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# 5473358525: MAJOR ARCHITECTURE

KEYWORDS: Cooling energy / Self-shading buildings / OTTV / Office buildings
WACHAPOL KOSAKO: ENERGY EFFICIENCY OF SELF-SHADING BUILDINGS. ADVISOR: ASST. PROF.
ATCH SRESHTHAPUTRA, Ph.D., 98 pp.

This thesis on the energy efficiency of self-shading buildings has as its objective to study and compare the
energy consumption of self-shading buildings and those buildings with no self-shading strategies. The study focused
on medium-sized office buildings in Thailand which are in use during the daytime. The research was conducted by
creating a simulation model using the VisualDoe 4.0 program for the calculation of the buildings’ energy consumption
values and the overall thermal transfer value according to the Energy Conservation Promotion Act B.E. 2552. The
purpose was to evaluate the advantages and the disadvantages of both types of buildings, i.e. 1) referenced
buildings with no self-shading strategies of 30x30 square meters in area and of seven stories with each storey being
three meters in height (base cases), and 2) buildings of various shapes and of the same height (design cases), which
fall further into three categories: 2.1) The base case and design case are of different shapes, 2.2) The base case and
design case are of similar shapes with convex and concave parts, and 2.3) The base case and design case are of
similar shapes with spaces recessed into the buildings.

The research shows that the design case buildings with self-shading strategies in the first two categories
consume more energy than those non self-shading buildings in variation with an increase in the window-wall ratio
(WWR). The higher the WWR in design cases of the first type, the higher the increase in the percentage of energy
consumption required for cooling. On the other hand, for the design cases of the second type, the higher the WWR,
the lower the increase in the percentage of energy consumption required for cooling. Also, buildings with floor plans
that follow the optimal orientation consume less energy than those with floor plans that are ata 45° angle to the
optimal orientation. However, both base case and design case buildings show the same overall thermal transfer value
(OTTV). This is because no shade was provided for the windows. The shading coefficient value is thus equal to 1.
Finally, considering design case buildings of the third type, self-shading glass buildings with recessed spaces
consume less energy than those non self-shading buildings. The OTTV is also lower than that of the base case as the
recessed space leads to a lower shading coefficient value, resulting in turn, in a lower OTTV.

Itis concluded that the OTTV according to the existing laws still does not cover the various shapes of
buildings and that additional variables should be considered in calculations to get a more accurate OTTV. It is also
concluded that the design case buildings of the third type with self-shading strategies are the buildings that require
the least cooling energy. These are buildings with solid parts that provide shade over the transparent parts of the
buildings. In comparison, in those design cases of the first type, the solid parts do not provide much shade over the
transparent parts. As for design cases of the second type, some transparent parts are used to provide shade for other

transparent parts and thus do not help reduce the energy consumption value of the buildings.

Department: Architecture Student’'s Signature...........ccooiiii

Field of Study: Architecture Advisor's Signature...........c.cooiiiiii
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OTTV = Qconduction (Wall) + Qconduction (glass) + Qradiation (glass) / Envelope Area
Qconduction (Wall) = Uwall xAwall x Tdeq

a

(Fantrla x Miufrde x AYNANNBUNNH)
Qconduction (glass) = Uglass xAglass x DeltaT

(TanTRILES X Mufdaauas x AYNANNRUUNH)
Q radiation (glass) = Aglass x SHGCx SCshade x ESR

(ﬁuﬁﬁ@mm X ANUANITRNTZAN X WHITTILAA x F9AanTing)
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IUIANTEANTBIAIANTEN (Investigating the Effectiveness of Self-Shading Strategy on
Overall Thermal Transfer Value and Window Size in High Rise Buildings) Imel Mansour
Nikpour, Mohd Zin kandar, Mohammad Ghomeshi, Nima Moeinzadeh, Mohsen Ghasemi
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M15199 2.2 A1 CF AAFNS )

Orientation CF
North 0.90
East 1.23
West 0.92
South 0.94

"7;34’1 . Investigating the Effectiveness of Self-Shading Strategy on Overall

Thermal Transfer Value and Window Size in High Rise Buildings

P97 2.3 A1 SC AARNN

Orientation SC

North 0.67
East 0.60
West 0.65
South 0.67

17';34’1 : Investigating the Effectiveness of Self-Shading Strategy on Overall
Thermal Transfer Value and Window Size in High Rise Buildings
Wieufiay An OTTV fidwwmile
OTTV = (15 x a x (1-WWR) x Uw) + (6 x WWR x Uf )+((194 x 0.9) x WWR x 1)
OTTVss = (15 x a x (1-WWR) x Uw) + (6 x WWR x Uf )+((194 x 0.9) x WWR x 0.67)
nasing OTTV aaseansiduaglifinisounndasginseanammissfisiuiie
OTTV-OTTVss = (194 x 0.9 x WWR x 1) - (194 x 0.9 x WWR x 0.67)
OTTV-OTTVss = 57.61 x WWR
Wiauiay A1 OTTV fidls
OTTV = (15 x a x (1-WWR) x Uw) + (6 x WWR x Uf )+((194 x 0.92) x WWR x 1)
OTTVss = (15 x a x (1-WWR) x Uw) + (6 x WWR x Uf )+((194 x 0.92) x WWR x 0.67)
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nasing OTTV TesenAsiuashifinistounngangnseatansmiesialy
OTTV-OTTVss = (194 x 0.92 x WWR x 1) - (194 x 0.92 x WWR x 0.67)
OTTV-OTTVss = 58.89 x WWR
Wreuiay A1 OTTV fidmziuaan
OTTV = (15 x a x (1-WWR) x Uw) + (6 x WWR x Uf )+((194 x 1.23) x WWR x 1)
OTTVss = (15 x a x (1-WWR) x Uw) + (6 x WWR x Uf )+((194 x 1.23) x WWR x 0.60)
HARNY OTTV m@qmm@ﬁﬁmxiﬂﬁmiﬁqLmeé’mgﬂmﬂmm@wwqﬁﬁmzfm@ﬂﬂ
OTTV-OTTVss = (194 x 0.94 x WWR x 1) - (194 x 0.94 x WWR x 0.60)
OTTV-OTTVss = 95.44 x WWR
WraLiiiay A1 OTTV #iemzdumn
OTTV = (15 x a x (1-WWR) x Uw) + (6 x WWR x Uf )+((194 x 0.94) x WWR x 1)
OTTVss = (15 x a x (1-WWR) x Uw) + (6 x WWR x Uf )+((194 x 0.94) x WWR x 0.65)
NARNe OTTV °]J‘ﬂ\‘1‘mﬂ’]‘a“ﬁlﬁLL@ﬂ&Jﬁﬂ’]’iﬂ/\‘]LL@@Lgﬁﬁlg‘ﬂﬂﬁ‘\‘}ﬂ’]ﬂﬁﬁ‘ﬂ/l’]ﬂ\iﬁﬂmﬁ/uﬁlﬂ
OTTV-OTTVss = (194 x 0.94 x WWR x 1) - (194 x 0.94 x WWR x 0.65)
OTTV-OTTVss = 63.82 x WWR
waflldannnissasn OTTV iaeskuuluirsne Ae
OTTV - OTTVss = (A (567.61 x WWR + 58.89 x WWR + 95.44 x WWR + 93.82 x WWR) /
4A
OTTV - OTTVss = 68.94 x WWR

A15199 2.4 A9UANAI0TTV 2a981A15YN 2 Usenn

Orientation OTTV reduction
North 57.61 x WWR
East 58.89 x WWR
West 95.44 x WWR
South 63.82 x WWR

