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## 4470206021 MAJOR MECHANICAL ENGINEERING

KEY WORD: RESPONSE FACTORS / PERIODIC RESPONSE FACTORS / RADIANT TIME

SERIES METHOD / FDR METHOD / HEAT GAIN / COOLING LOAD / CLTD / WALL / ROOF
KRITSANA MANIT: RECALCULATION OF CLTD FOR WALLS AND ROOFS FROM
PERIODIC RESPONSE FACTORS. THESIS ADVISER: ASST. PROF. TUL
MANEEWATTANA, Ph.D. 128pp. ISBN 974-17-7156-8

This thesis presents the recalculation of Cooling Load Temperature Difference
(CLTD) for wall groups A-G and roof types 1-13 in ASHRAE GRP-158 by Radiant Time
Series Method (RTSM). The calculation procedure has two steps. Firstly, heat gain
through zone was carried out by a Periodic Response Factors (PRF). Secondly, heat gain
from previous part was divided into 2 parts: a convective component that is the
instantaneous cooling load and a radiative component which requires a Radiant Time
Factors (RTF) to convert it to cooling load. The summation of both components is the total
cooling load that can be used to obtain the new set of CLTD. These new set of CLTD were
then compared with the old CLTD calculated from a Transfer Function Method (TFM). In
this research, PRF is calculated from direct root method and Frequency Domain
Regression Method (FDR) while RTF determined by heat balance method using a

computer program developed - from-MATLAB-program:

The results have shown that the errors between the summation of PRF and overall
heat transfer coefficient (U) that calculated from direct root method (Response Factors) are
not exceed 1% and from FDR method are not exceed 0.001%. The average of maximum
CLTD for wall groups A-G from RTSM is.1.1 °C higher than TFM. The average of maximum
CLTD for roof types 1+13 without suspended ceiling from RTSM is 2.1 °C higher than TFM.
The average of maximum CLTD for roof types 1-13 with suspended ceiling from RTSM is
1.2 °C higher than TFM. The maximum CLTD for walls, roofs with and without suspended

ceiling from RTSM occurred about 1-2 hours slower than TFM.
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1.1 aAnudiAuazANTluinaadneninus

flaqiiunisuasdunegsnamunIsaaniuscuulfuanAlgs  Aaansaludias
o o [~1 1 [~1 dl o o £ = dl A Y aa o
ATUIDINNIZNNINNANNLENRENIIR S AL A1 Anusiasi AvnTalals Fan19AuINITY

o [~3 aa 1 o [~ Qdd‘ 8% a o ul/ A ada %
ﬂ”]ﬁ“l’]'}ﬁ']'ﬁwLE‘LWINﬁ'ﬁﬂdLLN‘MEI'W@]\?LL@ZﬁLﬁuQﬁ‘Vﬂﬁjﬂ’?\‘iﬂ\‘muVﬂiﬂﬂﬂ']ﬁ@ll@@WJ’]N?@M (Heat

v
[

Qdd” Y a v & ad 1 . o Qda’l’d
balance) UNAFIalgnensaelidulaulungg (Exact solution) NN2ANUIMIAERTRAAYNY
£ @ A 1ca o -Qll 1 £ o 2 2 £ % d’l £
QnAesgIRaTauAnNNIsATUInNA I FUFauLa IH A I zaziaslddeyailiaesiy
o dl o ¥ L o = a '8
AMUIUHININBYINARAEANWIUNIN TUNTaNAaA KTl widnTuilaqifuariinaniawmes
dl ¥ o £ 1 =1 aa v [~ 1 k% a
anssnurgan ldAuniliadwnse - winsannannFeuiliazaanlunisldanuagann
1N NMIAUIUNNIENIIIAKNLEUAT Transfer Function Method (TFM) l8gnitNunaiuun
ANATANAAANTEU AblAzFiasldAduls@ns 2 9n Aa Conduction Transfer Function
Coefficients (CTFs) Lar Room Weighting Factors ATAriN1IAUIANETURAULAY
U [} o 901 dl dl 1Y |1 o 1@ o a o % 173
azsiasldnisAruInid e nraleasngdngAInas wandeianNatusiesldnisilsunsy
a ' 1o :J/ = [~1 thﬂl ] [~3 o 1 =S Y o o 1
poxNRaLmefag AnlANTuasR azasnsaaEamanin. AanIAd i WINTAUIIAINNTY
o [~1 acn] 49{ dl v . .
n1aANNEulaeng  CLTD/SCL/CLF mumqimgnmu@‘m Cooling and Heating Load
Calculation Manual (1979) Beniulaasialidn ASHRAE GRP-158 L{udangnimuiniann
ada o %’/ £ A = :J/ a =3 [~ acaa a Y o
38 TFM ann1sAa s lrianadumas lifvaainediunaing Al aamansties bn
UINEAIANNANHINELAZIIAEY  RINITDAIUIILANIZNNINANNN S UIetq Tasne e Tne)
H1ATR9ANUANIETINANLS  ANTSUINNTANUIANNNTEZ NN AN LEN LRI LAz udIAT IRl

33 CLTDI/SCL/CLF fiasdAndutlsz@naiBanda Cooling Load Temperature Difference

(CLTD)

flaqiiuldinisimuIaanIsAuINNITENIIANNIENIT lNARAT Radiant Time

B

2

Series Method (RTSM) iluagniiuilgsnnainasannarnuieutsidanaalaisiasldnig
v ¥ 1 !

A FHiuAsnazgnian ldunuds TFM Tealdllsunsupasiiamasetinsdranadng

AunisAtunisasdamaliiinzaniunisldeuludaqiiuagulisunsy Microsoft Excel
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s edwlsfinunisaunisilasiecldrdnisz@ns 2 gaduiu Aa  Periodic
Response Factors (PRF) kA Radiant Time Factors (RTF) S4azsiaantuansannlsingu
panamasiugsldnawilasanaaudnegeenn uddasiiidulszdndie 2 ga Tl
o 1 ] XK A 2 o 1 o o ?/ =2 [~ dl a a 8
TsunsunisAtuanietinedre asdalddndsliazaonuinin Asiuaadununaedneniinug

ANTUTNTIRENINIIANUILAT CLTD a1n2a RTSM

pnFauniudnlunsauaiAg (Heat gain) ’nuntisuazndamiuiloguinisin
AmFauLLL lAEiasa Nam) RN tuanilasuLlatnaanian daun1sznisinaanu
[~3 . & G dl 1 % o Y dl o o v %
it (Cooling load) fiflutlymfipeudneiudeuiiasainuiiauazndsaazazanaaniouls

TuaneNguugiiavesuienazndspdAAIndgamnizesanianelu wazazAeAN

a

1 '
A aaa %

faunanganiAiag s nluiAngindigmgienniAnely 411ias TFM Ty
az\¥Aduls=@na Conduction Transfer Function Coefficients (CTFs) lunnsmiunnuen
Heat gain A1 CTFs Hanunsavnlalaeasnisuasanangdaundunasmennaes
ANNNTULIL Direct root #0183 RTSM 1iuazlden Periodic Response Factors (PRF) Tunng
Auanuen Heat gain atidlainnaiavilslunieruanidn PRF Aamannen CTFs Aauauila
1849AN PRF ﬂa:mmﬁaﬁzﬁﬂﬁmﬁ@ NATINTBIAY PRF azfequwintudndss@nanistnam
ANFauTIN (U) ﬂm&mqﬁ'wummmiﬁmqmm PRF a1nAN CTFs ABNATINTBIAN PRF 184
HIIUATAIAT L NTHANAINUANFNNRINAT U a39panudaetan f‘i%slmﬁ\ﬂ,é’gﬂmuﬂ%mﬁ@
Td1A1 PRF A9 Frequency Domain Regression (FDR) fafildanniaidae A1 U annnns
AUNAN INAANALAT U 2e9ntiauasiasanas aeelsnmunlaldis FDR A1uanuAn
PRF aedntiauasvAsAntnainmiongy saflusfntessauasndeaniidn U fanunain

1 1 v
LARRUNININAAIAIANNAT CTFs Wit

'
= o

TAneninusiazauanidn PRE anawils, 41 -ailauazudonn 42 1iANgNa
ummuﬁﬂmﬁm ASHRAE #ngin13ATuaniaInds FOR wazaindonisutlasantanadiau
nALlALANTINTEIANNTULIL Direct root MAAAL TREANHAINARAIAAELTTATY
luusasitnaziendsnvanzanian et wane CLTD dwiuniluazudenaiin

114 ASHRAE GRP-158



1.2 dnuseasATadneg I dnug

1. INeANHIANMAT89ANNARIAAASLILNNIAIUIMAT  Periodic  Response

Factors (PRF)

2. INAANHINITANUILAN PRF N1ONFAaY

a

3. WaANHINNTANUITLAN Cooling Load Temperature Difference (CLTD) 284

HILATNAIAIAIN PRF gnsiag

1.3 UALLUAADIINLITNUS

ANBTINUTUAZANEATNNTAIUINMAT  Cooling Load Temperature Difference
(CLTD) 2129niiquas#adAIaIn@n Periodic Response Factors (PRF) Imgimnilaniamnny

