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UROCHA JIARANAIPANICH: IMPACTS OF BUILDING FORMS AND ORIENTATIONS ON
ENERGY PERFORMANCE OF OFFICE BUILDING BASED ON THE ASHRAE STANDARD
90.1 2007. ADVISOR : ASST.PROF. ATCH SRESHTHAPUTRA, Ph.D., 105 pp.

This research studied the impacts of building forms and orientations on the energy performance of
office buildings in Bangkok based on the ASHRAE Standard 90.1 2007. Nine building shapes with various
orientations forming the total of 45 cases were set for the simulations. Modifications of window area, types of
walls, glasses, shading devices, and daylight controls were performed. The totals of 13,500 cases were
simulated by Visual DOE 4.0 following the procedures set forth in the Appendix G of the ASHRAE Standard
90.1 2007. The climatic data file of Bangkok was used.

The simulation results showed that, due to various buildings shapes and orientations, the energy
cost saving from the ASHRAE baseline or %SAVE is not directly associated with energy consumption per unit
area or EUl. Some building shapes with lower EUlI were found to have less saving than some that have
higher EUI. Circular-shape buildings perform better in terms of lowest EUI; however they achieve very small
savings from the ASHRAE Standard. Buildings with an X-shape floor plan with the Shape Factor of 1/2 have
the highest EUI, which means they would consume more energy; however they can achieve the highest
saving.

The building shape that has moderate EUl and % SAVE is L-shape with the Shape Factor of 1/1. In
cases where modification of the envelope is not needed, buildings with an X-shape floor plan with the Shape
Factor of 1/2 aligned on the east-west direction can have the highest %SAVE. Building shapes with SF 1/2
along the east - west have an opportunity to achieve higher %SAVE than others. Buildings with rectangular,
L, and U-shape plans tend to have a good agreement between EUI and %SAVE. On the average buildings
with an X-shape plan with the Shape Factor of 1/2 have both EUI and %SAVE higher than those with the
Shape Factor of 1/1.

For envelope maodifications using shading devices, L shaped buildings with SF 1/1 perform better in
terms of lower EUI and higher %SAVE, whereas those with SF 1/2 can only moderately benefit from shadings
to increase %SAVE, and effective shading devices for these cases need to be horizontal or vertical
configuration. The research also performed the tests using 13 building shapes without exterior shading and
daylight controls on cold climate of Madison, Wisconsin, USA. The result showed that there is no relationship

between the EUIl and %SAVE for cold climates.
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wdsA1auuanmieannil WniuuarInig
ATBUNALLWINAY 0.30
89ALITNBUFNIT NAAFINLT i ATUEUTY
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o a o o o Aﬂl U U
sruUemIuR dnfuneetannnnfeeldnnsg
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Tddnalaunmasnngingaiang
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Sky light Feafliuiivinduenans Proposed
Vit 5% asiuidumnasAnTasanans Tl
denlderfidenndd ﬁﬂmqmaﬁm%\ﬂgﬂuuu
WRenduiue1As Proposed

A1 U-Factors 2849@a1ULAY A1 U-Factors
WAYSHGC 1891a9Uaslas Sky light #1989
AINNIMTFIU ASHRAE  90.1 2007151471
5.5-1 114 5.5-8
RovesudenldfiAinisasioundy
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22  msAnsEasnswwasiAnsaIAsiulssansnwlunisldwasau

Tnavinliludn guUnssnaznisansianigenans udunauusnigeanuuuazvaison
Tun1saanuuueAs N9ANEGasdaulsinasanisldnasnusedanans wudn gunss
a [ dJ o dly ] =K K 9nl/
81A3LAEN179197 AN 19e AT T unils ludud s feanuuuadsanilanaluduneunis
8 = ) o o . Y o -
aanuUUeIAnleanae iasanidulladeninasenisldnaaaruluenns (Ekici  and

Aksoy, 2011)

AT 2.3 NsAnEFesFaLl shnasen1sEnasesu1e981A1T (Ekici and Aksoy, 2011)

Table 1
Design parameters effects building energy requirements.
Physical environmental Artificial design parameters
parameters
Hourly outdoor temperature (°C) Building form factor
Solar radiation (W/m?) Transparency ratio
Wind direction and velocity (m/s) Orientation

Thermo-physical properties of
building materials.
The distance between buildings

1
a o 4 o =

UANAINURNITTIUINIUARLANLALITAIA LN TR NLLLAIAN TN N 22 ANT ANl

nsldwaenu wuda ginsseatsuazAnizasaanaIag saNdsanIwgiaIn1ANHe

AallszdansninnisldnasaIuIeIanang setladanauanasilnsaainislann ansndqu

U

STUINANNNANBATAINNENNTBIBIAIT Y38 Shape factor (NN 2.1) WaTERIIEIL

. . BN 3 , 4 4

92UINUTNIAIANIANIFANUNHINEUAN 138 Compactness index (NN 2.2) Taaia1AnTh
al a

= e SAad da o . = . |
LUTHRTvINTU a1AINNNUNRaYatnNdNaziAl Cl (Compactness index) N1NNI1 LAZAIN

= = o o Y o o o y X ' Aad o o
ﬂﬂ‘]ﬁl”]L?@QLﬂmmﬁQﬂﬂqﬁ‘IsﬁW@\Nqu&Luﬂqﬂq?@quﬂ\‘mumm?@usﬁu W‘]_Ifmgﬂﬂ/l?\‘i‘vmwumum;l

1 9 '
aad

anlurneninunldaeaninige viraden CI 1an duidugdnseimnnzanlunisdu

BIATRUINENAWIY (Ngus] ANRRTleFY, 2548) A wmiulugieiniAuuiaiy wudang
1 1 QI dal dla dl ' a o 4 4 k73 o

anA1 Cl iunisiiinunEalaenlzninswingn azinliaanuseanislunislindaanuzes

21PN lAANNINAMLLEIANTY (Depecker et. al., 2001)
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2 2.2 LaAeinetneE R dausE NI BuInse1AnsAenNE RN 1auen Compactness index)

(Pacheco et. al., 2012)

AINN9IANENIFadgLNTIRIATuALTIANIINITINeTANT IR R N AL LWl

dszmensn Inariuuaeasldinunlndipeeiu usldl SF uansneiume 1/1 172 uaz 2/1

a

Tagudsanmisiiu 2 ngu AeeA1sRENIIAARIAUIL LATEIANIT INENNIAAAIRUIY

AMNUUNYUAIANINAY 15 897 AauanalunInd 2.3 wudidmiuenasninisfinfeauaL

sunsandl SF winrdu 11 lugimsaniannlinfsauninigaluinaunnianie Ineluiianig

D e

IuNU 45 a9AnaziluiAn 9N IEWAs U Ngad T A TILIL /1 douanAnsgLings

A

WREINEUENLLL 1/2 LAy 2/1n139uANueNaa9a1A77 lnteia ez ldnassnutiasndnlu

3D

#iF@1°) (Aksoya and Inalli, 2006)



14

ORIENTATIQON
(1 107 200 30° 40' 50° 0" 70" 30
N N N N M N N K H
14 ) ‘
Bl | Bm B _4 > -
- [
o S 3 -
« N ] 1 3 H S N I 1
o
Zf - -
w 5 s 3 s 3] B 3
a N L] N 8 " N N £ K
<
e | e S
0
- L= 8 &

NN 2.3 UARINITNHUBIANTIND AN ZUNIIUATAANINTIMNIZAN (Pacheco et. al., 2012)

UANAINLUNITANEITAY BNINAUIFAZIULALAANINAIANINHUAFBNF IT WAL

TuanasTuilszinalng wudn drdauaasanansdiinanu Taeuss uas Auenisdn Nunzas
sianisldndsaumuiundssiiueianslszudandenuaniuinsdedundenaes
Uszinalng agszndng 1:1.3 wazt 1.7 viadugnsdimaeniudidnies nsdne
pananqldnisanaaenislanasanunauldsunsupaniiowmaes lnalddayanieannirues
NPMNLMIUAT (IFHH FUABUNT, 2552)

