ~~f'I~u.LL~m~nhHh~ii 
, I.. ~ 

1'l'l12-JtI1'lf'l~U.(;1-l 100-380 nm. 

I"I~U.LL~~ ~1~f'I~u.LL~L~~nl'YHh~f'I'l12-JtI1'l 
I-.. ~ , 

f'I~u. (;1-lLL(;1 380-700 nm. 



-A.JlUO/ LO/ ~ ~/800GfZlqdw04/golV1du·1I0111lUlIo·h\MA\/rdu4 

;ULb~tC'~LJ!o'[r-~V1.@@J(li!\;!~C'L~@) NJ"'!iV1.LC'C'~M.li!911.:::~f1f1.LJ;b '~LU~Lruruh ~1Af1.~ l 

~1'tJ: 1 Gn 11~;: ~11 rJL~l1.ft-A.11 t-L~Q,ny J!o t::: ~11l'trJ'QI'tLGI.J f1,f.lftnLt-t-~ M~ 911.:::t[1rJy t'Qt-L~LJ:I1.-~;:t[1 

nDb~J:mt t-Q,1.lft~LQ,;:~I'tLGI.JL!:1.LHLI'tL~;:~11 An ~t-,fny t-rJ~my rJl'tll!.ny lnLt-t-~M~911.:::t[1 

tLU n!f.1 t-L~Q,rJL~l1.tL I.J LQ,f1y~ tI'tLt-rJG~1't LGI.J;:~11 MLLl~ lA.~;:t[11't ~ HLun tru ~ L~lA.Lf1lA.f1 

~LI'tL!I-1.lft U ~;:W t-L~ LJ:11. -~;:t[1 U ~1 ~ L nl!.rJ~ LQ,~Q,~tLI.J LQ,t-~n~fU 11. t ~ Lnl!.tLI.J LQ,n1J1 :::~L~rtt 

t L I.J LQ,t-Q,l!.ru ~ L ~ ~U ~ 11.f1Q, u:::t [1JJ t-Q,nIJ1::: ~11 t L I.J L Q,G ~ ~ QJf t~t-?I1.~'Q U.t-Lk ~ Q, ~ ~ ~ l> nIJ1 U ~:::t U 

t-L~ LJ:11. -~;:t[1 ~ lA.1 ;:t [1t-Q,1!.1't Gt ~Gl'tnLt-t-~MJ!o t tLU Q,~ f1lA.;:W ~11 ~ n!lt-Lk~Q,~tLun t ~ ~l>J!o t UQ,~1 

tL u;: ~11tLI.J LQ,f1f111 U Q,Q,tLUU L~t-Q,n 1 
II' 

" 
t-Lk ~Q,~tLUUL~;:rJl!.;:~11.g~~I't~ \;11N Q,~ rtt I't Q,~~ G 11 t-~ 

f1ytW[!nIJ1 ~tLI.JLQ,t-Lk~Q,~tLu~~l nll.J lA.1J!ottLU;:~11 n~ULI'tI't~mLt-t-~M~911.;:t[1~t-L~~Q,~ 
'" , 

~ ~l>J!ot U Q,~HLUf1y ru ~L ~I'tLGI.J ~ t Ll'tnlbl't~t LI.J LQ,t-Q,I!.L~ 1;: ~11 f1f111 U Q,Q,~nDb~D 

1'tQ,~~ G 11 t-~rJL~L !:1.rtt ;:~11 ~ ~t-~.!1U.rJl:::t[1 

~\;11NQ,~1 nJtlnIJ1 ll'tQ,~~G11MLL!~;:~11 ~tnJtl L!l-nLt-t-~M l't~nLt-t-~M 9Wl1LQ,t-~1mLt-t-~M n!f.1 
, " 

Q,t;11 Q,~11.1 t-L~Q,J!oWW~~ LU.I'tUlW L~.!1U.rJl ;:t[1rJ~ LQ,t LU;:~11 n~nQ,~~ lA.1 ;:t[1[!Ll'f1Y I't ~;:LI't11.1 ~ 
, '" 

t-~MLLlru ~nLt-t-~M~ 911.;:t [1t-L~ ~Q,~ ~ ~ l>rJG.lf Lt-L~ t-L~ ~Q,~ t-~f1f111 U Q,Q,tLU Q,~nDb~Dnt tLI.J LQ, 

t-L~ ~Q,~ ~\;1tgl.J LLln t n~~ \;11 t-~L~ ~nQ,~u ~1;: GLL!Ll1.ru D~ ~rJ G!f.Q,~ 1 t-t} 11. t-L lA. Gn 11 
'" I I I 

t-}t--t~t-L~Q,n~~\;11.lftt-~L~I't~t-L~Q,nLt-t-~MI.JL11-tf1 
" 

tLUI'tI1.' n~:::WQ,MHLUtWLI't;:~11t-LlA.GM.11 rJL~I1.UL~11. ~~lA.rJQ,nf1lA.;:W~I1~um' nQ,w~' :::GLL! I'=""l I" I'l f"' ;-I'li -f'5 l, " ~ 

• no" Q,~;:u.Q,~I1.~ rJl1.Q,~ 1JJt-t rum Gf.lft t-~ tLI.J LQ,t-Q,I!.L~1;: ~11 f1f111 UQ,Q,tl t-~ I'tGmu.u Q,1 ;:~11 [g,f1.J LLlt-~ 
, " 

rJLr LrJL ~11. tLI.J LQ,t-L~~ Q,~ ~\;1tgl.J LLln t nQ,~u ~1 ;:GLLlGl'ln~ ~11;:W rJG.lf rJlA. t~ lA.1;:t[1t-Q,l!.fU 11. t 

Ll1.ruDnlJmQ,~u~l;:GLLlwbu~ nJtlnIJ1 t-~nl!.tLU;:~11 tLI.JLQ, I'ttWI1.L~wQ,I.JLL!ntJ!otQ,~1 Lt-L~ 

f1f111[1!nLt-t-~MW~l1tLuntQ,~1 nJtlnIJ1 ~LU.I'tUgI!.Ll1;:~11 n,ttL!l-n~m~ n!f.1 ~~~Q,tAt-~M1Q,~1 
, " " 

~m t LI1HLUU L~WI1.1 L~~rJ~l U ~1 G~Lt-L~t LU t-Gnt n~~\;11~ t ~ ~t-~.!1U.rJl ;:t[1~t-L~Q,~ Llr.I'tUg 
, " 

W LrJM,flA.J!ottLU::: ~11 nLt-t-~M.flU,fhQ,tLUn t Ut}L~W ~t-L~ ~.lftnQ,~u ~1 ;:GLLlW b U~ 

L~fuJ:t-@'Jl.fu~L~rtLe.,l!l~~"Ltm~HtLe.,l!l ~. ~ 

LnlA.n. o 

~ 1A.1A.n. 
I'" 