QnAasradAn PRF lunan

1.4 Uszlaginaindnazlasy

1. ‘VI‘?J"]‘LI’&’]Lﬁﬁlﬂ@ﬁﬂi}’]&lﬂ@’]@Lﬂaﬂuluﬂ']??ﬁWUQMﬂlq Periodic Response Factors

(PRF) WAZAINNIDAIUINIAT PRF 289NIRUAZHAIA D NFiad b

2. AuaniA1 CLTD 7ignsiaslyl dufumiliuazudsanaas ASHRAE el

13117961 CLTD 289 ASHRAE GRP-158

1.5 LANAITHAZINTUIALNLNLIURY

Mitalas and Stephenson (1967) 1§ Derive 41n13 Conduction response factors

e ldAUInINNTENNINANNLEIY T9@NN1T Conduction response factors LIWaNANT

aynsuaiud  inlildazaanlunisldauasenntinasldfnmentasneseynsueiius s

o

dmguean  wazldninindTeuiiauA  Conduction response factors el Analog

o

computer  futlyinislfnasanuuaznITznImIANTauluanA1s  WUINNTARA NN

o =

Uanavasaynsneiusii lidAyaeniinatiasuin



NNIAUIIUNITENININANIEUAIYAS Transfer Function Method (TFM) légn
simunlne Mitalas (1968) uaztiniguansausnly ASHRAE Handbook-Fundamentals
1972 TagazliAn Conduction Transfer Function Coefficients (CTFs) FaALNNAN AN
Conduction response factors el lunsAuanIzN AL ARNNIALNA
Conduction response factors lilifluen CTFs &ummia@‘mﬂm@ﬂmﬁmLauié’@’m Peavy

(1978) uay Hittle (1981)

Rudoy and Duran (1975) |ARAUIAENIIANUINNTENIINNANNIEUAIEAT
Cooling Load Temperature Difference/Cooling Load Factors (CLTD/CLF) 2y Bl any
AugIuNa1nas TFM Tagiien CLTD azldAiuaniA1nisznisinaniiiuain Heat Gain 7
NN TR INNIIRATAAT @9WAN CLFE Az dAunAIn1s2n1snAanuLiiuann

. a oAl ! ) Y adda = \
Heat gain anuada vingntIunszanuazinay Heat gain nhelurias 3aldmeaziasnas

114 ASHRAE GRP-158 Cooling and Heating Load Calculation Manual (1979)

Harris and McQuiston (1988) IgmunA&uilsz@na Conduction Transfer
Function Coefficients (CTFs) Isiite A vs LA WM E NN ITNANNLTUEEAE Transfer
Function Method (TFM) u@ﬂmﬂﬁﬁq%’%ﬂ@jwﬁuﬂu 41 THALAEUAIAN 42 THA AN
@mmﬁﬁmqm@ﬂm%mﬁﬁ@lﬁmmmﬁﬁLLuﬂ”Lé'mmﬂéq%u Anduilsz@va CTFs uaznna
Annguriauazidabiigneausanidlu ASHRAE Handbook of Fundamentals (1989,

1993, 1997) az Cooling and Heating Load Calculation Manual, 2" Ed. (1992)

Cooling and Heating  Load-Calculation Manual, 2 Ed. (1992) atfuiliuilgs gn
ANNTTlAe ASHRAE wazeialaAnswunAanuly ASHRAE Transaction Imel Spitler, et al.
(1993a, 1993b) uaz Falconer, et-al. (1993) giewdsilvaiiflvianasuflasunly
CLTD/CLE ann ASHRAE GRP:158 luil 1979 1%{lu3a CLTD/SCL/CLF defipnugnias

UINT9IU UANANREIFTILIINNNTAUINATE TFM azns TETD/TA adlilsine

Spitler, et al. (1997) IHWmMLINTANLININTENNINNANNLEUAREAT Radiant Time
Series Method (RTSM) 2w @aiflidEn1sAuenied1d1efNIINgIUNIAINIBANAARAIN
52U (Heat balance) 3% RTSM #lazlden Periodic Response Factors (PRF) 199

Conduction Time Series (CTS) W8ANMILAN Heat gain @9A1 PRF %78 CTS Ha1n130



v
ALlFRINA1 CTFs 98 RTSM HaN1snAulnin1szn1anianuifiuladnalneluifad

NNFANUI DTN

Spitler and Fisher (1999a) l#AUIUAN PRF &11150U61154 41 18m wazdudunaanan

42 18n BarmnzaAanlianannansrndnlss@ns CTFs Asiliuansunasdayald

a <

41951 Tun1ANEIN B ae9unauilalidanniinlddn A1 CTFs NUNNIAUIA1 PRF &

ANHARNAAAE LN LN ST ETALASIEIAN TN B9An CTFs Hhanan Harris
and Mcquiston (1988) LLz\lzuﬂﬂmnﬁﬁﬂﬁﬁﬁmwﬂm ASHRAE Handbook of Fundamentals
Tutl 1989, 1993 uaz 1997 @nsas ANUARIALAA LT AR TN aRIAdeL ldann AN
Kutlsz@ndnnatnammnnudensan (U) Wasnudn A1 U ETIILATVAIANTIAUI LN AN
CTFs flAnAnuAALARBLAL 1 % 8 ain Ae Roof 37 (3%), Roof 38 (8%), Wall 30 (2%),
Wall 31 (6%), Wall 35 (16%), Wall 36 (1.03%), Wall 37 (30%) was Wall 38 (30%) I@?;I‘ﬁlﬁ’]

U fiRnuananen CTFs NNSTINAIAINGIAT U 9591e9utiauasndan foamniiazinln

NNFANUITUAINITEANINIANNE WAINIVANNLTT AT

Wang and Chen (2002) 1#i11a1838n13A1904AN PRF 3811l Aed3 Frequency

£
ada

Domain Regression (FDR) asdtlunisutasandanadaunauainuuuanassiizendn

!
= o

Polynomial s-Transfer Function GN4A£A1989N1A1N Theoretical frequency characteristic
(ANN13939) uaz lAAIINIAT PRF TS MAIANTII AL AR ALARUNNNTT 8 TTATAY
Spitler and Fisher (1999a) Wud1A1 U Afuandneda FOR tuflanueaianaeutienndn
uananiifiansdnuenaInnsiuInAN Cross PRF ﬁd’mu@xqﬂﬁmmﬂﬂdﬁuﬁq SRR

ANUIDLAN Internal WAy External PRF- l@an#aas
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2.1 noejNuguTasnsznsiianuEy

pEnenennlunsinegumninisluenanslipeinudonisiy  azfesdnig

ongmANTaRNATNEIRING U N UANF NI UaNg N TulaTNEuaNeIATT 89
a [y ! v A k7 ] ZJ/ Y o v alldl 17 °

NMIAIZENNSENENAINTENERNANNYTRLINga AN Azl U sAunREaTeIR U

NN du avnfeuaanuasenieg  gamginssihzdan-nsvihsuiainnauen  Auau

< a & o a o Aoy o o @ Y

UIFENIA ANHIEIAN U AAAUnANe auginiely wavdanildinsenans usu

doulnnjudalusuliuenidnazauladnanistiamaciniou 4 giluuy Ae

1. Space heat gain

o v

A dl 1 ¥ 1 Y = o v dl a é’

Aa dmsAdNFaunanamdaNIgies (Space) waz/vTe anIAdNFauNINATWlY
£ % z// v dl 1 % 1 % o/ o .
vedlunaidu  anFeunagnielissazuiveanitluainuieududa  (Sensible heat)
wazANNFAULEN (Latent heat) unasA NFaudinnngindataazinaInanauias 1
ANINFEUAINNIUNIIATBIABINALEILNIZAN - AAINFBUAHIUNIINEIAT  UAIAIBIANT
piaiune 1y e A Amnwdeuann nindesadne arlnsalluin Jatendy uazaonuou
AnnssstneeInAiusy  AcnFeuain Heat gain  lugtluesmannfeudndaazinli

grunninialuiean]aaull] ansnaenfaundsasialianuauluie aauhl
2. Space cooling load

A ° [ A 1w 1% dl v o 2 dl o
AR .ﬂ’]?tﬂ’]ﬁ“ﬂ’]ﬂ')’?ilLEI‘LWI?@ﬂ’]‘ﬂlﬁl?’]V’YJ”INﬁ“ﬂu‘ﬂ’ﬂ%m‘ﬂﬂu’]‘ﬂ‘ﬂﬂ1ﬂ@’mﬂ@ﬂ ANBTNN

grungHaesan1aneluiecliiaen taefAn Space heat gain wurla Tiailugeawin

Space cooling load 1auztianalyl



3. Space heat extraction rate

A 1 o 1%

Aa AdRsANFaunazgnineanlilainiasinisdiuaniazennia AvdnsiaaN
FUAINANNATIINTNNATESATUANHIUTIDITTULIAILAN THAZAINA IHIN1TUNI89gUNY

naluing
4. Cooling coil load

Ao ANdRIANINTauRazgninaanAetalEt  GaariAvinAuNaTINTeY Space
heat extraction rate T89YNHEINgNANEAINIETUAINARLA LANALATIAINFRUNTRAAIN

srULANg ANFRLLATAINTUA NN ANIgNIdngaaniinsain A NEusae

AuFuinaninusiazineedeaiunisuiAn Space heat gain waz Space cooling
tzll 1 o o % (%72 A 1 Zu// % o é’ [
load NeuTiakazrdsAdiNgiasalauyingy Jounianieuludanwosiiduiloyun