AINNIIANHIFTOUNITHWLIAN gi_lmaLL@:‘?]ﬂmqmmiLﬂuﬁ@ﬁwﬁqﬁﬁm@ﬁi@mﬂ%
NENUTBIBIANT UATEIMSLAANITRIATS I iIuLﬂuLmeqﬁﬂﬁwﬂvmﬁlzﬁm‘ﬁlmmm
S FldmusgaGEudulunseenuunenas wandluvildwindeniunnisdnmtenass
(Pacheco et. al., 2012) frﬂF;i’]ﬂiﬁ‘ﬁﬁl’]NﬁﬁiﬂwudﬁﬁﬂﬁﬁﬁﬂﬂﬂLﬁﬂ’)ﬁum@ﬂ%%um@ﬂgﬂ%ﬁ\iLL@Z
fiAnsetAsiLinaiaIAsileqsne vee mmﬂfmﬁLﬁm%’mﬁumi@ﬁﬂﬁwﬁwu Fariu
lugasusnzestunauniseanuuuiil n1sfansunIUnsauasiiAniIsaIAns Iimunsaniy
gRenetesiu azdaelferasiszansnnlunisldndeny uazdeaunsniudels
e lumasisuniaudhfunnlsnduenanden Teasdaslszmdainaiuazandanslu

AN lATNN1TAT e
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23  iasauaadannarmsNANANUANS I WA UARIRIANS
wanangUnssuaziAnivenn1sudailasnanansiuiusoulsnileandenase
13ANTNINN17U s NTANAIIUADIR1ANT LHBIAN T LA U T AN AR TZUINNANURNTL
al U dl o v a o le dgj =3
A8 lUeNANT RNTNNTa9IHAIANTANNANIIEHIARANATEUEN tae T WIS TURas AN
A dld o F73 o dl o o QI a a
1WAANAIANINHNANUNIT IENAINIUIBIAIANT INANIURAFLLF NS N T2 EaNENINNNS

Enas9ua9981A17 WiRNI1a1A17 Baseline

2.3.1  @pdrurITadlaNuNEIaIAg

WWR (Window to Wall Ratio) Aesmadauiufinetinsnellfuasuay
vitevnntio T s auasrefuivanlaTeadaiiant s Taeli ASHRAE 90.1 2007 Anuuasaeq
WWR  41115181A"3 Baseline 1lvinfiuaans Proposed 1138 40% m@qﬁuﬁmﬁaﬁ@gmﬁ@
Auresa1as e liaenldAnTitasndn mingaudn Eeaativuiiniid umenyindy
100 M1919LNAT A1ANT Baseline FaafuTinaminsnalisauasuas sitevaentiellsauss Tl
W40 msaiims Telunsdiifianson Wilondruian WWR fivintu enpnsiildRansan
ﬁmmzﬂqmnﬁuﬁqﬁmmLwi@z%uwhﬁu 4.00 AT AINGIEUNAIU 3.00 LHATATNLIN

1107 LIA U898 1ANTATHANINGINNTL 1.6 AT AINTILARS NN 2.4

0.3 m.

0.7m

4 m
1.6 m.

3m.

1.4 m.

M 2.4 wansaunataailn WWR 40%
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e <
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s
'
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2.4 m.
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AN 2.5 WARNIUIATAILTIA WWR 60%

Faviu WWR - 18491A037 113 SeTutaciiandsn Ao 40%  uag 60%
PuANEL e lTidenAd eI ASHRAE 90.1 2007 LazanAn9a3s

Tudauaes WWR - 40%  azfinunualildauinaiiugenszanuuuineniu
WWR 60% WAl EIL N IR BN TZ AN UARZLN VNN L 60% L laNH LN TdadEIL

YaandlunLULRa

2.3.2 ng¥an

]
o ] =K
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denarietlsransnimlunislindsanuresenans Tugiuresninsgiu ASHRAE 90.1 2007
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1 Outside air film (High E) - - 0.044
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a o XK

nsanaasnigldnassulaelilsunsueanfiawmaes avliarusnAungluuunisldevaes
LiuetasmsIaduANiAaan gl AuiuasiatsIRNIzITLIEa SRt AN A INADIATNN
Pa9uadnERARITUAY 2 97 YNNAINTBUNEIFINEIATT 4 AT LAZATMUARIAYINABIAIN

DAL AUNITANINTL 500 lux



unn 3

28n19ALURINUIREY

UINLHANTENLIBIIUNTIUATNN TN ANI9RIATFR L s ANTN NN sz N R
WASIUANHNDT ASHRAE  90.1 1n19aaeduamaelilsinsnaaniaines VISUAL DOE
4.0  1A8dnae981AN? Baseline AMINNIATFIU ASHRAE 90.1 anduufusaulsieai
WaenarpafielfiiunninsldndsnuraseiansanatuazBauiaudusinislsmdn
WAIIY mﬂﬁuﬁﬂﬂ’mﬁummqm%’mﬂ@ AnHdAT TkaziTaUeLAIN1TUsE R
WAWIU AuFuns WA ﬂummm@ﬁﬁgﬂmumnﬁmﬁu ATNNIATFIU ASHRAE

90.1 2007 IpaiNdumnausaaziasnlunisaiiuenudde fail

3.1 ANEVRIUAsIUITTUNSTNNITRINUN5INE
ANEINIMIFIN ASHRAE 90.1 2007 ielinsudsdernualunisinaeseinis
=& a Aa :’/ c: . =S dl Adl % [ =2 dl
gouDaLlsrANBNMdUAI99Baseline wazAnHIssINgININndasiuNIsANETasgLINg
wariAn19aA1i Ul Ansn nlunsldnasany 2auie tadsaadiannana1siilnanu
v o ¥ 5 e A v
N9 E WA ULRIBNAT IINDFILFAN LA NNUUAFA LT NNzaNn T unNsU 5 AsuRN AN

Proposed allFauiiaunis iMnasauiue1Ais Baseline

32  iATesNanldlunisiay
AN lindsurede1n1siaalysunsn VISUAL DOE 4.0 81984AAN4 AN
NIMTFIU ASHRAE  90.1 2007 1Ned519481A1 Baseline WAT@1A1T Proposed  WATLAL
% =] a g a 1 o o o %3 [ %
sumndays AnsdnssiuasilseumeuAinisUssndandsuiuliuininisldndany

219381ANINAUNTIUANETUGaY Microsoft excel WAz SPSS Statistics 17.0
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stnssanasildenasndnmn dsenevuldenansiignssunnsinaii 9 uuudedian
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#51921A19 Baseline ‘ll’EN’ﬂ']ﬂ’]‘i‘g‘lJVI'Nﬁh\‘] e]m'lwfl"aﬁwummmmgw

a

SF winfiu 1/1 uaz 172 Auanslumsna 71 3.1 aniunyueA1aNas 45 8961 99881A57

[ = :// 4‘ = A a ' o all
NINITANEINNUNA 45 memgﬂm\‘mmwﬂmumnmmu ATNAIT NN 3.2

dl a -dl ° =S
A1TNN 3.1 LL@@\‘I?’]EI@?JL’ﬂElﬁgﬂ%ﬁ‘ﬂ@’]ﬂ’]ﬁ‘%%’m’]ﬁ‘ﬁﬂ‘]ﬂ’]

Shape Factor (SF)