Whole Building 68.94 x WWR

17:34’1 . Investigating the Effectiveness of Self-Shading Strategy on Overall

Thermal Transfer Value and Window Size in High Rise Buildings



1"

2) NMINAT WWR 28491A19NANN31IAAFLETLINIIALE1ANS TINTAT WWR 15N
welAn lLdad1uiuanAnsiall a1nenuaed Zain-Ahmed et al (1998) Aa 25% wiale
AALIANAFNG IHHATINTULES WauAY OTTV 2esa1AnsLn

MA19199 2.5 Aaus

PARAMETER VALUE
WWR:OTTV 0.25
Wall absorptance 20%
Uw 2.4
uf 5.9

ﬁ&n . Investigating the Effectiveness of Self-Shading Strategy on Overall

Thermal Transfer Value and Window Size in High Rise Buildings

RAwmila OTTV = (15 x 20/100 x (1-0.25) x 2.4) + (6 x 0.25 x 5.9) + (194 x 0.90 x
0.25 x 1)
el OTTV = (15 x 20/100 X (1-0.25) x 2.4) + (6 x 0.25 x 5.9) + (194 x 0.92 x
0.25 x 1)

nApzduaan  OTTV = (15 x 20/100 x (1-0.25) x 2.4) + (6 x 0.25 x 5.9) + (194 x 1.23 x
0.25x 1)
NARLTUAN OTTV = (15 x 20/100 x (1-0.25) x 2.4) + (6 x 0.25 x 5.9) + (194 x 0.94 x
0.25x1)

OTTV = (A x (567.9 + 58.87 + 73.90 + 59.74)) / 4A

OTTV = 62.60 W/m?

anthddsadaaunisdn OTTV m@qmmaﬁﬁﬁma‘ﬁqLmﬁfmgﬂmamma? Tnelden
SC MNTIAFN9] A
WAwmila  OTTVss = (15 x 20/100 x (1-0.25) x 2.4) + (6 x 0.25 x 5.9) + (194 x 0.90 X
0.25 x 1)
el OTTVss= (15 x 20/100 x (1-0.25) x 2.4) + (6 x 0.25 x 5.9) + (194 x 0.92 x
0.25x 1)
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RAmnzduaan OTTVss = (15 x 20/100 x (1-0.25) x 2.4) + (6 x 0.25 x 5.9) + (194 x 1.23 X
0.25 x 1)
RAmzAuAn OTTVss = (15 x 20/100 x (1-0.25) x 2.4) + (6 x 0.25 x 5.9) + (194 x 0.94 X
0.25x 1)

OTTVss= (A x (7.2 +145.18 x WWR) + (7.2 +147.78 x WWR) + (7.2 +171.37 x
WWR) + (7.2 +146.73 x WWR) + / 4A

OTTVs = 7.2 + 152.76 x WWR

larhen OTTV 299 WWR 25% a1

62.60 = 7.2 + 152.76 x WWR

WWR = 0.36

@ﬁﬂﬂﬁ@ﬁfﬁﬁﬂﬁ@aﬂﬁﬂqﬁﬁﬁﬂﬁiﬁhummﬁdﬂgﬂwsq@ﬁmﬁ?ﬁ@ﬁqﬂﬁiﬁﬁenwmqqu§ﬂuiqu
wazauIANIzAnTesanA1sgd luwuAnwlnenizaaessasannsatinAan s sy
A1 OTTV uay WWR 1e9e1pnsnedestlssin uafiline @ﬂﬂﬂiﬁﬁnqiﬁhumm§Qﬂgﬂm@q
1A19ENNNINAAAN OTTV aAa< 68.94 x WWR wazA1 WWR 18901pn3fiiinstiaunndas
gﬂmqmma?mmiaLﬁ'mqﬂmm@ﬂﬂﬁ A WWR = 0.36 azilA1 OTTV il WWR 0.25

Pa981ANTUNG
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Ineld3En199na89m98 lsunss VisualDOE4.0  way Ecotect Analysisiilaaanna@uise
A1809n17 HnANuaseAslaistuazliunlasuldynaniuniend
3.2 MuuANITAILEUNI9IRE

a o

= X d4 s
3.1.1. AN B)LBIAULATIUATENIN L T8
=< al dgj % a o dl dl % 1 al 1 v 1
ANEING 1) ILBIAULAZINUITENINLATRS 11U NEH)NNTEMANNTAUNIUNTEL
N1 LN TE AN TAINNANIUTAINTALATATT NITENELNANNTAUTINUAINIIA1UEN
Ao o o = o/ 9
21ANT NUANENEIALB1ANINENITUAAALEIILINGS
3.1.2. MUUARNNAFIUNUIE
dld o [ 1 ¥ o v
fmmimmﬁmLLmmmagﬂmqmma‘mmammmmﬂmwmmﬂummﬂm
= o da Sl o o 4. .
3.1.3. AnwiadeniunasanisldnasnueeA1sdine iensiauesie)
RTBIE -3Un2987A"9
FANINNITAINFAUAIANANTNIARNL TN 8 Hi
-WWR 0.1-0.9
o/ 1 z AQ o dl o/ 1 z ‘dIQ o ij/
-ARIFIUNLNEINIEINNTuA AR e NUNEINTTNA
Aawtlany -AN9lE a9 UN1INIANLEiuNe lua1ANg FeTldanunaAng
(KWh/m?2.yr)
A7 1 ENAI9LN1IN A NN TUaN A1 9Tl FaNUNRIBNANS
(kWh/m2.yr)
-A1 OTTV (W/m2)

Foutlsmaunn  -Auantimlaanana1s il Base case
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MA1519% 3.1 Aauls

ltem Value

Building Type Office

air-condition 5 days per week 8.00-
Building schedule

17.00
Stories 7
Floor-to-Floor (m.) 3
Uw* (W/m?2) 3.31
Uf* (W/m?2) 3.25
LPD* (W/m?) 17.11
EPD*(W/m?) 16
Occupancy* (m?/person) 11
SC* glass 0.69
Wall (m.) 0.2
Wall Absorptance 0.3
Wall Density (kg/m?) 2400
Specific Heat 0.92
DSH (kJ/m2K) 441
Temp.*( °C) 24.5
Partition CMU Partition
Infiltration (air-changes/hr) 0.2
System Residential

* (S.Chungloo, B.Limmeechockchai and S.Chungpaibulpatana, 2000)
314, AFuuURIaeiugIutedaIn1snliinstieunnsaegtngeannns (Base
case) TmﬂﬁmumGTQLLﬂiﬁiNjé’N%qmmmﬁﬁﬂﬁshumLLmzfa@mmuLLuuﬁmawmmmﬁ

Hnnsrlaumnsnggingsnnans (Design case) Tnautiadlu 3 wwinie A
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1 Base case Wwaz Design case H3insaunnsinariu

{msl Base Case Lﬂummiwmﬁmaﬂmmm 30 x 30 3.4, 9 7 FU AINGIAININY
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9 4 9 | mummmumum
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I 30 |
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NW3.2 Base case 30x30 WWR 0.50 a1nTilsunsa VisaulDOE 4.0
WAz Design case L{ua1A193LNn336197 Ain @1ATRAUULAY X H L T uaz U Tne

wile Design case {lu 3 Uszinn As
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1.1 Design case NNUARM81ATWNTIL Base case NWWNa1ANT 3,500 3.4,
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4 1 ¥ 1
1.2 Design case ANUNB1ATWINTL Base case ANUARI81A1T 4,200 AT.4.
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| 30
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P 1
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. PRI X da v o -
1.3 Design case ANuNaIAsLasiunRa lnalAeeil Base case ARNNLNBIANT

v 1
6,272 M9.4. LATWUNNIDIANT 3,024 RT3,

: ek el

36
16
3

36
26

16

10,
20

10, 16, 10, 16 _.4._ 16 _, 10, 26 . 210 16 _,_10_, 16 _.4._ 16 _.