1 o dl a = nall
LL‘LI'LIiNﬂ\‘][?]’J Luﬂ\‘i“’i']ﬂﬂaﬁltlﬂﬂmﬂﬂ'}ﬂuﬂﬂNﬂW?LﬂﬂﬂuLLﬂ@\‘][ﬂ@‘ﬂﬂLQ@’]

¥

2.2 wquﬁﬁugmmaﬁ% Radiant Time Series Method (RTSM)

N1IATUIELNIIENNINIAANNLEUR28RT Radiant Time Series (Spitler, et al. 1997)

azlduannisutaAnANFeunanamdngvies (Heat gain) Liu 2 491 Ae

a

1
al ¥

1. A1ANFEUAINNITUASIA (Radiant parts) azidlunisuanidasuainuFauing

'
a =

nsuRisdesusasiuioneluieliasanuasgungil - Geazgnazanlily

FinanA1g kadlanlassaanuidun1szn1sNNANNE RN 8UAY
2. ANAIINTAUAINNNTIT (Convective parts) aziflun13en19NIAHLEL a4 Falug

W Tnaimaa

nagaNiuasldAn Radiant Time Factors (RTF) AUANIAYNNIAUAINNNTILHGIA NS
1 ) [~3 d'.,'/ o =K K . dlnlx 1
wAnsznsinAnudundelnalar TnaazAnilananansenuaes Heat gain Ndaluenow

Fngl TURDUIBINITATWIINNTENNIMNANEUMAEAE RTSM anunsnagdnssialild



1. AuaAtanfauntemdngiias (Heat gain) maean 24 dolus Tnald

&u1la2@n3 Periodic Response Factors (PRF)

1o &

2. uihArAnFeuln 2 491 ARANAINFRNAINNITLESIA (Radiant parts) WA
1 b % . v dl [ %3
ANAINFRUANNNIINT (Convective parts) taeldmnsnen 2.1 8msd1aed

ﬂﬁﬁﬁd%@u@’mﬂ’ﬁiwj%‘/\‘laLL@Z@Q’]N%‘/ﬂuﬂﬁﬂﬂﬁﬁ“W’W

3. Mdd&uils2@ns Radiant Time Factors (RTF) AUAN Heat gain a1nn1suesa@Lie

= @ o 3
1 AgIT11N192 NN IAIN LTS

4. 99UANAMNFALAINNIINILAZANTZANINIANNEIUANNTE 3 LNDATWIDINNNITY

NNINIANHLEULANZ T2 TH

AN 2.1 8RTFIUTBIAINUFAUAANITUEISIRLAT AN NIBUANNNITN

o

| o / o
LAANNHNLDIAINNTEU (Heat gain) NITLLHNINA NI1TNN

Conduction heat gain
Walls 0.63 0.37
Roofs 0.84 0.16

Solar radiation

Transmitted solar, no inside shade 1 0

Window solar, with inside shade 0.63 0.37

Absorbed (by fenestration) solar 0.63 0.37
Lighting

Fluorescent lights, suspended, unvented 0.67 0.33

Fluorescent lights, recessed, vented to turn air 0.59 0.41

Fluorescent lights, recessed, vented to turn air 0.19 0.81

and supply air
Incandescent lights 0.80 0.20

Infiltration and ventilation 0 1

A1 : ASHRAE Handbook of Fundamentals 2001
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SLAB 1

SLAB 2 SLAB 3

v
o

femANNFaLNATw

919 2.1 FaNaN9NIe

a

ANNR L k 1

(2.2)

1)

o Ot

82
T(x,t)=
pw (x,1)

RIANANNIT Fourier's law

(2.3)

T(x,t)

0
Ox

q(x,t)=—k

o

ALV (m)

X =

t=1a1(s)



o =Thermal diffusivity (m*/s)

q= NNTENENAINNTDL (W/mz)

k = Thermal conductivity (W /m.K )
p =Density (kg/m3)

¢, =Specific heat (J/kgK)

wiann19n (2.3) Inennsld Laplace transform

o° 10
L{yT(x,t)} :L[EB;T(XJ)}

1N Appendix F 484 Poulikakos (1994)

L[aT, (x,£) + bT, (x,0)] = aT; (x, ) + b T, (x, 5)

L %T(x,t)} = sT(x,s) = T(x,0)

o2 d’ (=
L —éx—zT(x,t)} =F[T(x,s)]

WNRANNNT (2.5), (2.6) kA (2.7) A9 laNN1g (2.4) azls
d—zz [F(x, 9)]= 2 [T (x9) =T (x,0)]
dx a

ANNF W Initial condition T (x,0) =0 (Hittle, 1981)
ZTZZ[T(x,S)]:ésT(x, s)

Angulusiazlsiiu

6?;—22[T"(x,s)]—ésl_"(x,s) =0

(2.4)

(2.10)

10
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mﬂgﬂLLuumﬂmumﬁ‘ﬁ (2.10) aziilugunns Second order ordinary differential equation

HALRAEIAIANNTASLT U

T(x,s)=A cosh(x\/gl + B sinh(x\/EJ (2.11)
o o

911n"9 Differentiate aun13% (2.11) Wgufiu x azl@ily

if(x, Sy= A\/E sinh(x\/zj + B\/E cosh[x\/gl (2.12)
dx o o o o

, oT
RMNANNIT Fourier's law q=~k—

ox

a4 g(x,s)= —kA\/E sinh(x\/z] L | kB\/E cosh{x\/E] (2.13)
(04 a (04 (04

BusuNaTwn Boundary condition @1113116lanand 1 dussgilsialilil

J\/\

WALL
k,p,cp
X=0 X
T,q, / \ T,,q,
SURFACE 1 SURFACE 2

J\/\

gﬂ‘ﬁl 2.2 Boundary condition #91§1saNAN 1 s
fanstungif 2.2 azl¥ Boundary condition ilu
T,(0,s) waz ¢,(0,s) &7 Surface 1 (2.14)
T,(L,s) waz g,(L,s) 413U Surface 2 (2.15)

14

UWNUANANNNT Boundary condition (2.14) uaz (2.15) avluannig (2.11) uag (2.13) Azl
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T,(0,5) = 4 (2.16)

q,(0,5) = —kB\/E (2.17)
o
T,(0,5)= Acosh(L\/Ej + Bsinh(L\/E] (2.18)
a o
q,(0,5)= —kA\/E sinh(L\/E} - kB\/E cosh(L\/E} (2.19)
a a o a

AngUaNNIg (2.16) - (2.19) liaellugil
T, (s)=A(s) x T, (s) + B(s) x g, (s) (2.20)
q,(5)=C(s)xT,(s) + D(s) xq,(s) (2.21)

il I3 erbolic function cosh” x —sinh” x =14 1 Az lR
Tne/lfAnuantiRaas Hyperbolic funct h? h? x = 19qelunnsdngiudaacls

A(s) = cosh{L\/g} (2.22)
B(s) = %\/% sinh{L\/ﬂ (2.23)
C(s) = k\/g sinh{L\/ﬂ (2.24)
D(s)= cosh{L\/g} (2.25)

LATLHEAnANNIT (2.20) - (2.21) Weg luglaeswssndas1s

[Tms)}:[A(s) B(S)HTz(S)} 226
)] [cs) D] [a:()

A(s)  B(s)

ANNNTN (2.26) 13NBENLNFSNG
C(s) D(s)

} 91 Transmission matrix 81U3UAINAN 1 T
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A/‘

_/\/‘

J\/\

J\/\

SLAB 1 SLAB 2 SLAB n
ki, piscp | kys PysCpy KysD,5Cpy
\ Ti,q, \ T,,9, \T;?—l’qn—l \ T,.q, \T;Hl’anrl
SURFACE 1 SURFACE 2 | SURFACE n-1| SURFACE n | SURFACE n+1

717 2.3 Boundary condition &w3Lisiananavanedis

AvFudonaenisanamannian 1 dupingli 2.3 azldanninisinanuiaun

NUSALINY 74 1
T, (s>HAn (s)
0,(5)| | C,(5)

de dl o/
AUNNI 1 NAN

|

A(s)  B(s)
C(s) = D(s)

4,(s)  By(s)
Ci(s) Di(s)

[

Uua

|

H

LT FENINFAINTANNANNTTN (2.29) [

Ae1UANNNT (2.29) Tudifly

Ty (s)
q,(5)

ool

UNY n+

4;(s) By(s)
Ci(s) Dy(s)

W5

B, (s)
D, (s)

F
1 s

|

A4, (s
C,(s

I

A(s
C(s

|

A(s)  B(s)
C(s) D(s)

Tn+1 (S)
1 (S)

4,(s) B, (s)
Cy(s) D (s)

}

By (s)
D, (s)

)
)

)
)

|

B(s)
D(s)

Tn+l (S)
qn+1 (S)

|

4,(s) B, (s)
C,(s) D,(s)

|

(2.27)