2 

~~~'IJ'elthnJ1 ni~~LiI'lJe.J~l-J1~1m.h:;[;l-~-w1 (;h~~ ~ru~l-J1J~hJi~ 1~ 1 ~LL~~fiJ'J'l-J'l!1 ~ L;]1 l-J 11 'IJ 
'lJ 'lJ q 

0-

'el1~1J'1~l-J1n vh1~~!'lfOh1-n~1tJ1'IJn1J'1-nyJyh~'el~~~1~ 1'IJ'lJru:;L~mn'IJn~n!'ln'IJ~,)1l-J¥'el'IJ~1n 

11 1 tJ'IJ'el n'el1 ~1 J' 1 ~ ~1'IJL;]1l-J1111tJ1 'IJ'el1 ~1 J'1~-w'eltJ ~ ~~~1'IJ~,)1l-J¥'el'IJ~ ~1'IJL;]1l-J11~-w'eltJl111 ~ 
0-

'll,)tJ~ !'l11 1 J':; 1 'lJn1J'l11 ~,)1l-J LU'lJ1 ~n1J'el1 ~1J' 'IJ'el n~1 ni'hh:;[;l-~-W1 (;h~ n~ ~,)1l-J LL;j~ LLN LL~:; 
'lJ 

ml-J1ruL~l-J~'IJ~1n 10,200 LiI'IJ 19,644 GWh (;\'el;J ~~L-vltJ1J1~n1Jn1J'L~l-J~'lJL'il~tl1h:;l-J1ru¥'eltJ 
~:; 10 (;\'el;J ~1'el~!'lLiI'lJi!'l~,)'IJ 20-25% 'lJ'el~n1J'1-nyJ.yh1'IJ'Vln111~LM~~n~"1.I'el~uJ':;L'VlfllLL~:;~ 

q <II 

LL'IJ,) L -Wl-J~~~~'IJ~'eltJ1 ~~t!'IJ~~ ~,)J' 1 ~ ~,)1l-J~1 ~ 'lJ n1J~ n~ru:;'lJ'el~ n1J'1-n~~~~1'IJ1 'lJU1'IJ~n'el1 ~tJ 
l-J1n~'IJ L!'ltJ ~l-J ~~ LL(;\n1J''el'eln LL1J1Jt~~ ~,)1l-J~'el!'l ~~'el~i~ ~ ruJl1~irj [;l LL~:;n1J' 1-n~~~~1'IJL~~ 
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3.6'10 

13.5% 

~,.,n: World Resource Institute, 2000 
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'Emlu . 'lYlmilYil.l1fmt1Jt1JI~murueVil'l I"lru:;Yi~~~Il.lLL~:;rj~~ ~11J1'l'llILYlI"l tl.lt~~m~4'~m~Yi~~~Il.l 

~ln'lYlm~mYlI"l tl.lt~~Yi~:;"'ltl~Ln~IDl.ltJl 2546. 
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~\l1:J 'Ci 1 ~ L~I'll ~\I~1 f'll J'i'Wlu1onu J':;l'l -'VItJ 1 ~ 1\1 n f'll rI n n ~ 1 n1 J'~~ n LL'IJ'IJ LL'Ci:;~ ~1\1 U J':; l'l-
OJ OJ OJ 

'" I II I I I 

~~'W;'W~th\l L"l1'WUJ':;LYl Pll YltJ1 ~i'JJ'1 f'll~rI n ~ (91 ~\ll~~ltJ LL'Ci:;J''J (91 L~'J U'IJ~1 LU'W~\I~1 Lu'W~th\ltj\l~ 
OJ 
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1.h:;[;l-~tJ1 r;h'lU~.tlm.h:;~tJ (;)~~'l ,-n'W~'t on LU'Wtj~ (;)iJ (;)~')m rl1~i1~~U'W~i1 
'IJ •• 

. I '" I 

1.h:;~'Ylfiln~'t 'Wm~tl'Wrl,)1~1!l'W~'l ~:;i1n rlTVl ri!l'W;h'l~'l ~!l'l t-n L,)~1 't 'Wm~~ (;)~'l~m,)'W1'W 
'IJ " 

, 
U~lJf1iH; 1,3 ff~ri,)lJ~lJ'YllJfl1'j~i191'!J'j~91-'\1.ul~Vl iJ 2009 

.. q .. 

Production Wage 
20.00% 

Over Head 
0.50% 

Material & Supply 
75.00% 

fhn : TGSG Technical Service, 2009 

I "1 I I I 

~'W'Yl'W~~'l~!l tj [;l ~ ~'lJ LL~:;tj~ (;)~'WLtJ~!l'l~ Lnm.;]!l'l tl'lJ m~e.J~ [;l~'l LU'W~'W'Yl'W~~ n L'tl~tJtJ~:;~1 ru 
III \J III III III 

., " , 
75% "ll!l'l ~'W'Yl'W~'l~~ (;),j'WhJL~~ n 't on!lrh'l L~~tJ~:;~'YlfiIl1~ tJ'WLtl!l'l~1~ 1 ntJ~:;[;l-~tJ1 (;]1'lU~.tltJ 

• 'IJ 'IJ 

" , 
tJ~:;~tJ (;)~~'l'l1'W't 'WtJ~:;L'Yl filL 'YltJ,j'WtJ'l LU'W~ m~tru:;~'lvi1 vi1 't 'IX L~ tJ LfII'fttj~ (;) 't 'Wm~e.J~ [;l~'l t-n 

• 'IJ 

" , 
~'l~~ (;)~~1~1tJ~:;n!l'lJ LU'WtJ~:;[;l-~tJ1 (;]1'l 

'IJ 

" 
LfII'fttj [;l ~ ~'lJ L~~h,j'W~:;n~1tJ LU'W"lltJ :;~11'li1 '1!~1 
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" (;l~'fl ~1il'IJn'l ~"lJ'IJ~-:J ~~~:;~ ~ ~-:J'\.nJ'Wl'IJ Vi1L ~ ~'fl-:J Lon ~~N-:J1'IJ~1'IJ'J'IJ~1 n~1rJ ~~~:;~'fl-:J ~ij'IJ~~N-:J1'IJ 
, " , 

1J~'fl~ij ~'J1~-n1'IJ1 ru ~ Vht!'IJ~-:JIil:;Vi1-:J1'IJ~£J-:Jm neD1Jon'fl'IJ~~~:;iJn ru(;ll~ ., . 
1.1.3 "Li..,i-ll-ll1Ur.iTU'l'lUnn ~'J~~iJ~~1~'1J~~'fl-:J~-:J~1~~~:;ij~'J1~~'fl'l-ih~ 

~Vi1L ~ ~'lJYl'IJiJ~:;(;l-'VI,J1 ~1'l~'l ~'fl ~'lJYl'IJ~1'IJYi~'l'l1'IJ n'l~ LonYi~'l'l1'IJ~~'fln'l~~~ (;l Yi~'l'l1'IJ 
.. qJ CU q 

Yl1-:J ~1'IJn'l~~~'lJYl1-:J liJ1' ~'VI,J1'l1'IJ Yi~'l'l1'IJ~~'fl n'l ~"lJ'IJ~'l ~~~:;~'lJ1 ~ij'IJ~'IJ 1il:;~'fl'lLon ~'lJVJ'IJ~1'IJ 
'" ...i .1 ".,,, " '" ... 'i''' J' '" 

Yi~'l-:J1'IJ~'U~rJu~:;~1 ru 4.5% "lJ'fl-:J (;l'IJYl'IJ~'J~ .'IJ'fl'IJ1 ~ (;l (;l'IJYl'IJ~1'IJYi~'l'l1'IJ~ ~~'IJ'J .'IJ~Iil:;~'l"1J'IJ'fl'IJ 
• • 'lJ 

.4 "" J,I.... .J J' I.... ~~ 
~ 'IJ'fl'l ~ 11il1 n ~'J 1~ (;l'fl'l n'l ~~1'IJYi ~'l'l1'IJ"1J 'fl'l t~ n Yl~'l"1J'IJ~~~:; ~~ 'VI~'lYi ~'l'l1'IJfi~n"ll1 (;l ~~~'111 ~ ~~~~'IJ 

'lJ 

" II I I 

~-:Jt!'IJ n'l~~ ~i'IJ(;l'fl'IJL 'lJn'l ~~~'lJYl1-:J liJ1' ~"1J'lJ1 ~-rl'fl'l ~iJ ~~'VI,J1'l1'IJ n'l~~ ~n'l~"1J'IJ~'l~llJ~1 ~ij'IJ 

n'ln~~iJ~:;~YlfiJl1'r~L 'lJn'l ~~~ (;l~tN'l1'IJ~'JrJ"lJ'lJ1 ~iJ~:;(;l-'VI,J1 ~1'l~1 (;l~~1'IJ Iil:;Vi1L ~ ~'lJYl'IJn'l~ 
'lJ ~ • 

1.1.4 Fh"Li~1!J~U 1 ~'J ~~iJ~£J'flrJ~ij~~~'fl~'lJVJ'lJn'l~~~ (;l ~-rl'IJ 1"11~~rJ'IJ~~1J1J 

n'l~~~(;l 1"11 ~~'fl~"1J'fl'l ~~1'fl'l~m 1"11 ~'flmnrJ ~'lJn 1"11~1J~'fl ~ij'IJ~'IJ ~ij'IJ~'lJYl'IJL'U~rJ'fl£J~ 0.5% 
'lJ • 'lJ 

" , 
"ll'fl'l ~'lJYl'IJvl'l'VI~ ~ iJ~:;(;l-'VI,J1~1-:J~1 (;l~~1'IJ Iil:;Vi1L m~e.J~n'l~e.J~ (;l~ijiJ~:;~YlfiJl1Yi~'l ~'l e.J~ L ~ 

q cu cd cu 

% 

80 

60 

40 

20 

o 

~.d" ~ ... 1 " , ~I 
tI~'lJfllJ'YI 1.4 ~'U'YI'Uml~M1ul~~-'\1'U1~1-:J u 2009 .. . .. 

Material & Supply Production Wage Energy Over Head 
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ifiOliOlu'Wn1~1-nl.h:::~-~\i1[1h-:J'hJirJlh:::~~C;]Yii\l\l1'W~1~1lJmr11~~'tltJm~rJl'W ." " 
II I I II 

tJ~:::L'VlIi\L'VlrJ,r'W~\I~'tl~1'tl~1 'WLnruevl~ ~'tl'WejJ1\1 ~1~1 n m~';j~rJ~ ~\ln LL'W'J ~c;] "~c;]vhtJ~:::~-

~\i1 ~1\1~1~~~1'W~1~1lJtJ~:::L'VlIi\L'VlrJ" mh'J ~'tl n~1r11~hl~\I Ln'WLtJ ntJ~:::~'VlfiJ11Yil'Wm~ 
~ " 

, " 0-

tJ~:::~~ C;]Yii\l\l1'WL~~1 ~~~1'W~1 n~ n"ll'W1 c;]~ LiI'W~1 ~~~1'W ni'W~'tl'Wm~tJ~:::n'tllJ ~ c;] ~\I~1mL~::: 

~'J c;] L~'J L~'tll \\' r1'WL 'VlrJL~nL'tlm~1-ntJ~:::~-~\i1 ~1\1tJ~:::~'VlfiJ11Yi~\ll 'Wm~tJ~:::~~ c;]Yii\l\l1'W LiI'W 
" " 

~\ln ~'J LLtJ~~i n ~'tl m~l-nrj ~tl ~lJtJ~:::LJ1'Vl m:::iOl nth JirJtJ~:::~~ C;]Yii\l\l1'WLL~:::LyJ~~m~1 m~ • 

tJ~:::~'VlfiJ11Yi~\I~c;]lm~~1n~\I 90% ~'WLtJ ~C;]~1'W'J'WLLN\l1'W~'1!LtJ',h L~~tJ~:::~'VlfiJ11Yil'Wm~ 
'J' " 

e.J~ ~ LL~:::~ c;] ~1Yii\l\l1'Wl 'Wn ~:::lJ'J'Wm ~e.J~ ~ LL~:::m~"lI'W~\I ~ c;] L'J~11 'Wm~~\I'l!'tl LL~:::~ c;] ~\ltJ~:::~-
" 

~\i1~1\1~1~1lJ~1lJL~~1~1'tl L~1"l1'tl\lmr11~~'tl~'tl1 ~rJl \\'~\I L~~'tl 6-7 rj'W LL~:::~ C;]Yii\l\l1'Wr1'J1~ 
¥'tl'WeJ1'WLejJ1~1J11rJl'Wmr11~lm~~\I~C;]L~mJL'Vh~1'tl~n~1~1~~ti'1'W"lI'tl\l~~1~'tlL~1m NFRC 

I\J " d.i dol 

~1'tl ENERGY STAR 

, " , 
r1 ruJ11Yim ~~~1 \\'rilJ r1'WL 'VlrJ ~\I,r'W~\ln r1'J1~~1 dJ'W~iOl:::~'tl\l e.Ji n ~'WtJ~:::~-~\i1 ~1\1~1 ~~~1'W . " ~ 

~1~1lJtJ~:::L'VlIi\L 'VlrJl \\' Ln C;]~'W L~'tll \\'mm1'Ln r1'Vl1Yim n ~"lI'tl\l L~ n LiI'WLtJ'tltJ1\1~\lU'W 

, " 
1 .2.2 L Yl'tl~ C;]~:::rJ:::L'J~11 'Wm~tJ~:::n'tllJ ~ c;] ~\ltJ~:::~-~\i1 ~1\1U~ JirJtJ~:::~~ c;]Yii\l\l1'W 

" 
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'\..rW1l'11~ uPVC LL~:;nJ':;lilnUJ'JitJ1.h:;~~~ll'j~~~T\J L.jh~1vhmJ'ri1W\Jt'l'il'\..l1t'l~Lm..n:;~~~vhL~ 

mJ' H't) [;lrl ~iJ nJ':;1il mL~:;LvlJ'~m~L ~i'1uJ':;~'VIfi1l1Yi~1 n n~1 90% ~ t'l~1'\..l,)'\..lLLJ'~~1'\..l'tlij'tlLL~:; , 

~t'lmJ'H'Yi~~~1'\..lL'\..lmJ'e.J~[;lLL~:;'iI'\..l~~ L~'el~t'l~'\..l'VI'\..lmJ'e.J~[;l~~L~~1nn~1 30% LL~:;~'el~i'1 , 
J,I II I II 

i'\..l[;l'el'\..lLL~:;';jfimJ'~t'l~~~~1mL~:;J'')t'lL~,) hJLn'\..l 7 t)'\..lVh mJ' Lt'ltJi'1'i1'eliJL'iI [;lmJ'';j4'tJ ~~l'1'el LU'il 

U1'\..lL~tJ') LL~:;Ii1'el'\..l Lt'l~ LtitJ~ L '\..lUJ':;L'VI filL'VItJ 

1.3.2 UJ':;~-wl~hl'11~ iJ1'\..l~t'l[;l1tJ iJ1'\..lL~'el'\..l LL~:;iJ1'\..lLtlt'l 

1.3. 3 hh,)~J':;iJiJ curtain wall J':;iJiJ fix point LL~:;J':;iJiJ sky light 
0-

1.3.4 i'1\n~~nl'1'eliJ1'\..lhJLn'\..l 1 00 nt~nf~ 

1.3.5 m:;lilnUJ'JitJUJ':;~~t'lYi~~~1'\..l1i1,)1~~'\..l1J',)~ 24 ~~ . uJ':;n'eliJ~')tJ m:;liln~'\..l1 

6~~ . "ll'el~~1~mmfiln~1~ 12 ~~ . LL~:;m:;lilnUJ'JitJ~1~L'\..l[;l~'\..l1 6 ~~ . i'1rh SC </= 0.35 ~1 

LIT >/= 40%~1 U-Value </= 0.18 W/M2. ok ~1 VRout </= 20 % LL~:; UV transmittance 

</= 1% 

1.3.6 LvlJ'~LtI'\..l UPVC ~~1~1J'rlJ''el~fiJnJ':;liln~Ii1,)1~~'\..l1 24 ~~ .L~ 

1.3. 7 UJ':;~ -~U1l'11~ ~1'\..l,)ruJl1tJL~LLN~~hJLn'\..l ~1'elL'VhniJ 1.20 kPa ~1'el 120 

nt~nf~l'1'el[;l1J'1~L~[;lJ' 

I II " I 

L tl'el~1il1 n mJ'';j4'tJL '\..lli1f~'ilLtI'\..lmJ'~ h~UJ':;~-~U1l'11~ L ~i'1'i1'\..l1 t'l~ LtI'\..l~1 [;lJ'~1'\..l LL~:;i'1 

Ii1ru~~iJ'1iL'\..lmJ'UJ':;~~t'lYi~~~1'\..lL~LtI'\..l~1[;lJ'~1'\..l~1n~ mJ'L~n~~~,)'elth~~~m~t1i'1-if'el4't'lnt'l 
, d.8' 

0-

L '\..lmJ'';j4'tJ ~~'il~'el 

S.I I ~ '" J' 0 ~~ I .e. ~ 11 I 

1.4.1 UJ':;[;l-~'\..l1[;l1~'VIM1~'iI'\..lIil:;'VI1mJ''VIt'l~'eliJ bt'l b~Ln'\..l1 0 Ii1N UJ':;[;l-~'\..l1[;l1~1il:; 
~ ~ 

" , 
L~tJ~1tJIil1 n mJ'1'elrl'el'\..lLL~:;hJ'fltJL '\..l~1l1Yi~L-n~1'\..lL~ l'1'el LU 

~ 

1.4.2 -if'el~1nt'lmIi11mnn~mt1 (U1'\..lL~tJ')) ~H'm:;liln~'\..l1 24 ~~. LL~:;LvlJ'~ UPVC 

i'111 mIi11mJ'ru~n~1~ri'el~~1~L~~1il1l1tJL'\..ltJ 2551 
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0-

~,r1j;j1.:J \UJ'ltJ~'1 "1l'el'l'Vl'l'l~'lm'Vl'fl1mPl LL~:::f'1JLL~'1~~'l'l 'W'eln'"l'lntltJ'I1"'fOI'J'l~¥~n 
'" 

~,J'l~'l'l3 UPVC LL~:::m':::'"ln'tl'W'J'WfOI'J'l~¥'el'W~'W'l 24 ~~. L~ltIn 3 ~m~tru:::Fi'el ~,J'l~'l'l'1J'l'WLtJ!11 

L~m ~,J'l ~'l'l'1J'l'WLtJ!11 ~ LL~:::~,J'l ~'l'l'1J'l'WL~'el'W~~~'1J 
" '" 

LL~:::f'lruJl'l'rj L!11tJ~ f'l ru~~Uii~'l (;lJ'J'l'W'"l:::rX'el'ln ~'l m nh:::~tJ !11'rj~'1'1'l'WLVltJ'1J L'Vh~1'el ~ n~'l 

~'l(;lJ'~'l'W~~f~'elL~1-m NFRC ~1'el ENERGY STAR LL~:::rX'el'lnfOlCWl'l'rj~'WIlhe.J~(;lfl'ltJ1rX 
~ ~ . 

~'l(;lJ'J'l'W AS220S, IGCC LL~::: ISOrrS16949 BY RWTUV 

I " I" 

n~~~n;h.n!ltJ~~i~'Wi.IJ·:I1'U ~~'ltJ~'1 m':::'"lnVln'Wf'l~fOI'J'l~¥'el'Wl1'1f01~'Wi'WLL~::: 

fOI~'WtJ1'J't~~ L!11tJn~'li~1h:::~'Vli"mJ',r'lL'I'l(Shading Coefficience)hlLn'W 0.35 n~'lLL~'1~'l'W 

't~~~'ln~'l 40% ~!11f'l~ UV 't~~'lnn~'l 99% n~'lmJ'tl'lfOl'J'l~¥'el'W (Summer U-Value) 't~Ln'W 

1.S tj (;l[;] ~'el(;l'lJ''l'l L~(;lJ'~'eli'J L~'1 LL~:::L~'elm':::'"lmL(;ln~'JtJ~'l L~(;l1!11n (;l'l~ '"l:::rX'el'l't~Yh~'W(;lntJ ~'el • 

~'W'l 6 ~~ . "1l'el'l~'l'l'el'lmPln~'l'l 12 ~~ . '1JJ'J', Argon Gas 90 % LL~:::nJ':::'"lnfl'ltJ1'W'el'lfOl'lJ'LtI'W 

m':::'"ln'h.ntJ~'lijL'W(;l fOI'J'l~~'W'lJ''J~ 6 ~~. 

Unplasticized Poly Vinyl Chloride ~ij~'J'Ue.J\UJ"1I'tl'l PVC LtI'U~~n 70-85% UPVC n~mtru::: 

3 ..... ""II.J I '" 

~1J1'W1 YN1ffi1 . L'lltJ'W LLlJ lJ1J1.:J n'flM1'l , 2532 
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Stabilizer b~'flL~Ylt.l(;]'flt'~~ UV ~~'Jt.lt:.J~~"lI'fl~ Titanium Dioxide b~'flb~~1"1'J1~bb;~bbNbb~::: 

il'fl~rit.l-n~b~(;l LI"1N~~1~'\.n~h~"'''lI'fl~b~t.l UPVC btlt.l~n~ru::: Multi-Chamber il'fl~rit.lI"1'J1~~'flt.l 
, " ., 

rit.lb~t1~~1J mt.l'"l1 nJl1t1t.l'fln bb~:::rit.lmt''J;~''lI'fl~'Il1 bb~ :::'fl1 m fIl1~~4 ~1~1~Cl ~ ",~~ri1Jn~:::'"ln 

~t.l1 24 ~~. L"'t1hj~m~~"'mJ~~ 

, ", 
'ni'{I·:nu ~~1t1 ~~ 'Yi~~~1t.l1 ~.'Yhl1H1 t.lm ~t:.J~ (;l 'Yi~~~1t.lb~'fl b'Yi~~l1HiL t.lm ~"lIt.l~~ bb~::: 

b~t.lYl1~ bb~:::'Yi~~~1t.l1 ~Yh~L-iiL t.lm~Vi11"1'J1~ bUt.l'fl11"11~ 

~1 (;l~J1t.l ri1Jtl~:::l!]~,J1 (;]1~~hjL-n~1 (;l~J1t.l '"l1n~t.l'll1tl~:::l!]-~,J1 (;]1~~1 (;l~J1t.l~1~Vi1m~ 
II I I I .... 

'fl'fln bb1J1JL ~~1t1 (;]'fl m~~'" ~~ b Yl'flL ~n~~ ~'J'fltJ 1~ b-nt.l1J I"1~Yl'J 1tl bb~:::-n1~Yl'J 1tlvhm ~Yl "'~'fl~ ~ '" ~~ , , 
" , , 

bb~:::Vi1m~r.r1J b'J~1L t.lm~~ "'~~ bb~'J'Il1-if'fl~~l11~~1';) bl"1n:::lfbb~:::Mtl bbt.l'JYl1~l1 b~~1:::~~ (;]'fl1tl 
~ , 

" " ntl~:::b~t1 ",-nt.l(;l'flt.lm~~1 btjt.l~1t.lL t.lm ~';)r.rtl ~ ~~ (;]'fl1tlti 

4 1m~ ~~tJm , mj'~mj'~r.r~m j' u1';Yl LYltJ~LlJl'flHi1.JLlJl'flfLtJitJ ~ln~ . ~~mMnr, ~ln~ 25 'V'l'lf'1~mutJ 

2551 . 
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n'l~~mn"'l::.zh.l~~1"'l1nVI'W'l~~ 'l1'W';)~tJ~L~tJ'J;r~'l UYl~'J1~1'W'J1~'Zl1~ 

~'l~YhJ.,{ ~~~L~nYl~~-Un~ (;h'l1 ~ L~m-if~'l~'l~ij~~1 'Wlh::LYl fIlLL~::(;]1'llh::LYl fIl ~'J~~'l"'l1n 
~ , ~ 

lh::'Zl'Yl n'l~ru1(91tJ (;]N L(91tJ n'l~~'W~~1oJ'W"'l::v11 ~'Juri1tjnu n'l~Yl (91~~'l"'l'Wn ~::i'l L'Zl~"'l~'Wn'l~';)~tJ 
'IJ 

, , ~ 

L(91tJ"'l::v11n'l~~ m~nYl ~~~ LL~::LL'W'J ~ (91 (;]1'l1 Vi LntJ'J-if~'l nU'l1'W';)~tJ ~'l (;]~ hJu 
1.6.1.1 .1 lh::LllYl~~'l-rl~'lLtJ(91 U~::(;]-~,J1(;]1'l 

'IJ 

, 
1.6.1.1.2 ~'W1(91ViL~~1::'Zl3-.J(;]~'Zl·h::~~'l~'WLYlmL~::n'l~H'l1'W 

1.6.1.1.3 "jj-U(91LL~::~'W1(913-.J1(;]~~1'W~~'lm::"'ln~L~3-.J1::'Zl~(;]~U~::LYlfll 

LYltJ 

1.6.1.1 .4 "jj-U(91LL~::~'W1 (913-.J1 (;]~~1'W~~'l Lvh~~ L~3-.J1::'Zl3-.J(;]~U~::LYl fIl 

1.6.1.1.5 

1.6.1.1.6 

1.6.1.1.7 

1.6.1.1.8 

.;s 

~ 

';)fin'l~u~::n~u LL~::~ (91 r;l'l 

(;]~1(91LLN'l1'W LL~::(;]~1(91~~tJm~tJ 
'IJ 

I "I" 
U~::LYlfllLYltJ LYi~~ (91 ~'WYl'Wn'l~e.J~(;] ~ (91L'J~1n'l~~ (91 r;l'l LL~::U~~i'JLU'Zl1~1~tl ~(91r;l'lL~\~'l ~'JtJ . , 

~ 

~'J3-.Ji'lLtl'Wn'l~'Zl~U-Um3-.J~1~1n(91m1~(;]1'l1 

... ... ov 
1.6.2 n1'iLf;l'i!l~n1'i'J"'!1 
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~ ~ 

~klhmLL~:;1~-nrj~"''tlth--lL~~,j1:;~'Vlfill1'Vi '"l1mrkln~1L\jkln11'Vl"'~'tl--ln11~"'~--l l:"'tl~1L\jkln11 , 
~ ~ ~ 
IV IV Q,lq 

(;l1~'YlklIWtlkl 3 'Ylkl(;l'tlkl "'--lkl 

• ~nM1,j1:;LJWI'Yl'tl--lm:;'"ln,j1:;~rj"'Yli--l--l1kl 

• ~nM1,j1:;LfI'Vl'Yl'tl--lLYh~~HLL~:;,j1:;~rj"'Yli--l--l1kl 

• ~nM1LLkl,)~"'(;]1--l11~kln11n1~kl"''Ylkl1'''~1(;l1~1kl 

• ~nM1~11,)'"l1:;lJlJLL~:;'Ylkl1",,j1:;(;l-~':h(;]1--l ~1~~lJU1kl~n 
" 

'" I" I 

i'kl(;l'tlklYl 2 i'kl(;l'tlkln11~ '" L~'tln n ~~ ~')'tlth--l mru.~ nM1Yl1-nt kln11~4'tl , 
I " '" I I 

• ,j1:;'l!1n1Yl1-nt kln11~4'tl ~~--lil~'tl 'tl1~11U1klL~mYlri'tl~~1--l 

1kltl25511klL'Yl(;lnNL'VlYl~~1kl~nL~:;m~ru.,,~ , 

'" I II I 

• n~~~')'tltJ1--l~"'~--lm:;'"ln YlLtlkl-rl1--l~"'~--lm:;'"ln 'tl~i'j,r~ , " 
~ , 

-rl1--l~"'~--lm:;'"ln UPVC -rl1--lri'tl~h--lvi,)L,j LL~:;'l.J~~~~')1,j 

" I" I 

i'kl(;l'tlklYl 3 i'kl(;l'tlkln11~h--l,j1:;(;l-~':h (;]1--l~1 (;l1~1kl LL~:;~,r--l~1~'tl--lYl1-nt kl 
" ... 

" I I " " 

n11'Vl"'~'tl--l~"'~--l LYl'tl~h--l,j1:;(;l-WW1(;]1--l~1(;l1~1klYl~"'~--l1~~1tl HL,)~1-W'tltl1kln11~"'~--l " ... 
, " 

'l.J~ ~~vi') L,j~ 1~11tl ~ '" ~--lL~ L'tl--l l:"'tlhJ rX'tl--l'tl1 ~tl-rl1--l L'UYl1:;~1kl 

1.6.3 

~ 

~fin111,)lJ1')~-if'tl~~ ~--l (;]'tlL,jil 
" 

Yli--l--l1klfiJru1l1Yl~--l ~,)1~~kl1m:;'"ln 24 ~~. LL~:;,)--lnlJm'tllJlJ1kl,j1:;LfI'Vl UPVC 1kltl 2551 1kl 

L'Yl (;lnN L'VlYl~~1kl~1LL~:;m~ ru.,,~ , 
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LL1J1JLn'l 

1.6.3.3 ~n~'l J',)1JJ',)~ LL~:;~I?lL~'elnMUlh:;[;l-".nJ'l~hn.h:;UlYl~h\l1Iinn 
• 'lJ 

, ~ 

m ~nmnn~ n~ LL~:;vh n'lJ'uf1J'1l'W'l ~ 1lli~'1l'W'l ~~ dJ'W~'l [;lJ'3'l'WLL~dj~'l~-wn ~'el1J'l'WhJ Ln'W 

70 fiL~nf~ 

~ 

1.6.3.4 ~n~'lLL~:;J',)1JJ',)~ ~iJ'eln'lJ'UJ':;n'el1JLL~:;~~[;j'\luJ':;~-mJ'l~'l\l 1'WlU 
, ~ 

'1l'el\lL'eln~'lJ' LL~:; ~~L'el ~L;r'l1'"l~'ltJ'"l'lm1\l1'WLL~:;~'l\lUJ':;LYlfl1 

1.6.4 

1i1,)'l~~~~'WfiLL~:;Ii1,)'l~ L~~'l:;~~'1l'el\l [;j'') LLUJ'~'l\l1 ~ 'l~ e.J~ ~'el ~'WVJ'Wn'lJ'e.J~ [;l LL~:;L,) ~'l1 'Wn'lJ' 

uJ':;n'el1J~ ~ ~\luJ':;[;l-~ih ~'l\l L~tJH'~ n~';j Lliln :;~1 'Wn'l nmtJ1J L~tJ1J 1i1,)'l~~~~'Wfi'1l'el\l;r'el~~~'l 
'lJ 'lJ 

~ 

1 'Wn'lJ'UJ':;Lij'We.J~ n'lJ'';jr.rtJ'"ldh~'W~ bn t'W'tl n'lJ'UJ':;Lij'We.J~ 1 'W~h'W~'l\l1 ~\l ~'ellutl 

I I I II 

~'lIi1,)'l~ 1i1~ 'l ~ bli1~'el'W'1l'el\l e.J~ ~Yifi~'eltJ~~ ~ L Yi'elIi1,)'l~ ~ n ~'el\l1 'Wn'l J'~'l;r'el~~-w'Wluvh n'lJ'~'l'W,) t'W 
• 'lJ 'lJ 
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" , ...... ... 'I s,..?1 • I '" 'I ... 
1.6 .6.3 L~'W'flLL'W:;Y11'1L~'fln"r1LVI,..n:;~lJLYl'fl ~"llLu'Wun'1J1 ~'Wn1~'fl'flnLL1JULYl'fl 

H'nu'I 1 'W'fl1 fOI1~"'l1'1 Hl'fl th 'I ~ n ~'fl'l LL~:;LVllJ1:;~lJ 

, " 

1.7 .1 ~1lJ1~tlY1~1U~'1e.J~ LmUULVlUU~1 fOI1tJ~:;[;1-WW1 ~1'1lJ1 [;1~ti1'W Vl~ c;1~'1 L'tl~Ul~Vl 
qJ .. 

32.37% 

1.7.2 ~c;1~:;U:;L'J~11'Wn1~~c;1~'1L'tl~U"'l1n 43 1''WLU'W 6 .751''W 

, '" 
1.7.3 LLnift1!Vl1LL~'1'11'WVlhlLYimYl'fl1'Wn1~~c;1~'1tJ~:;~-Vlih~1'1 ~'JmY1f01tlfOl DIY 

1.7.4 L~'fl H1.'Wn1~tJ~:;un ~'fl'fln LLuuH''11'WnU'fl1 fOI1~~'flU'fl1 fiiu 
• qJ 

1.7.5 ~c;1n1~tJ~'flUrl1"ll CO2 

1.7 .6 ~1lJ1~tl fOI'JUfOllJfOIruJl1Yl"1l'fl'ltJ~:;[;1-Vl~1~1'11~~ 
• • qJ 



.., 
'U'VI'VI 2 

LL'W,) ~ r;) LL~:;'Vl ~~lj L~£J');r'el~ nlJm ~~~l~lh:;~-'WWl [;\l~ ~lln~~TW L~'el m ~~ r;) 

~'W'Vl'Wm~~~ InU~:;In-~tJl~ [;\l~tj~ Ji£JU~:;~~ r;)~~~~1'W ~~d~')~~~ ~ r;) L,)~lL 'Wm~u~:;n'ellJLL~:; 
q 'lJ 

~ , 
~r;)~~ ~r;)LPlm~ r;)ri'el~~l~ hJ~~l~~~~~[;\'el~~ LL,) r;)~'el~ ~I?l~h H'r.h£JL'Wm~.yh r1,)1~ Ltj'W1ll£JL 'W 

q 

~ , 
'ell r1lnL~:;1~ on LL~~~~l~'"ll nfiJ'~~"l!l ~ ~ m~~ r;) ~~~vll Hi'4l£J UJ':;L'Vl Pll 'Vl£J'"l:;1~u~:;In-~tJl [;\l~ 

'lJ 

LUr;) 1~tJ'el£J ~~ LtI'WLL'W,)'Vll~~~~~~l~l~C1UJ':;~~ r;)~ ~~~l'W~L-nt 'Wm~vll r1,)1~ Ltj'WL "'nlJ'ell r1l~1~ 