Al

45_’ - Compactness Index (Cl) 11.28
- ANENLAUTaLSL 141 11A7
C1 g Nuidadu 1,590 AN NINAT
ANufifaneuan 6,768 P129LHAT
Fumsanang 76,320 QNLNATNLNAST
Shape Factor (SF) 11
2o Compactness Index (Cl) 10
_ . AMNELAUTaLSL 160 LHAT
S1 é e T = ANufidadu 1,600 ANTINLNAT
' NuFRaneuan 7,680 A1219LHAT
sunsanAs 76,800 QNLNATNLNAT
Shape Factor (SF) 1/2
57 m.
Compactness Index (Cl) 9.50
“e’" AMNENLAUTaLSL 171 11A9
R1 3 Nuidadu 1,624 ANTININAT
AufiRaneuan 8,208 F1219LHAT
15umsa1Ang 77,952 gNUIATNLNAS
46 m. Shape Factor (SF) 171
"E, Compactness Index (Cl) 8.63
g _ﬁ AMNENLAUTaLSL 184 L1A17
L1 % é Nuidadu 1,587 ANTININAT
" AufiRaneuan 8,832 AN24LHAT
23m. 23 m.
15umsanAng 76,176 QNUIATNLNAST




24

a ' = Ao =
99N 3.1 (F19) LL’&mmﬁmLﬂﬂmgﬂmﬂ@’m’]i%’mm’ﬁﬂﬂwﬁ

Shape Factor (SF) 1/2
66 m.
Compactness Index (Cl) 7.98
€ - AMNENILAUTaLSL 198 LuAT
L2 ® é Nuidadu 1,580 ANININAT
“20m.” 46m. AufiRaneuan 9,504 ANTINNRT
15umsanAng 75,840 QNLUNATNLNAST
12m, Shape Factor (SF) 1/1
A3, Compactness Index (Cl) 8.09
. AMNENNAUTaLSL 198 LuAT
U1 é Nufinadu 1,602 ANININAT
AuiRaneuan 9,504 A129LHAT
15umsa1Ag 76,896 QNUNAMNLNAST
Shape Factor (SF) 1/2
Compactness Index (Cl) 7.89
| @ ANMNENIEUTaLgL 205 LUAT
U2 - HNufidadu 1,618 ANT1NLNAT
Aufinaneuan 9,840 ANTNLNAT
ezm. sumsanang 77,664 QNUNATNLNAT
' 50 m. Shape Factor (SF) 11
_ o 20m, 15 m, Compactness Index (Cl) 8.00
é ANENLAUTaug 200 wn3
X1 é § Nuidadu 1,600 ANFINLNAT
E— Lo [ ] AufiRaneuan 9,600M1919LUAT
K 5unsaiAs 76,800 QNUIATLNAS
Shape Factor (SF) 1/2
76 m.
28m.  20m.  28m. Compactness Index (Cl) 7.02
] ! ‘ ANENILdUsausi 228 \m3
X2 OED :.E : Nuiradu 1,600 ANFNLNAT
” ‘E'_ | HufiRnmeauan 10,944 A1 NLNRAT
i Usu1nsanAs 76,800 gNUNATLNAS
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= o

21ANTUARTIUNIIUALTIANISAT TR FTUNUATIHNBLA LAY 11RIANTIUNIIUAE

]
=

RANINUUILT 1 T8 C1-1 WULN 2 Ta S1-1 wuuy 3 Ta $1-2 1uwsiu Tnaimualiviamtient

dl o 1 ¥
NELLULN muuummgﬂm\i

] '
=

139180971 HNE1I118901A17 LRI ZAINUTIETN el
Futlsvanoy 1,600 A9 9LuAT mm@jqﬁuﬁqﬁu 4 L3 mng\mu%wm 12 1 F9dn98a
UNANNNNIANEN3aINNIANIY OTTV A wsuenAnswdineludsyimalne (Chirarattananon
and Taveekun, 2004) InglddayaniainiAlungamnaiumg ?ﬁlqﬁgﬁmﬂm%@u%u

AR AUBIAIANT Baseline Landl3lumn9199 3.3

A13799 3.3 $8ATIDEATURI81A1T Baseline

wlaananans ® %33AN : Insulation Entirely above Deck — U 0.360 W/m’.°C
® 1798117 : Steel Framed — U 0.705 W/m”.°C

® it - Steel Joist - U 1.986 W/m’.°C

® n3zan : U 0.681 W/m’.°C / SHGC 0.25

® SRTdaUITIININUTIN T AN AT LT (WWR)lsiiins 40%

o Lifupiiaunn

NUTTUU ® LPD: 11 Wm?

Centrifugal Chiller COP : 6.10

® HVAC System : Variable Air Volume

TflszuumLANLAIAT19E R TR

Db
=
=3
[

Amua W AN an28931n3981A19 (Self Shading)
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' v Y o = LY % . !

A lFANATUNASUIIN TN BN N E WA UI9981A"T Baseline WARTLLILINY
ANANRALTBI1ANTIULLUAINANINANIIUYY 0, 90, 180 WAz 270 89A1 ANNANTULA L
lunmsg1s ASHRAE 90.1 2007 Aesiasian1sAtusnian ldanafundsulaiinimnig

EnaI9Ua1A7 Baseline 18981A136UL X2-1 Tumns19i 3.4

dl o 1 Y1 ¥ o k%3 o .
A1399 3.4 NN9ATUILAN IR ATUNASBUAZLENI NS IENAYIURANT Baseline

ARIRVATTULIL X2-1

0 89AN 90 B4 180 29AN 270 B4AN
j [y N B ALaAe
ANl G AU
o 233,768 242,856 233,768 242,856 238,312
WARINU
USuaunngla
WA 152.58 158.41 152.58 158.41 155.50
(KWh/mZ.y)

IS A 1 ¥

PINANT1AT 3.4 WEAIIBTANTILL X2-1 (0 aen) FiA danadiundeerinty
233,768 uarH1Funun g ldnasuminiy 152.58 kWh/m’.y mnfiuﬁﬁmmimmu 90,
180 uaz 270 89 wazinA A eEunduTU s dndsaunedn iy v i
81A19 Baseline 49931M39uuL X2-1 HA1Tdanadunaa9umini 238,312 uasiiifiunn

A7 MWAIINUYINAL 155.50 Kwh/Y. m”
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34  muustladeninaidasnuilaanaimsuazgdvnseanans Ninasansld
NAIIULRIDNANSLAND b lun1sUsuLURaua1A1g Proposed

slumuifén“ﬂ%uﬁiﬁﬁwumﬁﬁﬂﬁLﬁlm"ﬁmﬁmﬂﬁ@ﬂmmnngﬂmqmmm@mﬂu 5
281970 AndrurestetlafuntieenAns( WWR) N3zanannng uilie1as LNiuian uay
FTULAILANLAIAI19E R IUTR Tngsanientszaninmasaddenanaisinvunldly
NIM9g11 ASHRAE 90.1 2007 draifusudslunnstfunlasundenenaistesenans
Proposed  Wiinnsldndesuuandnglainennns Baseline Aaa desautlasied

= o 1 dqj
?Wﬂ@iLﬂﬂﬂﬁﬂm‘ﬂllﬂu

3.4.1 dndiurastaatanuaneainng (WWR)