LALINAUNUANANNAS 2.27 d1usufanataisazdulilauts » 91 azldaunianissinaany

M

4,(s) - B,(5)
C,(s) D,(s)

Tn+l(s)j| (228)
45+ (S)
} (2.29)

} 11 Total transmission matrix AN

(2.30)
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Tnamialiudasndeanimeudnsnistdiamacnian esannsnazligomninga

{iusfreuan Aeiuasliulgannis (2.30) sl

{ 0(5) }_{D@)/B(s) ~1/B(s) H 1(s) } 050

Gon($)| | 1/B(s) = A(s)/B(s) || T, (s)

8 T, =T, ¢1 =Gou 0% T, =T, , q,., = q;, PINILUN 2.4 azanunsnidiem

n

a1nng (2.31) T ledlu

L1 L2 Ln-1 Ln

B 1 LAB 2 LAB
OUTSIDE F i S " INSIDE

ks 015€p1 | Kas P25Cpo ks P,sCpy,

X=0 .
X

\ T,q, \ 1,4, \Tn-pqn_l \ T,.q, \E+1,qn+1

SURFACE 1| SURFACE 2 | SURFACE n-1| SURFACE n | SURFACE n+1

917 2.4 nstnvuantisinuuanuazsuly

[qou, (sq c {D@/B(s) -1/ B(s) } {T (ﬂ 2.3

g () |7 | 1/B(s) = A(s)/ B(s) || T,i(s)

HENUAAS Element 289 Transmission matrix Widlw D(s)/ B(s) = X(s),

1/ B(s) = Y(s) uaz A(s)/ B(s) = Z(s) auansy deassinlordenléidn

|:Q(mt (S):| _ |:X(S) - Y(S):| {Tout (S):| (233)
qin (S) Y(S) _Z(S) Tin (S)
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Lfi'a X(s)=D(s)/B(s) i External Response Factors (2.34)
Y(s)=1/B(s) \{lu Cross Response Factors (2.35)
Z(s)=A(s)/ B(s) \lu Internal Response Factors (2.36)

2.4 N"19U1AT Response Factors

NNTANUITUAN Response Factors 4181307 19 lagida Inverse laplace transform oR
lumanguudadnanansamsnies B(s)=0 Ifednsuiumssudasaeuiilfanisiaz
duAmeuuuuuiunssee  uaatalsfnnlupuifluaiaudaaunnsaes B(s) avdudan
Fesandanansnstnamaniuseuivaiedu iansanlgainaunis (2.29) Favtunnsvnan
v lsk B(s)=0 azdasmnannnisunudr s W1l B(s) wdamsagaumAimaudn

B(s)=0 @ s wihruwihla 35838047 Direct roots finding (Hittle and Bishop, 1983)
2.4.1 Unit triangular pulse excitation

a o/ = d‘ o/ dJ [ 6 o/ 1 dl
WansuWeriduresgiginiauenitudsiumaiagn,  f(r) sududeidusaliies

1
|

uwliianwouidu Triangular pulse NHANGIVINALUUYENNAY ¢ wazgIwiL 2

'
aa

wingesdasgnineenld, (5) HaTaNLed Triangular pulse Ndewriuiudagl 2.5 az

1o oo ' zill =2 3 o o A ]
Uszanainiudeidumaiiies, £(1) nawidnaziunneaaeafieiduesguu)RAnINuLs

U

na lAnNANINALAENNIN (Gupta, etal. 1974)

i
=

v
A1 Response Factors AafaANAaUAdLEIan & =0,1,2,..,m Mfunaniann

]
1o

Unit triangular pulse AifiAsmgewiniy 4 fann =0 wagfignuwiait, 26 [Faseniugiia
@anldAa (8 =3600 A7) WAzt ldann gﬂ‘ﬁl 06 BIRZNINTRTEuan A
Response Factors drmsudalusd 6 = 0 Wuwaan Ramp 1 A1 Response Factors 11151
Fluad & =1 aziflumaann Ramp 1 + Ramp 2 WazA Response Factors v Tued

8 =2,3,...,m azifunaain Ramp 1 + Ramp 2 + Ramp 3
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A
J

———————— Actual

Approximation

»
Ll

0 & 28 36 45 58 656 Time

gﬂﬁ 2.5 Superposition of unit triangular pulse excitation

gﬂﬁ 2.6 Unit triangular pulse excitation

Wan9tunaIn 317 2.6 Unit triangular pulse azlA1winil Ramp 1 + Ramp 2 + Ramp 3

anunrodisulaglu

f(t)zé(t+5)—%+é( _5) (2.37)
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2.4.2 nswilasardanggaunaunuunatil

¥
=

nsudasadanadiaunduuuuyiallazsiedldngug) Residue theorem Assialili &

# Function M1ag/lu Domain 194 s, F(s) e

F(s)= Ns) (2.38)

e D(s) il Polynomial degree n &9ilANvinL 0 WWa s = B, By, By....n B, HAT

N(s) 1y Polynomial degree n—1 vizatiaandy nanisulasananadaunduaas F(s)

Azl
Al NG N B, 6.
fle)=L ‘{ }= e e (2.39)
= 6|7 & 56,)
R N,(([;’”)) (38191 Residue liag 1n38948N13 D(s)=0 (3and1 Pole

& D(s) B0l s=0 Swaud Aragld £(e) wu

f(f){ggﬂ +Zlg—())e t (2.40)

waziiie D(s) Hnfl s= 0 Swau 2 mazle £(r) dlu

(O ) B e
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2.4.3 N19U1A Response Factors annisudasandardgdaunaulneld
Residue theorem

nsATAdNLsTansaee X (External Response Factors), Y (Cross Response

Factors), wWay Z (Internal Response Factors) i lsannnisudasatdanadiaunauineld
Residue theorem ANseazidenluiide 2.4.2 Tasase ldil

o s 1 o/ ?II/ )

Hansulasananad@miu Unit triangular pulse, f(¢) e — paidinNan s
S

dudsz@nsue9 X -Response Factors azlaiilu

1 D(s)

" B(s)

”n

(2.42)
Tia9annInIesannnei (2.42) fa s =0 & 2 A1 Baiansanldan s Favdunng
wlasananadiaundudiniuannng (2.42) aziil
D 2 D
é(t){—(s) f} {i—(ﬂ +Y ) (2.43)
B(s) 7, ds B(s) ™ b= BB (ﬁm)

k74

AMTUINNURIRNNT B(s)=0 Nazldlugnnig (2.43) 174az11a7n98 Direct root
. 2 : o = ~ !
finding A8 NTUNUAT s il luaunisuaansadeunIgLAULATEIMNBLINALIBIAN

B(s) avlfdanetdn s NdAmevelugasiiainiuaeiiids Bisect unmAn s Al
B(s) =0 luszdumnaziden As=10""

Fndsv@nauee X -Response Factors azd1s13au bsasieluil

(2.44)
X(1)=£(26)-2£(5) (2.45)
X(j)=¢[(j+1)8 ]-2&(j8)+&[(-1)5 ] (2.46)

LWNUANNNT 2.37 WA 2.43 Aadluannig (2.44) - (2.46) Ayl

m TadNLIvAnTIes X
(External Response Factors) d9utadnisz@ndae9 ¥ (Cross Response Factors) waz Z

(Internal Response Factors) @1:190u7 b lunnuediaeniu aase bl



§ {2 vuﬂizaﬂ%\(‘u’m X(j) (Cross Response Factors)

2 ¢ 2P (1 — 2% )D (S)|

>

=1

D(s) 0B () L (P2 .

5B (s)

SZ_BM

S, B'(s)

qmﬁ’uﬂsxawéﬂlm Y(j) (Cross Response Factors)

S:_ﬁm

(2.47)

(2.48)

(2.49)

(2.50)

(2.51)

(2.52)

19
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qﬂﬁuﬂizaﬂaﬁm’m Z(j) (Internal Response Factors)

_ A(s) A’(s) _A(S)B'(s) k2 ef‘sﬁ'"A(s)
Z“D_{B“)+5B“) SOy | ) 29
() AE)EE)|| e hdo2ea(s)

Z(l)=~ - (2.54)

& Lﬂg 5(B(s)) F+% BB (s) | _,

L A(S)ef(‘m)aﬁ’” (l—e‘sﬁm )2|

Z(j)= 2.56

() % 25 (5) — (2.56)

o A'(s) = d(A(s)) Bl(s)= d(B(s)) C(s) = d(C(s)) Ly D,(S):d(?i(s))
S

feazm ifannggnlddsstaleli

dA(s)  dB(s)
dlAs) Be)| | “as  ds | _|[A(s) B(s)
X{C(s) D(s)} dC(s) _dD(s) _[C’(s) D'(s)}
ds ds

_[ 4 BI(S){Az(S) Bz(S)}.[An(S) B,(s)]
LCi(s) Di(s) LGy () Dys) ] [ G, (8) D, ()]

[4® &@{4@ &@}{@@ B,(s)]
C(s) D) | Gi(s) Di(s)] [Co(s) Dy(s)]

4_+ﬂmw &@l@@>Bxfw{%m &@q oo
C(s) D)) GG D)) [Chls) Dis)
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o 1 RC
e A(s) = ——=—=L_ginh|/sR.C, (2.58)
l( ) 2 \/@ 171 ]