L 'Wu~:; L'Vl Pll 'Vl£J~~ hJ~ m ~~ n~ LL~:;~ h~u~:; In-~tJ 1 [;\ l~ ~11n ~~l'W~~u~:;~'Vlfilll~ ~~'elth~'"l1~4'~ 
'lJ a 'lJ 

~ 

LL~:;~~ m~~ I?l L,)~lL 'Wm~~ I?l ~~U~:;In-~tJl [;\l~~l~flJ 
'lJ 

"lJ'Wlr;)U~:;~-~tJl[;\l~~H'n'WL'WU'"l',r'W ~~hJ~"1l'Wll?l~lln~~l'WL"'L~'elnL-n1~'WVf'el~In~lr;) LtI'W 

~n~ru:;m~i~~~1n ~"lJ'Wlr;)~~~ln~~l£Jlnl~~'el'elmLlJlJLL~:;l'n~"lJ'Wlr;)~~tJl~l'W ~~~~L"'~'el~ 
'lJ 

~ ru L~£Jrr In C1 ~lJ~~ n L 'Wm~~~ 1nf'i'el'W';h~~~ L '" ~~ ~~ In~ ~l H' LLN~l'W1JiJ'el~l'W,)'W~l n H'~~~~1'W 
qJ ... ~ 'IJ 

LtI'W~l'W,)'W~l n L 'Wm~~~ In LL~:;mJ'"lJ'W~~ H' L,)~lL 'Wm ~~~ 1n~£J1,)'Wl'W ~'WLtI'W~l L~In"lJ'el~ ~'W'Vl'W 
q q 

"lJ'Wl r;)~ LtI'W~lln~~l'W ~,)£J m~'Ill"lJ'Wl r;)U~:;In-~tJl [;\1~"l!tjr;)[;\1~1 '"ll nUl'WL~£J')n~ru~n~l~l'W,)'W a 'lJ 

11 ~~~~ri'el~~l~L~~'"lL'Wil 2551 vllm~~r;)L~'elmULLlJlJ~LtI'W~tj£J~H'n'W~ln ~lUflJ"lJ'WlI?lL'" 
'lJ 

n~:;'"lntj~Ji£JU~:;~~r;)~~~~~l'WLL~:;LyJ~lJ UPVC tr;)£J~f'ilm~U~:;~~r;)~~~~1'W[;\1~1 L"ll'W f'il~~ 

u~:;~'VlfimJ',r~L~l (Shading Coefficience) "lJ'el~m:;'"ln '"l:;~'el~tJ'el£Jn~1~1'elLYhnlJ 0.35 f'ilLL~~ 
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I '" 1.dI I CV I 0 11 
c.J1'Wm:::liln (Visible Light Transmittance) 1il:::(Wfl\ll-Jlnn'J1'I·WeJL'VnmJ 40% ~nn'l1'W1~'J1l-J1'fl'W 

I i.I '" I 4 I cv cv trl i.J 
c.J1'Wm:::liln (U-Value) 1il:::(;1'fl\l'W'flfJn'JIV11'flL'Vnn1J 1.8 'J(;1(;1(;1'fl(;1111\1Ll-J(;11 n'l1MI\1l-J1(;11~1'W 

" 
lJJ':::(;1-VltJl ~I\1,J'W 1.~ LYim LL~Iil:::~Il-JlnlVi 11 ~~ ~ ~'W'Vl'W1JJ':::(;1-VltJl ~I\1i'h JlmJJ':::Vlu ~Yii\l\lI'W 

~ . ~ 

" LL~:::~ ~ L'J~11 'Wn'lnJ1:::n'fl1J ~~ ~\lU1:::(;1-VltJl ~1\1 
~ 

70% LL~:::n1:::tJ:::L'J~11'Wn'l1U1:::n'fl1J~~~\I'WI'WL'Yl~tJti\l 43.82 r3''W~'fl'fl1~11~'J'flrJl\1mru~mn 
~1 LVI(;1V1i n1 ~ViI1~~'W'VJ'Wn'l1c.J~ (;1~\lLL~:::~'fl\lH L'J~I~m'J'W1'W1 'Wn'l1~~~\1 ~'fl "1J'W1 ~-rl'fl\l LU~~ 
hJ1.~l-J1(;11f/1'W Ln~lilln 3 ~ILVI(;1V1in~'fl 

dJl • 

" 
• i'W(;1'fl'Wn'l1'fl'flnLL1J1J 

'" I I I 

1:::~1J hJ1.~'Yl1 n ~\I c.J~ 1 ~ ~~ ~ ~\I m:::1il n"1J1 ~ ~'JIl-J~'W 11ilYllil :::~\I c.J~ (;1U1:::(;1-VltJl ~1\1 ~'J\lVltJl (;11l-J 
~ ~ 

, ", 
LL1J1JYl~ muiln 1.~'fl'fl n LL1J1JH ~~ ~ ~\I m:::liln L~'flnYlIil:::1'fl1 ~-rl'fl\l LU ~ L~~1il iStJ1J~'fltJri'fl'W LL~'J~\lViI 

~ 

" , , 
n'l1r3' ~"1J'W1 ~-rl'fl\l LU ~'Vl n-rl'fl\l lOll n,JwiViI n'l1~\1 c.J~ (;1U1::: (;1-VltJl ~1\1 (;11 l-J "1J 'WI ~-rl'fl\l LU ~Ylr3' ~"1J'W1 ~ . ~ 

1il1-\llillnVltJl\11'Wri'fl~~I\1 ;\1 1:::tJ:::L 'J~11 'Wn'l1r3' ~"1J'W1 ~-rl'fl\l LU ~ n'l1L(;1~tJl-Jr3' (;1 Cl ~1J (;1~'fl ~1il'Wti\l • 
" " 

1:::tJ:::L 'J ~11 'Wn'l1c.J~ (;11 'W L1\I\lI'WYi~'fll-J ~ ~ ~\I H L'J ~1'WI'WLtI'WL~'fl'W n'l1~ ~ ~\I ~'fl1JI'W~'fl\l H L 'J~1 

l-JlnL'Yl~tJ~ 1-2 -r'J Ll-J\I ~'fl1JI'W~'Wri1J~'JIl-J iStJ1J~'fltJ"1J'fl\l-rl'fl\l LU~LL~:::U1:::~Yin'l1ru"1J'fl\l-rlI\1 ~~~\I 

LYi11:::-rl1\1 tJ~'fl LL1\I\l1'W~'fl\lnU1:::~Yi n'l1ru~\l1 'Wn'l1U¥1J1:::tJ:::~I\11"1J'fl\l-rl'fl\l LU ~ 1 m~1:::~1J ri'fl'WViI 
tI I SI iJ I !I 

n'l1~~~\1 ~\li'W(;1'fl'W~~'fl\lHL'J~1 ~'fl'W-ifI\1l-Jln VII n-rl'fl\l LU~ hJ1.~1:::~1J U1:::(;1-VltJl~I\1Yl~~ ~\l1.u 
~ 

• 
~nlil:::LU~tJ'WLLU~\I LL1J1J "1J'W1 ~ LL~:::~I'W'J'W-rl'fl\l LU~ ~\I LL~ ~l-Jri'fl~~I\1'fl1 ~11 lil'Wm:::~\I ~'J'fl1 ~11 
ri'fl~~I\1 L~~IilYi~'fll-J~\ll-J'fl1J\lI'W L~I"1J'fl\l'fl1 ~11nU\I ~'fl\l n'l1LU~tJ'WLLU~\I 
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- 'l..l1'ULtI",j1.:1 (Casement) 'VI~1t1ti'l th:;(;l 'VI1'el 'VI~1~1'1 ~LU'UtJ1'ULU~;]1'l 
'lJ 

LLtJ'l'el'eln LU'U tJ1'ULU ~'el'eln'U'el n LL~:;tJ1'ULU ~ L;]1L'U iJi'lth':;Lll'VltJ1'ULU ~ 

L~tI'J tJ1'ULU ~ 1"1 LL~ :;tJ1'UL~t1~ LU'U~'U tJ1'ULU ~;]1'lIil:;iJ rm.lfl~~L 'UmJ'n'U 
'lJ • 

m J'#'J~~"1l'el'l~ 1 LL~:;m m fIlHl~ n~ 1 tJ 1 'UL~'el'U LVi J'1 :;J':;tJtJtJ1'ULU ~ L~'elU ~ ~'l 

lil:;fl1~1J'(1U ~ HlflilYl n~1 LL~:;~'lfl1~1J'm:;tJ1t1m m fIl1~~n~1tJ1'UL~'el'U~ 

- 'l..l1'Un'l::v1.:1 (Awning) 'VI~1t1ti'l tJ1'ULU~'el'eln~1'UtJ'U ~nlil:;HntJ'VI~1~1'l • 
~'el'l~1 'VI1'el'VI~1 ~1'l~hJiJYl1'l L~'U~1'U LViJ'1:;1il:;1~hJfi ~"1l'J1'lYl1'l L~'U 

I I II I I 

L~t1""'J ttJiJmJ'~'J~~"1l'el'l"IJ1 LL~:;'el1 m fIlVlI"1'el'U;]1'l ~1~1 n LL~:;fl1~1J'(1J':;tJ1t1 
'" I I I 

mm fIl1~ L~~Yi'UVl Lij'el LVltltJ ntJtJ1'UL~'el'U~'JtI L'VI (;l ~~ L-ri'UL~tl'JntJtJ1'ULU ~;]1'l 

I I " I I 

~ nlil:; HntJ'VI~1 ~1'l L~t1""'J ttJiJ mJ'~'J~~"1l'el'l"IJ1 LL~:;m m fIlVlI"1'el'U.;r1'l ~1~1 n 
" I I I 

111", .::51 q..ell.c:.l cv ..c:II 11 

LL~:;fl1~1J'(1J':;tJ1t1'el1 m fIl ~ L(;l~Vi'UYl L~'el L YltltJ ntJtJ1'UL~'el'U~'JtI LVI (;l ~~ 

L-ri'UL~tI'J ntJtJ1'ULU ~;]1'l LL~ :;tJ1 'Un J':;Vl'l • 

th':; LJlYltJ1'UL~'el'UL~ tI 'J tJ 1 'U L~'el'U1"1 LL~ :;tJ1'UL~'el'Ufl ~ tJ tJ1'UL~tl'Ufl1~J'1'l , 
'lJ 

I I I I I 
4 ..::I .dJ ~ dI 

tJ1'U L~tl'U ~tl'ltJ'1'U , tJ 1'UL~ tl'U fl1 ~tJ '1 'U, tJ'1 'U L~ tl'U~ tJ 1 'U, LL~ :::tJ'1'ULfltl'U'VI n 
I I I !I I 

tJ1'U LU'U~'U tJ1'UL~'el'Ufl'1~1J'bl LU ~J':::tJ1t1m m fIl1~ L.wtl'l1"l1'l'VIU'l"1l'el'lYi'UVl 

tJ1'U LL~:::iJL'elm fIl#'J1'V1fl"1l'el'l'el1m fIl1~~'1nn~1 
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, .. 
- 1.J1'ULi'il'U1.J'U (Double Hung) '\.U.J1t1ii..:l '\t1U'Wh..:l111'UL~'il'U~1nth..:l;'U11'U 

111'UL~'il'Ui1~'U~ 1~11 1 tI'il1 m fil1~ LVi tI..:I ~ 1..:1 '\t1n..:l "1l 'il..:l ~'il 'U ~ 111'U 

f11'\t1~"1l'il..:l'il1n1fi11~~1nn~1 

.. I '" I'" I 

- 1.J1'U~j;lj;l1!J (Fix Window) '\t1~1t1n..:l111'U"1l'U1~L'Vl1'\t1'U11111..:1'\t11'il'll'U1~L'Vl1 

lh~~ ii~..:I111'UL~tl1'\t11'il'\t1f'l1t11111'U(;\'iln'U~..:I'Vl1..:1 ~1'U LL'U11111 LL~~LL 'U1 ~..:I~ 
~~1111t1'W~1~11mtl~~1l1t1'U'iln'il1~11 '\t11'il tl~l~ 111'U~~1111t1 ~~n'Um1 

~;~'lI'il..:l~1LL~~'il1n1fi11~~ 

2.2.2 '!I'U1j;1'!1'il~'Ii'il·utlj;l 

'lI'eNPI'U1Y1t1 'lI'U1~"ll'il..:lLtl~~'il..:lhhn~n~ '\t11'iln~"1l11..:1Y11..:1L~'U tI'il~1""LL~..:Ifi11~'lI1~~1'U"ll'il..:lLtl~ 

1~~1nLVitl..:lYi'ilI'l'ilm1H..:I1'UL~'il~11l1l11~fi11~Yh~'il..:l~~1..:11l1t11'U'il1P111 LLf'l~~VlYii..:l..:l1'UPl11~ 

ffi'U~1'UL ;r1~'il1 Pl11Y11..:1"ll'il..:l LtlVl 

.., ~ 

- \4finn1'l!lfll1'U''l (Ergonomic) 

~'ilm1~mnn!J'\t11'iln11L1t1'UiPl11~~1~11n'\t1ffiijfin1n'1..:11'ULLf'l~;r'il41nVl 

'lI'il..:l~~mr ~LtI'U~'US1'U1'Un1ffi'ilnLL1111Y11..:17jfil1nl1~ '\t11'il~(ij,l'U1LPli'il..:lij'il LPli'fl..:l4'm imtru~ 
..:I1'U LLf'l~~1l1YiLL111l~'il~~L~m;r'il..:l L"ll'U LL~..:I ~ L~tI..:I1111t11mfil11~i1..:1n11'il'ilnLL1111im~t(u~LL~~ 

7jfin11l11..:11'U Li]'U~'U t~tli11'I11'llh~~..:I~L~'il1""LfiI1lPl11~m~1~~~n11~~mr ~..:IYl1..:1tNn1t1LLfl~ 
~1111~ 1""~1n~~ ~ L~'il1""~1~11n111..:11'U'\t1ffi H..:I1'Un11~..:I(;\1..:11 mfht!'Ul~'ilEl1..:1iilh~aYlfiIl1Yi 
LLf'l~tJf'l'il{;lntl 1 

1 ifl-J[l11;'ru 'l!lJlJ~ ntl.:Jnl-JfI, lJYi.,.",htJtl1;'ltllJ1~tJ [l1Pl~'l!1L'l'l!"'1t\lJIfljl-J'l!lJ Plru::LLYiYltJI'I1t\lJIf l-J .t\.:J'IIfl1 

lJl';ruYlf, 14 fll-J[l1~lJfi 2542 



~~1 : Ergonomics studies in Thailand: A future prospect, 1997 
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~'W1 r?l r1')1~~'!~'fl'!-rl'fl'! LU r?l ~'fl'!'fl'fl n LL1J1J(;ll~ r1ru~ m~tru::;m~LrI~'fl'Wi. ~'J~'fl'! 
~ . q 

" ~'WM~~'WLU'WU'"l~t1Yl'W~l'W~l ~ n 1~1~f1Jm~~nM1 LL~::;'fl'fl n LL1J1J~'W1 r?lth::;(;l-~,J1 [;]1'!~'fl'! r1'Wi. Yltl 
II dJI IDkI qJ 

I I I I I " 

"l!1t1i.YltlLr?lm1l~t1Vl165 "l!~. VltJ~1t1ij'flL~\l'flpf~M1iJrI'J1~~'!L1l~t1Vl 200 "l!~. ~'!U'W ~'W1r?lrl'J1~ 
~ 

~::;tJ1t1 L~'fltJ~::;~Ylfill1Yi LL~::;r1'J1~tJ~'fl r?lJitiL 'Wm ~ H'!l'W~'!~ '" H'LL~,!~,Jtltl~'!lt.m1~LU ",tI", 
~ q 

II I " c:J '" J' II • .J ..::..J' tJ~::;(;l-~'W1 (;l1'! LL~::;tJmJ'fl'! en "l!'! 1 'W'"l 1 nm m~tJ1 r?l L '"ltJ"lJ'fl'! n~l~ L'W'fl LL~::;~'fl (;l'flYlm'"l Ln r?l~'W'"l1 n 
~ ~ 

" 
mnu r?lU r?l Lr?ltl m~L~'fl~i.tJ LUr?l'\..f~'flU r?ltJ~::;(;l-~,J1 [;]1'1 ~ h'! r1'J1~Yl'!Yi'flL'"l LL~::;n l~t1'fl~f1JL ~ntJ 

~ 

500-900 ~~ . 



.... 1" ~..I ~ .... 1 ". I n1J't1n'lI'tl-.3'\..nJn ~ l.J'4~t1 ~~m'Uf'ltllil::~1l.J1Hltl n'W1'WlJn ~uJ'::l.J1ru 

i'l-.3n1t1 

Normal Area Proposed 
by Squires 

47" 

30% 

... ------119.4 58-. -------..... ~ 

1~ .. ------------------~ Top Value - Inches 
Lower Value - Centimeters 

~l.J1 : Auburn Engineer. 2009 

- 1I'U1f1l1il.:l"liil.:lLTIfI (Opening Size) 

20 

'tl'tlnLL'U'U'VJn1 J'::'U'U L;r1 Jl':ltlfl'W L~t1ihihtnJ1t1~~ nL~'tl1 ~"ll'tl':JLtJ ~'tl1 ~1J'iJtJJ'::~'Vlfifl1'Yi Jl1'Wn1J' 

tJJ'::~U ~'Yi~-.3-.31'W~-.3~ ~ f'ULL~-.3DJ'J'l.J"l!1 ~'tlth-.3'Yi'tlLmJ1:: 1.jf-.31'W1Jl~n~1J'::fI\1Mlf iJ ~11.jfr.htl1 'W 

cost) 
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;'1~'Jl-Jrh L-nroiltJL 'W'II'W~::1J1J.yhr1'JIl-J Lij'W T.JtJnnu1-wvh I'l 1'1 1 ~::1J1JLL~'1~~I'1 ~~'elj;)IOl'Wril L-nroiltJ 

~~'elj;)'elltJn1~L-n'lI'W"lJ'el'l~::1J1J n1~L-n'lI'WLL~::thNfnMI • • 

riltJ~::l-Jlru 100,000 ~ni (lux = lumen/m2) LL~'1~~I'1~LYitJ'I~'elI'l'eln1~L-n'lI'WJlltJL'W'el1r11~ 

"lJ'el'll-J'WMU IOl::iJriltJ~::l-Jlru 300 - 500 ~ni '\.nn'elIr11~iJn1~'el'elmL1J1J'eltJnmril'el'ln'Wf'l~ • • 
'el1~ ~tJ1j;)tJ ~~'1 LL~::f1JL'U~I::f'l~n~::IOlltJ L-n'Wn1~'el'elmL1J1J~iJ~::1J1JU'l L'I1 LU'W~'W IOl::iJ rilr1'JIl-J 

~'el'l~~I'1~JlltJ'W'elnmr11n'Vhn1J 10,000 - 20,000 ~ni LL~'1~~I'1~~Il-JI~Cl~I'WL';;Il-J11'W 

mr11~IOl::iJriILYimtJ~::l-Jlru 2 - 3% "lJ'f)'1rilr1'JIl-J~'el'l~~I'1~JlltJ'W'elnmr11~ 

'el~L'W~::~1J~~'11J'W~'I!'1mr11~ 
'" '" 

" ~'1'1!'Wn1~'el'el n LL1J1J'I.nJII'lI'1V11-'el-n'el'l LU j;) LL1J1J LLtJ n~'J'W (Spl it 

" 
Window Design) ~'1il 

• Vlih 1'l1'1~'J'W~I'1 LU'W'VI't,h 1'l1'1~IV1f1Jn1~l-J'el'l'el'eln ltJJlltJ'W'eln'ell r11 ~ 

L~'el LU'Wn1~fnMltJ~~l-J~'W1r~::VI~I'10 -D'el1 r11~n1J~'1 LL 'J j;)~'ell-JJlltJ'W'el n "lJ ru::L~tJ'J nwi LU'W~'J'W~ 

1 "'LL~'1~~I'11J1'L'J ruVl,:fII'lI'1 

" , 
~'1V1l-Jj;) r1'J~'el~VltJ~::l-Jlru 25 - 40% ~1V1f1Jnnn~'I!'1LtJ1'1LL~'1Lu'Wm::IOlnL~fi~~l-Jj;)1 LLJ;]VllnL-n 

'" 
~ q QAQ, qJ' IV J' .J i-' I ,,~ J' ~!l.I ~':J' I........ 

m::IOl n'Vll-J ~ru~l-J1J ~ j;)"lJ'W 'el ~n~'J'W~'W'VlVl'W1 m'l m::IOl n nlOl:: L~l-J"lJ'W Lj;) 'Vl'l'W"lJ'W'elfJ n1J'el ~n~'J'W 

" "lJ'el'lLL~'1fi~~l-J"l!I~~'el'l ~1'W-n'el'l LUj;)"lJ'el'lm::IOln'l!'W1 LmtJ1JLVltJ1J n1Jn~::IOln L~ 6 l-Jl-J . (n~::IOln 1~ 

fi~~l-Jj;)I~r1'JIl-JVI'W1 6l-Jl-J.iJriILL~'1~'el'l~I'WtJ~::l-Jlru 85%) 

, " 
n1J LL~'1 ~~I'1Vl LU'WLL~'1~::Yl'el'WIOlI nYl'W~'J LL~:: 
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Door Window 

w h w h 

Casement 900 2100 600 1200 

900 2400 

1800 2100 1200 1200 

1800 2400 

Fix 1500 2100 1500 1200 

1500 2400 900 1200 

600 2100 600 1200 

600 2400 1200 1200 00 
900 2100 

900 2400 

Slide 1800 2100 1200 1200 

1800 2400 

3600 2100 2400 1200 

3600 2400 

owing 450 450 

450 600 

Conduction) n1J'~1~'J1~¥'fl'W (Heat Convection) bb~:::n1J'bb~~~~~'J1~¥'fl'W (Heat Radiation) 

n1'i'll1 fI'l1~i''el'U (Heat Conduction) ~'fl ~'J1~~1~1J't11 'Wn1J'~~ ~1'W~'J1~~'fl'W 

~1'WnJ':::"'l n L",~ijl1 ~'Vl1~~'fl~ n1J'b~~'fl'W~~'fl~~i~~1'W~'J1~¥'fl'W"'l1 nu1b'J ru~ij'flru'Mli:j~~nrj1 hJ . "" 
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.., .4 1<;' t.I J.QJ' .Q 

n1'i'W1Fl11~'i'!l'lJ (Heat Convection) ~'tln')J'mtJ ~'tl'W~';l'U.j1'tl'W'VlLnl1l"jJ'W'lJ'We.J';l 

n1:;1il n L ~n'lJ n11L~~'tl'W~"jJ'tl'l'tl1 n1 fili'lfl1tJ'W'tl n LL~ :;fl1tJL 'W'tl1 ~11':nYn ~';l1~1'tl'WhJYi1'tl~ n'lJ 

'tl1n1 M~ L~~'tl'W~ 'tl1n1 M~ L~~'tl'W~ L~';l~1 n nlil:;,J1Yi1 ~';l1~1'tl'W1il1 n n 1:;1il n hJ~1 n 

n1'iurH'.:JiFl11~1'!1'lJ (Heat Radiation) ~'tl n11~1tJL'tl'W~';l1~1'tl'W~LnI1l1il1n 

LL~~'l~';l1~1'tl'W~~'l L-rl'W1il1nl1l';l'l'tl1Vi~tJ ~~'tl1il1n~';ln1:;liln~1'tl'W ~1tJL'tl'W~';l1~1'tl'WhJ~'l~~ij 

'tlruJlij~1n~1 Ll1ItJhj~'tl'l'tl1~tJ~';ln~1'l 
q '" 

II II I '" 

1'tl'W~'W"jJ'tl'l hm ~';l11il:;ij ~ (w~~'lJ'1ii''W~1 ~'l ~'tl hH1~'tl 
q 

" " , 
~';l1~1'tl'W'tl'tln hJfl1 tJ'W'tl n'tl1 ~11L 'W~~11'tl'W U1:;L'Vl PlL 'VltJ Lij'Wd~'tl'l1'tl'W~'W ~'l,r'WL Yl'tl~ I1Im~1(w 

~';l1~1'tl'W'Vl1'l~'tl~ (Indirect Energy) L~L;r1~1fl1tJL'W'tl1~11L~~'tltJ n1:;lilmL~:;';l'ln'lJIil:;~'tl'lij 

~1n11,J1 ~';l1~1'tl'W (U-Value) ~ ~1 Ll1ItJ ~1n11,J1 ~'J1~1'tl'W"jJ'tl'ln1:;lilmL~:;'J'ln'lJ ~'J11il:;ij ~1 

~'tltJn~1~~'tlL'Vhn'lJ 1.75 1'~r;l/~1n'lL~~1 LL~:;1'~I1I~Hv'hn1'tl'lJ'lJ1'Wn1:;liln n~'J11il:;Lij'W1'~I1I~ 
q q 

" , , 
e.J~~1il1n UPVC ~~'tlL~ LYin:;~11'~I1IL~~1\jij~'J1~Lij'W'tl'W'J'W~'J1~1'tl'W~'l ~1 U-Value ~~1 v'h 

q '" 

, 

32°C LL~:;'tl(W~t1ijfl1tJL'W'tl1~1n'Vhn'W 24°C ~'J1~L~'J~~fl1tJ'W'tlm'Vhn'lJ 12 m~L~~1/-n'JL~'l 
q '" 

LL~:;~'J1~ L~'J~~fl1tJL 'W'tl1 ~1n'Vh n'lJ'tl1 n1 PlU'l ~1 n ~1~ n~1'J~1ij n1nu~tJ'WLLU~'lLU~1 U

Value nlil:;Lu~tJ'WLLU~'lLuL-rl'Wn'W ';jfin11~1il:;'r11L~~1 U-Value ~11I~'l ij~~nL~'ki'tl~ 3 ';jfi 
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~t1.v1 2.3 Solar Intensity at Sea Level by Wavelength .. 
~l-J1: Alternative energy, 2009 
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'itl.vl 2.5 Solar Reflections I Transmission of Pilkington K Glass (Low-E) .. , 
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Yll.J1 : learn.londonmet, 2009 
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..a 'itl'VI 2.6 Solar Reflection I Transmission of Ipasol 66/34(Low-E) .. , 
<>I 

Yll.J1: learn.londonmet, 2009 
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, 
'I '" .dI CII.q I 'IV ~ II 

• n'lJ' ~"lfnJ':;'"ln Low-E 1"l'elnJ':;'"ln'Vu·JI"l'ln'lJ'LLe.JNi'iI"l'l'l2-JJ''el'W 

(Low Emission) ~'l u'"l'"l,j'Wmfin'lJ'LI"l~'elU~'lJ'~iJrh emission ~'l~'1u'W?:j'lnJ':;'"ln1~ 2 ':Sfi~'el • 

~ ~ 

nJ':;'"ln1~Lij'W~'lLL~'l ':Sfitl L~~:;'"l:;hJiJl"l'l'l2-JI"l'l'Vl'W vl'liJ~mmnUI"l'l'l2-J;'WL'W'el'ln'lfll1~~'ltJ hl'Vl'W 

~'eln'lJ'"1J (;1; (;1 (;1LL~fn'rnmn n'lJ'H''1'l'W'"l:;~'el'lL-n 'WJ'iJ"1l'el'lnJ':;'"l n'tl'W'l'WI"l'l'l2-J1'el'W (I nsulated 
~ ~ ~ 

~ ~ 

Glass) L'Vh,r'W hJ~'l2-J'lJ'r;nJ'l2-J'lL-n'WJ'iJ"1J'el'lnJ':;'"lnthntJ~~'ltJ-n'W (Laminated Glass) 1~':Sfin'lJ' 
~ 

~ 32'C 

J':;UU CVD Coating (Chemical Vapor 

Deposition) ~1'el,rn'"l:;iStJnn'W-i'l1iJ~'l 
, 

.ell 'i' ... 
Hard Coating '"l:;LI"l~'elU ~~~:; "1ln.!:;'Vl 

VV\JV' nJ':;'"lniJ'eln.!Wlij~'1 (iJJ':;2-J'ln.! 400-450 . ~ ~ 

2 3 .. 
Heat Strengthen Glass, Tempered 

Glass, Laminated Glass ~1'elnJ':;'"ln'tl'W'l'WI"l'l'l2-J1'el'W Insulated Glass 1~ 

, 
cv .?1 .c::i.c:l I I ~I 

0.02 - 0.16 2-Jn'"l:;Lu'W Soft Coated Low-E nJ':;'"ln Low-E 'Vl2-JI"l'lJ':;~'l'l'l 0.16 - 0.23 '"l:;Lu'W 

Hard Coated Low-E nJ':;'"ln Low-E ~iJrhn'lm~f'l~I"l'l'l2-J1'el'W~'l'"l:;iJl"ln.!~2-J~LU'W'tl'W'l'Wn'W • 

~ ~ ~ 

nUI"l'l'l2-J;'W1~'J2-J'l n 'el'ltJ nJ':;'"l n'"l:;~'W2-J'l n 1"ln.!~2-J~ 1"l'J'l2-J LU'W'tl'W'l'Wn'"l:;~'eltJ~'11iJ ~'1,r'W • • 

I I "I 

I nsu lated Yl'WYl LYl'eliJnU'el'l L~~:;Yl LI"l~'eluhlL ~vl'liJ~mm nu 1"l'l'l2-J;'WL 'W'el'l n'l fIl ~'1Yl mh'J 
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-atJ;I 2,7 Spectral Transmission Ration ... 
~"'J'l: Pilkingto NSG CVD Low-E, 2009 

I I II I 

Gas, ~1'fl Krypton Gas ;'Hi1'l!L~'flrJvi'l~'fl'l'l!tlt91ij~ru~~Ui1'1.ln1J'-W1~'J1~~'fl'l.li.~~1 'fl1n1fil 

LL~'l(Dry Air) ~'fl~1'1.l-rl'fl'l~1'lJ'::;~~1'lm::;'"ln~'fl'lLL~'I.l1'1.lm::;'"ln'U'I.l'J'I.l~'J1~~'fl'l.l (Insulated 

Glass) ~'I.l ij~'J1~LiI'I.l'U'I.l'J'I.lJ'::;~'IJ~~'l ,~1n1~n1'l!L~'flrJ'flth'lL-rl'l.l 'fl1fn'fl'l.l n'"l::;~'l"f111~nJ'::;'"lnij 
J' I a.:=! ~ 0 6' " £II I 

~'J1~LiI'I.l'U'I.l'J'I.l~1ml'l.l ~1 U-Value n'"l::;rJ'l'&'lt91[;]1'&'l'l m~1ru n1'l!'fl1m'fl'l.l1'1.lm::;'"lnn'"l::;~e.J'&'l[;]'fl 

~1 ~'J1~ LiI'I.l'U'I.l'J'I.l"1l'fl'lm::;'"l n ~'JrJ n J'::;'"l n~ij L1J'flfL-n'l.l~'fl1fn'fl'l.l~'l '"l::;ij ~'J1~ LiI'I.l'U'I.l'J'I.l~'ln~1 
OJ OJ 

m::;'"ln~ijL1J'flfL-n'l.l~n1'l!'fl1fn'fl'l.l~11'1.lU'"l'"lU'l.l bJ''l'l1'1.l~e.J~[;]m::;'"ln ~1~1J'Cl~t91n1'l!'fl1fn'fl'l.li.~ 
, OJ 

~'l~'l 95% ~'l'"l::;11JL~~~'J1~LiI'I.l'U'I.l'J'I.lb~m::;'"ln~1n~'l~'I.l LLj;jtl1L1J~rJ'I.l'"l1n n1'l!'fl1fn'fl'l.l LiI'I.l 
OJ 

" Krypton Gas Filled '"l::;";i1b~nJ'::;'"lnij~1~'J1~LiI'I.l'U'I.l'J'I.l~1nn~1 Argon Gas filled ~'lt!'I.l~'lij 

~1 U-Value ~1n~1 LLj;jb'l.lVl'fl'l[;]'&'l1t91 n1'l!~1-'lJ[;]'fl'l.lijJ'1~1~~'l~1n ~'l~'I.l ~'lhJij~'I.ltlrJ~'lJJ'J''"l 
OJ , 