36 ' 36 36 36

T o & 1 | : ad o & da v o
NATNN3.5 NNNURTIANS Design case NW%VI’Q’]F]']‘&‘LL@%WNVIN’ﬂﬂ@LﬂENﬂ‘LI Base case

2 Base case WaZ Design case gﬂm\mé’mﬁu
Base Case L{ua1AMaBMALNTIUIA 14 X 14 AT.N. G2 7 T ATINAIAINNUDIHL
Futnll 3 1. NuNaIAII99N 1,372 AN, WUNHN81A9 1,176 A9.4. TnaiuliiaenAnsne 4

A AN uRanue
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14

NINN3.6 Base case

Design case iluaiansnddauyudauidn an 1 u. Tnauils Design case flu2

szinn A
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2.1. Design case \{uanAsnRdauiszes 1 4. LavdauyuIzey 1 4. 2 1.UuAY 3 4.

— 2 _3|
1 1 _;;1

NINN3.7 Design case t1ua1AIsNNdIuLIsEaE 1 &

2.2. Design case {uaAINRdauIzes 2 8. LaTAIUYMITET 1 1. 2 1.UAY 3 4.

a . Ao Iy '
NNN3.9 Design case @1ANSNINAIULINGEEE 2 N, WazAIUYUTTES 1 X
anlUsunsd Visual DOE 4.0
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2.3. Design case ({uanAsNNdauiszes 3 8. LavAIuYUITEY 1 8. 2 1.UAY 3 4.

] B

]

y . [ i '
NMNN3.10 Design case LHuanA1sNAFIULINTEaE 3 |,

15

=l 1 Ao Iy '
NWN3.11 Design case BIAITNHAIULINTEEE 3 N. WATAIUYUTEEE 1 4.
a1nluswnsy Visual DOE 4.0

3 Base case o Design case ﬁgﬂm\‘lmﬁﬂuﬁu
Base Case L{ua1A9mMa9AmaLNTUIA 30 x 30 AT.H. §3 7 G148 ATINAIAINNUTNHY
Futnlil 3 1. NuNeIAI7991 6,300 A9.4. NUNHI81ANT 2,520 A9.4. TRENUIRIRIANIY 4

A AN uRanue

30

30

NTNN3.12 Base case
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Design case tluanAnsginsaineniu Base case warinissuszaznszanidnlylu
871199287 AR 0.25 1., 0.50 1., 0.75 1. uaz 1 4. sl Design case flu2
sznn An
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20

=

NN 3.15 WULANARY Design case SUSEEZNTTANLTIN IULUIUDU UWASUUIAY
qa1nlusunsy Sketch UP

M1519% 3.2 Design case

1.1. Design case AfufiRae1Ans E:CI Iﬁl E’
lszinnil 1 5

Winfiu Base case

Base case lay X
- 1.2. Design case NNUN2D1ANT B:D
Design case § B—

¥infiU Base case

1.3. Design case HNfiufa1ANTUAL EE\I:I [::l | I_EJ E

dy dlﬁ v a o
AunRelndiAzeiy Base case

JUnsaumnsineiu
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dszinni 2 .
Waszeiz s, | S
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@ Holidsy Set e =] Discount Flate 5 %
Narth Profet Lie Cycle [z years
Eneray Resou
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A15199 4.1 aRSINI51U9L91URIRIANS Base case

Building orientation

Shading (%) 50 50

v

anuanIaiusIusNdayanisudnsnisiaeeasivluaseais Base case
1114 50% ARINUNRINNA

m%‘wﬁ 4.2 Design case # 1

PRy SN
. 1.1. Design case ANUNNIRIANT
szanndt 1 cp 0L Or @

WinfiL Base case
Base case WAy

- 1.2. Design case Funaas [
Design case {31n34 o
1NuU Base case L—]

wANFNa <3
1.3. Design case NWWNBIAITHAL [:_b E:] [ E
& Ao P
WuVlN'JFLﬂ@LﬂENﬂU Base case

AN9199 4.3 ARTIN9L9LIURIRIANS Design case HANUSUA2 X 119 3 Uszinn

u

Building orientation ED:, 83 |£|:||:I % [E]

Shading (%) 56 57 55 54 56 57

A19199 4.4 AASIN159L1UBIANAS Design case HIWUgLAY H 149 3 Uszian

Building orientation = @ E %

Shading (%) 61 58 57 58
Building orientation I]:::l @ E @
Shading (%) 60 58 56 58

Building orientation | u | 0 G @

Shading (%) 63 62 58 61




A19799 4.5 ARSTIN19119L12B9R1AS Design case HIWUgL

[
L%

[
(% (%
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A2 L 19 3 Uszinn

Building

orientation |—|__I v |£| » I__L‘ & F @
Shading (%) 53 58 56 52 52 52 50 49
Building — —
orientation L v ’_l_l > A <
Shading (%) 52 56 55 51 51 50 48 49
Building

orientation |_|_| Q? ’_l_‘ 9 @ <§
Shading (%) 53 57 57 52 52 51 49 49
9197 4.6 ansIN191aLNIasEIA1S Design case Aaugsa T 1 3 szinw
Building

orientation 'f' & D:, @ |J;L| v ':D &
Shading (%) 51 51 53 55 57 57 56 53
Building

orientation T & H:' % JL y ':|I:| %
Shading (%) 50 50 51 54 56 56 54 52
Building

orientation L|T|—| @ Ej @ IJ_LI @ [D &
Shading (%) 51 51 52 56 57 58 56 53
9197 4.7 RsIN1911aLIa9a1ANS Design case Haugilsa U 4 3 szinw
Building

orientation [ Q& E| % A @ IE Q?
Shading (%) 60 59 57 54 54 53 53 57
Building

orientation |-|_|-| @ 5' @ Im @ IE

Shading (%) 60 59 56 54 54 53 53 58
Building

orientation |_U—| 0 EI @ m @ E @

Shading (%) 63 63 58 57 53 52 51 54
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v

1 1 v ¥ 1
1l321An% 1 @1ANT Design case NEATINNTUNBALYITIFIUA 49%-63% UBINWRN

ANANTNIUNA

m‘:’nﬁ 4.8 Design case # 2

4 1. Design case Wuanashd
dszinni 2 .
AAUINTTL 1 . .

Base case way e
2. Design case Wuarmnsnd
Design case L
ANUNINTEUT 2 U. .

gUnsapdneiy - —
3. Design case LiluaA199NY

ninin
SN

L)
L)
L]

Audnrzey 3 W

a [ % N [~ ala
A1FI9N 4.9 BRATINITLNLNURIRIATS Design case iuaimsnagduL ’]‘a‘“’ﬂ“‘ 1.