Bi(s) = —cosh \SR.C; ] s1nh \SR.C; ] (2.59)
2s ,/

Ci(s)= %cosh[wlsRl.Ci] + %\/S(I/;I—C sinh|,/sR,C; ] (2.60)

le(s)zé\/s_;e’—csmh,/sRC ] (2.61)

AN Heat flux Antiasnuluglu

qmt ZY 0,t=jo ZZ] i,t—jo (262)

A Heat flux Nntladanuaniily

sztt Z J ot jo ZY i,t=jo (263)

ANNN9N (2.62) Lay (2.63) Wugnn13AIAINFaUaINNI TN AR AR LA LA
UBNAINANGL TABNAN Heat flux NRINANWIUANNANAIN (2.62) ABAIAINERUNTNENEN

N1g4a31i3 Heat gain 1uiag
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2.5 N15%1AN Periodic Response Factors (PRF) TmeA s Direct root finding

N19ANUITUAN Heat gain HunsauaiAslaaldAn Response Factors aziflunng

a

0 = e o v Y - = | %
ATRITURITINYEUNI)NN Hn1891aldeiaAuuanuazi Ll silasununan  daunigld

2
a o

A" Periodic Response Factors (PRF) 1135 RTSM aziflunnsauanianaamaRnmaaesdu

1
a a o

Py o~ = aa o Y =
ANTARUUANNLU AL URTN MIRTLLAZA LU NN H189T1aNNIAAU LAST ﬂ\‘ig‘]ﬁ’l 2.7

Periodic Response Factors

I
I
]
/i/ Inside Air film
(]
I
I

T,, = Inside Surface Temp.

S e
e
£

>

T, =Sol-Air Temp.

T, = Outside Surface Temp. T = Room Air Temp

Outside Air film

SLAB 1 SLAB2 SLAB3

gﬂﬁ 2.7 Periodic Response Factors (PRF)

n13ATWINIAT PRFE TneAd Direct root finding az@1snsavnlé 2 35 Aa 1.94A1 PRF
AMNQRIUBI Response Factors JGHEEN (Spitler, et al. 1997) WAy 2.11A1 PRF Aa1NA1319AN

CTFs 114 1997 ASHRAE Fundamentals Handbook (Spitler and Fisher, 1997)

2.5.1 N1TUIA1 Periodic Response Factor @aan Response Factors

AMNANNNT Heat flux Neiasnluidle

qy = Z Vil js — ZZ./Ti,r—./S (2.64)
=0 =0
Toa?l g, = Heat flux Neasnulundalusilaqiiv (W /m?*)

n = AnuauasanInwann liannnsguin (Hittle, 1981 uuzn 14 # = 20)
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Zj = Internal Response Factors

Yj = Cross Response Factors

T.,_;s = Inside surface temperature j Faluaieinuun (°C)

1

T,,_;s = Outside surface temperature j Falusiieiunn (°C)
S = Time interval (Unf& 3600 3u"% 958 1 G914)

91 Boundary condition 984Uy (Steady periodic) nelu 24 Gqlus

ANNNTDARFEANNT (2.64) il
. 23 23
9o = Z YjTo,tfjcS 7 Z Zj];',tfjé
j=0 =0

47 47
+ Z YjTo,z—j5 s Z Zj];,t—jé

Jj=24 j=24
63 63
+ ) Vo>, o +.... (2.65)
=48 =48

WAZLHLE NINANWINURY Z — Summation URENA3 (2.65) aanazls

23 23
qg = z YjTo,tij - Zoz,z - z ZjY;,t—jS
j=0 j=0

47 47
+ Z YT, 5 —Zoaliy 24— z ZT, s

j=24 Jj=25
63 63
+ Z YT, is—ZagTis as— Z ZT,\ 5+ (2.66)
j=48 J=48

43U Steady periodic function Tnanisisduligtuuuresgungiilananyn

Tu (24 Fal09) G T, T, 50, Ty ggoe ATRAWINTL wazdnysrAnsresgninniinman

it
= o % o % 2 o a Lo |dl = 1 . .
meﬂum@mmummmmmmmuimLﬂumﬂaﬁmmﬁmimsﬁmﬂﬂm Periodic Response

Factors, ij lunilAe Internal Periodic Response Factors
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L, =Lyt Zy+Zyg+.. (2.67)
Zy=Z\+Zys+Zyy+... (2.68)
A5U Cross Periodic Response Factors Y, AtuReniiy As
Yo=Yy + Y + Y +... (2.69)
Y =it s+ Y # (2.70)

NANTUNANNTT (2.67) WAZ (2.68) aylFnagaNURg Periodic Response Factors A1n

Response Factors il

Z MV E o (2.71)
k=0

uAZIUTUIENaNANTUNANANT (2.69) WAy (2.70) azls

Z j+24k (2.72)

e Yj,Zj = Cross and Internal Response Factors
ij,ij = Cross and Internal Periodic Response Factors
° =3 dl dl o v 4 [ 1 dld
n = L@?LI’W’]WJULMNVIN’]T]W@VWHIM ij e ij {uARAIN

AAALARRUAL lWNWTINMUA, 120 A (Spitler, et al. 1997)

LN’ﬂLL‘Vlum Periodic Response Factors (2.71) Whay (2.72) a9 ANNIT (2.65) ayle

N3 Heat flux udeulaaes Steady periodic Ae

‘]9 _z t]5 ZZp] i,t—jo (273)
Jj=0

Lﬁmmmﬂuma‘ﬁ ATUAINN AN HNTURIHILAZAIAN ﬁ\?ﬂ'ﬂﬁl%’ﬂﬂLL@iﬁﬂ’]ﬂiMﬁ‘fJﬁJLﬂu

mummmﬂmqmmﬂ mﬁmﬂmuumma @QMH@MMJTNVIN’JNH\? LL@“’M@\‘]V’]’WNJWEIM@H AT
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1
a

a v ¥ a6 v a g ISP ai | o
ﬂqﬂlungﬂLLV]MVIG]')EI@M?/?J’]N@’]THPT mmmmiﬁ@muguﬂﬂﬂluu@quﬂﬂﬂqmLﬂu Trc [N

q u

Hannig (2.73) wlu

23

23
Q9= Yy o =T 2.2, (2.74)
Jj=0 j=0

H89aNNUAaINT8e Internal Periodic Response Factors, Z, WM Wa39N193
Internal Response Factors, Z A 1o ZZP WINTLNAI9NU8Y Cross Periodic Response
Factors, ¥, el uazileiatsninligumgiiaanianaeueniluuuy Steady state periodic

function (Sol-air temperature, , ) @unN3 (2.74) azmeiulfiilu
; 23
o = Z Ypf (te,(?—jﬁ b\ trc) (275)
=0

A MFUAN External Periodic Response Factors, X, Aanunsaunl@ann External

Response Factors, X Iugﬂmumaﬁ (2.71) %178 (2.72) iuriu Aa

X = Dt (2.76)
k=0

2.5.2 N19M1AA Periodic Response Factor anAaN1szana CTFs

ANaNN9dNLsE@ns CTFs (1993 ASHRAE Fundamentals Handbook) Ml lunns
AU Heat gain Taeds Transfer Function Method (TFM) ANENds2@nT CTFs 18901 41
THALAZUAIA 42 Tiln azgnAanluANazieun Order 6 ineunazgniivlugilaeg

i : P Ay oA o o a = N >
A3 ieAd g lunIslden - viradnAnisuasndspntiinau e nwilieanniiianunsn 4

Tsunsw TFMTAB Anuanuldl @vAnduilsvdnd CTFs Haziluilsidusasnmaniifves

ﬁ%ﬂ@’]ﬂﬂ’]ﬁ‘ﬂ’]ﬂ%ﬂ%@i&ﬁﬂ&i&
qe,@ = an (T;,G—nS ) - Zdn (qe,()—né ) - T;’c ch (277)
n=0 n=l1 n=0

Inef g, = Heat gain 981 6 (W /m”)
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0= Lqmﬁl%ﬂmﬁ@qﬁu 0

8 = Time interval (3600 A7)

n= dnuaudalueiiiuan (@alug)

T.. = Indoor design temperature (°C)

T, o = Sol-air temperature flaan (°C)

b,,c,,d, = Conduction Transfer Function Coefficients

n’>-n’

ANANNTIN (2.77) U A13I0LGBWAT Heat gain 90 24 dalus Iaaldaauaziaen

71 Order 6 uazldAnantTi 36 =¥ c Waszuudngan1a Steady state azld

6 6 6
9 = Z bnTe,l—n§ 7r Z dnql—n5 _]:’C z bn (278)
6 6 6
92 = z bnTe,Z—n6 — zdan—nS _Trc zbn (279)
6 6 6
93 = z bnTe,3—n5 — zdnq3—n5 _T"C Z“Z)rz (280)
n=0 n=I n=0
6 6 6
94 = Z bnTe,24fn5 - zdnq24fn5 _TVC an (2.81)
n=0 7’121 n:O

[ %

AnglAn Heat gain aunng (2.78) T (2.81) W3 24 daTuldeelugmsisnd
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1 O O M d3 d2 d] ql

d, 1 0 0 d, d, q,

d, d, 1 0 0 dy |®|q; |=
L dy dy dy 1 | |q]
by, 0 0 - by b [Ty ] [T.35,]
b, b, 0 0 b, Te’2

L by by by b bOJ _Te,24_ _Trczbn_

ANNITNFINT (2.82) A1nT0LaIeU el
q=D'BT, -D"' BT, =D"'B(T,-T,) (2.83)

WraueuaNnns (2.83) Auannig (2.75) wudn ¥ = D! B = Periodic Response

Factors Azl

q=Y(I,~T,) (2.84)
Imﬂ‘ﬁl q = Column vector 1239 Conductive heat flux
Y = LWFIINTa84 Periodic Response Factors
T, = Column vector 184 Sol-airtemperature
T,. = Column vector 184 T, %'whﬁunml,m

fmstiduseuIeanIIa¥1a PRF a10aneng CTFs azdnunsamnlgdsseu/d
1. 87U4AN d WAY b A1NA1919 CTFs 189 ASHRAE RP-626 (Falconer, et al. 1993)
2. @5aweEsnd D uay B
3. A D' uaz D' B muasu

=2 !