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--<>-Air, &1 = 0.84 
---0--- Argon, &1 = 0.84 

<> • Krypton, &1 = 0.84 
--Air, &1 = 0.05 
---.. --Argon & = 0 05 

'1 . 

.. . Krypton, &1 = 0.05 
J( Convection starts 
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Spacing (mm) 

AI- A~"'" 
llJ'VI 2.8 n1'iLlJ'i!l'l.JL'VI!I'l.JFl1 U-Value 911~nJ191'i31'U EN673 

...: 
'Vll-J'l : Energy Efficiency Uppsala University Uppsala, Sweden 2001 
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, '" ! 
. , ! 
l ' p ' I 
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! ! 
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--Air 
------ Argon 
" "" " " Krypton 

0.0 0.2 0.4 0.6 0.8 

, 
cI 

Emittance, (third surface) 

AI- _ ~ ...., .... , 
'ilJ'VI 2.9 LlJ'i!l'l.JL'VI!I'l.JFl1 U-Value n'l.JFl1 remittance ... 

'Vll-J'l: Energy Efficiency Uppsala University Uppsala, Sweden 2001 
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U-Factor (Btu/hr.ft2.f) 
9tGi1'li1::ttifolnUllIuin1'niluQU1UIIl1111-sau9tA 

6 Clear Low-E/12/6 Clear 0. 29 1 

SPACE LITE 6/12/6 
U.l)U J 

6mm.SolarE 
U.4111 I 

-
U.III~ 

U.III~ 

6mm.Green 

6mm.Clear 

I 

I 
/ 

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 

~~1 : TGSG Technical Service, 2009 

, 

30 

• n1HVi~ ~'Jl~ n~I'l"1l'el'l'll'el,dl'l'ell n1 M:;V1~I'l m:;'"l n LL~t.lt.l'eln 

'ell ~lnL~:;LL~t.l1 t.l'fl'l ~11'"l:;Ltlt.ln1n~~ ~'Jl~ Ltl t.l'tlt.l') t.l1 'lXfi\Jm:;'"l n m:;'"ln'tlt.l')t.l~,)1~1'elt.l 
..: .?I 'I " J' ~ " " ..: oJ' 'I" J' Insulated Glass ~1~11m~~~,)I~LlJt.l'Ut.l')t.l ~V1~ln"1lt.l L(?)(?)')tJn11L~~1l'el'l'Jl'l'fl'ln1 f'! ~V1~ln"1lt.l 

LL(;]hl~'J1Lnt.l 16 ~~ . L~11:;'"l:;llJLn(?)1J1:;LtJ"llt! 'h'll'el'l~I'l'fl'ln1f'!n~I'lLnt.l 16 ~~ . '"l:;vh1'IXLn(?) 

n11~1 ~,)1~1'elt.l1 t.l'll'el'l~I'l'fl'l n1 f'! ~'l'"l:;Ltlt.l~1 LV1 Iwvh 1 'lXm:;'"l nn ~,)1~ Ltlt.l'tlt.l'Jt.l~ (?)~'l LL~:; 
q 

l1J~ 2.10 Aluminum Spacer 

, 
"" Yl~I : Cardinal Glass Industries, 2008 
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~tJV: 2.11 Affect of the gap in a double-pane window on the U-value ... , .,. 
Yll-J'l: learn.londonmet, 2009 

\ ' - 100%1Iif 

\ 1\ -1~ 't9Cl%Ar 

\ \ 
\ \ 
\ \ 
\ \. 
\. "-'" "' ........... 

o 5 10 15 20 25 

Gap width fmmJ 

, 
LLi:-J'Wlm:J 2.2 U-Factor and SHGC of Tinted Glass 

'lJ 

Ll.IluUL\1uU U-Factor LLa:: SHGC 1Ia"nos::QnILLtia::"ila 

SnmCool Gray 

SnmEiJropean Gray 

SnmHgh Performance Blue 

SnmBlue 

SnmHgh Performance Green 

SnmGreen 

SnmOear 

0.00 0.20 0.40 o.so 0.80 1.00 

-
-

1.20 

SnmHgh 
r::::-:e Snm8Jropea SnmCool 

Blue n Gray Gray 
SnmOear SnmGreen Performance SnmBlue 

Green 

0.84 o.so 0.52 0.58 0.51 0.58 0.57 

0.92 0.92 0.92 1.09 0.92 0.92 1.10 

, 

~lJ1 : TGSG Technical Service, 2009 
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., 
- ~n~n\lI"l':l1lJ~'tl\lhJ1~L.;r1lJ1Jl1tJ1\lmI"l1~~':ltJ ~hilJ1.h:;~'Vlfn1nj~ 

L~1 (Shading Coefficient) ~h SC '1J'tl~n~:;'"lnl"l':l~'"l:;ijI"11tJ'tltJn~1~1'tlLYhnu 0.35 (SC s; 

0.35) 1"11ilJ1.h:;~'Vlfin1~,r~L~1 ~1'tl 1"11 SC ~'tl1"11LmmJL~mJmlJ1rul"l':l1lJ~'tl\l~L.;r1lJ1Jl1tJ1\l 
, ., r 

'tl11"l1ni1'tlL~mJnum:;'"ln1~ 3 lJlJ. m:;'"ln1~ 3 lJlJ .ijl"11 SC = 1 ~~,r\l 1"11ilJ1.h:;~'Vlfin1~,r~ 

L~1'1J'tl~n~:;'"ln 1~1 ~ij 1"11tJ'tltJn~1 1 '~lJ1tJ~~mlJ1 rul"l':l1lJ~'tl\l~1\lL.;r1lJ1Jl1tJ1 \l'tl11"l1~ritJ'tltJ 
., 

n~1mlJ1rul"l':l1lJ~'tl\l~1\lm:;'"ln1~ 3 lJlJ . 1\lU1~1"lt'~ri'"l:;r)~mlJ1rul"l':l1lJ~'tl\l~1\lm:;'"ln~':ltJ 

1"11 SHGC (Solar Heat Gain Coefficient) LL'Vl\l Shading Coefficient ~'tlmlJ1rul"l':l1lJ~'tl\l~ 

'Vl:;~~1\lm:;'"ln (OET ~1'tl te ) ~':llJnUmlJ1rul"l':l1lJ~'tl\l~~n~~eiuH~n~:;'"ln (EA ~1'tl a e ) 
.,,, , 

LL~:;LL~L.;r1lJ1Jl1tJ1\lmI"l1~ (q) U1~1"lt'~ri!StJnI"11i1~1 Solar Factor (SF) ~1'tl 1"11 g ;~ijI"11'tl~ 

~:;~~1~ 0-1 L'll\lL~mnUI"11 SC ,r\l~'tl1"11 SHGC m~ijI"11tJ'tltJ~lJ1tJ~~mlJ1rul"l':l1lJ~'tl\lri~1\l 

n~:;'"ln1~tJ'tlm'll\ln\l 

Energy 
reflection 
(ER or p) 

Heat 
transfer 

q. 

..,J 

Energy 

Direct energy 
transmission 

(DET or 't.) 

absorption 
(EA or a.) 

Heat 
transfer 

ql 

lU~2.12 Energy Factor 

'VllJ1 : AGC flat glass Europe, 2007 

Solar 
factor 
(SF or g) 
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, 
LLj:.J'Wli1~ 2.3 U-Factor and SHGC of Low-E Coated and non Coated Glass 

'lJ 

S Green Low -5'121S Oear 

SnrnGreen Low-E 

Srnn Hgh Rarf orrrance Green 

SrnnGreen 

0 .00 0 .10 0 .20 0 .30 0 .40 0 .50 O.SO 0 .70 0.80 0 .90 1.00 

...: 
'Vl~'l : TGSG Technical Service, 2009 

," 
~ ~-:l'1l'tl-:l'tl'l rl'lJ' iJ j:.J~ (;]'tl n'lJ''tl'tlnLLUU LL~:::~,)U ~~m~'l ru'1l'tl-:l LL~-:l ~'l'WL-if'l~'l1 'W'tl'l ~'lJ' UJ':::L'Vl fl\ 

q 

" L~'tl-:l¥'tl'W lil:::iJm~'l ruLL~-:lI"i'tl'W-if'l-:l~'ln ~-:l,r'W'll'tl-:l btl ~~-:l ~'tl-:l ~,)U ~~m~'l ruLL~-:l hJ1 'IX L -if'l~'l~'ln 
q 

0-

~-:l,r'W1 'Wn'lJ''tl'tln LLUU'll'tl-:l Ltl ~ LL~::: 

b-if'l~'l~'l n bn'WLtJIil:::vi'l 1'IX Ln ~~fl'l,):::LL~-:l~'l Ln'WLtJ (Glare) bb~-:l~ ~'l'Wb-if'l~'lfl'ltl1 'W'tl'l ~'lJ'l~~'ln 

~,)'l~¥'tlWilil:::~'l'WL-if'l~'lfl'ltl1 'W'tl'l ~'lJ'1~~'l n b'llWl'W ~-:lt!'Wbb~-:l~~'l-:l~ b~~'l:::~~ LL~:::LYlm'Vi'tl (;]'tl 
n'lJ'H-:l'l'W~-:lhJ~,)J'~'ln~'l 40% ~'l~f,juJ':::[;l-~ih(;]'l-:l 

'lJ 



, ....... 
LLt:J'Wl~'Vl 2.4 SC and VT of process and non process Glass 

'IJ 

6 Green Low-E/1216 Clear 

6mm Green Low-E 

6mm.High Performance 

Green 

6mm.Green 

o 0.1 

uJ1UtJL\1UtJ SC "-tJ VT 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 

, ... 
'Vl~1 : TGSG Technical Service, 2009 

- iJfOl1LL~--l~:;V1'e)'W~1n~T\~1'e)Lvi1nu 20% (LR $ %) LL~--l~:;V1'e)'W h11,x 

~rulh:; LrJ"lf'W1(?)1 ~tl ~., .. iftl1 ~1J' LL~:;U--l ~ ~1--l ~'J 1~f1 ~1 '1J1 ,xnum ~1J' 1n~ L~rJ--l LYin:;/Ol:;1tJ 
" 'I I 
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J'um'Wn1J'~'e)--lL"''W ~m1--lU--lLtI'Wral'lJ'1rJ~'e)~-nU;m(?)m'WVl~1'W~~VlLL~--lm:;'VlU /Ol:;v'h1,x1'l1U'e)(?) 
'IJ • 

-B''J''1l ru:;LL~:;Ln (?)'rJu~ m ~ 1~ 1 'WL'J~1 n~1~ ~'W LL~--l~:;V1'e)'W~~--l/Ol:;v'i11 mlJ~1~1J'tl~'e)--l ~1'WnJ':;/Oln 

'e)'e)n1tJ'W'e)nm~1J'1~ v'i11,xLn(?)~1l1YinJ':;/Olm--l1~'W (Mirror Effect) 1'W~~1rJ1tJJ':;L'Vlfi\ L"lf'W 

" ~--l~ LtJf n!l~~1rJm~1J'1~ih~'W(?)1,xiJfOl1n1J'~:;V1'e)'WLL~--l'e)'e)n'W'e)n'e)1~1J'1~lJLn'W 1 0% ~--lt!'W 

fOl1n1 J'~:;V1'e)'WLL~--l"1l'e)--l nJ':;/Ol n~--l 13.1 ~'JJ'Ln'W 20% L Yin:;,i1~--l n~1~'W'e) n/Ol1 n/Ol:;~~ Ln (?)~1l1'J:; 
'IJ 

m:;/Olm--l1LL~'J U--lLtI'Wra'WI'lJ'1rJ~'e)~-nu;m(?)m'Wu'WVI'e)--ltl'W'W ~--lLL~n!l~~1rJm~1J'/Ol:;rJ'e)~1,x~--l 

30% ri1'l1~ 

, " 
~~'W~--lLL~ 100-400 'W1L'WilLI'l'e)f LL~:;iJYi~--l--l1'W1'W"lf'J--l 3-124 eV f--l~ra~I'lJ'11'JL'e)L~I'lLLtJ--l 

'e)'e)mtl'W~1~~'J'W~'e) UVA UVB UVC ~--l~ 



UVA iJ 1"l'J')l.JtJ1'J 1"l~'W~:;'VI~I~ 320 ~~ 400 'WI L 'Wn LIWflf. t'~~1J~ L'f) 

~1~I~Cl'Vl:;~ L;)lttll 'W'VIt1~ LL Vi' ';h~ltJ 1"l'f)~1 LIOj'W LL~:;';h 1 ~ L~1 LLri LL~:;ri L~mri'f)'W.rtJt['WI"l'J~ • 

UVB iJl"l'JI~tJ1'JI"l~'W~:;'VI~I~ 290 ~~ 320 'WIL'WnL(;J'f)f t'~~1J~tl iJ 
~ , 

t['W(;JntJ~~ n~1 LL(;]~It'~~tJ~tl L(;ltJ~1 nlOj:;Cl n m'f)~ ttl ~'JtJ-n'W L'f) L'll'W t'~~tJ~tl LtI'Wt'~~Ylri'f)~:;L~~ 
ClJ ClJ ClJ ClJ 

~ ., 
i'W LL~:;Clnm'f)~H~'JtJ-n'WL'f) L'll'W"1I'f)~L~n 

'lJ 

~U~ 2.13 t'~~ UV 
'lJ 

Ultraviolet ra 

( de) 

$0 km ---....... -....,..-t.r-~ 

~.:iifi''' Stratosphere 

15km --------------~.-----------------------
Troposphere 

~=I .. lIiI .................. II .. 
...l 
'Vl~I : National Institute for Environmental Studies Japan 

, " 
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LL~:;iJt:.J~(;]'f)~ltJ(;JI~~mr ';hl~(;JILtI'W~'f)m:;lOjn ~h~'J LL~:;(;JI1J'f)(;ll'WYl~(;l 'W'f)nlOjlnt1'W t'~~1J~ 
~ , 

ri~~LtI'W~i~~I'WI"l'JI~~'f)'W ~~t1'Wm:;lOjnYl~(;lt'~~tJ~1~~lmyh1'V1i rilOj:;1U~(;lI"l'JI~L~tJ'VIltJ"1I'f)~ 
'lJ 
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, " 
bb~'lJYhhJ PVB(Poly Vinyl Brutyal) Vi~~n~:;liln;1'l 2 bb~'lJH~'JtJri'IJ ~~ru'i;'a.J~'t'IJn'l~~~~~'l~~ 

~1~~ t~tJ~I~.J1~~~~~'l~tJ~1~~ln~'l 95% ~'lJhJ~'lJritJ~'JI~VI'lJI"1J'fl'l PVB 'IJ'flnlillntl PVB 
" 

'fl'IJIn~ltJ [;]'fl~ In bb~:;'V1~~~'IJ~'fl~'tng\ m:;1il n~lij b'IJlntJ'l~ ~ ru~~tJ~t~ ~ b~'IJ't 'lJn'l ~VI'l.h'l¥'l b'J~1 
m~tJ~:;~'lr1~~~mm~tJnmb;rI~11l1tJ't'IJm~l~ cu ~ q . 

n'l~~'JtJbbtl'IJ (condensation) 
, " 

m:;tJ'J'lJn1~Virh"l! bbtJ~~1l1~ bU'IJ"1J'fl'l bVl~'J VltJ ~tJltJ'IJ~hm:;liln.yh 1. ~m:;liln~liJ'J 1~~IIil:;bn ~ 

~1'IJ't'IJVl1-'fl~I'IJ'IJ'fln'flI~I~ ~'l~ntJ~ntJm .yh~'JI~~:;'flI~'fl'flnmn tj~~1l1tJ't'IJm~I~Iil:;bn~ • 
I "I I 

n1~btllbtJ~'fltJ b~tJVlltJ bb~:;ri'fl't~bn~b~'fl~1 bb~:;b~'flh~[;]1'l1 1n1~~1 btl'fl'llillntJ~:;b'V11"11'V1mu'IJ 
" " tJ~:;b'V1I"1~'fl'IJ bb~:;~~'JI~~'IJ~'lIn~'fl~U ~'l~~'JI~mn't'IJn1~~'JtJ~~n1~bn~VltJ~tJltJ'IJ~'Jm:;liln " . 

, " 
~tJVi 2.14 n1~bn~VltJ~tJltJ'IJ~'Jm:;liln 
'lJ 

~ 
'V1~I: Corbis Corporation, 2009 



, ~ 

J'llVi 2.15 mJ'Ln(;)~tJ(;)~"nJ'W~')nJ':;/OlmL(;]~:;"1!ij(;) .. 

90 
,.., ~ 

..----~ V ." / 
Trip-Ie-gIred ,.., 

-2Iow-ECCMItings 
~ V" 

~~ .,/'" 
" / 

~ I 
V V /A V ~ ..... 

t-Iow-E,....",.. ? 
[/ / ./ 

80 

70 

V / 
V / 

, 
t- Dauble-gl....t .......... V V 30 ..- V 

./ 

V I-' 
10 K1 ". 
20 

-30 -20 -10 0 10 20 30 40 50 60 

Outdoor Temperature CFJ 

~~1: efficient windows collaborative, 2009 

~ , 
f'l,)1~~'W LL~:;f'l,)1~ L~,)~~ 1 ~ih~1l1'):;Vii1,.:m1tJ~'W~tJ ~'fl,.:m1J' mJ'f'l,)l.J f'l~'flru~llij~') m:;/Ol n 

6 Green Low - El1216 
Oear 

6rrrn Green Low-E 

6rnnt-igh Performance 
Green 

6rnn. Green 

o 

q q q \J 

, 
LLt.J'W1lijVi 2.5 Surface Temoerature 

Surface Temperature 

10 20 30 40 50 60 

.d . 
'Vl~1 : TGSG Technical 
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b~i~'1)'1 t1 fU!'nml"\rl ~rl'l b brl~rl ~m1H'Il'W'lJ '1)'1 b ~i'1)'1t1fu '1)lml"\ 'V1l1~b~i'1)'1 t1 fu'1)lml"\hj'V1l'll'W 

trwn~'1 ~ rl1 ~fi l1-D'r.lltJ 1 'WmJ1.JlJ'lfm:n b~i'1)'1t1 fum ml"\rl ~rl'l ~') tJ , 

V1iill?il'lU"'l"'lu'W~V1rllnV1rll tJ'llu~mn bbrl~~'1~~ru~l.J~'Vll'lmtJmy.j1'W~l'W~,)ll.J~'1'Vl'W ~,)ll.J , , 
.., , .., 

a 0 cv q tV cv ,o<:::!iIOVQ lOt,.., 

bb'lJ'I bb1'1 'WlV1'Wn bbrl~~,)ll.JV1'Wl'Vl bbl?ln I?ll'ln'W ')~~ bV1rll'WtJ 'Il.J~rl m~'VlU I?l'1)m1'Wl~,)lm'1)W·Jl'W , 

~ ... 
bb~WJl.J'Vl 2.6 U-Factor of Aluminum Wood, and PVC Frame 

U-Factor 
Btu/h r -sq . ft-F 

2.00 

1.50 

1.00 

0.50 

il ~)j,rlJ 'lii uPVC ,,,nlJ 
• U-Factor 2.00 0.30 0.30 

Vll.Jl : TGSG Technica l Service, 2009 

, "Efficient Windows Collaborative: Regents of the University of Minnesota, Twin Cities 

Campus, College of Design , Center for Sustainable Building Research." , 

[Online]. Available: http://www.efficientwindows.org/ftypes.cfm 1998-2008. 



39 

tlJ':;LYlfiilLvltJH1LLri 1~ 'e)~ijJ~ LL~:; ~~1~~n mOJ! .r~C;)~'l~1~tlJ':;IJlYl nfllru~~U'1i o]'e)~LL~:; 
'lJ •• ., 

o]'e) L~tJ LL(;ln J;i1'l n'Wltl ~'l J;i'e) ltlil 

o 

o mnfll~'e)u~')m:;uu Powder Coat ~1-'e) Baked Enamel /OJ:; 

l111~~~1n~~1tJ~~1nn~1 ~~nfll,)1~\jtJ~ Lfll~'e)un'W~1 n ~'e)~"1l1,) LL~:;~"ll1~1 

fl1tJ1'Wmfll1J'1~ 'e)~ijJ~njOhmJ'tJ1fll,)1~~'e)'W (U-Factor) ~~'l~1n 1'W~ih~'W1')ri~1~1J'tll111~ 
'lJ 'lJ 

Ln c;)mJ'fll,)U LLt.i'Wdj'W~tJ C;)~1U'W,)'l nU'e)~ijJ~1~~1 tJ u/Oj/Oju'Wl~n mJ' H' LYl fll t 'W t~m~1~ OO-J'W1~1J' 
'lJ • 

I ,... I I 

Lfll~'e)UEj')'e)~ij,r~ "Thermal Break" ~'lfl1tJ1'WLL~:;fl1tJ'W'e)n'e)~ij,r~ LYi'e)ltl~C;)~1mJ'tJ1fll,)1~ 
'lJ 'lJ 

~ru~~~YiLfiil~~1'WmJ'tlJ':;~uc;)~i'l'l1'W 1~n~1tJ1fll,)1~~'e)'W'e)~~ 0 .3 ~'l 0 .5 Btu/hr-sq . ft_oF 

~'l~1n~1'e)~ijJ~~1n LLJ;il~rihJfll'lYl'Wm')n~~'e)'W'e)~ijJ~ 1~~1~1J'mt.i1L~'e)tJ LL~:;~'WJ'11~ 
'lJ 'lJ ., 

I Q,.o"CV 4" .... l eal il cI dI dI '" 
'l1tJ C;)'l'W'W /OJ'l(;l'e)'lmm1J'~LL~m~'e)m\lC;) c;)')tJmJ'Yl1~ ~J''e)Lfll~'e)Uc;)')tJ While vinyl U~ ::: 

, ., 
enameled metal claddings u'WEj')1~~1'W'W'e)n LYi'e)tlnu'e)'lLi1'e)lm~~~\!J'nrLL~:;1~fll,)1~fll'lYl'W 

~')tJ'l1~ (;l~'e) c;) L ,)~1 LL~:;C;) LL~fn~1~1tJ 
'lJ 
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" I I I 

lh:;~-ov"W'l~'l-:j~¥,mm.yhJJ':;LYl~'em.j~n1 Vinyl ~1'elVl!r.rnn'\..l1'\..l~'el Polyvinyl Chloride (PVC), I.'d 

-n~iJ~'d'\..l~~~"jJ'el-:j~'lJ' UV Stabilizer L~'el1~'d-:jnUlh:;~-wl'l~'l-:jiJ~'d'l~~-:jYl'\..l~'el¥-:j~tJ~ hJvh1~ 
~ ~ 

~~t'l'"l'l-:jI.~~'lmL~:;Yl'\..l~'eln1J'nt'lni'el'\..l UPVC tJ-:jI.~L~~~'lJ' Titanium Dioxide L~'elL~~~'d'l~ 

LL;-:jLLJ'-:j1~nu'd-:jnULL~:;nJ''elUU'l'\..l UPVC iJ~'d'l~~-:jYl'\..lLL~:;Yl'\..lYl'l'\..l~'eln1J'nt'lni'el'\..l1'\..lYln~1l'l'Yi • , ., 
'el'ln1 ~ Yl'\..lYl'l'\..l~'el n1J'¥'d;~"jJ'el-:jtl'l LL~:;'el'l n1 ~ ~'l~'l J'm1'l ~'d'l~~:;'el'l t'l1.~~'ltJ LL~:; hj~ t'll. ~ LL~ 

.;r'elL~tJ"jJ'el-:j UPVC ~'el1~~r)'\..l~~1'\..lmru~Lnt'lL'Yi~-:jI.~~-:j'"l:;~-:j~~~'elir3~"jJ'el-:jm-n~ 
" 

~ L~~1 '\..ln1n~~ ~'d'l~ LrJ'\..l'tl.'\..l'd'\..ln'\..l~'d'l~~'el'\..lI.~~'Yi'el1nul.~ UJ':;~-WW'l~'l-:j~Vi'l'"l'ln U PVC til:; 

~'l~'lJ'Cl~t'ljOhH'r.htJ1'\..ln1J'Vi'l~'d'l~LU'\..lI.~~-:j~'\..l 20-30% L~'elLVltJunU'el~~ti~ ~'l~'lJ'Cln'\..lL~m 
~ ~ 

, 
""q 

LL~'\..lJJ~Yl 2.7 UPVC window & door profile markets in Europe 

Benelux 
Italy 4% 

Other 
6% 

, 
q 

Germany 
51% 

Yl~'l : Michael Rigby Associates, 1991-2007 
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40.00 

36.60 

35.00 

32.00 otli 

o fl~41 
o il~n,rlJ 

30.00 

25.00 
1996 1997 1998 

.d 
'VllJl: Michael Rigby Associates , 1991-2007 

.d 
'VllJl: Michael Rigby Associates, 1991-2007 
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r.l1nn1~~m~IY11J~1 LV1tJ~'l hJ LL~'l~l'WLn~lJ..JlnltJn~'1'lJ'el'l~'\.-lilnhi Ln'W 30% 

'\.-I1'el 40% 'lJ'el'lJl'\.-1'11n~'l'lJ'el'l LLl'i~:;fl'W~'W~~IJ..JJ..Jl~n'"l:;tJn~ltJ Ji''ltJij'el L1.hil M '\.-Iru'l1Y1tJ'elltJ 
~ q 

~:;'\.-I~I'1 18-45 tJ '"l:;~lm~ntJn'lJ'el'l'\.-l'l1n LV1m'tl~tJ1Ji'1.h~l-nru 1 0-15 nL~nfJ..Jl'i'elfl'W ~'l'W 

'llltJ1Y1tJ~'elti 18-45 tJ '"l~~lm~ntJn'lJ'el'l'\.-l'l1n LV1m'tl~tJ1Ji'~ 20-25 nL~nfJ..Jl'i'elfl'W ~1'\.-1f1Jm.jf 
" " 

LLd'I'Il'W'llltJ1Y1tJ~'elItJ 18-45 tJ '"l:;~in~:;l'Wn1mn 1Ji'ii1n~I'"l~~IJ..Jl~ntJn'll'el'l'\.-l'l1n 1Ji'~ 35-50 

nL~nfJ..J n1~tJmh~~-'\.-l,Jll'il'1m~'"lnhiL'\.-Iij'eln1~tJnr)~~~'Wl Lti'el'l'"llmh~~-'\.-I,Jlm~'"lndJ'W 

LL~'Wl1tJ1J LL~~L1.Jn~~lm~n LLl'ln~n1Ji'~ltJ i?l'l~'Wn1mn1.J~~l'l-'\.-I,Jll'il'1m~'"ln91 LlJ'W'elI ~tJ 
" 

'\.-I'I1nhiLn'W 1 0 nL~nfJ..J tll'\.-11ntJnJi''ltJv11Y11'1~hidJ'WfinJ..J'llI~ n'ell'"ly'hl"'\nV1n1nr'W~mt'l1Ji' 

i?l'l~'W ~'191LlJ'WJi''el'll1tJ'W1 LL~~1Jn l,x~'WLfltJn1Jmm1Jn LL~~';jfin1~V1nn~'el'l L~'eltJl11.Jlfl'Wn1~ 
'" " 

d 1.- ~ tl 
tJn LL~~Lfl~'el'WmtJ~'1'l1'el'l 

i?l'l mil'l 1Ji''Wl'WLv11 h~'"l~ hj ri'ell,x Ln V1 n1~1J1V1 L~1J'lI'el'l11'1n1tJ L~'elU'el'l n'Wtll'lntJ'"lln n1 mn 

Jl'\.-1'11n l'i'el~'W'Il'W hi fl'lnn'Wnl~'1 fl'lIJ..J~lm~n'll'el'l ~tJ n '\.-lIn Ln'Wfl'lIJ..J~1 ~n'"l~~'el'l'\.-l1 fl'Wm 
" 

5 "~ii'elm~~r;)m~I"1,)llJtlfj'elr;).nEJ'!I'el'lYi~n.nw. ", ['el'el'WLfjU] L';ht1'1L~"nn http://www.npc

se.co. th/news_safety/npcse_02health .asp?newsjd = 1555. 
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" 
1.20 UTHUfl 21.60 ;liClfli'lJ 

" Ul'I1Ufl~mJ1'U 21.60 filClfli'lJ 

I. 11lJ 2 'Ul'U 43.20 filClfli'lJ 

1-4----- 1.20 ------.,~ 

2.10 " 
UTHUfl 56.70 filClfli'lJ 

0.90_--..1 
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" 2.40 ,hH'wn 64.80 fi1Clni'1l 

0.90 __ .. , 

" lhH'wn 56.70fi1Clni'1l /1J1lJ 

2.10 

.... I:~--- 1.80 -----.I 

" U1l'n!n 64.80 fi1Clni'1l / 1J1lJ 

2.40 

[I--.I------=:::-::--:=-:- 1.80 -------<Ii!'/ 





n~~n LLr.i1.l1.l'eln 

,hltl HS 

n'5'~~n LLr.i1.lL 1.1 

1l1ltl LA 

o ~, I'L o"t1 
1.I1n~~n'YI~LLr.l1.l1.l'eln 1.11.11 ~ 

t1~n'el'U IGU 

., ., 
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~fin1~~~~':l'lnUu~:;~-~il1j;h'l PVC iji'W~'fl'Wn1~~~~ij 6 i'W~'fl'W 
'lJ 
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,fuIWelUv1 31~m''elUUTW 1~m'elUu1'W"ll'el'ltJ~:;~'n~'l(;h'l LL~:;'eltJnnw 
~ . 

, ~ 

~1'11 L-n'W U1'W~U ij'el4'u ~'lJLL'"l ri'Wtm YiL~1m.J'"l1ntN'I1'W 1,x~NriU~ij'eln1~~"'~'I 

l:...a :;>1 :;>1 d '1..1 ...,," 0 