DO O

Shading (%) 68 68 67 68 67 62

annnn

Building orientation

A15197 4.10 ARSINIFLLNURIRIANS Design case LHuaAIsNNdULINszeE 2 N,

susmaarnain | {3 S0 L3 0 |30

Shading (%) 65 66 65 64 65

a o (% . [ ala [
A1F19N 4.11 BATINITUILNURIRIANS Design case tuamsnNdaUuLNgzee 3 .

sumaonaion | {1 2| T3]

Shading (%) 64 64 66 66 66 65
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m‘md‘ﬁ 4.12 Design case # 3

1lszinnii 3 1. Design case Tuszaiznszanidnlu

Base case WAy (ISR IR REaNA)

Design case ﬁgﬂm\i 2. Design case fuszaiznszanidnlu i wwmﬂm

4 o 4
WHAUNU [INRTAN] mmn | m @O anAnnnAONONRARNINAANNN

Design case Uszinn@i 3 1 Design case fiflfn OTTV Fndn Base case
Hesannnssuszesindnatalidn SC a99e1ANanAs AN OTTV AdANad Anean
Design case Usinn@i 1 uaz 2 7 A1 OTTV Ag#t e ldn SC =1 dszneuiu Design
case Uszinnii 3 ﬁgﬂmqﬁmnﬁiﬁqﬁumu WWR 0.1 — 0.9 wazszazmssumiinanea 4
sz snadaaninvasidsunsy Mlildacunsoun dnsnistianldnsuynnadl wazswsed
A1 OTTV MuAnAngann Base case adlithénsdaunistiasnaadnnans Design case

1321nn9 3 HINANTUNGD
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4.2 wansiaszinisldnatnumsdanuiumeluanassaiuiianans

HangAUIUINdayanisldnawun1siiANEiunelueanng Inaniseaaedua
Tnalsunsy VisualDOE 4.0 1WTeiineuszndnea1msdniinanudni (Base case) fUa1A1g
zﬁﬁﬁmm‘ﬁ'ﬁmiﬁqLLmmé’wgﬂvmmmigﬂmwmj (Design case) Tagutiaiiu 3 wuanng
Af 1. Base case WAY Design case ﬁgﬂVINLLMWiNﬁu 2. Base case WA Design case
71Insandnariu 3. Base case waz Design case H3iUnsaimiilaniu

1. Base case Ua¥ Design case N3Unsaunnsinemin

NAANNNN33108481ANS Base case TIL01ANINSIRIMALNTLNA 30 x 30 AT, qa7
Fu mmzﬂamnﬁuﬁﬁu%uﬁmm 3 3. uiienANs I 6,300 79.4. NufiFnanAns 2,520 9.4,

WHUDNN 4.1 s ldwassunIsinAutEuneluaian1sa1A1s Base case

AsldnaIBNIMIANLIEuAs TaNANTFeNLAa1ANT Base case
110.00 o

100.00 -~
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BI7.N.
aal %4 Qs ) <
LLNUQN‘VI 4.41 ﬂ"ligl‘ﬁW@\‘is‘l']uﬂ'lﬁﬂ']ﬂ’)']NLiluﬂqilal‘IJﬂ'lﬂq‘iﬂ'lﬂq‘i Base case
UUALUIUDY
0000 A3 ldnasnunImmnAuiuAelua1A13FAaNLAa1AF Base case NHNAN
HILDL
80.00
=
£
£ ——
< 70.00
2
W
4 - <>
60.00 -
T
50.00
01 02 03 04 05 06 07 08 0.9 WWR
aa L2 [ o [~
LLN‘H{]N‘VI 4.42 ﬂ']?i‘ﬂWﬂ\N']uﬂ’]‘a“Vl']ﬂ’J"INLEIUfI’]Eﬂu’PJ']ﬂ']%"ﬂ’]ﬂ”I%‘ Base case
UUANILUIAY
s ldnasanunisinasfivnngluenANsFeNuNenAs Bass cas NHNANa
90.00 .
LUIAY
80.00
s
<« ——
£ 7000
=
W -
(@]
60.00 -
W
50.00
0.1 0.2 0.3 0.4 05 06 0.7 08 0.9 WWR




55

A7 MWAINUN1INI AN LN lua1ANT Base case AaudNalNALALNAWIZMING
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55.00 F s il Vertical Windows Offset 1.00 m. 0°

50.00 Vertical Windows Offset 1.00 m. 45°

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 WWR

ANUHWART 4.43 -4.44 81A3Design case # 3 1l Design case Uszinmifenidl
ﬁi’mflflﬁwﬁmum?ﬁ’]mmLﬁumﬂ‘lumma‘@'qu’magﬁ'fmdf] N7 IENAIIUN1TNIANLE
1AN9RIANT Base case

mmmunﬁﬁ 4.43 Design case $uszeiznszanidnluuuauen WeWWR dous 01-0.3
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WHUDRT 4.51- nsldnasnunsianadumeluaiassiaiuiiioanans

LazAaNUNENIANS Design case NUAIULINTEEE 2 .

CE - kWh/m?2.yr

naaun ANdunalueAReNuRRaaAT wazfaluianAns Design
case Ndauinazas 2 o
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OTTV slan s ldwassun1gitAudiuniglianais Design case X
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Ltwugﬁ‘ﬁ 4.66— OTTVb sim OTTVss Design case X

OTTVb ma OTTVss Design case X v = 1.539x+7.411
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A1A17 Design case X# 1.1y = 1.539x + 7.411
A1A1g Design case X # 1.2 y = 1.446x + 6.099

21ANT Design case X# 1.3 y=1.120x + 1.099

M1519% 4.28— OTTVb ma OTTVss Design case X

X OTTVb X OTTVss X#1.2 X OTTVss X#1.2 X OTTVss X#1.3
38.12 66.08 61.26 43.82
49.60 83.75 77.87 56.68
61.08 101.42 94.47 69.55
72.56 119.08 111.08 82.41
84.04 136.75 127.69 96.27
96.52 154.41 144.29 108.13
107.00 172.08 160.90 121.00
118.47 189.74 177.51 133.86
129.95 207.41 194.12 146.72
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WWUDRT 4.67- OTTV sia msldwasnunisyianaiiuneluaiansg Design case H

OTTV sian 9 ldwassun1gniaudiuniglianais Design case H
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M1519% 4.29- OTTVb sa OTTVss Design case H

XOTTVb X OTTVss H#1.1 X OTTVss H#1.2 X OTTVss H#1.3
38.12 65.59 55.97 42.94
49.60 83.25 71.28 55.56
61.08 100.92 86.58 68.17
72.56 118.59 101.89 80.79
84.04 136.25 117.19 93.41
95.52 153.92 132.50 106.03
107.00 171.58 147.80 118.65
118.47 189.25 163.11 131.27
129.95 206.91 178.41 143.88

WHUDRT 4.69- OTTV Aan1sldwasnunsiiasduneluainais Design case L
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LLNuQﬁ‘ﬁ 4.70- OTTVb #im OTTVss Design case L

, y=1.595x +7.163
OTTVb ma OTTVss Design case L R2=1

250.00
y=1.478x +6.276
R2=1
200.00
y=1.152x+1.134
:E‘ RZ=1
5 150.00 < y =X
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o 4
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ANUAUNAT 4.70 aunnafilfaanuBeuifiaudn OTTV 28981p73 Base case iU
OTTV fufta3ea981p17 Design case ﬁqﬁugﬂﬁq L
21A17 Design case L# 1.1y =1.595x + 7.163
21A17 Design case L# 1.2 y=1.478x +6.276

21A1T Design case L# 1.3 y=1.152x + 1.134

m%‘Nﬁ 4.30- OTTVb #a OTTVss Design case L

XOTTVb X OTTVss L#1.1 X OTTVss L#1.2 X OTTVss L#1.3
38.12 68.00 62.65 45.07
49.60 86.32 79.63 58.30
61.08 104.63 96.60 71.53
72.56 122.95 113.57 84.76
84.04 141.27 130.55 97.99
96.62 159.58 147.52 111.22
107.00 177.90 164.49 124.45
118.47 196.22 181.47 137.67
129.95 214.54 198.44 150.90