4. B9AN PRF aanannwusand D' B
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2.6 N1511A1 PRF 1nead Frequency Domain Regression (FDR Method)

2.6.1 Theoretical frequency characteristics of heat conduction through

a multilayer construction

Wa19nungLN 2.4 PoNANAUSIENIN T),q, uar T,.,,,9,., ‘W3L184 Transmission

matrix azkili

q, ¢, D | C D, C, D, | 4nn

lunanauiua NN NUEIEUdIN T, ,q,, 4as T, q, axiilu

Tn+1 An Bn Anfl BnAl Al Bl Tl
- £ (2.86)
qni1 Cn Dn Cnfl anl C'l Dl q,

il A, = cosh(L[- s/oc[)
B, = R;sinh(Lsler ) /(Efs/e )
C,=Ls/a, sinh(Li s/a; )/Rl.

D, = cosh(Li s/a,.)

a119% Surface (1) = Outside waz Surface (n+1) = Inside ANV WANNT (2.86) Lilu
T;'n:|:|:A(S) B(S):||:Tout:| (287)
_qin C(S) D(S) QOut
f [As) Bls)] [4, B,/ [4 B[4 B

_C(S) D(S) h ¢, D, ¢, D,|C D
HuisEndigniann Inside 1t Outside it

@ oolle eHe ple ] e

out out
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\89an Total transmission matrix azdl Det 1w 1 1@ne Asriudngilaunis (2.87)

Tuatjsil Heat flux leisssialilil anniswssnd (2.87) awwnsouanléiilu 2 aunnshe

T' = A(S)Tout + B(S)qout (289)

124

qin = C(S)T + D(S)qout (290)

out

Angilannig (2.89) ludlsiilu

T ;IE;T 291
WUANNIT (2.91) asluannis (2.90) azls

G =C(S)Tom+D(S)[BES)TI~,1—287;4 (2.92)

Gin = C($)T + I;Ej)) T, - Dg}f)(s)%m (2.93)

ooty 2l oty
s ie, [C(S)_ D(;Zl)(s)} : [C(s)B(sgSl))(s)A(s)} Y (2.94)

anAnanTR A(s)B(s)— C(s)B(s)=1 fafu C(s)B(s)— D(s)A(s) = —1 unuprudnazlé

azinliangtl ¢, aung (2.94) Inadlsiiu

-1 D(s)
L= T T. .
qm B(S) out + B(S) in (2 95)
—A(s) T +——T (2.96)

QOut = B(S)

B(s)
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MNE _qout_ ___A(S)/B(S) I/B(S) 1 Tout
wl g || —1/B(s) D@)/B@LM 297
. “gu ] [DGYBGs)  -1yBEs) T,
e ) L VB(S) —A<s>/B<s>__TOJ (298)

Wansnunanng (2.97) angdlnadlsiiu
-G. Gy || T
qout _ 5% 4 out (299)
9in - GY GZ T;'n

TpeAfLLINI9r9N1898:NN29 (2.99) Nenusasalilil

Gy (s)=4(s)/B(s) External
Gy (s)=1/B(s) Cross (2.100)
G,(s)=D(s)/B(s) Internal

ANN1T (2.100) Fenan External, Cross La% Internal transfer function ANNAAL %\1
ALANNTUNUAN s FEl joo (j=~/—1) adluanns? (2.100) azl& Complex function 184
Gy(jo), Gy(jo) Wy 'G,(jo) »INaIsU uaziTandn  Theoretical frequency
characteristics U84 External, Cross Iag Internal heat conduction A Na1AL Theoretical

frequency characteristics %ﬁ@m@uﬁﬁﬁ\‘lﬁ

|G(ja))| = Amplitude (2.101)
tan™! M =Phase lag (2.102)
real(G(jo))

e imag(G(ja))) = Imaginary part 184 G(ja))

real(G(ja))) =Real part 784 G(ja))
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2.6.2 N1521984 Polynomial s—transfer function

Theoretical frequency characteristics, G(jo) Miluann1sa3e armnInanaedy
il Polynomial s-transfer function, G(jw) lneEnainauumlsl Transfer function lu
tluuures Hyperbolic s-transfer function, G(s) ugndliag/lugtlansdnadouieidu

Polynomial 2 i fasialiil

G(s :ﬁ°+ﬂls+ﬂfz+”'+ﬁrsr /) (2.103)
l+as+ays” ++a,s" 1+ A(s)

il B(s)= Py +Bys+Bss> 4+ Bs" (2.104)

A(s)=ays+as” +o-+a,s" (2.105)

o, way B, \InAulsc@nEanuauase m uaz r \uens WIANT Order gagAa3

Polynomial Tagiald # < m uazilauwnuml s = jo ludunng (2.103) azld

(jo)= By + B (jo)+ B, (ja’)z ++ B, (jo)

: A (2.106)
1+, (jo)+a, (jo) +-+a, (jo)

Complex function G(j®) 284 Theoretical frequency characteristics #18130

Dawleili 2 d9u Aarn Real part wae Imaginary part 1 k™ Frequency point
G(jo,)=G, =P, + jO, (2.107)

WaNasuAdNLIEana289 Polynomial s-transfer function azl438n13 Sum of
squared absolute errors 4 Errors Haggnaaamimtinsaeines [1+,:l(ja)k )] uaz Errors 9
= X4 da X 4 = | i =l h. .
WNDLUANATN Frequency NWNAUANNANNINAIE T9L78N function NAg Minimize errors

#1391 Objective function, J(0)

[ . dl v 49{ = v o . . .
01 Polynomial NaF192118AMNINALALNAY Theoretical frequency characteristics

ale

(2.108)
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5 G(jo, )1+ A(jo, )|~ B(jo,) (2.109)
Errors a1 Absolute errors 284NaNE 12 LAZAN MANNNT (2.109)
|error| = ‘E(ja)k ) — G(ja)k )[1 + A(jcok )]‘

gl J(G) Wl Sum squared absolute errors azlaitlu

2

J(Q)=i‘ﬁ(ja)k)—G(jwk)[lJrA(ja)k)]l (2.110)

J(0)= Y |Bog)= Gley ) Ajo,) -G (jo,)

euusIndaasa LU

9T=[/30 B By By By ooy oy oy ooy o] (2.111)
g =[G G G - G (2.112)
i . Y A - . \2 . \3 T
1 jo, (]0)1) (Ja’l) o —joy Gy _(le) G, _(]0)1) G,
1 jo, (ja)z )2 (ja’z )3 e —Jj0,G, _(ja’z )2 G, _(ja)z )3 G,
H=\1 Jo, (ja)3)2 (ja)3)3 SR [ON € _(jws)z Gy —(jco3)3 G,
|1 Jjoy (Jjoy )2 (Joy )3 o —joyGy  —(joy )2 Gy —(joy )3 Gy
(2.113)

weisnd A Hauna N x (r+m+1) waand 0 Jauia (r+m+1) x 1 wazwssnd g &
11418 N x 1970 Henaed Objective function, J (6) wastignnues wrsnd A, 0 uaz g i

Waew J(0) angtluuuaes Sum of squared absolute errors liiag/lugaasinssndglé

S
J(0)=(HO-g) A(HO-g) (2.114)

Imef A = Identity matrix 2u41A N x N
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vy A

Enlsanddulsc@na 0

~ /\

#MFUNN9INN Minimize objective function, J( ) HuA
finlsk J(0) Frnanunainndeutianiigaie 6 = min

Af
{J( )} azd@usodnlsana
0 I3lnan1saninefisuTanannis (2.114)

oJ(0) o

= (Ho-g) A(HO-g) =0 (2.115)
20 |, o0 ;

azle (HTAH)é =H'Ag (2.116)

Aok F:real(HTAH) F @zreal(HTAg) a1 lannng (2.116) vlu

~

0= (2.117)
0=T"'0 (2.118)