'lIU~,!}U'VI 4 Yl"'~'elULu"'-Lu'" L~'el b'C'lm'elUU1'WL~UU~'elmL~'J Yl1n1~ 

Yl"'~'elU~1m'elUU1'W~1~1~mtJ",tJ",t~~:;"''Jn hJ~'el'lHLLN~1n hJ~",i", 

,fU(;1'!}uv1 5 tJ",~'elU ~'el ~'Ju1'~ ",m LL'W'JtJ~:;LllYl:n~tfOl'W t"'Un1~Yl11'~ '" • • 
" 

m LL'W'J"l!il"'Yl'W~'elf'l~U~ U1-L'Jru~'elU ~'el~:;'VI~1'1'J'InU riu -n'el'l LtJ", VI'I ~1'W1'WLL~:;~1'W'W'eln'el1 fOI1~ 
~ 

" ~'el1 ,x1'~"'m LL'W'JLL,x'l '"l1mr'WfiVhn1~ , 
. " 

~'elnyj~1~~n,x~~'J (Surface Protection) 'J'InutJ~:;~-'VI'W1~1'1 LL~:;~'Jm:;'"ln'el'eln 1-nU1~:;'el1'" . ~ 

LL~:;~1~:;'el1 '" Lon "'l11 fOI'J1~~:;'el1 '" 'elrh H"ll'el'lil fOI~ "1l "'; "'~'I~ ntJmu'W~'J LyJ~~ LL~:;~'Jm:;'"l n 
~ 

tJ~:; L~'W~1 ~ 'lJ tJ~:;n1 ~'VI'n'l~ n 1 ~'I Ltl'W 11 'lJ'VI1'el~1 'W 11'"l'1~'W 

~1 ~ 'lJ ~'eln1~'J'I n1~ri'el~~1'1t YlU ~'el 11 'lJ'VI1 n1~"ll1 '" LLfOI~'WLL~'I'I1'W'tJij'el 

Lltm1:;~'el~'el1 ~U~1 Ltl'W~'el'l H fOI'J1~tJ~:;ru~~1 n n~1 n1~ri'el~~1'1vi''J ttJ 

n 1~ri'el~ ~1'1'el1 fOI1~ t",u 

fOI'J1~~1 Ltl'W"ll'el'ln1~H 

LL~'I'I1'W'tJij'el~'Iil~1n~'Wn~1 LLN'I1'W~hJil'tJij'el n1~~ 1?J.J'W1 LLN'I1'WhJVI'W~'el fOI'J1~ ~'el'l n1~"ll'el'l'l1'W 
ri'el~~1'1 n1n~~ 1"11 LLN L~'el ~'I LLN'I1'WttJl11'11'W~'I Ln "'~'W 'W'eln'"l1 n~ 1'W'J'WLLN'I1'W'tJij'el'"l:;"ll1 '" 

LLfOI~'WLL~ 'J LL~'I'I1'W'tJij'el~ il'elUU'Iil11 ru 'VI 1 ~ 1'WfOI ru.n 1YJ ~'JU LLN'I1'W'tJ ij'elt~il n1 ntJ~ U'W'I1'W'"l1 n 
~ ~ . 
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bbfOl~'tnJ1 n ~'1 4.8 U~U-er I?ln U'j''1'11 U!J i1'el'lJ1 '" bbfOl~U~'1 c.J ~ m~VllJ l'l'elm'j'~'1'VJu LfOl'N m'j''lJUI '" 1 ~r]J 

m'j'~'1VlU LfOl'j''1 m 'j''lJUI '" 1 ~ ru'lJ'el'1 f~lJ1~l111"xil Wl1l.J ~'el'1mnb'j''1'11U~'1 L"'iJ b 'UY'lI~bb'N'11'tJ'ri 1'1 
q ~ ~ ~ 

mnul1'lJU'1!~1 bb'j''1'11U'lJI'" bbfOl~U 9'1ilWl1l.J~1 dJu~'el'1ilmn:J1 bbN '11UI'l 1'1'11 1 ~~il!Ji1'el 

'j'~~lJn~I'1 bb~~~IWiill.JIl11'11Ul.Jln~'1 5 ~nUfOlU bb'j''1'11ulm~~lJ~I'1 b'llU 'll1'1UU 'll1'1ri'el~~I'1 
'IJ 

m'j'~~I'1'ellm'j'l"xu~')b~hl"x;1unl~U"'b,)~I~l?ln~'1nuH b~'elhn"xm~VllJl'l'el 

rhUflJlum'j'~'1l.J'ellJ'11U~I-nlbb~~~UVlUbb'N'11U ;'1"'l~~'1c.J~I'l'elnfOll1'~"'ri'el~~1'11"x~'1;U ~'1,rU 
, ' 'IJ 

n1'j''el'eln bblJlJ U~~'j'~lJlJm'j'~ ~1'11'~ ",ri'el~ ~1'11~lJ11 w,c;)l.J1 1?l'j'~IU~ 1 b~"'l'j'U~ "'~'11C;)~liJ lJ, fOl fOl~ 
, ~ 'IJ 

i')1u~Il.JI'j'nl11b'el'11C;) b~'el'1~~nL~iJ'1m'j'1-iitJi1'elU'j''1'11Ul.J1l11 ~lm'j'n1-nbb'j''1'11Ufi'j''j'l.Jl?nn 

~ 1l.J1 'j'n ri'el~~1'11c;) ~U~ 'j"j'fOl~l~ '1!'lJ'el'11'~ I?) ri'el~~I'1~1 b~"'l!U~'el ~lJ1LJl fOl~'11lJiJ'ell.JflJl U'll,)'1 U1n1 

~'1 ~'el'1'j''el'j'~iJ~b,)~I~'''l~ 1"x ~lJ1Ln fOliJ'ell.JflJ 
'IJ 
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., 
n~'l ~'Vl~~Vl1'W~~ ~1J~1~'l~~(;] ~~'el'W~nn ~~"'l'W~'l ~~'el'Wnm{)1 ~~ 2549 i1n1~'el'eln 11J'el~C1!1 ~ 

r.r(;)M~1,xej\h:;n'el1Jn1~r.r(;)M~~~'W~'J~ 68 ntJ t(;)m~U'l'el'elmtJ'Wt~Nn1~,j'1'W~~m 2,871 VI~'l 
'U 

,j'1'W~~~(;) 216 VI~'l ~m~m 'Vl1'J,r~m~ ~~~:;'el1~1~~1ru"llU ~'J~ 4,343V1~'l ~~~:;~~'W~1J~1 489 

~~1J~'l ~d'el~V1tJ1Jrl1Jil 2548 i1n1~'el'eln11J'el'Wf:U1~r.r(;)M~ 139 ntJ ~~U'l~tJ'W,j'1'W~~m 6,327 VI~'l . '" 
,j'1'W~~~(;) 424 VI~'l ~m~m~~~:;'el1~1~~1ru"llU 7 ,561 VI~'l ~~~:;~~'W~1J~1 1 ,325 ~~1J~'l 

Cl1F111WlutHJ 

5% 
iI1ULLN6I 

13% 
'Vl1')llL1I1~ 

20% 



>20 ~1U 

10-20 ~1U 

7-10 ~1U 

5-7 ~1U 

3-5 ~1U 

4,095 

=================. 9,629 
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<3~1U~~====~~==4=,=08=0~=======;======~~ 
o 3,000 6,000 9,000 12,000 

I I " I 

rl'J1),J~'el~n1~~'eltJm~m':;~tJ~1rl1~ 5 ~1t.ltJ1Yl;t.lhJ ~'Jtl~:;LYlP1i1),J1n~~ 7,300 ~\l'JtJ 
OJ 

~~i1n1i~~'el~'el~m ~tJ~~:;~tJ~1 rl1 5 ~1t.ltJ1Yl~t.lltl "'l :;LUt.lrlt.ltt.lL ~~~i1 n1 ~~ m~t1),J1 r1'elt.l';h~ 
, " 

~ LLfl:;i1 ~ntJ1l1YiL t.ln1~L~'el n L-if.r~ ~~ ~ ~~,rt.lj;]fl1 ~tl~::;j;]-WW1 r;l1~tl~:;~~ ~Yii~~1t.l~~i1 rl'J1),J . .. 
LUt.lltll~~~~"'l::;.yi1L ~rlt.l1t.lL~~trt.l),J1 L~'eln H if"'l"'l,Jt.l Lt.lLLr;lfl::;iJ "'l::;i1~'eltJ'el1 ~tJl~ Lnt.l 50 

"q q " 

I '" I I 

~\l'JtJ I iJ ~Hm::;"'ln~~ntJtl~::;~~~Yii~~1t.l ~~LUt.lYlt.l~n~::;"'ln nj;]n'eltJ~tl~:;),J1ru 7,200 j;]~),J . 
OJ 

(U1t.l~1t.l'Jt.l50 ~i~ i1"J!'el~LtI~L'U~tJ~ 144 j;]1~1~L),Jj;]~r;l'el~i~) ~1n~1),J1nl'vi1L~rlt.l1t.lL~~trt.l • 
i.J .., IV ~ J' .J i.J .J J i.J J' ~ 0 

),J1L"lln~::;"'lntl~:;~tJ~Yifl~~1t.lLYi),J"lJt.l Yl 1 0% "lJ'el~j;]fl1~tJ1t.lL~mYl 3 fl1t.ltJ1Yl"lJt.l~tl ("'l1t.l'Jt.l 
" , 

17 ,022 ~i~ ) ~1-'el tl~::;),J1ru 1,702 ~\l'JtJn"'l::;i1Ylt.l~"J!'el~LtI~tl~:;),J1ru 245,088 j;]1~1~L),Jj;]~ 

m),J1 rurl'J1),J~'elt.l~ ~1t.l"J!'el~ Ltl ~ Ln'el Htl~::;j;]-~ih r;l1~tl~:;~~ ~Yii~~1t.l L~tJtJntJ tl~::;j;]-~U1 r;l1~ 
OJ OJ 

n~:;"'ln~L~m 6 ),J),J. 'J~ntJ'el~ijti),J ;~"'l::;~1),J1~f.lfl~n1~HYii~~1t.ll~'eltJ1~),J~1P11fll~tl~::;),J1ru 

68,183 kW.hr ~~LUt.lL~t.l~tl~::;~~~r;l'eli'JL),J~tl~::;),J1ru 190,913 tJ1Yl (~~r111~yh 2.8 tJ1YlI 

~\l'JtJ) LLfl::;fl~ C02E 1~tl~::;),J1ru 13,636 nLflnf),J (m::;"'lntl~::;~~~Yii~~1t.lntJL~~),Jm~ "'l:;i1 
, 

I dI .. ~ i.J I i.I I Qj 

rl1 U-Factor = 0.34; SHGC = 0.3: VT = 0.51 ~~'ellJ~),J1rurl'J1),J~'elt.le.J1t.l~t.l1j;]1~Yl 236.8 
, 

2 0.... ~ q CV ... AI oQ .... .q I 

W/M ~1~~tJm:;"'ln~L"lJmntJLn~),J'elfl),Jt.l),J "'l::;),Jrl1 U-Factor = 1.16; SHGC = 0.65: VT = 
OJ 
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2552 

2551 7.30 

2550 .39 

2549 

6.80 7.00 7.20 



""" 'U'VI'VI 3 

., ., 
tJ1:::~~-w'wh'll-J 'Wl1S1tJ"1l!l'ltJ1:::L'Vlflli:mJ ~'1fh~tJ~LLtJ'J'Vl1'1n11'14'tJ [;11l-J~1~U'itJ[;1!ltJ~1'11 ~'1il 

3.1 n11fh~tJ~"lIil~M:::'"ln~H'LtltJ~'JLL'VltJbtJn11~h'ltJ1:::~-~-W1~1'1l-J1[;11S1tJ 

3.2 n11fh~tJ~"lIil~'J'InU~b-n LtltJ~'J LL'VltJb tJn11~~1'1tJ1:::[;1-~-W1 ~1'1l-J1 [;11ti1tJ 
'lJ .. 

3.3 n 1~tJ~tJ1::: Ul'Vl LL~ :::"1ltJ 1 ~~-W 1 ~1'1~b-n LtltJ~'J LL'VltJ b tJn11~ ~1'1tJ1:::~-~-W1 ~1'1 

l-J1[;11ti1tJ .. 
., 

3.5 n11n1~tJ~'itJ[;1!ltJn11'Vl~~!lU 

• 

• 
• 

__ -----"'a __ 

m)J1CUoU'!l'UtJ~: «'Uvi U~:: 
r.i1'U'l'UoU'!l.:l 

• 
• 
• 

I 

• 

oU1.:1ri'!l~f,.:I~'lltJ 

'l..lflfI~~'lltJ • 

J 
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" L~m lh::;n'fl1J~')tJ m'::;~mLe.J'W'W'flnm~nJ' Lil'Wm'::;~n~nl'1n'WVi~~~'l'WLL~~m~~tJ i1~L~tJ') 

Lfll~'fl1J~')tJ Low-E (Low Emissive) ~')m::;1J1Jn1J'Lfll~'fl1JLL1J1J CVD (Chemical Vapor 

Deposition "f;''fl Hard Coating) tJ'l~'lLLlh~fl'lViLtJ'WnJ'::;~n Heat Strengthen ~')tJn1J'e.J'l'W 

fll,)'l~~'fl'W 650 °C LL~::;LU'lLij'Wl1'WY1 L~'fl1-m~ Stress 1J'W~,)m'::;~n~ 5500 - 6500 psi. ~::;.yh1~ 

nJ'::;~n~'l~'lJ'Cl¥1JLLN1~~'ln~'W 2 L'Yl'l LL~::;'VI'W(;]'flfll,)'l~LL~ml'l~"ll'fl~'flru~flij1mi~ 70-120 °C 
q ... 

" nJ'::;~mLe.J'W1'Wmfll'lnil'WnJ'::;~n'i).J'.ntJ~~'ltJi'W~'lijL'W~ fll,)'l~~'W'l 6.38 ~~. 1~ lh::;n'fl1J~')tJ 

nJ'::;~n1~ 3 ~~. ~'l'W,)'W 2 LLe.J'W ~l'1nJ'::;~n~~ 2 L-if'l~')tJn'W~')mLe.J'WYl~~1~ PVB (Polyvinyl 

butyral) fll,)'l~~'W'l 0.38 ~~.~~i1fllru~~1J~~I'1¥~~ UV 1~~~~~ 95% LL~::;fi~1~fll,)'l~,j~'flI'1.ntJ 
q ... 

" m'::;~ nl1~ LLe.J'W'W'fln LL~::;LLe.J'W1 'W'fl'l fll'lJ' tJ'l~'l,jJ'::;n'fl1J Lil'Wm'::;~nll'W,)'Wfll,)'l~~'fl'W~'W"lI L~ ~ ... 
, " , 

tl'1tJi1'll'fl~~'l~'fl'ln1fl1Y112 ~~. n'W~')tJ Aluminum Bending Spacer1~ Argon Gas Y1 95% LL~::; 

tll'1~,)£J Silicone L~'fln'Wn1J'*,);~ 
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In Side: 

6.38 mm. Clear Laminated Glass 

Out Side: 

6mm. Heat Strengthen Green 

Low-E surface #2 

12 mm. Bending Aluminum Air Spacer 

xtJ~ 3.1 m::"'Im .. h::v1tr~~~~,n\.!"..t.n 24 m.J. 

~l.J1 : 1Jm'Vll'Vltl-LtI'tl~lJ\.! t'lL1.h;1m~~nfl1t'l "hn~, 2009 

xtJ~ 3.2 Solar Energy through window 
.,J 
'Vll.J1 : TGSG Technical Service, 2009 



57 

lJ1Gl~~"llr:hlLrlGl 

~un~ B1ergyStar 
~ 

24mnQeen 
Zone 2 loN-E 

VT(%) tlln"MUGl 51.00 43.00 

~ 0.40 0.32 0.28 

lJ. Value(Btlihr -sf_oF) 0.65 0.35 0.31 

Air Leak(cfm'sf) 0.30 0.20 tllt~n"MUGl 

bb~~~~~'l : TGSG Technical Service, 2009 

U-Value(Btu/hr-sf-OF) 
t-.-'!II!I!I!" 

SHGC 

VT(%) 

0.10 0.20 0.30 0.40 0.50 0.60 0.70 

VT(%) SHGC U-value(8tulhr·sf-°F) 

o Heat Stop 0.43 0.28 0.31 

ONFRC 0.51 0.32 0.35 

o Energy Star 0.40 0.65 

bb~~~Vl~'l : TGSG Technical Service, 2009 
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'" I I I I '" 

~'el~1rJ1'WIMn(;)LU'el~1il1n1\\~fH.J~j;l~~1 LLtl:;nl"h~'W~~~~'el'W-if1~~~ ~nvi~U~nf01,)1~~~mn1'W 

n1J'~'W~~m:;liln~'W1 (;) 1~'1l LLtl:;Lij'W~'Wj;lnrJ 

~1~1J'{ltJ1 stock l' j;l {l ~U~1 Hi. \\ LU'Wlh:; LrJ"ll'W1~~1 n~ ~ (;) n LfI1m~ (;)~~il'elrJ~~ (;) LLtl:;LU'W~'W1 (;) 
q q q q 

I I I II 

~ Lf011'el~4' m~1~1J'{ltJ1~1 LLUJ'J'U Lu'W;hnrJ'U'W,)'Wf01,)1~~'el'W1~ 'W~'W'Vl'Wn1J'~~ j;l~ ~1 ~~i1 
~ , 

_I " , u ~ 0 .oCt ~ 
"'UU1'U'i::~-'t1'U1~H "'U1Y11~qYltJ ~1'U1'UYlFHI~ % Utilized 

"" 91 , 
1J1'IHl~1I1V / '\1 'U 1111'1 1200 1200 2438 x 3660 6 96.83 

"" 91 , 
1Jl'U 1I~1I1V / '\1 'U 1111'1 600 1200 2438 x 3660 12 96 .83 

"" 91 , 
1Jl'U 1I~1I1V / '\1 'U 1111'1 900 1200 2439 x 3660 8 96.83 

600 450 2139 x 3302 4 
95 .58 

900 2100 2140x3302 3 

900 2400 2438 x 3660 4 96.83 

1200 2400 2438 x 3660 3 96 .83 

LL~~~~~1 : TGSG Technical Service, 2009 

"U U l~ hHy'q~ 1u fll'Hlthl'lhn~llfl (lIl1.) 

" f)'j~ lIf)ij 'j.fi fJi'lJ! ~fJ1! 'VI'll! ,jeri (TUFF -LITE) 2440 x 5000 

" f)'j~ lIf)ij 'j.fi fJ'IH'l1fJi'lJ ~nih 'lJ ~ (LAMI -LITE) 2440 x 3660 

'JJ "> 

f)'j~ lIf)U 'lJ 1'lJ f111'llHI'lJ ~'lJ ~Hl~ (SP ACE-LITE) 2700 x 3500 
, , "" 

LL~tl~'Vl~1 : TGSG Technical Service, 2009 
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~ , 
m':;"'ln"'~Jltl'\.H~1t1iu~ni'jLU(;]~1a.J1~{l~~(;]Hi':m1J~~Vi 2440 x 4800 a.Ja.J . LL~:;n~:;"'ln 

'UU,)U~,)1a.J~'e)U ilU1L~(;] ~1a.J1~{l~~(;]'1.ull~qJ~~~ 2440 x 4500 a.Ja.J. LL(;]"1lU1~~t~qJLnuhJ ~1'e) 

L~mnuhJ ~ 300 x 300 a.Ja.J . "'ldJrhH~1t1tUn1~~~(;]~~,m~1"1lU1~.jh--l~u,j~:;a.J1ru 20% "jJ'e)--l 
'IJ 

, , ~ 

n~1.jJ1--l~U Lll'e)--l"'l1n~1n~:;"'lnVi~"jJU1~t~qJ "'l:;~~1WWn~'e)U.jJ1--la.J1n n1~"1lU~1t1"'l:;~~,)1a.J 

mn~11J1n t~m'UYn:;n1~~~~--lU'e)nh--l--l1U ~~,)1a.JL~t1--lLL(;]n~--l LL~:;~'e)--lHL~1'e)--l~'e)~Lfi!~')t1 
'IJ 

,)--lmJ~~1a.J1Vhn1~':)~t1 LiJU,)--lnU UPVC ~LL~~--l~a.J1"'l1n,j~:;L'Vlfi!LtI'e)~arU\1 ~"jJ1,) ~ 

~1a.J1~m'e)--l~Um':;"'ln~~,)1a.J~U1 24 a.Ja.J . 1~~t1hJ~'e)--l(;)~LL,j~--l L~t1~~ru~a.J~ ~LL~--lLL~--l LL~:; 
q 

~--l'VlU(;]'e)~1l1,):;LL,) ~~'e)a.J(;]1--l11~~ 'VlU1vJ ~ ~,)1a.JLiJU'UU')U~~ ~ ~1n1~~1'Yn ~,)1a.J~'e)U~1 nu 

~ 4 11 I QjJ'.,J 
L~t1--lmn"JU"'l1n1l1t1U'e)n~1l1t1tum~1~ LU'e)--l"'l1nn~'e)U,j~:;(;]-~U1(;]1--l a.J'Y/U'Vl,j~:;a.J1ru 10-

'IJ 'IJ 

"I " tJ I I 

30 % "1l'e)--lYlUVi"ll'e)--lLtl~"r1--l~a.J(;l (;)--lUU rj~~Vi~1a.J1Yh,j~:;(;]-~,J1(;]1--l~--l~'e)--lLiJUrj~(;lVi~~1n1~~1 
q 'IJ q 

I I '" if 

~,)1a.J~'e)U~1 UPVC ~--l1~~m~'e)na.J1LYl'e)n1~':)~t1~~--lll 

, , .,.. 
LL~~--l'Vla.J1 : Fenster International Co., Ltd. 2009 

\J .., "l"'. \J '" , fl1 R-Value "i::LIlVl'lftfl '!iVl1n"i'il1.J "i::1Jl-'VI'U11Jl1~ 
q .. 

Aluminum 0.00086 

UPVC 2.4 

Wood 3.03 

.. -

, ,.,.. 
LL~~--l'Vla.J1 : TGSG Technical Service, 2009 



AiuminLll1 Filme 

Alurninum Frame I 
Thermal Break 

Wo~d Fral'rU 

Vinyl Frame 

Insulatc~ Vinyl 
Fnrne 
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LLeJU.1J~~ 3.1 U-Value Comparison 

• Singr'-e Clear-
• DoulJ.le-Clear 
• I}ouble Low-E 

, 
,.cj 

LL~~~'Vll-J1 : John Carmody et aI., 2nd ed., 2000 

UJ':::Lll'Vl~ih(;]1~~H'Liju~'JLL'Vlu1Un1J'~r.ru~!l ~ih(;]1~U1U~~j;]1U ~U1~ 600 x 1200 

l-Jl-J. LL~:::~ih(;]1~U1UL~!lU ~U1~ 1500 x 1200 l-Jl-J. !lrh~~::: 1 U1U L~u1-ifLyJJ'l-J UPVC Liju 

1 ~J 
1200 mm. 

1 ~ 

Jfi 
+- 600 mm. ----. .. 1500 mm. 
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1J'W1~lh~~-".,i!1~1~~1m~1'W (~~.) 

th~LJlVl " ~~ n':11~ 

tJ1'W~~J;11tJ 600 600 

tJ1'W~c;,J;11tJ 600 1200 

tJ1'W~~J;11tJ 900 1200 

tJ1'W~~J;11tJ 1200 1200 

tJ1'W~~J;11tJ 1500 1200 

tJ1'W~~J;11tJ 600 2100 

tJ1'W~~J;11tJ 900 2100 

tJ1'W~(;'JJ;11tJ 1200 2100 

tJ1'W~~J;11tJ 1500 2100 

tJ1'W~~J;11tJ 600 2400 .. 
900 2400 tJ1'WJ;1~J;11tJ 

tJ1'W~~J;11tJ 1200 2400 

tJ1'W~~J;11tJ 1500 2400 

".,i!1~ 1~tJ1'WL~ 'tl'W~/Lil~ ~ 1200 1200 

".,i!1~ 1~tJ1'WL~'tl'W~/Lil~ ~ 1500 1200 

th~~tJ1'WL~'tl'W~lLil~ ~ 1200 2100 

th~ ~ tJ1'WL~ 'tl'W~/Lil~ ~ 1500 2100 

l.h~~tJ1'WL~'tl'W~lLil~ ~ 1200 2400 

tJr~ ~ tJ1'WL~ 'tl'W~/Lil~ ~ 1500 2400 

".,i!1~1-ltJ1'Wil~ L~m 600 1200 

".,i!1~1-ltJ1'Wil~ L~m 900 1200 

tJr~~tJ1'WLil~ L~m 900 2100 

tJ r~ ~ tJ 1'W Lil ~ L~ tJ'J 900 2400 
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iOll~ ~,r~'tl1f'lI~~I~'e)~LL~:::~ILL~tl~-rl'e)~LiJ"'iOl:::~'e)~n"jJ'\.n",Ln~L~mn1J~,r~'tl1f'l1~~Hf~I'l.liOl1~ L'l.l 

n1~'Vl "'~'e)~ f'l¥~~1~rh~'l.l"'''1I'l.lI''' f'l'JI~~~"1I'e)~~,r~'e)1 f'l1~~I~'e)~~ 2400 ~~. LL~:::~ILmtl~"1I'e)~ ., 
...J !"l eJ J'X J.?I 'I 'It.- 'It.- '" 
'll'e)~ Lu"''Vl~:::t1:::iOllnYi'l.l''1l'l.l~1 900 ~~. "J!~ Lu'l.l~:::t1:::f'l'JI~~~~1 [;l~~I'l.l ~'l.ln1~ ~"lf~I'l.l ~~L~~I:::n1J ., dot 

~·h:::f'l'l.l1'Vltl ~,r~'e)If'lI~~I~'e)~th:::n'e)1J~'JtI-rl'e)~LiJ", 2 -rl'e)~ LU'l.ll~''JLL'Vl'l.lL'l.ln1~~4't1L'"t1n''1l'l.lI''' 

600 ~~. x 1200 ~~. L"'tIfil~'l.l",L""-rl'e)~LiJ",n"1l'l.lI'" 610 x 121 0 ;~n"ll'l.lI"'~n,yl~n~I"ll'l.lI'" 
" , 

~,JI[;]I~~IL~iOl:;tJ~I[;l~jl'l.l ~1'l.l~::: 1 0 ~~ . tJf1J~:::~1JLm~'Ulm1~~~I'l.l -rl'e)~LU"'~'e)~'WL~t1~ ij", 
.... I I I I .... 

LiJm ~~L"'t1n1~1' "'~:::t1:::iOlln-rl'e)~~,r~Vi L[;l1-t1~1tJL"'t1n1~1' "'~1 ~1 L'U~t1 3 iOl'" L~'e)~:::t1:::n1~~",r;i~ • 
" L"'t1L~'e)nH'1'~",tJ~:::Ul'Vl1~~ILtl'l.lLf'l~~~~I~~,r~'e)If'lI~~I~'e)~ m~l:::ntll~,rnL1J1 LL~:::L-ifL'J~1 • 
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, ~ 

WWr1 ~~'flul"1'J1~'t.h L~'fl~'flb 'WmJ'u'WYin LL~:;LnU.jj''fl~~,r'W 1~mj'l'fl'flmu'W 2 ~'J'W~'fl 
'lJ 

I I I " I 

11 LI"1NmJ' r.r~n~~"lJ'W1~U1'WL~tJ'JLU'W U1'WL~m"lJ'W1~L~nVii'1Yl'WVib-n~'fltJ hlLn'W 300 1'l1J'1'1 
q 

L~I'lJ' U1'WL~m"lJ'W1 ~n~1'1 i'1~'W~b-n~'fltJJ':;vd1'1 300-600 1'l1J'1'1 L~ 1'lJ' LL~:;U1'WL~m"lJ'W1~ bVlq! 

i'1~'W~H~'fltJ ~1nn~1 600 1'l1J'1'1L~I'lJ'~'WhJ 'IJ1~1LVitJunu th:;I'l-Vlth!?l1'1~1L~'"lJ'1l~11'lJ'f$1'W 
'lJ 'lJ d.8 
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• Is.- , ,!II ... ... ... 
u~:::n'flU~'JtJm':::~mLe.J'W'W'flnm~l'l~Lu'\..ln~:::r.m Heat Strengthen ~L~m Low-E surface 2 ~ 

-rl'fl'l~I'1mn1fi1n~I'1 12 ~~. u~~~mfn'fl'Wnl"ll 90% LL~:::m':::~nJlltJ1'W'fllfDll~Lil'Wm':::~nil~JitJ , 

~1i'h'W1Pl1~fDl'JI~~'W1 6.38 ~~ . 'll1~'WI~LL~:::~I'W'J'W~1'vhn1~~I'W'JrutJ~:::~'VlfiJlIYin1~H'r)~~ , 
" ~'JtJ program xopt optimization L~tJ~~n1~~~~'flU Lil'W,;)fin1~~I'W'Jru~IIPl~~I'WL~tJ'Jri'W~'1 11 

'fl1 fDllm~ru~ n~ L~tJ'fltJ1 'W 4 ~tJ LLUU n1~ H''11'W~1~ ~ ~ L~'fl n H~'flUI'Wm':::Yf'l UI'WL~'fl'W UI'W~ ~ 
'IJ 'IJ , 

" , " 
~'1 e.J~ ~'fln fDll~'fl'ltJ~:::IPl-WWI ~1'1~'1 LfDlN n1~V1 ~1'1 ri'W ~'1,r'W~'1 ~~ ~'W'Vl'Wrp)tJm'cWLil'W"ll ~~1 1Pl~~I'W 

cu q ~ q ~ 

~1~~u'J'InutJ~:::~-~ih~I'1 UPVC ~1-n'Wn1~';)r.rtJ ~:::~'fl'l~I~lmL~~'1L~mri'W 

~'flLil'WLYh~~~I~lntJ~:::L'VlfilLtJ'fl~l1'Wt1 ~~'flL~mri'W LL~:::~"lJI'JL'Vh~'W LL~:::LYh~ UPVC ~'llI~1 
.yhn1~';)r.rtJ~:::~'fl'l~I~I~m'fl'l~un~:::~n~ fDl'JI~~'W1 24 ~~ .1~(;ltJhJ ~ ~LLtJN UPvc~:::~~Lil'W 

L~'W~fDl'Jl~m'J 6 L~IPl~ H' software optimization ~1~~Um''flUtJ~:::IPl-WWI~I'1 .yhn1~~I'W'Jru ., 

tJ~:::~'VlfiJlIYin1~H'r)~~ L-rl'WL~mriUn1~~I'W'Jrun~:::~n , 

2. n1~U'W~ n LL~:::Lriu;r'fl~~ L'J~1~1-n 'Wn l~tJ~:::n'flu ~ ~ ~'1tJ~:::IPl-WWI ~1'1~'J 1tJriutJ~:::1Pl 
'IJ 'IJ 'IJ 

" , i.I I I 0 Q' iI cv i.I 0 I .c:tI .dI 

~'W1 1Pl1'1~1 1Pl~~I'W n'fl'W'Vl1 n1~'Vl t'l~'fl'l LL~:::LnU"lJ'fl~~'W'W 1Pl'fl'l'Vl1 n1~'Vl ~~'flU fDl'JI~'W1 L"ll'fl Cl'fl~'fl'l 

e.J,r'l~I~'fl'l -rl'fl'l LiJ ~ LL~:::~tJ m'cWLfDl1'fl'lSj'fl ~1'11 1 'Wn1~Lriu;r'fl~~~:::~'fl'lr.r t'l Lriu;r'fl~~ 1 ~ Lil'W 

~11Pl~~I'WL~mri'Wriu'VJnn~~'Vl~~'fl'l L~mLtJ'I~tJm'cWLfDl1'fl'lSj'flLil'W 2 ~'J'W~'fl LfDl1'fl'lSj'fl~1-n'W 
n1~tJ~:::n'flU~~~'1 tJ~:::IPl-WWI~I'1LL~:::LfDl1'fl'lSj'flu'W~n;r'fl~~L'J~1 

'IJ 'IJ 

T 
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I I II I " II 

b~i~'el'lihl'Vil-ii1 'Wn1 ~~ 1'1 ~'11h~(;l-'VI,J'Wh'l ri'el'WVl~ ~1 ~n ~~'VlI'1~'el'lv'h n1~~ 1'1 ~'1-W'W ~~~'el'l 
'lJ • 