WU

77
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OTTV flan1s ldnasunIsnIANsiung luamA1s Design case
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U qN 4.72- OTTVb sia OTTVss Design case T
OTTVb sia OTTVss Design case T y=1.578x+7.198
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21A1? Design case T # 1.1
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y =1578x +7.198
21A17 Design case T # 1.2 y = 1.468x + 6.241
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78

X OTTVb X OTTVss T#1.1 X OTTVss T#1.2 X OTTVss T#1.3
38.12 67.36 62.21 44.74
49.60 85.47 79.06 57.84
61.08 103.59 95.91 70.95
72.56 121.70 112.77 84.06
84.04 139.81 129.62 97.16
95.52 157.93 146.47 110.27
107.00 176.04 163.32 123.38
118.47 194.15 180.17 136.49
129.95 212.27 197.02 149.59

WHUNAN 4.73— OTTV Aanigldwassunisvinaugiumeluaiais U

u

CE (kWh/m=2.yr)

120.00

OTTV slanT9 Mwasnun1anIAaEiunieliuanAs Design case

y =0.442x + 50.30
R2=0.999

y =0.382x +49.90
R?=0.999

110.00

100.00

y =0.292x + 49.57
R?=0.997

90.00

y =0.282x +48.41
R?=0.999

80.00 -

70.00

- [
—= [U]

-+ [=

60.00

50.00

- [

20.00

T T T T T

40.00 60.00 80.00 100.00 120.00

140.00

1

oTTV




LLNugﬁﬁ 4.74— OTTVb sim OTTVss Design case U

79

OTTVb #ia OTTVss Design case U

y =1.567x + 6.702

250.00 R2=1
=1.354x + 5.283
200.00 A Yy SoX
R2=1
. y=1.035x+4.113
~ 2 _
£ 150.00 R%=1
2 y=x
] R2=1
E 100.00
o - []
50.00 ]
0.00 . . -~ [=
0.00 50.00 100.00 150.00 200.00 250.00
- [
OTTVb (W/m?)
le dl v = 1 o
AMNUKNUART 4.74 annisildannilauiiausn OTTV 18981A19 Base case Ml

1 ¥
OTTV Nu143928981A1T Design case HanugLlsia U

U

21A17 Design case U # 1.1 y=1578x + 7.198

21A17 Design case U# 1.2 y = 1.468x + 6.241

21AT Design case U # 1.3 y=1141x + 1.205

m‘i’m‘ﬁ 4.32— OTTVb sia OTTVss Design case U

X OTTVb X OTTVss U#1 X OTTVss U#2 X OTTVss U#3
38.12 66.46 56.93 43.59
49.60 84.45 72.48 55.48
61.08 102.44 88.03 67.36
72.56 120.43 103.57 79.25
84.04 138.42 119.12 91.13
95.562 156.41 134.67 103.02
107.00 174.41 150.22 114.90
118.47 192.40 165.77 126.79
129.95 210.39 181.32 138.67




m‘s’nﬁ 4.33— 41n19 OTTVss Design case #1

80

ANNNT OTTVss # 1

Surface area / Area

0.72

0.66

0.48

Design case # X

y = 1.539x + 7.411

y = 1.446x + 6.099

y =1.120x + 1.099

Design case # H

y = 1.539x + 6.914

y = 1.333x + 5.141

y =1.099x + 1.028

Design case # L

y =1.695x + 7.163

y=1.478x+6.276

y=1.152x+1.134

Designcase # T

y =1.578x+7.198

y = 1.468x + 6.241

y=1.141x + 1.205

Design case # U

y =1.567x + 6.702

y = 1.354x + 5.283

y =1.035x + 4.113

WNURN 4.75- OTTV Aansldwasunisianidunieluainis Design case 2.1

OTTV san s ldwassnunIsniAuidiuniglianais Design case 2.1

140.00 y = 0.536x + 59.73
R2=0.999
130.00 y = 0.516x + 56.14
R2=0.999
120.00
y = 0.506x + 54.23
. 110.00 R2=0.998
N; 00,00 y=0.527x + 51.74
£ 100. R2=0.999
2 90,00 []
L
© 80.00 2"3
. ——
70.00 E:}
60.00
—c
50-00 T T T T T 1 E::::}

20.00 40.00 60.00 80.00 100.00 120.00 140.00 oTTV
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Ltwugﬁ‘ﬁ 4.76- OTTVb sim OTTVss Design case #2.1

y=1.017x+15.16

OTTVb #ia OTTVss Design case #2.1 RZ=1
200.00 ~_V=0.979x+8349
180.00 R2=1
160.00 y = 0.960x + 4.724
— 140.00 A R?=1
£ 12000 y=x
= R2=1
7 100.00 — [
E 80.00
© 60.00 -
40.00 - i:g
20.00
—
0-00 T T T 1 E:::}
0.00 50.00 100.00 150.00 200.00 —e E}
OTTVb (W/m?)

'
aal

ANunfif 4.76 aunsfilFainuiuuidieusn OTTV 989e1As Base case iU
OTTV Pusiaderasanans Design case 2.1
21A1? Design case #2.1.1 y =1.017x + 15.16
21A1T Design case #2.1.2 y = 0.979x + 8.349
21A7T Design case #2.1.3 y = 0.960x + 4.724

M1579% 4.34— OTTVb i@ OTTVss Design case #2.1

X OTTVb XOTTVss 2.1.1 XOTTVss 2.1.2 XOTTVss 2.1.3
38.12 53.94 45.68 41.33
49.60 65.61 56.92 52.35
61.08 77.29 68.16 63.37
72.56 88.96 79.39 74.39
84.04 100.64 90.63 85.41
95.52 112.31 101.87 96.44
107.00 123.98 113.11 107.46
118.47 135.66 124.35 118.48
129.95 147.33 135.59 129.50
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WWUYRT 4.77- OTTV Aanisldnasnumsiansiiumeluainis Design case 2.2

OTTV siansldwaseunisniauiiuniglua1ais Design case 2.2
140.00 y = 0.566x + 57.14
2 _
130.00 /./. y=§5383%55.19
R2=0.999
120.00 y = 0.534x + 54.47
R2=0.999
< 110.00 y=0.527x+51.74
o~ 2 _
£ 100.00 R2=0.999
e
< 90.00 —- []
tu) 80.00
| = {}
70.00
60.00 * {:}
50.00 : , - : : L e E:}
20.00 40.00 60.00 80.00  100.00  120.00  140.00  OTTV
LLNugﬁﬁ 4.78- OTTVb sia OTTVss Design case #2.2
OTTVb sia OTTVss Design case #2.2 y= 1-0724X +10.24
RZ=1
200.
00.00 y=1.013x+5.180
RZ=1
150.00 y =1.020x + 6.546
B RZ=1
2 _
Z 100.00 R*=1
- - []
E
o
50.00 - {:}
—a
0-00 T T T 1
0.00 50.00 100.00 150.00 200.00
OTTVb (W/m?) = E::}

a

AINUNUYRN 4.78 aunsnldanufFauiaual OTTV 98481A13 Base case AU

OTTV Nuia3428981A1T Design case 2.2

21ANT Design case #2.2.1
21A17 Design case #2.2.2

21A17 Design case #2.2.3

y =1.074x + 10.24
y =1.013x + 5.180
y =1.020x + 6.546
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M19197 4.35- OTTVb sia OTTVss Design case #2.2