#1130 ANENL T2 ANEU89 Polynomial s-transfer function léa1nasnng (2.118)
dl o . . i dl | d” ?:/ IS
LAZLAIRAINN19274a84 Polynomial s-transfer function A1 r Ay m Nitlulaad Order WAz
dl o v o v o N . . o :J/ =K
uaegANNN IiuuLa1aeslnalAesiy  Theoretical frequency characteristics ANtUAY
3 | dl ¥ 1 -dl A dl A o dlddl 1 a a rdg’
"ﬂ”lLﬂu%@zﬁ]‘ﬂ\imﬁf@@@‘ﬂuWﬂ']llu”llﬂj‘ﬂﬂ@LW@L@@ﬂLLUUQ’W@@\?VI@V]@‘@ﬂ@u sluqmmuwuﬁu%

m99948L Polynomial s — transfer function 284 Cross PRF lae/ldrn R? sasiallil

(G(joy)-G)

(6(jor)=G)’

R = (2.119)

DT =

bl
n

N
ZG ka
=

N

e (2.120)

AuFuRaulaninaenuuLAIaeeeed  Polynomial s-transfer function ALAAN

LuUANaendAl R Indihas 1 1niige
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2.6.3 N19ATUIUAT PRF 1N Polynomial s—transfer function

N19ANUITUAN Cross PRF a1n Polynomial s-transfer function a81989aINLUNANN

2849 Wang and Chen (2002) Taginainnisuiasandanadaunauannng (7(s)/s2 azls

—(M-1)s;At

Ypo =U + i%(l RN/ (2.121)
i=1

—Ms; At
l-e

n s Y e R y .

Yy, :—Z;A—;(l—e i ) AT Wa (I<j<M-1) (2122
Lﬁ\;ﬂ ij = Cross Periodic Response Factors

Jj =0,1,2,..., M -1

M =24

At = Time interval, 1 Hour

S = Residue =— B(—s,) /[[s>4'(-s,)]

m = 7U71 Root 184 Polynomial s-transfer function

U = U-Factor (W /.m* K)

S = Roots
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2.7 N5WAN Radiant Time Factor AIN38&NAAA1NSAU (Heat balance method)

ANduisyAva Radiant Time Factors (RTF) Aanismavauesaalauiiifaanie
MelulsuaNnANANLIeIN TR avldAvRLILAtuAn Heat gain ANNN1TuH IR 1
Lﬂum?:mw‘hm’mLfﬁuﬁ'%‘imlm azuiieléiflu 2 4fin A Solar-RTF uaz Nonsolar-RTF
dwiunluazuiennazldAn Nonsolar-RTF  uuusraeszedlnuddnensiufosduany
AUIANGIG 3 LNAT 8119 3 INAT LATEN 3 AT Ustnaudnanils 4 Anu 1 Euuazmdenn 1
K Ain RTF sildarnnnglsian Radiant heat gain pulse 1 wiiag fidalsd 1 LLZQ::%’W}ﬂ“‘] 24
dalu m‘mw@ﬂ"mmﬁ'qmmnﬂﬁuaqéqﬁu Nonsolar-RTF  uaznszangetasiniame
aWEARUA WL Solar-RTF A& AL @mu’f@uﬁ%v‘iﬂﬁ@mmﬁﬁﬁqmﬂmﬁm Lazay
mawmanFaudngenaalnanisnitdunnsznisiaAmigiy Farnsznisinaaudu

LL[?i@ZZ‘f]/’JINQMW?G?]/’JEIN@?QﬁJﬂ’ﬂdﬂqﬁ‘zﬂ’]?ﬁ’]ﬂ’J’mLﬁuﬁ‘fmﬂﬁiiﬁﬁlq RTF %QN@?’JN%@\‘]F"V} RTF

AELADIINAL 1 LAND

T =Room Temp.

\\

qko =0
T, = Inside Surface Temp.

/ q,, =1 unit

. qrwx

N

T = Outside Surface Temp.

qL’Ul’lV = hC (7-1'3 _7-;')

N

i)

dl { 1% tﬂla 1% o A [ %
719 2.8 LAAINITELNANFAUNRIAN W LU BINTIUTANAIAT

a4

ANN1INNIIANNERLEIUEIIYTANAIA1a N Response Factors L1

rip = Z YjTos,G—j5 - Z ZjT;'s,O—jé (2.123)
j=0 j=0

9r00 = ZX‘/TOS,Q—‘;a - Z YjTis,G—j6 (2.124)
j=0 j=0

annsannanNFaunNiiasu iy



36

Quwx + Asw + Auws + D + Do + Goomy =0 (2.125)

A v ¢ 14 a ai o = dll
bNB drwx = {andm QWN?@HQWﬁ@Wﬂﬂ’]ﬁ‘LL@ﬂLﬂ@ﬂu?\‘i@ﬂ@uﬂ'ﬂ

svuanananielulaw, (W /m?)

v
% o

NANTANFAUAINTIRPAUAUAN ARSI, (W [ m?)

dsw =

Qs = Nanda qm?@ummﬁ%ﬂ%umqmnqﬂm‘mimﬂ‘lu, (W Im*)

g = wWandaoudenlaanisifitednluaeslou, (7 /m?)

g =windranifenannisdaesaaseniingiaafuluredlou, (7 /m?)
a = NEndanadanannnieaiitadulugastou, (7 /m?)

annAilaules1 Radiant heat flux 100% WAy Convection heat flux 0% WAYNTR

a Ce

¥ M Yo % o a dl c a

sululiildfuanufauainisdaauaicainginsainasluuazarnuasending  Aianieues
pmFeulinetreiefluay  sndtac NFaugnsaInnsLaNAsuTIAAALINNTBINWEY
meTulmudnguiailusueanainutiaiuuan Waisunangii 2.7 aunng (2.125) azangil

1
~qg + = (T, = T) = qu (2.126)

LNUAN q,aslummm@Q 126) mmum@w (2.123) azlg

_q;W +q2WX + hci];s, ZY 0s,0—jo ZZJ is,0—j& (2127)
j=0
W gy =1 Sla j=0,24,48,..0
qgy =0 W j#0,24,48,..0

1
aAa v

ARANUUANATANNA LT RN amANSaueanuanTdl  IwszAaaniTlEAN
v dl Y o d [~] o [~3 o o o/ v dl o Y
SaufilsiulruiAendunssnisinAufiuraa e ARTIUANNTANAAAITNIDUNETIIAL

UANALLTIU



OszjTos,G—jS _ijTis,O—jS (2.128)
=0 j=0
Angiannng (2.127) e lugiaasgunginigluilaqiiuléiiu
_q;‘W + qZWX + hciz;s,Q - hciTr =

YT96 +ZY]:)s9 =704\ r) zs@ ZZJ is,0—j6 (2.129)
Jj=1

39+ZY 05,0 js Z j 139 ]6+qSW_qLWX+hciTr

T. ,= 2.130
w0 ZO +hci ( )

dngilannis (2.128) udliegluglanmpinisuenilagiiuaz s

O:X0T05,9 +ZX‘]'T0S,9—‘]'6 _YoTis,Q _ijTis,Q—jE (2.131)
Jj=1 i=1

1s9+z 1s9 —Js ZXJ 0s,0—jo

Tosp = % (2.132)

o

AnANNIT (2.130) uaz (2.182) Iiati lugiluas Periodic function azlé

23
pO 059 +z )2 096 —js Zzpj];s,éfjc? 95w ~dwx +hciTr

Tyo = /] (2.133)
& Z 0+ h,

23
YpO 59+ZYPJ is,0—js Z )24 059 -Jjé
J=1

T - (2.134)

0s,0
X 0
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FuilszAnsniswnmnnuiau i, wldainAnlumngiei 2.2 inn: Heating, ventilating

and air conditioning analysis and design. 5% (McQuiston, et al. 2000)

AN9199 2.2 AU ANaniInaANFauniasnulu

RAN9ra9uia | AANNTasmANNEaL hc,(W/mz.K)
WUITEUNL A4 415
\DeI 45 N 3.98
LUIAN 35311 3.18
=
\Den 45 N 2.39
WUITIUNL A 1.02

1 b4 a -dl o a dl d’l a " v
mm’ma‘@u@wﬁmnmmaﬂLﬂmﬂm\mﬂ@umwmwummﬂﬁluieﬁu drwx mimmﬂ

WULRNA89U89 Walton's mean radiant temperature/Balance method

wiaNNg (2.133) WAz (2.134) WevAl T, way T, v 24 dalus Taeldasnng

A}

714 (Iterative method)

TnevaliudamAn  RTF  awnsomwumalaunnivualdlaanse  adnglafimnnu
qpiszasAaasineninuiiidunisaauniAinisenisinan fud miuniauasndsen a9
wendauiu AeiangninusiazldAn RTF 3 natd Aa Light, Medium waz Heavy weight

zone ANNN ASHRAE 11zt 1311 Fundamental-1997 1% 28 A137147 25 sapialiil

1. -Light weight zone ulsunatmtinuoades Uszunns 30 Uaussiananawmnaes

g S v g o =l £
WUNWU 11 Wity Frame, wuluAaunTANLN 2 U0

2. Medium weight zone iulzunfivinudnuaatunans dsznnou 70 deudsenisns

Wemasiunng vy wiadueeunsauun 4 da, wuiueeunsemu 4 o
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%
aa o