~~~'el'll-Drjfin1~~ l'1u'W~ n b,) ~1 bbUU b~tJ~ rl'Wbb~~ 1-if'W1~ n l~b~'i;:'el'l b~m rl'W b~'el1 ~~ 1"1,)1~ bvh bVltJ~ 

rl'WrlU'Vlnn~~ ~,)'el£h'l ~'1~~l111m~o}f'el~~~\l1 b~'el~'el 
• • 'lJ 

nnl1~mn~H'm~~mJ~~'\..ujl'1V'j~'1'11'W1"1,)1~'VI'W1 24 ~~ . ~1'W,)'W 11 tI"1Nn1~n~ru~n'M1~~~1'1 

~'1bb(;] b~'el'W~nn 1"1~ 2551 ~'1 b~'el'Wfi'W,)ll"1~ 2551 tl'1tJn1~ U1"lJ'W1I'1bb~~~1'W,)'Wlh~(;l-'VI,J1 (;]1'1~ 
'lJ 

II I I '" 

~1 ~1'W,) ru'VI1m~1 ru~'WVl n~~~ nVl ~'el'l H'"r1'1'el11"11~bVltJU rlU 

, ~ 

i3-~ briU~')U~')~o}f'el~~ '11'W~r.rtJ n1~r.r 1'1l11,j ~~(;l-'VI,J1 (;]1'1~1 (;l~~1'W ~'1-n 
'lJ 'lJ dJl 

I '" I I 

• r.rl'1n~~U1'Wb~mmru~n'M1 11 'VI~'1~')tJn1~n1'V1'WI'1~'WVlH'~'eltJ"lI'el'lU1'Wb~tJ') • 
I II I I '" 

• U1'Wb~m"ll'W1I'1b~n ~'WVlH'~'eltJ i3-~~'1bb(;] 1 00-300 (;lln'lb~(;l~ 
I SI I I SI 

• U1'Wb~m"ll'W1I'1n~1'1 ~'WVlH'~'eltJ i3-~~'1bb(;] 300-600 (;lln'lb~(;l~ 
I "I I " 

• U1'Wb~tJ,)"lI'W11'11 m1J ~'WVlH'~'eltJ i3-~ ~'1 bb(;] 600 (;l1~1'1 b~ (;lntl'W~'W't,j 
~ , , 

• U'W~ n~'WVl"ll'el'l btll'1,j~~(;l -'VI,J1 (;]1'1 (;l1~~,j bbUU~l (;l~~l'WVl n1'V1'W1'1 BLl'1tJU'W~ n 
'lJ '" dJl 

SI I I II I 

• LmtJU LVltJUYl'WVl"ll'el'l LtlI'1VlU'W~ n 't~ rlU~'WVlH'~'eltJ'el11"11~ 'VI\I')mtl'WL,j'elfbeD'W 

'" I I I 

• U1Yl'WVl"ll'el'lLtlI'1VlU'W~n~1't~ U1~1~1'W')ru~,)tJ program xopt optimization L~'el 
, ~ 

'VI1m~1 ru'VI \I') tJ LtI'W(;ll n'l b~ (;l~"lI'el'lr)~ I'1Vl ~'el'lU1~11-ii1 'Wn1~~~ (;l ~1 n-W'WL VltJU • 
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." , 
l.h:;~VlfiIl1~ n1~ L -n~ [;l~ ~'IJ ~'JrJ n1~ ,J1uhn ruvh.lYl m:;1il nYlHlill~Vl1~~'JmJhn ru 

3. 

., 
24 ~~. L'I.l·.h:JL'J'Cl1 ~,mj;JL~'fl'l.l ~nn~11 - fi'l.l'J1~~ 2551 ~1'1.l'J'I.l 11 Lm\ln1m~ru~m!1 LL'Cl:; 

program xopt optimization L~'fl~1'1.l'JruVl11.h:;~VlfiIl1~L'I.ln1~H~~~ • 
, ,., 

n1~VI(11~'fl'IJYl2 n1~VI~~'fl'IJL'J'Cl1YlL-n'l.ln1~~~~\I 

." ., 
1200 ~~. L~rJ~~~\lVI,J1j;J1\1'IJ1'1.lL~'fl'l.l~~'lJri'fl'l.l~~'fl~u'l.lVim'J'Cl1L'I.ln1~~~~\I LL'Cl:;[;l1~~'JrJ 

., ., 
VI,J1 j;J1\1'IJ1'1.l~ ~ [;l1rJ ~~'fl~";\lU'l.lVi n L'J'Cl1L 'I.ln1~~ ~ ~\lVI,J1 j;J1\1'IJ1'1.l~ ~ [;l1rJ VI ~~'fl'IJti'IJ n~~ • ., 
~'J'fltJ1\1j;J1\11 n~~'Cl:; 2 ~'J'fltJ1\1 L~W11V1'1.l~~1'1.l'J'I.l 2 ~'I.l j;J'fln~~~'J'fltJ1\1 ~\lj;J'flhHl 

1. -rl1\1~~~\ln~:;liln UPVC ~1'1.l'J'I.l 2 ~'I.lj;J'fln~~ Ltl'l.l~1'1.l'J'I.l 2 n~~ • • ., 
2. -rl1\1~~~\lm:;liln Aluminum ~1'1.l'J'I.l 2 ~'I.lj;J'fln~~ Ltl'l.l~1'1.l'J'I.l 2 n~~ • • 
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I '" I I I 

LhJLn1J.;r't)~~ ~'Jun1~u'WVim'J~1Lu'W'W1Yl t(1lulJi''lLri';.'t)'lr.r1JL'J~1Yl 0.00 Lij't)n~~lJi''J't)r11'l 
~ . 