X OTTVb X OTTVss 2.2.1 XOTTVss 2.2.2 XOTTVss 2.2.3
38.12 51.19 45.47 43.81
49.60 63.52 57.18 55.44
61.08 75.85 68.90 67.07
72.56 88.18 80.62 78.70
84.04 100.50 92.34 90.34
95.52 112.83 104.06 101.97
107.00 125.16 115.78 113.60
118.47 137.49 127.49 125.23
129.95 149.82 139.21 136.86

aa 1 [ ° [ .
LLN‘LIQNﬁ 4.79- OTTV ﬂ’ﬂﬂ’lidl?’fWﬂQQ’]uﬂﬁi‘Vl’lﬂ’NNLﬂuﬂ’]ﬂlu’a’lﬂ’l‘i Design case 2.3

OTTV slan s ldwassun1IniAuiiunigliuaimis Design case 2.3
140.00 y= 0.566x +56.12
R?=0.999
130.00 y =0.558x + 55.36
R?=0.999
120.00 y = 0.528x + 53.95
R?=0.999
< 110.00 y=0.527x +51.74
t 100.00 R*=0.999
=
——
E 90.00 u
Ll-l s
© 80.00 - iﬂ}
70.00 , E:E
60.00
~ {3
50-00 T T T T T 1
20.00  40.00 60.00 80.00  100.00 120.00 140.00  OTTV




Ltwugﬁ‘ﬁ 4.80—- OTTVb sia OTTVss Design case #2.3

84

OTTVb 6ia OTTVss Design case #2.3 y= 1-0724X +8.311
RZ=1
200.00
180.00 y=1.058x + 6.869
= R2=1
160.00 /
__ 140.00 y-=1.001x + 4.193
0 2 _
£ 12000 R*=1
= y=X
E 80.00 -~ [
O 60.00
40.00 - i:;
20.00 =
0.00 , —— , T {:E
0.00 50.00 100.00 150.00 200
OTTVb (W/m?) * E:ﬁ
le dl % = 1 o
AIMNUNUNHNN 4.80 ann N lranniseLnguA1 OTTV 28981AN3 Base case fiu

OTTV 7ui43928981ANT Design case 2.1

21A17 Design case #2.3.1
21A17 Design case #2.3.2

21A1T Design case #2.3.3

y =1.074x + 8.311
y =1.058x + 6.869
y =1.001x + 4.193

m‘i’Nﬁ 4.36— OTTVb #ia OTTVss Design case #2.3

X OTTVb X OTTVss 2.3.1 X OTTVss 2.3.2 X OTTVss 2.3.3
38.12 49.26 47.24 42.39
49.60 61.58 59.39 53.89
61.08 73.91 71.54 65.39
72.56 86.24 83.70 76.89
84.04 98.57 95.85 88.39
96.62 110.90 108.01 99.89
107.00 123.23 120.16 111.39
118.47 135.55 132.31 122.89
129.95 147.88 144.47 134.39




m’s’nﬁ 4.37- 41n15 OTTVss Design case #2

ANNIT OTTVss # 2

Surface area / Area

1.55

1.25

1.11

Design case # 2.1

y=1.017x + 15.16

y =0.979x + 8.349

y = 0.960x + 4.724

Surface area / Area

1.36

1.18

1.11

Design case # 2.2

y =1.074x + 10.24

y =1.013x + 5.180

y = 1.020x + 6.546

Surface area / Area

1.26

1.19

1.06

Design case #2.3

y =1.074x + 8.311

y = 1.058x + 6.869

y =1.001x + 4.193

85
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M15199 5.2 A2BE19ASIFIUNUNKNIABNUNDIANTLALDASTINITUUNUR

21AFHIgLA X

a

X o X o g g o
NUNNIBIANT NUNIAT NUNKD /NUN NWAWTU

[1ANT
(m?) (m?) AT (KWh/m2.yr)
2520 6300 0.4 72.26
Base case
{:] 3024 6272 0.48 75.46
Design case X #1.1
|£|:||:| 4200 6300 0.66 80.07
Design case X #1.2
EEj 2520 3500 0.72 82.20
Design case X #1.3

ug9181A"T Design case Uszinniil Ussinni 2 wazenAng Base case azinnsd

o a

WAIUN1INANNEUNNETUEIAT WANFANSTY WANAURAIOTTYV  AANAguNnemnu

ISP

1HA4a1N ANATFINANNHAY SC=1 Wil LAZINARANTUIS RTINS Wl

v
wﬂd o o o

8n9N"19T19LeALT HAnnudNRusiy Design case lungulugy Aeilanfsauinaudns

Asianeaeietaed Design case Uszinni 1 NRNNILENLARLTZNING 49% - 62% UazH
N9 MNATIUNINI AN RN T e AFINANN Base case 2%-25% @91 Design case
sy 2 An19179e1eae 52199 63% - 68% wazin13dnasIun1InIANdunale

81A"9NAIN Base case 0%-11% Bafedniugiuey usiveiiansnin Design case €08

o

LA FMTN171T9 NN RALTNTTUNT ld WA uN1I NI A NI iU TuaANe nAU TNAUR LS

o

ni
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A9 5.3 A2BE19AASINITLNRTDIRIANTABNIS MINAIIUNISYINIATN

LﬁuﬁLﬁuﬁugqqm
B B msldwasnunsineauifiui
f1AN9 0° DFTINITLNNNUDIANANG -
WAHANN Base case g94n
Base case 50% -
Design case # 1 49 % - 63 %
Design case X # 1.1 56% +25%
Design case X # 1.2 55% +21%
Design case X # 1.3 56% +5%
Design case # 2 63 % - 68 %
Design case # 2.1.1 68% +11%
Design case #2.1.2 67% +5%
Design case # 2.1.3 67% +3%

=

° ¥ o o 1 ZJ/ IS dp dl
N1931829N17 IWANIUNAN TR UNN e Tua AN IRe T Fa N una1Ang L‘LG‘EIULVIEI‘LI

3
aAal o A

7IM3961197) WasfiANI9Fn97] WL Design case szl 1uaziszinnil 2 a1AsnRTaiy

! &
A o A

RIENAANAINTE NN aRIAHIdUATe a1 AY9AINd18 AT RTANUYINYN 45°

1 3
aNal o A

Tneilu Design case Uszinnd 1 wudn aapisnidenungilsn L axldndasnunisinaanud
dl 5 Z’/ ] dld o dgj dl o ¥ o
ngluanAsuInigaann Design case annm dauanAsniianunglsia H ldwassunig
Manufiunialuaiastiasigaain Design case WiauuA U6l Design case tsennd 1
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i %
Aa oo A [ = ISP

case sz 3 LR B AN TN IR e T b G A TSRt P T LR P TR LN VLR T E)
Andnen AT eunT T TnenAnsTisuszasutiAnaluuu Ay [ngsanunn i
AfiunneluenAnsANndenAnaiisusse s A luuwaues Tae Design case sz
3 Reuvavan Mndsuniminamfiunteluenansiingn Base case anidi Design
case D1ANTHIUTLHENTINANRILA 0.25-1.00 1. TUl9Le WWR 0.1 iRnnsldwdasnmunns

nAuiunelueIA19gandn Base case



89

= ¥ @ o [ v
M990 5.4 ﬂﬁiﬂl"ﬂWﬂQﬂ']uﬂ’\‘iVﬂﬂ’J']NLﬂu’ﬂ']ﬂu@il‘lﬂ&l']ﬂ
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B v || = | 7
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M Cd| | 2| P

o o
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o
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o Ao | A = o
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3

wagANIs A unAuEun e TueNATReRT. 8. 289N WNRY N1NNI1 81ANT Base
case

NA1TUNAN OTTV  saAnsldnasarunisinafiunialuenans  tnaazld
Wa170UN Design case Usznnd 3 ARA1 OTTV NanadmINAINIs MNAI9IUNTiNANLEYL

dl di ] o LZA .