NMUARIINGITB9Taa T AuazazALE WA WYY 2.4 Twivaeanstianiy

ai o a a 0% d' o =2 ¥ ' ! a) |
71U 3.1 uansglAnUFiTNNareaIA1nNanisAne Tneldrzasiingaesdeaay

a

FannuuaAl WWR TN 40% WAY 60% ANNANGLATNAITINT 3.5

v yE
49
EG
i
[ O N
Ee
< ;
o £
™
-
E
©
~ On 2

o

= v a a o =
gﬂ‘V] 3.1 LL’&@Q@JMWU?LQM?NNuﬂﬂ@ﬁﬂ’]ﬂﬁ“ﬂ‘ﬂﬁﬂ’]?ﬁﬂﬁ’]
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APFIUARIT DL ANLNUIRIANT (WWR)

aPnstituTiteavsinalduasuas videresniielseuas Aafhuionas 40 TesiuTin
40 Fnanianan (WWR 40%)
anAsTiuiiresinsinalsauaauay weeresniielsuas Andhubesas 60 Tadituiin
%0 Fnanianan (WWR 60%)
3.4.2 nNS_ANBIANT
nsvaniiugauilslunisinansnisldngenuinomn 5 58ia Fouanali
G]W?’]\‘i‘ﬁl 3.6
ANs1af 3.6 UaasiaulsAunszanenAns
U-Value SHGC
nszan ,
(W/m“.°C)
GO NILANANNNINTFIU ASHRAE 90.1 2007 6.81 0.25
nazanaliundiden '
G1 Green 6 mm. A/N + Clear PVB 0.76 mm. + Clear 6 mm. 5.44 0.51
A/N
nezananillundden 1nanuANT Low-E °
G2 Clear 6 mm. A/N + Clear PVB 0.76 mm. + Green 6 mm. 2.93 0.37
H/S (Low-E #4)
NIzANANNIUAATEN AARLANTASTIAULAS ©
G3 Reflective Green 6 mm. H/S + Clear PVB 1.52 mm. 5.33 0.27
+Clear 6 mm. H/S
nszanNaAUABUTIAAAITED LAALANT Low-E °
Clear 6 mm A/N + Clear PVB 0.38 mm. + Green 6 mm.
G4 1.85 0.28
A/L (Low-E #4) + 10 mm. bending spacer with argon gas
+ Clear 6 mm A/N

De

9gedagyaninniANmn
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3.4.3 HNiU9RANS
o dl [~ o/ o U o al :j/ a o
pilaa1 A usanlslun1sanae9n s WA URRaNA 3 1A AIuand
R399 3.7 AWFUAT U-Value 2@9utietiind 1(W1) 1m1unnsgiu ASHRAE 90.1 2007

Tudauaaenileniian 2 uway 3 (W2, W3) Auatulnglisninsn VISUAL DOE 4.0 Tneéineds

s
%

ANFNLIEANEN91N AR (K) AN UTLNIANTENINNAINNY (FRINANINUTLALATNNG
AU IUNITAANWLLBNANTHARLIELL NNF ENAIUTALIFINIDIAIATITLAZNNT MTNAIIN1S

W URU I ULAI1298AT W.A. 2552

A3 3.7 WAAIAILLIIANUNTIRANS

= s U'Value
BUANU .
(W/m°.”C)
WO HIANNNATF U Baseline ASHRAE (mﬁq@@ﬁﬁﬂu&%%gﬂmmu) 0.705

HTNABUNTALETNINANANTAgL1WY 0.17 .
W1 = /4 3.38
(uaU 15 Nu.AHTRAIUATA 140 WA +1URIL 15 WN.)

HISNR8FNIALLNYWN 0.17 4.
W2 ) 1.05
(URL 10 Nu.AETRNLALLN 150 NEL+1UaNL 10 Na.)

3.4.4  WHINULAR

[ £Y
a Il

AU UINUAIRETUT AZANHIANILWLRIABLAANIEUANAIANT LAl
Auua AN Uz IfuATUH U NN NN LW A LAz LW WA Tusrey 30 LAY 60

FURINAT ANNTLAZLDEA I WAN9197 3.8

A13799 3.8 WARIAILUIANWLEIT LA

WD ULAR
FO Tl uneiuunm
F1 LeuLAAEL 30 Ty, uwauewwiieTteadls
F2 WENAULAR 60 TH. LIUaRwmTieTeaitls
F3 LENTULAR 30 T, wunuewwTleteatlauaziasedudinetesiln
F4 LENFULAR 60 T8, LUIUBLLAL IR sTe s Tl
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LA

NINT 3.1 UAAIULLILIBSURATLLAR

34.5 STUUAILANLAIAINNARLUNR

srutAILANLAIaINaR udRren fimuaasnainAtaNda 8919989

¥ 1 ¥
=

waslneAnANTUAY 2 9AYI9AINTEUNTNAINEIANT 4 LHAT AIULA LHRLATI9IUEIAINT
0.80 AT ANANNABIATNIRRLTINZANYINAL 500 Tux w2 nstipe Andamuimes

v [}
wazlifnsawmef Avagllunn9en 3.9

;13799 3.9 UAASAIULIAUIZULALIANLAIATNE R TR

Daylight Sensor

DO TRA TSR AANAITH AR 1L BLE

v
o

D1 RAAFNLILLTAFATINIAAIAITNADIRT YD WA
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35  41889N19 MWAINIULRIAIAT Baseline LaLa1A1s Proposed

N1331884N17 MNAN128981AT Baseline HiuarldAnnsgIusne|mniniiuug

144 ASHRAE 90.1 2007 41115U81A1T Proposed 1iazinnsdfuilasusuisdnuilaen

21ANIAILAASIUANT19R 3.10

A3799 3.10 T18AZLBLAYBIA1ANT Proposed

iaananmAs

® 4139AN : Insulation Entirely above Deck — U 0.360 W/m’.°C
(gUuumieuiuenals Baseline)
® [1991ANT : 3 LU

WO (sUuwuuwmieuiuanang Baseline) / W1 / W2

L]

£ ]
A A

® i : wunanludszmalne NueeunIAMWI 0.30 U= 2.5 W/m.°C
® N32an : 5 Wil
GO (gUuuLmieniuennis Baseline) / G1/ G2/ G3 / G4
. x4 a5\
® FRINAIUITNINNUNNIZANFADNUNEITR : 2 Wil
WWR 40% (Uuunimiienriiiannns Baseline) / WWR 60%
® LENTTGLAR ;5 UL

FO (gﬂLmumﬁ@uﬁummi Baseline) / F1/F2/F3/F4

UTSUU

® |PD: 11 W/m2

® Centrifugal Chiller COP : 6.10

® HVAC System : Variable Air Volume
® 3211 Lighting Sensor : 2 LWl

DO (gﬂl,mumﬁauﬁummi Baseline) / D1

o nuualiinI9Teen19931n9981A9 (Self Shading)
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v v
% %

a dld = o Qid =
JUNTIUATAANINVRIBIANINANEINTINNA 45 wuY FaudsnAnmNianum 5
Foutls 17 wuu A9tiuanAng Proposed  Tulsazginssazigluuuinlaanaiaisuaz sy
! k4 ¥ !
ALANKAIATNER TUIRRLANGN9TY 300 wuy Tnaluwanuddeduilinisiinuadieneans

ANAINAN U IBUFAR LI TIA9T

51N53,1AN1921ANS / WWR / N5EAN / N353 / WHSNUWAR / STULAYLANLAIARATUNG

Foaging
L2-1/60/G1/W2/F3/D1 vixneifi
- @1Asguuy L2-1
- Adedovaestesdlaiuniiaannns visa WWR winiu 60 %
- nszandldAensvanuuL G1 - Navananfiundiden
- uisenAns i Ae R W2 ¢ Fifana8gNealLNn 0.17 4.
C @A TUEITILAALIL F3 ¢ WeNAULAR 30 T4, wunusumiiateadlauazuusa
fnudnetasiile

= ! o o
- ‘ﬂﬁﬂ’]ﬁ‘ﬂ?%‘].l‘].lﬂ’)‘]_l@NLL@QNQ’W\?@WIMNM : D1

U1

1/40/GO/WO/F0/DO0O ‘wmﬂﬁq
- @71Asgduuy U1-1
al | 1 a o o = 1 o
- 1ARdYUIeNTRNL ANUNTNEYANT Y98 WWR WINAL 40 %
- nszanfldAanIzanuul GO : NILANANNNIATIU ASHRAE 90.1 2007
- plaaneien dAa sy W2 Nﬁaﬁ@'ﬁgm@mmm 0.17 4.
- 21ANTRLANTUAALLL F3 : LHeAULAA 30 9. LUWnuauutadadtlauaz s
% U 1 a
ANUTNNT D90