, ~ ~ 

'Y'I~'t)~ G-~r.r1J L'J~11il'Wn~:;"I1'l n~~ lJi''J't)r11'l ~ (1llJi''l L~~1il ~U1J~'t)U LL~:; lJi''J LLVl'W~':h ~1'l~1~1~tl H''l1'W • 

~ , 
~i'l1il1nn1~u'WVim'J~11"l~1J"I1'l 8 n~~Vl(1l~'t)'l~U1J~'t)mL~'J -w1.;r't)~~Ylu'WVinL~~1~h'l . ~ 

LLe.JWl~ LmU1JLYlU1J 4 n~~ lJi''J't)r11'l n1J-;Sfin1~~(1l ~'lLL1J1J Ln1 L~'t)-W1 hJr)Ll"ln:;tfLL~:;~nJe.J~~L~ 
~. . 

~ , 
~1lJi''J LLVl'W~,J1 ~1'l~1 j;]~~1'W~1~1~tl ~ (1llJi''l L~~1U H' L'J~1,J't)U LL~:;H' 1"l'W'l1'WYl,J't)U n~1 

'rJumru~H'~'t) e.Jt!'l't)11"l1~~1~'t)'l lJi''JLLVl'W~,J1~1'l1J1'W~(1lj;]1U ~'W1(1l 600 x 1200 ~~. 

1 1J1'W LL~:;lJi''JLLVl'W~,J1~1'l1J1'WL~'t)'W~'W1(1l 1500 x 1200 ~~ . 1 'l!(1l 'W1~n1r.r1JL'J~1 ~~1'WLvHh • 

1. Computer LL~:; Software xopt optimization 

LU'W Program ~1;n'Wn1~~1'W'Jruu~:;~VlfiIl1'Y'11'Wn1~1-n~~(1l LL~:;m~1ru~~(1l~Iil:;-W1~1 • • 
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I I '" I 

LtI'WL~1-'e1-:Jij'e1V1H1 'Wn1~~ ~ ~-:J,j~:;[;l-~-Wl [;]1-:J t~tJV1~~I'WLL~:;~'e1 n L"n:;i1H Lr.:n:;-n'e1-:J LU ~ 
" , ,., 

LYl'e1L~~I~I~tlm~(NmJntJ-n'e1-:JLU~V1L[;l~tJ~1~~ '"llmr'WfiL-n~~I'Wi'W~m(NntJL~~~ntJ-n'e1-:JLU~ 
" 

.... .. 
3.7 n1'i'J bFl'i1::'lJI ~'i n1'i'VI ~~'el'U 

1. LmtJtJLV1tJtJ,j~:;ih(filll~n1~Hrj~~ ~1'W,)'WLLN-:Jl'W LL~:;~~-:J-:Jl'W "1I'e1-:JLL[;]~:;'e11~I~ , 

2. ';j L~n:;lf,j~:;~'V1filll~L 'Wn1~,j~:;~U ~~ ~-:J-:Jl'W1 vHh L 'Wn1~Vh ~,)1~ Lii'WL ~ntJ'e11 ~1~ 

LL~:;LmtJtJLV1tJtJ~~-:J-:Jl'W1~yh~L-n ~:;~~I-:J,j~:;~-WW1[;]1-:J~I[;l~SI'W ntJ ,)-:J 
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3. 

i.h:;(;]-Vl~1 ~1~~1 L~'"l~i.h.n (;]~ii1'W 
" "dol ., 

'"l'W~~i.h:;(;]-Vl~1 ~1~ 1~~ (;1 ~~ L~~'"l 
" 

, ., 
tl1e.J"'rV11~'"l1nn1~";)LFl~1:;-J;r'el~~vi~Vl1~~1'Wi.h:;~VlfiIl1~n1~Htj~(;1 LLN~1'W LL~:; " . 

tne.J~~1~~1";)Lm1:;-J ~:;tJ:;L'J~11'Wn1~e.J~(;]LL~:;~(;1~~i.h:;~-Vl~1~1~~1(;]~~1'W LVimJrltJ 

i.h:;(;]-Vl~1 ~1~~hJ1-rl~1 (;]~ii1'W ~1tl1 L~'W'el1 'W~tJ LLtJtJ"lJ'el~ LLe.J'Wll~ LmtJtJ LVitJtJ L~'el Lan' Li:J'W 
~ ~ ~ ~ 

, ., 
tl1 e.J~Vi1~~1";) LFl~1:;-J ~:;tJ :;L'J~11 'Wn1~~ (;1 ~~tJ~:;~-Vl~1 ~1~~1 (;]~~1'W LVitJtJrltJtJ~:;~-

VI~1 ~1~~hJ1-rl~1 (;]~ii1'W 1 'WLL~~:;tJ1'W ~1tl1 L~'W'el1 'W~tJ mJtJ"lJ'el~ LLe.J'Wll~ LmtJtJ LVitJtJLL~:;(;]1~1~ 
dol "" 
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'U'Vl'Vl 4 

VI"l.btJ LiJ'WlJ1Yl r;l'e)l;l1~1-:1 Ll-J (;W1~'elt11-:11J~:;~YlfiJl1Yi"ll'el-:l1.h:;~-VltJ1 r;l1-:1l-J1 j;J~~1'W 

1J~:;j;J-VltJ1r;l1-:1~hj1'lll-J1j;J~~1'W 
~ ~ 

'el1JnHw~H'~'el ~'J'elt11-:1m~1~,j1'WL~tJ'J ~1'W'J'W 11 L~Nn1~miil~n~ ~~-:l1'WL"IIj;J • 
I ~ ~ 

nNLYlYiLL~:;ml-Jru"Vl~ Y1~(;)~-:l1J~:;j;J-VltJ1r;l1-:1 ~-:lLLr;lL~'el'W l-Jm1~1 - fi'W'J1~l-J 2551 LL~:; xopt . ~ 

program 

A 

B 

c 

o 

E 

F 

G 

H 

J 

K 

I ... 

I'l1L~fUJ 

I ~ I 

j;J1~1-:1Y1 4.1 L1J'elfL:n'Wn1~H'n~:;'"lnr;l'el~'WY1H'~'eltJ 

I 
~ ... 

'IJ'W1 i1llJ1'WLi1ltl'l 

'IJ'W1(;lL~n 

'IJ'W1(;lL~n 

'IJ'W1(;lL~n 

206 96.62 

289 128.83 

398 217.40 

485 193.25 

325 112.73 

105 24.16 

787 305.98 

198 96.62 

128 40.26 

365 185.20 

342 185.20 

329.82 144.20 



A 

B 

c 
o 
E 

F 

G 

H 

J 

K 

~,u1ul4'uililtil~1" % Utilized 
~fU. i1,~t~U'~1!'U 

96.62 59.00 

128.83 70.00 

217.40 68.00 

193.25 55.00 

112.73 73.00 

24.16 70.00 

305.98 60.00 

96.62 61.00 

40.26 75.00 

185.20 64.00 

185.20 60.00 

144.20 65.00 

72 

% Utilized 
tl1::5J-~ii151'''U'~1!'U 

96 

96 

96 

96 

96 

96 

96 

96 

96 

96 

96 

96 
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'eltJ'tl1~tJ,j'l'\..lL~m ~Hm'::;"nU~JitJ~l"..\'J'Wf01'J1~~'el'Wf01'J'nJ'\.n .. 11 24 ~~. LL~::;1-if'J~mJ UPVC 
" 

YnJ~1 Lf01Nn1~~1·ihh::;l'l-~-W1~1~~hn"ll"n'W1(;)~1l'l~~1'W "::;ihJ~::;~VlfiJl1"r'l1'Wn1~1-ifrjl'ltl~U'eltJ~ 
ClJ d " ClJ 

55 - 75 % ~1'elL(;)m'tl~tJ~ 65% "n'el~m~1rurjl'ltl~U~1-n'Wn1~~~l'l rjl'ltl~U~L~~'el"1nn1~~~l'l , , 

,,::;hJ~1~1~tl'll1~11-if flU Lf01N n1~~'W11~ Lti'el~"1 n"n'W1 (;)~ L ~~'el"1 n Lfi\~~;J"n'W1 (;)~ L~ n LL~::; 
0-

~~1n~~1tJtJ~mn1'Wn1~r.r(;)Lfh.m~::;~1wl .. htJ ~~~1LU'W~'el~.yi1~1tJVi~1.h::;~1ru 25 - 45 % "n'el~ , 

, 

% 

100.00 

90.00 

~'WVl'Wn1~~~l'lV1tlnn~1 30% ~1'W'Jru1~"1n , " 

, 

%~'WVl'Wn1ffi~ l'lV1~(;)~~ = , 
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= (1,649 ,980.94 -1,115,805.49/1 ,649,980.94)x 100 

= 32.37% 

% 

100.00 

90.00 

80.00 

70.00 

60.00 

SO.OO 

40.00 

30.00 

20.00 

10.00 

A B C 

-'::~'.~ "\";'i//: ." ..... :.~;:: 
~r·.I! .. : . .,', " 

61fll'H1Hii;;mn lJl~l!l'U (11111) '1iIi'l'UlJl~l!l'U (11111) 

A 507,529.64 717,096.79 

B 676,706.18 881,198.04 

C 1,141,941 .69 1,508,843.02 

0 1,015,059.28 1,473,315.95 

E 592,117.91 753,469.75 

F 126,882.41 166,427.13 

G 1,607,177.19 2,251,528.06 

H 507,529.64 706,946.20 

I 211,470.68 265,818.35 

J 972,765.14 1,324,440.59 

K 972,765.14 1,363,351.20 

1'i1L~~tJ 757,449.54 1,037,494.10 

% ~~~~'l 26.99 
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~'LlI.I'Wl~" n ~·I,\"t'JULYln.J 

£l1A1~ 
llJLiI'UlJ1 GI,-:t1'U lli LiI'UlJ1 GI,-:t1'U 

n~ril~m!t1 
lJ1 G1~1'U lJ1G1,-:t1 'U 

, A 250,256. 16 354,341.19 211,872.28 298,739.91 
B 333,674.88 435,257.34 282,496.37 367,245.28 
C 563,076.36 .744,740.80 476,712.62 629,260.66 
D 500,512.32 727,222.86 423,744.55 614,429.60 
E 291,965.52 372,276.21 247,184.32 313,924.09 
F 62,564.04 82,813.25 52,968.07 68,858.49 

j G 792,477.84 1,110,948.98 670,928.87 939,300.42 
.~ H 250,256. 16 349,336.06 211,872.28 294,502.46 

I 104,273.40 131 ,821.75 88,280.1 2 11 0,350.14 
.- J 479,657.64 653,814.39 406,088.53 552,280.40 

K 479,657.64 673,000.70 406,088.53 568,523.94 

~1L~~U 373,488.36 512,324.87 316,203.32 432,492.31 

% Vif'l"'f'l~ 27.10 26.89 

, , " 
l'l1J'1~Yl 4.5 bmUU bYlUU ~'WVl'WbbN~1'WYlt -iiL k!n 1J'~~ l'l bbf'l :;~ '" ~~ • 

~U'VJmLN~1U'rnJ 

£l1F11~ 
lli LiI'U lJ1 GI,-:t1 'U 

n~ril~nl!t1 
lJ1 G1,-:t1'U 

A 203,864.56 370,903.30 
B 271,819.42 432,537.34 
C 458,695.26 748,929.60 
D 407,729.12 775,625.00 
E 237,841.99 363,674.62 
F 50,966. 14 81,100.75 
G 645,571.11 1,16 1,1 40.67 
H 203,864.56 362,448.70 
I 84,943.57 126,361.04 
J 390,740.41 670,386.37 
K 390,740.41 702,795.67 

~1L~~U 304.252.41 526.900.28 

% Vlf'l"'fi~ 42.26 
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, ,0-

1?l1~1'1Vl 4.6 LmrJ'IJ LVlrJ'IJ ~'W'Vl'W~~'1'11'WVlH1:Wn1~t:J~ I?l LL~:;~1?l ~'1 
q 

~'WVJ'W"~'I'I1'W 

mAl'; 
'1.11d~lu)J1&l~i1U 

fl,;dlAm~t1 
)J1&l'i 1U 

A 36,252.12 58,471 .62 
B 48,336.16 72,609.95 
C 81,567.26 124,087.95 
0 72,504.23 119,737.70 
E 42,294.14 62,278.09 
F 9,063.03 16,419.17 
G 114,798.37 183,783.11 
H 36,252.12 57,746.58 
I 15,105.05 26,539.55 
J 69,483.22 108,499.54 
K 69,483.22 111,278.87 

f'i1LllftU 54,103.54 85,586.56 

% Vi~I?l~N 36.79 

lJ')1/'n'n"L1I5I~ 

12,500.00 / ,.. 
-

10,000.00 /' 

-
7,500.00 /' F 

r--
5,000.00 /' 

-;c:~ 
.. ... 

/' r r--
2,500.00 

rJ :U ..... =-- .. -
n'::-=ln Lm)J U'''''1U Yltf""1U "'uytu'';l)J 

o )J151'!!1U 2,590.07 2,662.70 2,109.93 375.20 7,737.90 

[J '\2iLllu)J151'!!1U 3,552.88 3,641.95 3,653.95 593.53 11 ,442.31 

tJ~::LIl)1AUytU 



UtlmJ'I"::Lfl\1RUytU 1.I'I"::5j-'1.n'i1511\1lJ1il'l"!1U 

.... I\I\l1U, 375.20 
,5% 

LMlJ, 2,662.70 
, 37% 

'il1 n n'lJ'';j b~J'1:;lXbmtl'IJ bl1t1'IJ ~'J1~ bbl'l n (;h'l"1l'fl'l ~'WYl'W~1-nt 'Wn'lJ'e.J~ 1'l1JJ':;I'l-'Wl~h [;J1'1 
q ~ 

" 
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"1I'W1 f?1~11'lJ'fJ1'Wn'IJ n'l J'~ f?1 ~'1 bb'IJ'IJ b~~ ~'IJ~11JJ':;I'l-Vlih [;J 1'1 "11 'W1 f?1~11'lJ'fJ1'W~1~1J'tl~ f?1 ~'WYl'W~'1 
d 'lJ cI.I q 

~ tJ .cJ .cI II 1I 

bf?1b'U~tltl'l 32.37% Vl1'fl~1nn~1,r'W Lf?1mbtlnHl~'1i1~'fl 

1. ~'WYl'W.rl'ltl~'IJ ~1~1J'tl~f?1Hlb'U~tI~ 26.99 % 
q q 

, , 
~ ~tJ q q 

2. I'l'WYl'WbbN ~1~1J'tl~f?1~'1 bf?1b'i),~tlYl 42.26% 
q 

" " ~'1,r'W lJJ':;I'l-Vlih [;J1'1~11'lJ'fJ1'W~1V1f'IJ1JJ':;b Yl filL Yltl~'1 b VI~1:;~1V1f'IJ1-nt 'Wn'lJ'~ f?1 ~'1 
'" .lot 

" " , 
1 'Wn'lJ'';j4'tI ~f'li1 L~ bbU'I n'lJ'';j4'tI'fl'flmil'W 2 ~'J'W~'fl n'lJ'';j4'tIJ':;tI:;b'J~1111-if e.J~ I'l bb~:; 

SI I II " I SI 

~ f?1 ~'1th:;~-Vlih [;J1'1 iS~ ~'1 bb[;J b';]1V1,j1'11'W 'il'W~'1 ~ f?1 ~'1 b~ ~'il bb~:;n'lJ'';j4'm'J~1111-nt 'Wn'lJ'~ f?1 ~'1 

lJJ':;~-Vl,j1 [;J1'1~1 b~'ill,j~11'lJ'~1'W 
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, " , 
4.1.2.2 L'J~1Vl1-iiL'Wmnh:::n'e)'lJ~I?1[;]'1uJ':::l'l-Vlih[;h,n1'J1u 

'IJ 

L'J~1 L'WmJ'~ 1?1~'1UJ':::l'l-Vl,J1 [;]1'1 ~LLl'ln [;]1'1rl'W ~'1~~'W'e)tJrl'lJ 'll1'1'tJij'e)LLN~1JJ LYlrWr'i'e) cw. L'J~1 
'IJ 'IJ ., , , 

11'W1 ~'J1lJ~1'e)lJ"1J'e)'1V1,J1'11'W LL~:::mnU~t1'WLLU~'1"1J'e)'1 L~1"1J'e)'1m ~1J' J''JlJ ~'1'll1'1ri'e)~ 11'1~'J 1u 
, ., , 

1lJiJ ~'J1lJ~:::L~t1 1?1~'e)Vl"'l:::lJ1 ~ 1?1 [;]'1UJ':::l'l-Vl,J1 [;]1'1imltlu J':::WJ 1?1~~'1'11'WVl m1lJVI'W1 24 lJlJ .1~ .. 

., , 
~~ 1?1 [;]'1 L'e)'1 ri Ln 1?1 ~'J1lJ~'lJ~'WL 'WUJ':::l'l-Vl,J1 [;]1'1 LL[;]~:::"1l I?1Vl 1?1 ~~1t1 rl'W 
~ ~ q ~ 

"" n'i!:'l..J'J'W n11~'a 19I 

Input Process Out put 

LLN'I1'W + L'J~ 1 + ~I Site Survey I~ L~m'J~1 - 2.5 t)'W / 

~~'1'11 'W I lJ~Jl1'J::: 

LLN'I1'W + L'J~ 1 + ~I I~ "" Go' ov IV L~m'J~1 - 3.5 'J'W / 1'el'Jl9I'VI'U1.:J1'U 

~~'1'11'W I lJ~Jl1'J::: 

LLN'I1'W + L'J~1 ~I 1'elj.:J~il9l I~ L~m'J~1 - 3 t)'W 

1 
~I "" I~ L~m'J~1 - 28.5 t)'W / LLJ''1 '11'W + L'J~1 1'el n 'i!:'l..J'J'U n1~~'a 19I 

1 
LLJ''1'11'W + ~~'1'11'W ~I ' "" ~ L~m'J~1 - 6.27 t)'W / 

"lI'U~.:J LL'a~l9Il9Il9I.:J ~ 

lJ~Jl1'J::: 

,., , 
n114'u L'J~1 n~~ ~'Jf)t11~ L1~t!tJr;i~ LL(;]11.JLL1nVl L;!1Yl1 n1J'~11'J~\-1U1~1'\J 1 ~ • 

"1J'W1 1?1'll'e)'1 LU 1?1 i'lmJ'~~ l'l LL~:::~11uuJ':::n'e)'lJ ~ 1?1 ~'1"'l'WLL~'J L~~"'l LL~:::~1lJ1J'() H'I1'W1~1?1t11lJJ''JlJ 
L'J~1~H1 'WmJ'tJ1 LL 'W'Ju 1?1J''e)t1*'J~lJ 
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Site Survey 

1 
l' ~~'W1 ~'ll'e)\I LU ~ 

I 
~ ~ 

e.J~l'lm·'e)UU1'W pvc '" e.J~I'lm':;lOjn 

I 
+ 

'l.h:;n'e)u'l.h:;~ -~ih~1\1 

1 
'" '" .... " 1'l~I'l\l~'W1\11'W 

":i1\o1.W1U . 
Site 

1'51~ih "il""'~~51 "il~~51 M51i\l inA1,. mnnlJ 
Survey 

mdlAm:n (1'u) 1.h".,jJ-~ih5i1\1 
(1'u) 

\I1U (1'u) (1'u) (1'u) (1'u) 

A 48.00 27 2 3 3 33.00 7.00 
B 28.00 44 2 5 3 11 .00 7.00 
C 90.00 36 3 4 3 71.00 9.00 
0 35.00 19 2 2 3 23.00 5.00 
E 49.00 31 2 4 3 32.00 8.00 
F 18.00 10 2 2 3 9.00 2.00 
G 42.00 47 3 5 3 24.00 7.00 
H 36.00 11 2 2 3 26.00 3.00 
I 20.00 13 2 3 3 9.00 3.00 
J 60.00 36 5 5 3 38.00 9.00 
K 56.00 34 3 4 3 37.00 9.00 

nlJ 11 inA1,. 43.82 28.00 2.55 3.55 3.00 28.45 6.27 
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, " -'"" '""1" ... tl u.eJ'WJ2.JYl4.6 L'l~lYl 'IIL'il~tJLLt.Jnm2.J 1:;LllYl 

r.l1nm nri1J'if'fl2.J~ 'YiU~ltl1:;(;l-Vl':h ~l'1~hI11l2.Jl (;l1~llJ,,:;i:iif n IVllV111l'1llJ 
~ ~ ~.~ 

", , 
~'fllJ;rl'1)'J1 n ~'I LL~ 1:;tJ:;'Il'fl'l LU ~;;hI11l2.Jl (;l1SllJVllll'1llJ hli1 PI'l12.J'Yi1'fl2.J i:i mntl~tJlJLLtl~'I 

~'fllJ;rl'1~'I PllJ'IllJhlt\12.J11Clfl'lU'12.J11l t\Cl1lJ~hjtillJ'ltJ1lJm1Vil'1llJ 1'lJVltJ~ LL~:;'qU~LVI~ 

tl1:;~-Vllll ~1'1 L~tJVlltJVllll'1llJ LL~:;t1 ~vhtJi:i fl'll2.J ~ {;l'Yi~ 1 {;l 1 lJm 1c.J ~ (;ltl1:;~-WUl IJll'1 ~'IVl2.J ~ 
i1 Vi 11 ,xm1Yl {;l LL YllJfl'll2.J L~tJVlltJ"lnm1c.J ~ (;l LL~:;fl'll2.J L~tJVlltJ'"Il n'qu~ LVI ~Vllll'11lJ Vil 1,x ~'fl'l 
1'fl tl1:;~-VlllllJll'1Yl~LLYllJ'fl£h'lll'fltJ 5-10 1'lJVilm1 

btl'" 
14% 

,,"dhl 
65% 

Site Sur.ey 
6% 
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" 
l1-:J'IUJ ~ UJ'::IJl-~ih j;j'l-:J2.J'lIJlJ'ti'l'W~'l2.J'lJ'r1'C'l ~ L,)'C'l'l~ ru LU~'l"'l'l n n'lJ'J''e:l I")'e:ltl n'lJ'~ ~~U'l-:J'l'W'C'l-:J 1~ 

45.00 

30.00 

15.00 

'lJ dA 'lJ 01 

1'U 
~------------------------------------------~ 

50 

40 

30 

20 

10 

o -J.oI-.......... -
A c o G H K n1l11 

'1onn11 

Dl.htiJ-'I1Ul5il~·hJlJli1'51U 

DlhtiJ-'I1Ul5il~lJli1'51U 
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, " 
4.1 .2.2 L'H'l1~H1.'\..m1~~(;1(;],nJ~:;(;1-~,J1(;h\ll-J1(;1~~1'IJ 

" dol 

, " , 
LU'lJn1~I)r.rtJ L'l~1~1-n 'lJn1~~ (;1 (;]\li.h:;(;1-~,J1 (;]1\1 l-J 1 (;1~~1'IJ 1 'IJ~'l'IJ~'rN (;]'l LLi.J~~'tl\l L'l~1 

" oM 
, " 

~1-n'IJn1~~(;1(;]\ltJ~:;(;1-~,J1(;]1\1l-J1(;1~~1'IJ m,l'lmU'IJ'lJ1~ L(;1tJn1~1-nmil-J'V1(;1~'tl\l ~1'IJ'l'IJ 4 mil-J 
III dol q q 

" " CIiI.c:::II Q Q I ..... 0 <Q, cv cv '" I 0 .dI 11 I 

'V1l-J'tl1"jj~'V1 LL(;1 n (;11\1 n'IJ 'V11 n1 ~(;1 (;1 (;1\1 (;1'l LL'V1'IJ~'lJ1 (;11\1 "lI 'lJ1 (;1l-J1 (;1~~1'IJ"'l1'IJ'l'IJ 2 i.J1'IJ Fl'tl ~'lJ1 (;11\1 

i.J1'IJ~(;1(;11tJ ~'lJ1(;1 600 x 1200 l-Jl-J . LL~:; ~,J1(;]1\1i.J1'IJL~'tl'IJ ~'lJ1(;11500 x 1200 l-Jl-J.1~W'ln~1 

L~'tl L~tJi.Jni.J tJ~:;(;1-~,J1 (;]1\1~hJ1 -nl-J1 (;1~~1'IJ 
" oM 

" Lil(;1(;11l-Jl-J1(;1~~1'IJ~,J1(;]1\1 'tl~~\I"'l1m:;~i.JYl'IJ 900 l-Jl-J. 