naluaiAsnanad Wasannissussazngzan 1A SC 18981ANT Design case
szinn® 3 anag Inafansuanie Design  case Uszinn?l 1 waz 2 wWintli sz AN
OTTV 284 Design case %4 2 Uszinn Hawindulusnenainisnasanunisminaausiu

nelueAsuansinaiy Al OTTV aannguniedldetdilinsaungugnseannisy

a

]
=

PaNIANE AIATNALLslunA U0 el AR OTTV Nudusinuingqay

= a o S 2 &
M1919% 5.5 LFauinauAImg NLNHAULLASAARIRAIN Base case

17 T
A aa

NUARY / NASUNITNIANELEN  NANIUNITNIANNLETU
f1ANT 5 4 A 5 4 oTTV
NUNBIANT / NUNBANT / NUNRIBAT
) - P "
Design case # 1 (NIBALTARE INAENGTAS BIAIN AN
. 2 X “ 4
Design case # 2 AN LNNT [RAAN AN
Design case # 3 WL [AAAN RAAAN ARAN

annaFauWauAl OTTV. Aenisldnasanunimnanudunialuanansluund
4.5 WeunAn OTTV 7Arsaziiluyesa1Ais Design case tmzazlifiangoun Design case
Uszinnd 3 Iidamnenen 5.4 Tnaunu X fag OTTV AARINNIIAUIUANEATAINNINIE

e OTTV NAvsaziiligese1AnsgUnaesine)aindn Y

A1519% 5.6 aun1gidFauiiau OTTV aa9a1A1g Design case 1

ANNIT OTTVss # 1

Surface area / Area

0.72

0.66

0.48

Design case # X

y =1.539x + 7.411

y = 1.446x + 6.099

y =1.120x + 1.099

Design case # H

y =1.539x +6.914

y = 1.333x + 5.141

y =1.099x + 1.028

Design case # L

y = 1.595x + 7.163

y=1.478x +6.276

y=1.152x + 1.134

Designcase # T

y=1.578x +7.198

y = 1.468x + 6.241

y =1.141x + 1.205

Design case # U

y =1.567x +6.702

y = 1.354x + 5.283

y = 1.035x + 4.113
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A15197 5.7 aun1sLdFauiay OTTV aaea1A1g Design case 2

ANNIT OTTVss # 2

Surface area / Area 1.55 1.25 1.1

Design case # 2.1 y=1.017x+15.16 | y=0.979x + 8.349 | y=0.960x + 4.724

Surface area / Area 1.36 1.18 1.1

Design case # 2.2 y=1.074x+10.24 | y=1.013x+5.180 | y=1.020x + 6.546

Surface area / Area 1.26 1.19 1.06

Design case #2.3 y=1074x+8.311 | y=1.058x+6.869 | y=1.001x +4.193

5.2 UALAUDLUE
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gnaulanisdanaiuisainliwmuisaldlaanisinisuazissgnsnisldsioudlelu

o dl 49{ 4 I

NN3ANaBaNANNINAY THun

1. NsuenAnA1 WWR fiusnsineiuluusaziia Inglienansidaunudoullsouasd

1 o . dl a o dgj 1 dd‘ v o a

wansinaiulnelanny Design case 2 Wasanenuddeil luudaznsiinldanans A1 WWR
winfiunniia uazifluniinsinenouusietias

2. N1331889871ATUANT EIaAD1AINLANFNAY 1Y N9aaaseIATlszng
aga1A wazANTARsNT Wi A1 U 209613 A1 SC a89nszan Wesainanuddeillddan
a o dd‘ v o
REiuNNION IEANaes

3. N1921889AINNT ENANUF WA 1 NAIUINAIuAEd19 wanAINNATIN

nN13N1ANLELNNe a1 ANg
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e WWR | 1-WWR | Uw Tdeq | Uf DT SHGC | SC | ESR Qw Qc Qr Q

N 0.1 0.9 | 3.31 71| 3.25 0.5 | 0.6003 1| 185.06 21.15 0.16 1.1 32.42
N 0.2 0.8 | 3.31 71| 3.25 0.5 | 0.6003 1| 185.06 18.80 0.33 22.22 41.34
N 0.3 0.7 | 3.31 71| 3.25 0.5 | 0.6003 1| 185.06 16.45 0.49 33.33 50.27
N 0.4 06 | 3.31 71| 3.25 0.5 | 0.6003 1| 185.06 14.10 0.65 44.44 59.19
N 0.5 0.5 | 3.31 71| 3.25 0.5 | 0.6003 1| 185.06 11.75 0.81 55.55 68.11
N 0.6 04 | 3.31 71| 3.25 0.5 | 0.6003 1| 185.06 9.40 0.98 66.65 77.03
N 0.7 0.3 | 3.31 71| 3.25 0.5 | 0.6003 1| 185.06 7.05 1.14 77.76 85.95
N 0.8 0.2 | 3.31 71| 3.256 0.5 | 0.6003 1| 185.06 4.70 1.30 88.87 94.87
N 0.9 0.1 3.31 71| 3.25 0.5 | 0.6003 1| 185.06 2.35 1.46 99.98 | 103.79
NE 0.1 0.9 | 3.31 8.1 | 3.25 0.5 | 0.6003 1] 215.84 24.13 0.16 12.96 37.25
NE 0.2 0.8 | 3.31 8.1 3.26 0.5 | 0.6003 1] 215.84 21.45 0.33 25.91 47.69
NE 0.3 0.7 | 3.31 8.1 | 3.26 0.5 | 0.6003 1] 215.84 18.77 0.49 38.87 58.13
NE 0.4 06 | 3.31 8.1 | 3.25 0.5 | 0.6003 1] 215.84 16.09 0.65 51.83 68.56
NE 0.5 0.5 | 3.31 8.1 | 3.25 0.5 | 0.6003 1] 215.84 13.41 0.81 64.78 79.00
NE 0.6 0.4 | 3.31 8.1 | 3.256 0.5 | 0.6003 1] 215.84 10.72 0.98 77.74 89.44
NE 0.7 0.3 | 3.31 8.1 | 3.26 0.5 | 0.6003 1| 215.84 8.04 1.14 90.70 99.88
NE 0.8 0.2 | 3.31 8.1 | 3.25 0.5 | 0.6003 1] 215.84 5.36 1.30 | 103.66 | 110.32
NE 0.9 0.1 | 3.31 8.1 | 3.25 0.5 | 0.6003 1| 215.84 2.68 1.46 | 116.61 | 120.76
E 0.1 0.9 | 3.31 88 3.25 0.5 | 0.6003 1 | 244.53 25.62 0.16 14.68 40.46
E 0.2 0.8 | 3.31 86 | 3.256 0.5 | 0.6003 1| 244.53 22.77 0.33 29.36 52.46
E 0.3 0.7 | 3.31 86 | 3.26 0.5 | 0.6003 1| 244.53 19.93 0.49 44.04 64.45
E 0.4 0.6 | 3.31 86 | 3.26 0.5 | 0.6003 1 | 244.53 17.08 0.65 58.72 76.45
E 0.5 0.5 | 3.31 86 | 3.26 0.5 | 0.6003 1| 244.53 14.23 0.81 73.40 88.44
E 0.6 0.4 | 3.31 86 | 3.26 0.5 | 0.6003 1| 244.53 11.39 0.98 88.07 | 100.44
E 0.7 0.3 | 3.31 86 | 3.26 0.5 | 0.6003 1| 244.53 8.54 1.14 | 102.75 | 112.43
E 0.8 0.2 | 3.31 86 | 3.26 0.5 | 0.6003 1| 244.53 5.69 1.30 | 117.43 | 124.43
E 0.9 0.1 | 3.31 86 | 3.26 0.5 | 0.6003 1| 244.53 2.85 1.46 | 132.11 | 136.42
SE 0.1 0.9 | 3.31 8.7 | 3.256 0.5 | 0.6003 1| 263.14 25.92 0.16 15.80 41.88
SE 0.2 0.8 | 3.31 8.7 | 3.256 0.5 | 0.6003 1| 263.14 23.04 0.33 31.59 54.96
SE 0.3 0.7 | 3.31 8.7 | 3.256 0.5 | 0.6003 1| 263.14 20.16 0.49 47.39 68.03
SE 0.4 06 | 3.31 8.7 | 3.26 0.5 | 0.6003 1] 263.14 17.28 0.65 63.19 81.11
SE 0.5 0.5 | 3.31 8.7 | 3.26 0.5 | 0.6003 1] 263.14 14.40 0.81 78.98 94.19
SE 0.6 0.4 | 3.31 8.7 | 3.26 0.5 | 0.6003 1] 263.14 11.52 0.98 94.78 | 107.27
SE 0.7 0.3 | 3.31 8.7 | 3.25 0.5 | 0.6003 1] 263.14 8.64 1.14 | 110.57 | 120.35
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N WWR | 1-WWR | Uw Tdeq | Uf DT SHGC | SC | ESR Qw Qc Qr Q