- 2IANTHITULALANULANATNE R TWTR : D1
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36 nisiiudaya Uszifiudsz@ninineasainnsg Proposed LN@U1AINS
U5z udANAI9U (%SAVE)

Lﬁummqmﬁmﬂ@ ANNIUTLUTANAIIIULBIANANT Proposed 119MNA 13,500 WU
v a 1 v v [ %4 .
paen1sFTeueuAn a8 A1uNa9UL8981A Proposed Laza1Ang Baseline Taainng
Weuludasiay ansnatineannie X2-1/40/G0/WO/FO/DO
AN RN IANUNAIINULBIBIAT Baseline X2-1 WinAw 238,312
AN A8 AN WA ULBIDIANT X2-1/40/GO/WO/FO/DO WiNAL 221,875

ANANT X2-1/40/GO/WO/FO/DO HANMansifinunatautiasninanAls Baseline 16,437

FATIURNANT X2-1/40/GO/WO/FO/DO HAINTTL e ANAI9NU winfw 6.90 %

3.7 wEaumiieauAinisdssuganasany (%SAVE)NLUNAIUNLE(EUI) 21298115
FUNTILATANIINANY

< 17 =2 a e a 1 o o o
MUTIUTINTDYA ANENT Lﬁ@qzﬂLL@ulﬁ‘ﬁlU WeauANITUssntanasuiuUTuN

M3 ENANUIBIRANINHFLNUANFNTUAIE Microsoft excel LAy SPSS Statistics 17.0

38  Amszvnakazdaglnansvnaans
A71lHAN1931ADITNNNALATIANEULINA IUNI2BBNULLLIZLNIUAL AN 198 1A T LT

= v o Y o =
LAnsdseudanasauiasiBununas ldwasenumNn ey
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WHBAAN 3.1 Flow Chart u@A93sN19348

= aa a Ld L a e
ANEINE BONENEAIUABDINLIIUIAE

\ 4

NM951U ASHRAE sUnsILaznANIIEIANS waanaians
v y
o o a o o a a o
AMUUANIATFIY AMUUAFLNTILAZNAN muumiladanineLag
21A19 Baseline A1ANTNAEANEN nutdaanainns NAKa
AAN1S LINRIIUUDY
A 4
A1A19 Baseline A1A19 Proposed
y A 4

[~ ' @ o @ NOy &
MNUABNAR A9z 1e ﬂW@\TQ']‘HLL@g‘WﬂQQ']um‘ﬁ

y

vl guiauAIN1sUs s NEANAIUALUNAIUN L FURY

21A19gUNTIUALNANIINFANNIY

AAssinanazdglnanisaaag
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HANISNIANBILAZILATIZNTDYA

N1921889NARANT Proposed Famn 13,500 wu faellsunss VISUAL DOE 4.0
Tnelddoyanieiniazesngamnumiuns N lildAIN1sdssuandsen (%SAVE)  uay
UFNNUNF IINANIU(EU]) 289871ANT Proposed  TRIARAZLLIL FailAnnstlsendandsans
wariFurunisldnassnuunnsanesiueanty Tnavinnisimssduanimaananiuiade
Fapielalil

41  @1A19 Proposed G

42  AINTUIENEANA99 (%SAVE) BazFuNinIT I Inae11a9a1Ans (EUI)

43 n3WHASLURAINAT %SAVE Lag EUI

44  @1A"NT Proposed 7iTAn %SAVE daust 0 3l

45  ARINEINIEMINGANNINLAZANENIR981AI(SF) AU%SAVE Wa EUI

46 SRmdaussninaFunAsenansdeNuREaneLan (Cl) 17U %SAVE Laz EUI

47 AVINOTRIUNSAULARTIAFE %SAVE LAz EUI

48  wlsauiigy %SAVE uaz EUI fugiainiAuunai

TusnaazIBs ARIUIBINANINARBILAZAIAT T aYA Avua i
. =) 2 a dl v o o dl

“@1A1g Baseline’ N8I 91A1987989N LARN1991a0an A unNssy 13l
NIMIFI ASHRAE 90.1 2007 APPENDIX G. $eiazidenszyluumi 3 35n13aniiinanid sy

“an1A15 Proposed” #1184 81A13AN1a9AnEn Inafinnsd ol aeusautlsdinu

A a dl ada o a a o

iwaeneAns Meazianszyluuni 3 T8n19aHuanLaey

« a ¥ o, =2 dl o o K] o s o o

21A"S Proposed tFHAIW MN1ED 81ANINNAIANET Tneanansealaifinasdiusn
wilsfnulaenaransler Inedigtuuuetnishe  gunee fiAN19@IA19/40/GO/WO/FO/DO

“%SAVE” uun8ld Percentage  improvement 138 AMN13UTTUETANAITUAN
NIM7g11 ASHRAE 90.1 2007

“EUI" e Energy Use Index vira1Bunninnsldnasanuaasanansila ldsuun

¥ 1
ANNITAIARINIT I TNANUALe T sunTN VISUAL DOE 4.0 AanaeNLi

“SF” 8RM9N49UIENINNANNNTNUAZANNYNILRIBIANT
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“CP vingRa SRandaussidinaBunnsanansreiuREanNtuen

“AzuUY EUP 8088 azuuuiilésuannan EUL Inauiiadu 4 Tosazuuy Ae A, B,
C uay D AMNANAL

“ATUU %SAVE" Munets AuuuiilEsannen %SAVE Tnauiiafli 4 gasaziu
A8 %A, %B, %C WAL %D AMNAAL

“ATUUUTIN VLML AU EANNNITIRAE AT EUI LAZAZILL %SAVE Tag)

wilaifli 4 daeaziuu Aa A(T), B(T), C(T) wa D(T) AMNAsL

4.1 A1A19 Proposed LFNAY
81A"9 Proposed 3xFiW Aaann1sndsliiinisdiudaulsdiulaanaansla Inad

stlunuenmnshie  §UNS9,AANIIBIANS/40/GO/WO/FO/DO  ANNgLULLBIANIIIUNA 45

ISP

WUUWLHAT %SAVE 8¢#l 3.40% AuTe 6.90% uaz EUI 71 138.00 019 148.91 Asuanslu

a

WHBART 4.1 uaz 4.2 WeuWieuen %SAVE uwaz EUI 98481A13 Proposed (35w

g %SAVE gaian
a1A15 Proposed t3dnu 45 wuu v

|
- B
1

%SAVE riniian X2-1
6.50%

r —— - ‘l e ——— ¥

! i

6.00% 1

-

R13 |

550% ——t lmaa== E ]

% SAVE

5.00% -
4.50%
4- I I

3.00% I

123456 78 91011121314151617 1819202122 23 2425 2627 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
sinsiuaziiAmaainis

UNREAEY 7 4.1 WaAY %SAVE 28981ANT Proposed Li‘llﬁlu
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2 . EUI @it
21715 Proposed 13361 45 WAl oA

r
. 1
EUlahan 1
149.00 !
1
1

147.00
145.00

143.00

141.00
139.00
137.00
135.00

12 345678 910111213141516171819202122 33234252627 282930313233343536373839404142434445

EUI (KWhim®.y)

aUnsiuaziiAnseins

WHUART 4.2 Uape EUI 98981A3 Proposed (36
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A13799 4.11 W UBNENATRILENTULAANNFABAY %SAVE wa EUI