...: 
UPVC ~1'IJ'l'IJ 2 "jj(;1 tJ~:;n'tli.J~'ltJi.J1'IJ~(;1(;11tJ 1 i.J1'IJ ~'lJ1(;1 600 x 1200 l-Jl-J. LL~:;i.J1'IJL~'tl'IJ • 

" ~'lJ1(;1 1500 x 1200 ~1'IJ'l'IJ 1 "jj(;1 ~~'tll-J'tltJmru~(;1(;]\I ~~1'IJL"'l1:; (;1'tlnL"'l1:; ~~1'IJi'IJ ,y'tl'IJtJ1\1 
• q 

" ~ n'rt1 m:;i.J'l'IJn1~!:J ~ (;1 LL~:;~ (;1 (;]\ltJ~:;(;1-~,J1 (;]1\1 
" 

jt 
I) LFln:;tf~1if"'l4'tJ~~ n~yh 1 m-n L'l~1l-J1n 

D 
r.r(;1vl1 DIY tJ~:;(;1-~,J1 (;]1\1 l-J 1 (;1~~1'IJ 

" oM 

j L 
LmtJi.J L~tJi.J L'l~1 

I " """ 

n1~,j'IJ~ n L'l~1 1Sl-J (;]\1 LL(;] n~l-J'V1 (;1~'tl\l~~'tll-J ~ (;1 (;]\1 "'l'IJm:;;1\1 ~(;1 (;]\ltJ~:;(;1-~,J1 (;]1\1 L~~"'l . " 

" 
2 Fl'IJ LLU\lLU'IJ 4 n~l-J'tl1;~ 1~!:J~~\I.w • 
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, ," 
(;l'lJ''l-.lYi 4.7 LWtllJ LYitllJJ':;t1:;L,)lfnYi1-ii1. 'kln'lJ'~(;) ~-.l LL~~:;mhJ'tl'l~~ , 

n~),JVl(;)~'el-.l J':;t1:;L,)~'lJ''J),Jl'klmJ'~(;)til-.l",ir'l~'l-.l 21(;) ('kl'lVl) 

... ... ... L~~t1 / 1~ LLtln(;l'l),J'el'l"1l~ 1~Vl 1 1~Vl 2 

1 . 
I .- :. 

"1I'l-.l(;l~(;]-.lm:;"In uPVC 26.00 28.00 27.00 

2. 
1_::' 
"1I'l-.l(;]~(;]-.lm:;"In Aluminum 31.00 30.00 30.50 

3. "lI'l-.l ri'fl~ 1'l-.l~'J'ttJ 63.00 74.00 68.50 

4. ~,rn-.l'l'kl1'kl~1,rn-.l'l'kl "1I'ltl 245.00 328.00 286.50 

," " 
n'lJ'1j Ll"1n:;iJ':;t1:;,)~'lYi1-ii1. 'kln'lJ'~(;) ~-.l ~') LL Vl'kl"'U'l ~'l-.l ~-.ltl 

~ ~ ~ I I 

1. "li'l-.l~(;)~-.lm:;"'ln UPVC ~'l~'lHl~~~-.l~,)LLVl'kl"'U'l~'l-.l~-.l 2"11(;) HL,)~'lL'U~t1Yi 27 'kl'lYi , 

... .... 
,)'kl'lVl 

" II " I I 

3. "li'l-.lri'el~~'l-.l..r')hJ ~'l~'lJ'tl~(;)~-.l~'JLLVl'kl"'U'l~'l-.l..r-.l 2"11(;) HL,)~'lL'U~t1Yi 68 'kl'lYi 30 1j'kl'lYi , 
!II '" I I 

4. ~,rn-.l'l'kl1'kl~'l,rn-.l'l'kl "1I'ltl ~'l~'lnl~~~-.l~,)LLVl'kl"'U'l~'l-.l..r-.l 2"11(;) HfL,)~'lL'U~t1Yi 286 'kl'lYi30 , 

" " , 
LWtllJ LYitllJL,)~'l~'el-.ln~~Vl (;)~'el-.l..r-.l 4 n~~ nlJn'lJ'~(;)~-.lih:;(;l-"'U'l ~'l-.lYiL~1"li~'l (;]J'fi'l'kl 

~ q ~ ~ 

L1~1Lil~[J~~~"/'1f~ (u1V1) 

lJ1~~:i1U 'l.llJ1~~:i1U 

" 27 .00 57 .00 
1. "li'l-.l~~til-.lm:;"In UPVC 

" 30 .50 67 .50 
2. "lI'l-.l~~til-.lm:;"In Aluminum 

3. "lI'l-.l ri'el~ 1'l-.l ~ ') 'ttJ 
68 .50 Il.,'llU 

4. ~,rn-.l'l'kll'kl~'l,rn-.l'l~ "1I'ltl 
150.50 Il51,llU 
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o " 

1Oj1 n n1~~ LfOW1:::,xLmtllJ L~tllJ i"1'J1~ LL[;l n ~1'1"11!l'l L'J~1~1-n tJn1~~ (;l ~'11J~:::[;l-tnJ1 ~1'1 
" 

o " 

~:::~~1'1"11tJ1 (;l~1 [;l~ti1tJnlJ"1ItJ1 (;l~hJ1~~1 [;l~~1tJ YllJ~1 n1~~ (;l ~'11J~:::[;l-m~h ~1'1"11tJ1 (;l~1 [;l~~1tJ ct.i dS CU dJJ 

~1~1~Cl~(;lL'J~11tJn1~~(;l ~'1~'11~ 54% "1I!l'l L'J~1~1-n tJn1~~(;l ~'1LLlJlJ L~~ ~~hll"ll"ll1'1m:::lOjnri 
" 

" 1Oj:::~1~1~Cl ~ (;l ~'11J~:::[;l-~,J1 ~1'11~ 
" 

" ~'1t!tJ 1J~:::[;l-~,J1 ~1'1~1 L~IOj~1J~1 [;l~~1tJ~1~flJ1J~:::LYl fl\1v1tJ ~'1 L~~1:::~1~flJl-n tJn1~ 
" "01.8 

I II I II 

LLnU'lJ~1 LLN'I1tJ1J~!l"1l1 (;lLLi"1~tJ Li1!l'l1Oj1n~(;l~'11~~'J (;lL~'J 41tl l.Ji"1i"1~~'J 11J~1~1~Cl~(;l~'11~L!l'l 

t(;ltl(;l1Oj1n~~!l~(;l~'1 
" " 



" mJ'~ (;'I ~'1l-J1 [;1J'~1'W 

d 
'lJ'VI'VI 5 

FH1.lJl1Yil-J1 [;1J'fj1'W~1'WF1,)1l-J F1'1'Vl'WL 'Wm J' L-if'l1'W"1J'el'llh:;[;1-'w~~h 1?l1'1 
• d.I OJ 

11 I ~ I/Q! .J .r::tI 1I.Q t,I II I '" J' 
lh:;[;1-~'W1 [;11'1 F1ru~l-J1J [;1~'1L ~l-JJ'1 F11'VlCl m~'1 LYi'elL ~l-J m J' blh:;[;1-~'W1 [;11'1L ~l-J1 n"1l'W 

~ '1 \J ClJ 1.1 
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~ (;'Ill 1 J':;m J'Yi 1 F1,)1l-J LU'WL ~n1J'el1F11J' ~(;'Il-J~~M Yi1~1tJ~'1 LL')(;'I~'ell-J ~ (;'I"1ltJ:;"1nmJ'~~ [;1LL~:;mJ' 

ri'el~~1'1 ~ (;'I L,)~1 LL~:;LLnif '1J~1 LLN'I1'W'tJ;J'el"1l1 (;'I LLF1~'W 

" " " "1n'l1'W':j4'tJF1f'llllh:;n'el1Jn1JmJ'~nM1~'el~~1?l1'11 ~1l-J1J'Cl~~ul~ ~'1ll 

1l1,):; L~ n~'el'W 'Vl1'1'el'el n~~'1~,,:;-rl')tJ n'W~ (;'I if '1J~1 L~ n~'el'W~'elm J'L~'eln 1-if1'~ "J~ 

~ (;'ImJ' L-ifYi~'1'11'W UJ':;[;1~~-W11?l1'1 LU'W'el'l ~Um'el1J~1 ~ ru"1l'el'l'el1 F11J'~":;-rl')tJ~ (;'I ml-J 1 ruF1,)1l-J~'el'W 
OJ ~ 

I II I .J .., qq c.~ ..JJ'.J, 4 

l-J1nm1 UJ':;~-~'W1[;11'1'VlUJ':;n'el1J(;'I')tJm:;"n~L"1ltJ,)LL~:;L~J'l-J'el~l-J'Wl-J 'VlYi'W'Vl"lf'el'lLti(;'l 144 [;11J'1'1 

Ll-J[;1J' J':;tJ:;L,)~1L(;'I'WLL~'1LL(;'I(;'I 8 -B',)Ll-J'II?l'el1''W ~'11~ 250.97 m~1'[;1~ 

70,000 ~tl')tJ 

I " I I 

,j'1'W~\1'1~~'1iJ~'WY1-rl'el'l LU(;'I L'U~tJ 144 [;1J'l-J. 
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., 
~'II:.J~ L~~'l ~'ltln~,uJ11~,:j 34.90% bYitJUriUlh::;~-Vlih[;J'l,:j bbUUb~~ v'h L~"jj'l..l-n"m~'l,:j~,:j~'ln 

~ ~ 

L'e) n'l~ 1~ -nth::;~-Vl-W'l [;J'l,:jlh::;VI~ ~Yi~,:j,:j'l'l..lri'l..l~'l n~'I..l 'I..l'e)n b Vlij'e)'Ol'l n~n~'l'l..l"l1'ltJ~ ~ll'l'l::; L~ n 
~ ., 

~'e)'I..l ~,:j1~"l1'ltJri'l..l~~"1ltJ::;'Ol'lnn'l~e-.I~ ~ ~ ~rh Hr.htJL'I..ln'l~ihr.r ~"lltJ::;bVl~'l,r'l..l 

" , 
m::;u'l'l..ln'lnh::;n'e)u bb~::;~ ~ ~,:jlh::;~-Vl-W'l [;J'l,:jYi~,:jtl'l n -nU-n'e)'I..l bb~::;~ 'k! btJ~'l 

vl'lL~~'e),:jHbbN,:j'l'l..l~'l'l..l'l'l..l~'ln ~,:j e-.I~ L~n'l~e-.I~ ~tJ~::;~-Vlih [;J'l,:jn ~'I..l'Yl'l..l~~,:j bb~'l ~,:jH b'l~'lL'I..l 
~ . ~ 

" , " 
n'l~tJ~::;n'e)u bb~::;~ ~ ~,:jYitl'l'l'l..l'l'l..l n'l~~~'l,:jtJ~::;~-Vl-W'l [;J'l,:j~'l ~~~'l'l..l vl'lL ~~ ~ b'l~'lL 'I..ln'l~~ ~~,:j 

~ oLe 

n'l ~~'Ol'l~ru'l~h,:jtJ~::;~-Vl-W'l [;J'l,:j~'l ~~~'l'l..lL ~~ ~~,:j 1~~'ltJ ~'I..l~'l1tJ~1~L "l1~'ltJ 
~ oLe 

~ ~ I ~ 

'e)'l;Yi"l1'l,:j ~ ~~,:j n~::;'Ol n~'l~'l ~tl ~ ~~,:j 1~ "l1'ltJ~ ~iI 'k!VI'l"l1'l,:j!lil'e) bbN,:j'l'l..lYi ~~'l ~bb~~'I..l ~ m1,:j"l1'l,:j 
i.I" I I 

~~~,:jm::;'Olm'e),:jri~'l~'l~tl~~~,:j1~bb~'lb~~'Ol~'l'l..l'l'l..l 2 U'l'l..lll'ltJL'I..l 27 'I..l'lYi bb~::;U~~~"r1'lhJYi • 
" I I '" 

1~L"l1"l1'l,:jri'e)~~'l,:jri~'l~'l~tl~~~,:jVl-W'l[;J'l,:j 2 U'l'l..l1~b'e),:jll'ltJL'I..lb'l~'l 5 -n'lL~,:j ~,:jn'l~~~~,:jbbUUbri'l 
, " 

U ~~"r1'l1tJ'Ol::;1~~'l~'l~tl ~ ~~,:j b'e),:j 1~ b~tJ • 

2Jl\JI"l!lU';O.:.liUfI 
'ilVnl'i 

Energy Star Zone 2 NFRC 24 mm. Green Low-E 

VT(%) ',Mn'lufl 51.00 43.00 

SHGC 0.40 0.32 0.28 

V-Value (Btu/hr-sf-OF) 0.65 0.35 0.31 

Air Leak( cfmlsf) 0.30 0.20 'SJ'~fh"UfI 
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5.2.1. L~'fl--l'"l1nn1~~4'£J~¥--le L~'&'l~1--lVl-W1(;)1--l~1[;l~~1'W~'W 2 1'" ~'fltJ1'W~"'[;l1£J LL~:; 
, ~ 

tJ1'WL~'fl'W 1·jfLtl'W~'JLLVl'Wth:;[;l-Vl-W1(;)1--l~1[;l~fJ1'W H1'Wn1~u'W~m'J~1n1~~"'~--l LL(;)U--liJJL~"'1 
" .... 

I I I II I I 

n1~~4'£J tJ~:;[;ltJ1'WL~'fl'WLL~ :;tJ1'WLU '" ;--l'"l:;il"jJ'W1 ",Vi1 mun~1 LL~:;ilu1V1t!nVi~1n n~1 ;--l'fl1'"l'"l:; " ~ 

5.2.2. L~'fl--l'"l1nn1~~4'£J~¥--le ilm~1nJn~~~'J'flth--l~-w'flmn'WLtJ ~'fln~~'fl1~1~U1'W • • , ~ 

L~mmru~mt1 11 VI~--l LL~:;n~~Vl"'~'fl--l~"'~--ln~:;'"ln ~1'W'J'W 4 n~~~'J'flth--l n~~~:; 2 "11'" 
iii! q q q 

~ 

tJ~:;L~'WL~~--l\l 

I I I " I 

;--l n1~m LL'W'Jn'W¥'J n'W;~ n Ltl'W~fin1 ~Vi ~'fl--lm ~£J ~'J1~-n1'W1 'lJ~--l'"l:; Lffl'W--l1 'WVi ~£JtJ~'fl£J 

~ 

LL~:;~"'~--l1mJ 

I I I II 

5 .3.3 1'Wn1~~4'mYl~L~~ ~'J~'"l:;~4'mYl~~--le.J~m:;VltJtl1"jJ'W1"'tJ1'W~"'[;l1£JVi1V1'1!n~1\l 

n1~~"'~--lLLtJtJ Curtain Wall Vl1'fl Sky Light LL~:;~tJLLtJtJtJ~:;[;l-Vl-W1(;)1--l~1[;l~~1'W~VI~1nVl~1£J 
" " .... 

J' 
"jJ'W 

~ 

5.3.4 1 'Wn1~~4'£J ~¥--l (;)'flLtJ ~'J ~'"l:;"'1 n1~~4'£J ~--l e.J~ m:;VltJtJ~:;[;l-Vl-W1 (;)1--l~1 [;l~~1'W(;)'fl 
" .... 

~ 

1V1~1 'fl'fln~11""L~1"jJ'fl--lm~1~ LL~:;'&'lmtJUnL~L~'flnH~1n~'W 
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I I I II 

!li~1~~..:1 LL'Cl:;~1~'ClYl1~~1 LmrJiJ LYlrJiJrliJ!li ~1~Yl'eltJ'el1 ~rJ,j'1t.!L~m 2 it.! 
~ ~ 

5 .3 .6 ~m~t1L~~L~~~..:In1~~iJ~'el iJ~~'"l.riruey] LL'Cl:;n1~~t.!~..:I tJ~:;(;1-'\..rW1~1..:1~1(;1~~1t.! 
q ~ ~ 

" ";..:I~t.!~..:IJl1rJ1 t.!tJ~:;L'VI f'I LL'Cl:;n1~~t.!~..:I1tJ ~1..:1tJ~:;L'VI f'I 
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"t1n: http://www.oknation.netiblog/homebizl2008/11107 lentry-4/comment 

Un.!';;1n "tfl1itl, ~rtl'U fB'firrl.JtI~ .1'fl~ LLfl::n1rn'tlflr1'1tlr::1n LLfl::VI'U1j;J1'1. ~1'U,)'U 1 000 L~l.J. 
4·~ IIIj tI 

~l.Jlff'lf'l~ 2. ~l.Jlf~LN~l.JlfLLvi'l,ri1fl'lnnUl.Jln'1Vltl1ffti ,2548. 

- q I I " 
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11ij1h'UdWfln~ t 'U m'jl'11fldllJt~'\..H,h'U fl'j~ ~fl 

1. fll'UdW~lfldllJtiJml'Ud'U'U~.:Jfl'j~~fl hHJm'jUl~l U-Value lJlfll'Udw'~nHJ 

fl'j~~fll", 6lJlJ. Summer U-Value = 5 .21 W/m2.K 

fl'j~~fl Low-E iYt~tn 24 lJlJ. Summer U-Value = 1.60 W/m2.K 

" 
2, fll'UdWU~lJ1WfldllJrm.nrnnJfl~1'\.J.fl'j~~fl 

SHGC = 0.84 W/m2; Q = 0.84 x 787 = 661 Wattlm2 

fl'j~~fl Low-E iYt~tJd 24 lJlJ. SHGC = 0.25 W/m2; Q = 0.25 x 787 = 197 Wattlm2 

" 3. Ul~l~~ff~~lJl'jdlJn'U 

fl'j~~fltff 6lJlJ. Qtotal = 5.21 + 661 = 666.21 Wattlm2 

fl'j~~fl Low-E iYt~tJd 24 lJlJ. Qtotal = 1.60 + 197 =198.60 Wattlm2 

tI I " 

4. t1'lmflnii~'Uliti'fl'j~~fl 100 ~l'jl~tlJm tnl~~~~t11fltfl1~~uf1JmmfY 8 ~d IlJ~fi~l'U IfltJii 
, " 

~livHhli 2.80 1J1'V1/m.htJ ~~~~~tiYtJ~livJvht'Um'jl'11fldllJt~'U~~U 

fl'j~~fltff 6lJlJ. 

~livJvh = (666.21 x 100 x 8 x 2.8)/1000/3.2 = 466.351J1'V1/1'U 

d d 

fl'j~~fl Low-E fft'UtJd 24 lJlJ . 

~1 ivJvh = (666.21 x 100 x 8 x 2.8)/1000/3.2 = l39.021J1'V1!1'U 

fl'j~~fl Low-E iYt~tJd 24 lJlJ. 

6. ti'n~lfi'Ul'J'U ilitfl'U 2 iJ 

fl'j~~fltff 6lJlJ. 

fl'j~~fl Low-E iYt~tJd 24 lJlJ. 

~l'vJYh = 466.35 x 365 = 170.217.751J1'V1/iJ 

~livJYh = l39.02 x 365 = 50.742.301J1'V1/iJ 

'jlmfl'j~~fl = 37.674 1Jl'V1 

'jlmfl'j~~fl = 193,752 1Jl'V1 

, 
d 

'VI 100 ~nl.:JtlJ~'j 

.d 
'VI 100 ~l'jl.:JtlJm 
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~'t) : 'U.1'1~1'lL~fi~1 '11~fjt)IiJ'U.~r)1'1 (Sothida Ngamwiwatsawang) 
, , 

Lii~Ln't)t)'U.Yl1 n~fl1~'U.fi 2506 • 
~'t)~: Lfl'll~ 65 Cl'U.'U. 22mn!l1f1~ 1 't).il't)~tld1UA'l'l~1tJ ".n'Yl~ 1 01 00 

Lu't)fl'Yl'lA''t'I~~~[;\'t) 081-615--7678 

....... '" 
~'t'I"Il1tJ 2 rl'U. LLfl~'U.'t)'1"1l1tJ 1 fI'U. 

t1r.:~ n"l'lAm~1 

'l~~umtl.J'k!1l'l1 

'l~~umtl.Jtl.J1 L'Yl 

'l~~um'k! tl.J1 L 'Yl 

~vnfj'Ylm~mmfl'l'lf'l1~[;1f ('l'YlU. ~[;1fj'Ylm) 

University of Central Oklahoma (MBA Marketing) 

ri1~'1~mnrlru~~m'l1l'ltJn'l1~f'l1~[;1f 

t1r.:tji m'n'h.:a1 U 

1987-1989 

1992-1993 

1993-2009 

~tI.:a1U 

um'Yl ~ilLLUf ~1n~ 

~1LLvnl'l Production Control Staff 

ul1i"Yll'YltJm'U.Hl.!~ ~1n~ 

v11LL'Inl'l Sales Executive ~LLfl'lCltJ'U.~ BMW LLfl~ Ford 

u1'~'Yll'YltJ-LtJ't)'ll!'U. ~LtlL;!tJfl~nfl1~ ~1n'" 
~1 LL'Inl'l ~4'~n1'l~1U'l1tJLrlNn1'l ~ LLfl [;1fl1~'t)i'l'\..nl~'Ylf't'ltJ1'U.tl'l~L'Ylf'll'YltJ 

1. ~U'ln1'l~"n't)1f11'l~~tJ~1'l ~'U.1~ij'U.q'l'l'l0UJ~ 

2. ~U'lm~"nmrl1'l A, B , LLfl~ C f'I'U.6'l1"1ln1'l LL4'1t)IiJ'U.~ .. 
3. ~u'lm~"nmrl1'l Energy Complex 

4. ~u'lm~'n Central World Tower, Central World Plaza, LLfl~ Central World Hotel d1"1l~11 

5. ~u'lm~'n fi'U.1rl1'lnl'l1'YltJ ~1'111LL4'1t)IiJ'U.~ 

6. ~u'lm~' nm rl1 'l~ 1Un'l1'U. hH1J~ [;11 L~tJ'U.l'YltJ Cl'U.'U.L't'I"Ild'l.ir 

7. ~u'lm~"n 'lCllvlvhli1i~'U.~1m~il't) 
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