SE 0.8 0.2 | 3.31 8.7 | 3.26 0.5 | 0.6003 1| 263.14 5.76 1.30 | 126.37 | 133.43
SE 0.9 0.1 | 3.31 8.7 | 3.256 0.5 | 0.6003 1| 263.14 2.88 1.46 | 14217 | 146.51
SE 0.1 0.9 | 3.31 86 | 3.25 0.5 | 0.6003 1| 267.41 25.62 0.16 16.05 41.83
S 0.2 0.8 | 3.31 86 | 3.25 0.5 | 0.6003 1| 267.41 22.77 0.33 32.11 55.20
S 0.3 0.7 | 3.31 86 | 3.26 0.5 | 0.6003 1| 267.41 19.93 0.49 48.16 68.57
S 0.4 06 | 3.31 86 | 3.26 0.5 | 0.6003 1| 267.41 17.08 0.65 64.21 81.94
S 0.5 0.5 | 3.31 86 | 3.26 0.5 | 0.6003 1| 267.41 14.23 0.81 80.26 95.31
S 0.6 0.4 | 3.31 86 | 3.26 0.5 | 0.6003 1| 267.41 11.39 0.98 96.32 | 108.68
S 0.7 0.3 | 3.31 86 | 3.256 0.5 | 0.6003 1| 267.41 8.54 1.14 | 112.37 | 122.05
S 0.8 0.2 | 3.31 8.6 | 3.256 0.5 | 0.6003 1| 267.41 5.69 1.30 | 128.42 | 135.41
S 0.9 0.1 | 3.31 86 | 3.25 0.5 | 0.6003 1| 267.41 2.85 1.46 | 144.47 | 148.78
SW 0.1 0.9 | 3.31 83 | 3.25 0.5 | 0.6003 1| 256.82 24.73 0.16 15.42 40.31
SW 0.2 0.8 | 3.31 83 | 3.256 0.5 | 0.6003 1| 256.82 21.98 0.33 30.83 53.14
SW 0.3 0.7 | 3.31 83 | 3.26 0.5 ] 0.6003 1| 256.82 19.23 0.49 46.25 65.97
SW 0.4 0.6 | 3.31 8.3 | 3.256 0.5 | 0.6003 1| 256.82 16.48 0.65 61.67 78.80
SW 0.5 0.5 | 3.31 83 | 3.256 0.5 | 0.6003 1| 256.82 13.74 0.81 77.08 91.63
SW 0.6 0.4 | 3.31 8.3 | 3.26 0.5 | 0.6003 1| 256.82 10.99 0.98 92.50 | 104.47
SW 0.7 0.3 | 3.31 8.3 | 3.26 0.5 | 0.6003 1| 256.82 8.24 1.14 | 107.92 | 117.30
SW 0.8 0.2 | 3.31 8.3 | 3.26 0.5 | 0.6003 1 | 256.82 5.49 1.30 | 123.34 | 130.13
SW 0.9 0.1 | 3.31 83 | 3.256 0.5 | 0.6003 1 | 256.82 2.75 1.46 | 138.75 | 142.96
w 0.1 0.9 | 3.31 79 | 3.25 0.5 | 0.6003 1| 234.58 23.53 0.16 14.08 37.78
w 0.2 0.8 | 3.31 79 | 3.25 0.5 | 0.6003 1| 234.58 20.92 0.33 28.16 49.41
W 0.3 0.7 | 3.31 79 | 3.256 0.5 | 0.6003 1 | 234.58 18.30 0.49 42.25 61.04
W 0.4 0.6 | 3.31 79 | 3.25 0.5 | 0.6003 1| 234.58 15.69 0.65 56.33 72.67
W 0.5 0.5 | 3.31 79 | 3.25 0.5 | 0.6003 1| 234.58 13.07 0.81 70.41 84.30
W 0.6 04 | 3.31 7.9 | 3.25 0.5 | 0.6003 1| 234.58 10.46 0.98 84.49 95.93
W 0.7 0.3 | 3.31 7.9 | 3.25 0.5 | 0.6003 1| 234.58 7.84 1.14 98.57 | 107.56
W 0.8 0.2 | 3.31 79 | 3.25 0.5 | 0.6003 1| 234.58 5.23 1.30 | 112.65 | 119.18
W 0.9 0.1 ] 3.31 7.9 | 3.25 0.5 | 0.6003 1| 234.58 2.61 1.46 | 126.74 | 130.81
NW 0.1 0.9 | 3.31 75 | 3.25 0.5 | 0.6003 1] 207.62 22.34 0.16 12.46 34.97
NW 0.2 0.8 | 3.31 75 | 3.25 0.5 | 0.6003 1| 207.62 19.86 0.33 24.93 45.11
NW 0.3 0.7 | 3.31 75 | 3.25 0.5 | 0.6003 1| 207.62 17.38 0.49 37.39 55.26
NW 0.4 0.6 | 3.31 75 | 3.25 0.5 | 0.6003 1| 207.62 14.90 0.65 49.85 65.40
NW 0.5 0.5 | 3.31 75| 3.25 0.5 | 0.6003 1| 207.62 12.41 0.81 62.32 75.54
NW 0.6 04 | 3.31 75| 3.25 0.5 | 0.6003 1| 207.62 9.93 0.98 74.78 85.69
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N WWR | 1-WWR | Uw Tdeq | Uf DT SHGC | SC | ESR Qw Qc Qr Q
NW 0.7 0.3 | 3.31 75| 3.25 0.5 | 0.6003 1| 207.62 7.45 1.14 87.24 95.83
NW 0.8 0.2 | 3.31 75 | 3.25 0.5 | 0.6003 1| 207.62 4.97 1.30 99.71 | 1056.97
NW 0.9 0.1 | 3.31 75| 3.25 0.5 | 0.6003 1| 207.62 248 1.46 | 11217 | 116.12
1 1 2 L 4
A191N N2- AMNITANELNAINHTAUADINUIRIAITTIN
WWR

e 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

OTTV 0° 38.12 | 49.60 | 61.08 | 72.56 | 84.04 | 95.52 | 107.00 | 118.47 | 129.95

OTTV 45° 38.60 | 50.22 | 61.85 | 73.47 | 85.09 | 96.72 | 108.34 | 119.96 | 131.59
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