FENANAUANRAENITIANTIBIAT %SAVE" FENANAUANRAENNTAAURIAN EUIC
F1 F2 F3 F4 F1 F2 F3 F4
L1 L1 L1 L1 L1 L1 L1 L2

+17.93% +27.85% +57.74% +84.76% -0.77% -1.20% -2.54% -3.77%
R1 S1 S1 S1 X2 U1 L2 L1
+12.23% +21.61 +51.79% +78.30% -0.57% -1.01% -2.45% -3.72%

|
-

S1 R1 R1 R1 U1 U2 U2 X2
+11.96% +21.42% +50.49% +78.26% -0.57% -0.99% -2.38% 3.71%
L2 u1 L2 L2 u2 X2 X2 u2
+11.50% +20.38% +48.52% +75.70% -0.56% -0.98% -2.37% -3.67%
U1 L2 U2 uz2 X1 X1 U1 U1
+11.45% +20.21% +46.19% +71.67% -0.65% -0.96% -2.33% -3.60%
U2 U2 U1 U1 L2 L2 R1 R1
+11.39% +20.20% +45.76% +70.81% -0.54% -0.95% -2.23% 3.41%
C1 C1 C1 C1 R1 S1 S1 S1
+10.66% +19.04% +43.74% +68.67% -0.51% -0.91% 221% -3.32%

X1 X1 X1 X2 S1 R1 X1 X1
+10.46% +18.45% +40.34% +63.29% -0.50% -0.90% 217% -3.30%
X2 X2 X2 X1 C1 C1 C1 C1
+10.09% +17.57% +39.87% +61.91% -0.43% -0.76% -1.78% 277%
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51  dgluani939e
AMNUANNINARBITNUNA 13,500 N3l WL lUe1ANINNFUNIIUTANI9919R AN
LANFAINTUAINNTU T UTANANIUNTE %SAVE TN s TN N3 1 E N A9 uaa9a1 A9
W98 EUI mNNIAIg11 ASHRAE 90.1 2007 ifuenansiiden EUl iy 150 kWh/m’.y
= v \ = = A e A %
ANNNTDNAT %SAVE 1AFIUF -5% 09 5% WTRANANINNA %SAVE  Winfu Hdqannsgld
o | o A = o . Yy =
WATIULANET HasaInEn1gszylif 81A19 Baseline Fasiini9uyuanAng 90, 180 WAL
270 291 wazuAldanasundsaun 1t lunsaznstiniedas uA i nasaunlduag
81A"3 Baseline T4n1991981AN3 lUAiAN9NgNEeuazinzanazdanlianans Proposed
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oA °o 6§ o Ao o | o A v = , ey
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21ANINHFUNIIUULIR LY AMNITUITNTANAINUNTE %SAVE HAuANRusILL SN

N5 WA ULRIRIANTUTE EU AINNINTFIU ASHRAE 90.1 2007

51.1  AINTUTEUEANAINU (%SAVE) LazdFu1mainis lInNaIau1a9aInng

(EUI) nuglnsauazn1s919iANI9aInsg
dufugtuunenansildlunising 45 uuy wudnlunsdlibigesnas
Usulaaunldanaas enprauan x2-1 aziinl¥lden %SAVE 4940 UWATAIANTULL R1-3
1 % SAVE sinfign ludanaesanpnafiilen EUI geganeannsuund X2-3 a1ansfiiA EUI
feafigaieannaesuuy C1-1 21AagLuUufii SF 12 ansenmsmauwafirnziusen

priunnazilonianazilan %SAVE gand1easuuuay

%SAVE gaflge __ EUI siigm
X2-1 r C1-1
%SAVE = 6.90% L %SAVE = 3.90%
EUI = 144.93 kWh/mZ.y I EUI = 138.00 kWh/mZ.v
%SAVE sniign EUI gafigm
R1-3 X2-3
%SAVE =3.40% %SAVE = 4.16%
EUI = 142.47 kWh/m”.y EUI = 148.91 KWh/m’.v

y o
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AGC

15 nszaniveaigid 418R (v )

AGC Flat Glass (Thailand) Public Company Limited

Project name : 07-Dec-12 MK TSP 1212/09

Customer ! Dealer : Schedule :
* This is the calculation data. Quantity Ft

Visible ray(%) Solar energy(%) U-value Shading SHGC RHG
item Combination Method 4 Reflectance Reflactance Absarb (W/m2K) Caoefficent
/7 Outside Incide | Outside Summer ASHRAE

Green 6 mm. A/N

G1 + Clear PVB 0.76 mm. + Clear 6 mm. A/N 68.8 6.9 6.8 359 5.3 58.8 5.44 0.58 0.51 409
GSDB3GL
G3 i"gg?(;\fé”: Ezszrifnmli’l:: : :: :;’: 17 248 274 6.2 13.7 80.1 533 031 0.27 238
* GSDB3GL = Calculation by AGC software. ~
IS0

Remark Solar Energy absorbtion = 70 % should be use heat strenghten glass.

Disclaimer : The performance data in the tables ars based on measurement of samples and calculation.
The samples and calculztion have variation of tolerances. The actual values may vary due to its tolerances.
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—— Thai-German Specialty Glass Go_lLtd.

SubJect: Compare Glass Performance by Calculation
Project: - GZ G4
laminated mm(Low-E) laminated-insulated a_
REQUIRMENT

Product Name

Criteria

6+6

12.76 REAVGN

A
4:9:..

1a9(Low-E)

28 HEAT STOP
REAVGN

Conbination from outside to inside
building

6 mm. clear float glass +
0.76 mm. clear PVB.
interlayer + 6 mm. green
Low-E(CVD#4) Heat
Strengthened glass

6 mm. clear float glass +
0.38 mm. clear
PVB.interlayer + 6 mm.
green Low-E(CVD#4) float
glass /10 mm. bending
spacer with argon gas / 6
mm. clear float glass

THICKNESS (mm.) 12.38 28.38
1. Visible Light

1.1 LT (%) 46 42

1.2 L/R OUT(%) 15 16

1.3 L/RIN (%) 27 29
2. Solar Energy

21 8T 21 18

2.2 SR out 8 8

2.3 Absorption 71 74
3. U-VALUE (W/m'K) 2.93 1.85
4. 8C 0.42 0.32
5. SHGC. 0.37 0.28
B. Relative Heat Gain (W/m") 285.02 214.98
7. Color green green
8. STC 87 41
9. Coating / IR Emittance at 283 K CVD <0.16 CVD <0.16
10. Rectangulare price Baht / M2 2,989 3,365

1. nszaniwan

11. Standard 2. NIZINAHLUA

3. Quality Assurance

AS 2208, TIS 880-2532
AS 2208
ISO 9001:2000/EN 1SO 9001:2000 by RWTUV
ISO/TS 16949: 2002 by RWTUV

12. Test Methods for durability
CEN/TC 129 N 322
prEN ISO 12543-4 1997

1. High temperature test
2. Humidity test
3. Radiation test

13. Test Methods

1. BoiledTest
2. Harmmered Test

Remarks:

1. Maximum size : 2140 x 3300

41/8 auuwsysiu 3 dasuun? s1uunn asanw 10120

Tel: 0-2294-6287

Fax: 0-2294-6203
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A1TNLARNY %SAVELLAE EUI 18921A19 Proposed LBNAU 45 WL

- EUI
(1S5 T] et MR Y%save 5
(kWh/m®.y)
1 C1-1/40/G0/WO0/F0/DO 3.90% 138.00
2 S-1/40/GO/WO0/FO/DO 4.13% 140.27
3 S-2/40/G0/WO0/F0/DO 4.03% 140.57
4 R1-1/40/G0/WO0/F0/DO 5.10% 140.10
5 R1-2/40/G0/WO0/F0/DO 3.98% 141.99
6 R1-3/40/G0/WO0/F0/DO 3.40% 142.47
7 R1-4/40/G0/WO0/F0O/DO 4.58% 141.37
8 L1-1/40/G0/WO0/F0/DO 4.18% 143.19
9 L 1-2/40/G0O/WO0/FO/DO 4.20% 143.54
10 L1-3/40/G0O/WO0/FO/DO 4.23% 143.11
11 L1-4/40/GO/WO0/F0/DO 4.28% 143.44
12 L1-5/40/G0/WO0/F0/DO 4.31% 143.00
13 L1-6/40/G0O/WO0/F0O/DO 4.31% 143.39
14 L1-7/40/G0O/WO0/F0O/DO 4.26% 143.08
15 L1-8/40/G0/WO0/F0/DO 4.24% 143.49
16 L2-1/40/G0/WO0/F0/DO 5.66% 143.58
17 L2-2/40/G0/WO0/F0O/DO 4.38% 146.23
18 L2-3/40/G0/WO0/FO/DO 3.77% 146.19
19 L2-4/40/G0/WO0/F0/DO 5.71% 144.52
20 L2-5/40/G0/WO0/F0O/DO 5.75% 143.44
21 L2-6/40/G0/WO0/FO/DO 4.49% 146.07
22 L2-7/40/G0/WO0/F0/DO 3.76% 146.22
23 L2-8/40/G0/WO0/F0/DO 5.88% 14417
24 U1-1/40/GO/WO/F0/DO 4.60% 144.29
25 U1-2/40/G0O/WO/F0O/DO 4.97% 144.30
26 U1-3/40/GO/WO0/FO/DO 5.09% 143.61
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- EUI
(1S5 T] et MR Y%save 5
(kWh/m®.y)
27 U1-4/40/GO/WO/FO/DO 4.91% 144.31
28 U1-5/40/GO/WO0/FO/DO 4.70% 144.12
29 U1-6/40/G0O/WO/FO/DO 4.90% 144.43
30 U1-7/40/GO/WO/FO/DO 5.08% 143.65
31 U1-8/40/GO/WO0/FO/DO 4.95% 144.22
32 U2-1/40/GO/WO0/FO/DO 5.62% 143.81
33 U2-2/40/GO/WO0/F0/DO 4.88% 145.42
34 U2-3/40/G0O/WO0/FO/DO 4.15% 145.82
35 U2-4/40/GO/WO/FO/DO 5.31% 145.03
36 U2-5/40/G0/WO/F0/DO 5.70% 143.65
37 U2-6/40/G0/WO/FO/DO 4.86% 145.49
38 U2-7/40/GO/WO/FO/DO 4.13% 145.86
39 U2-8/40/GO/WO/FO/DO 5.42% 144.82
40 X1-1/40/G0/WO0/F0/DO 5.07% 143.52
41 X1-2/40/G0/WO0/FO/DO 5.24% 143.93
42 X2-1/40/GO/WO0/FO/DO 6.90% 144.93
43 X2-2/40/GO/WO0/F0/DO 5.62% 148.02
44 X2-3/40/G0/W0/F0/DO 4.16% 148.91
45 X2-4/40/G0/WO0/FO/DO 6.74% 146.63
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ANSARRUAUFUNFIAZANIFINNAN U TR

99
D9DIANLAAY EUI | C1-1 R1-1 S11 | s12 | L16 | L1-8 | R1-4 | L1-4 | 125 L2-1 X2-1 | 117 | u21 | L1-3 | u25 | X122 | X1 | u1-7 | u13 | L5 | R1-2 | L1-1 112 | u16 | U2 | U4 | R1-3 | U1 | UIB | U8 | L2.8 | U28 | L1244 | U24 | U26 | U22 | X24 | uU27 | U233 | L22 | L26 12-3 | X222 | X2-3
| T I e | = F | - W n ' isa) D ’ B : B R .t ]
O | P ¥ OAN Timged = Fm R D RET S EC S SN RS AENSS ] TS .
kWh/m’y 139.60 140.74 141.97 141.99 142.73 142.76 143.22 143.41 143.58 143.59 143.65 143.73 143.77 143.89 143.89 144.01 144.13 144.13 144.28 144.41 144.50 144.55 144.71 144.72 144.72 145.09 145.32 145.36 145.44 145.49 145.86 145.99 146.09 146.10 147.11 147.34 147.68 147.88 148.05 148.35 148.42 148.94 149.38 151.08
s TanAsuUeENAR > A5 TINARUNINTIZR ANS TINARNUURENAR < NS TINARUNINNFR
@qnggqlﬂﬁﬂ %SAVE | X2-1 X2-4 L2-5 L2-1 Uu2-1 U2-5 X1-2 L2-8 L2-4 R1-1 u1-7 u2-8 X2-2 u2-4 U1-6 L1-6 L1-8 u1-2 U1-3 X1-1 u1l-4 L1-4 U1-8 u1-1 L1-7 U1-5 U2-6 L1-3 u2-2 R1-4 L1142 L1-5 L1-1 S1-2 S1-1 L2-2 C1-1 u2-7 X2-3 U2-3 L2-7 L2-3 R1-3
o " | | | | = = : | | | ) ) \ ‘
[__| [Tl — = = | 5 — = . —
= N | = = | .| R = 3 K | H Jd RS PSS ¢0<¢ TR 1 (& SN BN NN i1 F 8
6.91% 5.45% 5.02% 4.99% 4.98% 4.90% 4.46% 4.31% 4.23% 4.16% 4.13% 4.12% 4.10% 4.09% 4.06% 4.06% 4.05% 4.04% 4.02% 4.01% 3.74% 3.67% 3.49% 3.28% 3.25% 3.22% 3.21% 3.12% 3.06% 2.92% 2.83% 2.79% 2.71% 2.57% 2.50% 2.44% 2.40% 2.32% 2.27% 2.17% 2.16% 1.50% 1.46% 1.03%
AN USENEIANRIUNNN TR AN USENEIANRINUUDENFR ANNSUSENEIANRN VAN TR ANNNSUSENEANARNUUDLNAR
ARDUAUANALLUY | C1-1 R1-1 S11 | s12 | 116 | L1-8 | R4 125 | Li14 L2-1 U1 | L17 | X211 | 113 | u25 | U17 | X122 | X1 | u1-3 | L1-5 | R1-2 L1-1 12 | U1-6 | U1-2 | Ul4 | R1-3 | U1 | U1-8 | UI6 | 128 | U28 | L1244 | U24 | U26 | X24 | U22 | U27 | U23 | L26 | L2-2 123 | X222 | X283
EUI _ | ‘ N ‘ . ; P ‘ Q
© |- P AR SR IR SENE R BT AR AR B AR B W AR G JR IR JN BE B IR ARVAR SR AR JB. YP 4B IE BN W Fx ¢
946 896 855 851 833 818 813 807 806 803 797 796 795 789 787 783 783 778 775 774 768 766 766 764 763 746 737 734 734 731 729 725 720 717 679 679 673 660 656 640 639 623 611 578
TaAzuuuay Tunauni > lanzuuuoy Tuinaun 1ad lamzuuuayTunauns < lamzuuuay Tunaun lua
WDUAUBNNASLUY | X211 | X2-4 | 125 L2-1 U2-1 | U265 | 28 | L2-4 | X1-2 | u24 | U28 | L1-6 | U7 | U1-6 | X222 | ut-2 | X11 | u1-3 | RI1-1 | L1-8 | U4 | L144 | U8 | U2-6 | UI-1 | U1 | U222 | L17 | R14 | L1-3 | L1-2 | L15 L1-1 126 | L22 | X23 | s1-2 | U277 | S11 | U233 | C1-1 L23 | R1-2 | R1-3
%SAVE | . | . | | ‘ ; ‘ ‘ . N ‘ . '
| X | == || | RN L ST YR @ TE m e €A H RS d e e T R D t ¢ 1 8 [ o Fis | B
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IpAzuuuos TununNG > onzuuuayTuinam s Innzuuusy TN < {nnziuusy Tunaun i
WBDUAUATNASUWSIN | 125 | 121 | X211 | v21 | L1-6 | U265 | RI-1 | X1-2 | L1-8 | U17 | X1-1 | u1-3 | U166 | L1-4 | U12 | Utl-4 | L1-7 | 128 | R1-4 | U28 | L1-3 | U1-8 | L244 | U1-1 | U24 | L1-2 | U165 | C1-1 | 11-6 | L1-1 | s1-2 | X24 | s1-1 | U26 | U22 | U27 | U23 | R1-2 | 126 | L22 | L27 X2-2 | R1-3 | X2-3
e I e — 1‘ | o | | V. > R | | % I ) &
A IR SRR BRI AR - d |« & & ol AK _BRCHE W k > [ l
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ANTINUARS ARNTINTTLAN %SAVE 12981ANT 45 WU TASILNSNSLAR 4 LU

ARTINTIANNTRY %SAVE
wuy FRINIEN
F1 F2 F3 F1
1 C1-1 10.66% 19.04% 43.74% 68.67%
2 S1-1 11.37% 20.82% 49.62% 72.03%
3 S1-2 12.55% 22.40% 53.96% 84.58%
4 R1-1 9.20% 16.64% 46.28% 62.68%
5 R1-2 13.41% 21.96% 50.19% 84.11%
6 R1-3 14.80% 26.90% 55.14% 89.40%
7 R1-4 11.52% 20.19% 50.35% 76.86%
8 L1-1 14.23% 24.52% 56.13% 82.68%
9 L1-2 14.23% 24.91% 58.43% 89.18%
10 L1-3 20.87% 30.49% 55.59% 81.13%
11 L1-4 24.74% 34.61% 65.89% 92.10%
12 L1-5 12.99% 22.70% 53.45% 77.15%
13 L1-6 11.88% 21.93% 53.35% 83.63%
14 L1-7 19.10% 28.81% 59.10% 82.60%
15 L1-8 25.44% 34.85% 59.98% 89.66%
16 L2-1 9.45% 17.28% 45.95% 64.65%
17 L2-2 11.51% 20.67% 56.57% 91.16%
18 L2-3 14.66% 25.81% 51.54% 85.44%
19 L2-4 10.32% 18.27% 44.26% 66.58%
20 L2-5 9.15% 16.55% 43.80% 62.88%
21 L2-6 10.98% 19.72% 49.50% 83.34%
22 L2-7 16.47% 27.59% 55.97% 91.43%
23 L2-8 9.46% 15.78% 40.56% 60.12%
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ANSINULARAY DATINITINN %SAVE 22981A1F 45 LWUL ITASILENEILAR 4 LUY (A])

ARTINTIANNTRY %SAVE
wuy FRINIEN
F1 F2 F3 F1
24 u1-1 11.92% 21.85% 48.08% 71.07%
25 u1-2 11.94% 20.81% 48.13% 76.39%
26 u1-3 10.55% 19.02% 43.92% 63.28%
27 u1-4 12.08% 20.96% 44.84% 74.22%
28 u1-5 11.36% 20.59% 42.85% 65.70%
29 Uu1-6 12.13% 21.25% 50.07% 79.03%
30 u1-7 10.31% 18.80% 46.83% 66.18%
31 u1-8 11.30% 19.80% 41.38% 70.59%
32 uz2-1 9.47% 17.13% 44.18% 62.17%
33 uz-2 10.31% 18.40% 41.49% 71.50%
34 Uz2-3 13.63% 25.03% 50.42% 80.78%
35 uz-4 11.27% 19.95% 49.78% 73.78%
36 Uz-5 9.32% 16.40% 39.53% 57.47%
37 U2-6 12.50% 20.53% 43.23% 73.92%
38 uz-7 13.98% 25.40% 54.26% 84.97%
39 Uz2-8 10.60% 18.76% 46.66% 68.76%
40 X1-1 10.42% 18.46% 38.24% 59.69%
41 X1-2 10.51% 18.45% 42.45% 64.13%
42 X2-1 7.93% 14.13% 32.96% 49.05%
43 X2-2 11.31% 18.70% 38.91% 65.00%
44 X2-3 12.73% 23.35% 49.73% 82.71%
45 X2-4 8.40% 14.09% 37.89% 56.38%




AN9INULEAY ARNTINTTARA EUI ARIANANT 45 LU LAILKNSEILAR 4 Wil

ANFINTENNURI %SAVE

Wy g1nsq
F1 F2 F3 F1
1 C1-1 0.43% 0.76% 1.78% 2.77%
2 S1-1 0.49% 0.89% 2.14% 3.05%
3 S1-2 0.52% 0.92% 2.29% 3.60%
4 R1-1 0.50% 0.90% 2.53% 3.37%
5 R1-2 0.53% 0.86% 2.05% 3.48%
6 R1-3 0.49% 0.89% 1.88% 3.02%
7 R1-4 0.53% 0.94% 2.44% 3.77%
8 L1-1 0.60% 1.04% 2.42% 3.50%
9 L1-2 0.59% 1.04% 2.55% 3.93%
10 L1-3 0.90% 1.32% 2.39% 3.47%
11 L1-4 1.07% 1.50% 2.94% 4.12%
12 L1-5 0.57% 1.00% 2.39% 3.38%
13 L1-6 0.50% 0.94% 2.40% 3.79%
14 L1-7 0.82% 1.24% 2.59% 3.57%
15 L1-8 1.11% 1.51% 2.66% 3.99%
16 L2-1 0.57% 1.04% 2.80% 3.86%
17 L2-2 0.48% 0.85% 2.58% 4.16%
18 L2-3 0.52% 0.90% 1.91% 3.16%
19 L2-4 0.60% 1.06% 2.68% 4.08%
20 L2-5 0.56% 1.02% 2.72% 3.83%
21 L2-6 0.47% 0.84% 2.32% 3.93%
22 L2-7 0.60% 0.99% 2.07% 3.39%
23 L2-8 0.57% 0.92% 2.52% 3.78%
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ANSNULARNY BATINIFAA EUI 2RIDIANT 45 LUL IABILENNILAR 4 WUY (A])

ARFINTLANURY %SAVE
Wy g1nsq
F1 F2 F3 F1
24 ut-1 0.55% 1.01% 2.26% 3.31%
25 u1-2 0.60% 1.03% 2.50% 4.00%
26 u1-3 0.55% 1.00% 2.34% 3.33%
27 u1-4 0.59% 1.03% 2.30% 3.81%
28 u1-5 0.54% 0.97% 2.06% 3.13%
29 u1-6 0.60% 1.05% 2.58% 4.10%
30 u1-7 0.54% 0.99% 2.50% 3.46%
31 u1-8 0.56% 0.98% 2.12% 3.64%
32 uz-1 0.55% 1.01% 2.65% 3.66%
33 Uz-2 0.48% 0.86% 2.09% 3.63%
34 uz-3 0.55% 1.01% 2.06% 3.31%
35 uz-4 0.61% 1.07% 2.77% 4.17%
36 uz-5 0.55% 0.98% 2.41% 3.42%
37 Uz-6 0.61% 0.98% 2.19% 3.75%
38 uz-7 0.56% 1.02% 2.23% 3.47%
39 uz-8 0.58% 1.02% 2.66% 3.95%
40 X1-1 0.54% 0.95% 1.98% 3.04%
41 X1-2 0.55% 0.98% 2.36% 3.56%
42 X2-1 0.58% 1.04% 2.44% 3.57%
43 X2-2 0.63% 1.02% 2.26% 3.81%
44 X2-3 0.49% 0.90% 2.06% 3.38%
45 X2-4 0.58% 0.96% 2.73% 4.09%
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