3. Heavy weight zone lulaunitiivinueanin dszanns 130 deudsenisennaes

g S v = G- S =l £
WUNWU i1 Nl upaunInuun 6 UuI, WuuAauUNTANLN 6 U0

= @ A o a Yo v =2 o X A § 3o
L‘wﬂ\‘}@'ﬁﬂLﬂ‘uﬂ’ﬁ?HWﬂVl’QZﬂ’]ﬁUﬂ’ﬂUﬂﬂlﬂ\‘itsﬁulﬁﬁjﬂL@u‘lﬁ] aen A lruaumn e i

ANLANUSLAIRNTNTN 2.3 TALB19BIAINTB UL TINUDY ASHRAE ANNTAINAINNNT 196U

AN9199 2.3 WAANTIRANTILAZAIAN a9 T3 1 11N 1AW UAN RTF

Zone Wall 1 Wall 2 Wall 3 Wall 4 Ceiling Floor
Light B7 B7 B7 B7 B2 B7
Medium C2 C2 C2 C2 C14,B2 C14
Heavy C8 C8 C8 C8 C10,B2 C10

2.8 NMFATUIUUIAN Sol-air temperature

Sol-air temperature, 7, ABAUAHAINIANLBANTTALTENATBINITULTIRAIN

2]

¥

Fauuazniawianuseundn eliitaunnisAenmisl Heat gain ingananaiiiasann

d’l a ¥ tﬂl a o} v % dlzil a v tzll
WuRasuuanignuasenfinddas @a1misam ldainnisanaanuFaunuiofuueniign
waseniind azinliflsananistnamaniewdnguio, 0/ 41l

Q W Eh(t —t)—eAR (2.135)

A_a t o\"o s € :

Tned O = ARsINNTENMANNTRU ()
X4,
= NUN, m
[ a Qr = % da’ a
a = dulsz@nanisganaumanFouLeIiuil
E, =wasnufidannufeuannuasanfindannsenuivuiia, (W / m? .K)
h = du1s2AnannranamAINSeu I8FAANNTAURAUAU WAZNITNINNL

Ranneuen, (W /m* .K)
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t, = qoumgRenAnIauen, °C

t = grUuNui, °C

£ = Hemispherical emittance of surface

AR = ANANINLANANNTEUINNRAINFAUAR UL NANNIENUNURIANTIAITN

waz@auanden AuNawFIdaanFauaininganguuginiauen

dl Ll 1 o = a6 Yo 1 % [ 6 o .
W lHN8LNN1IALIRANNRA RN san A NFaududeiduaas  Sol-air

temperature, ¢, T9az@uNsn@eWlHLTW
%=h0(te—ts) (2.136)

Mnn9dngLlannisil (2.135) aslugtlaasaunisi (2.136) azléiilu

2 4, [Zﬂﬂ _SAR]_Q} (2.137)

A h 5k R

o

WeaFauWeauanns? - (2.136) AU ann19n (2.137)  waaaglaAn  Sol-air

temperature, ¢, NTALTLNATAINITUHTIRAINTDURAZNNINT AN FaUUA T

= (2.138)

- R o o o o z-_q' o I !
@qﬁ?ﬂwuNQVIEQTULLuQ?gqu 'Q::ﬁ"i_lﬁ\iﬂﬁQqﬂﬁ"ﬂuﬂ@uﬂqu@qﬂW@\?Wqﬂﬁn\?Lﬂﬁl'.lﬁ’]

AR azfiAnlszunnu63 W /m* An'e =1Uazen h, =17 W (m* K) Azl lumend 3

|

YAIANNNTN (2.138) 1il1 4 K (Bliss, 1961)

¥
=

Avdunuiionagluuudeen  aziui@annufeunauduainiiuiazannslagsay

'
1 a A

Hudaulug) Arhignsiesant AR mldenn taesinliazinuualian & AR = 0 dudunutian

ag luiuafsain
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AuFuATNAIUTRIRAFa A nuasaARdannIEnUNURG, E, Tumand 2 19
ANNN9N (2.138) @1N170MN LHRNNANNNURIAMNBNNAETAE1989a1n ASHRAE Handbook of

Fundamentals 2001 sasialelil

Apparent solar time AST , T

AST = LST + ET /60 + (LSM — LON)/15 (2.139)
Hour angle H , a34AN

H =15(AST -12) (2.140)
Solar altitude B, 894AN

sin 3 = cos L cos d cos H + sin L sin 0 (2.141)
Solar azimuth ¢, 83N

sin ¢ = (sin B sin L—sind)/(cos B cos L) (2.142)
Surface solar azimuth y, 83/N

y=¢-V¥ (2.143)

Incident angle 6, 841

cos@ =cosfBcosysiny, +sinfcosy. (2.144)
e ET = &aun139940a1, W1 (wadne b5 1umn319i 2.4)
L = AZRAN

LON = a840an, B9A1

LSM = Local standard time meridian, 84N (LL@mﬂifﬂuMW?Wﬂﬁ 2.5)
LST = Local standard time, fjl/'ﬂm

S - Aouiaasranulan, asAn (Lanslilumsad 2.4)

Y = Surface azimuth, 841

> = mmLﬁmmmﬁuaqmmmq@zmu, ANAN



EARTH-SUN LINE

L)

YERTICAL SURFACE

SO0LAR ALTITUDE ———i TILTED SURFACE

/yf L =TILT ANGLE

TT=HORIZONTAL SURFACE

SOLAR ATIMUTH —

-4 T

U7 2.9 uaRsaNFe] AMFUN U EATIIAIANNTEUAINANE IR

A13799 2.4 4NN13289987 (Equation of time) J17 21 189.Aa

Month | Equation of time | Solar declination A B C
(ET) (5) (W/m*)

1 -11.2 -20.00 1230 0.142 0.058
2 -13.9 -10.80 1215 0.144 0.060
3 -7.5 0.00 1186 0.156 0.071
4 1.1 11.60 1136 0.180 0.097

3.3 20.00 1104 0.196 0.121
6 -1.4 23.45 1088 0.205 0.134
7 -6.2 20.60 1085 0.207 0.136
8 -2.4 12.30 1107 0.201 0.122
9 7.5 0.00 1151 0.177 0.092
10 15.4 -10.50 1192 0.160 0.073
11 13.8 -19.80 1221 0.149 0.063
12 1.6 -23.45 1233 0.142 0.057

11 : ASHRAE Handbook of Fundamentals 2001




W]?’Nﬁ 2.5 Time zone meridians

Time zone Standard meridian
1. Atlantic 60
2. Eastern 75
3. Central 90
4. Mountain 105
5. Pacific 120
6. Alaska 135
7. Hawaii 150
‘ﬁm : ASHRAE Handbook of Fundamentals 2001

A13197 2.6 Percentage of daily temperature range

Time % Time %
1 87 7z 11
2 92 14 =
3 96 15 0
4 99 16 3
5 100 17 10
6 98 18 21
7 93 19 34
8 84 20 47
9 71 21 58
10 56 22 68
11 39 20 76
12 23 24 82

AN : ASHRAE Handbook of Fundamentals 2001
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Direct normal irradiance E,, , W /m?*

Y A
0 E,, =|———|CN 2.145
mp> oy [exp(B/sin [3)} ( )

UBNLUTBANTIL Epy =0 (2.146)

Surface direct irradiance E,, W/ m*
1 cos@ >0 E, =E,, cosO (2.147)

UBNLUTBANNTI Ep=0 (2.148)

Ratio of sky diffuse on vertical surface to sky diffuse on horizontal surface, Y
1 cosf >—0.2 Y =0.55+0.437cos O +0.313cos* 0 (2.149)

yanwitiaani Y =0.45 (2.150)
Diffuse irradiance E,, W /m?
WUHILWIEY E, =CYE,, (2.151)

PuRaunaau E,=CEpy(14cosy )/2 (2.152)

Ground reflected irradiance £, W lm*

E. :EDN(C+sinﬁ)pg(l—cosZ )/2 (2.153)

Total surface irradiance E,, W/ m?

E, =E,+E,+E, (2.154)

ne A4 = Apparent solar constant, W m* (LL@MVL*’fLum?Nﬁ 2.4)
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B = Atmospheric extinction coefficient, (LL@ﬂQiﬂuMW?ﬁﬂﬁ 2.4)

C = Sky diffuse factor, (LaadldluANITR 2.4)

CN = wlnwmasanulildanesiaaiin (@und inaA1winmy 1 viesinlaanlilda)
E, = Diffuse sky irradiance, W/ m?

E, = Diffuse ground reflected irradiance, W / m*

Py = Ground reflectivity, (Wanal3 AN T 2.7)

AN 2.7 ANTNNTASHOUTIRUBIN, Py

ﬂﬁ‘tLﬂVﬂJ@\‘]ﬁu Hllﬁlﬂﬂﬁ‘xmll

20° 30° | 40° | 50° | 60° | 70°
AAUNTA L1l 031 | 031 | 032 | 032 | 033 | 0.34
AAUNTALIN 022 | 022 | 022 | 023 | 023 | 0.25
ANV ATEdn 021 | 022 | 023 | 025 | 0.28 | 0.31
Nulsefunsan 0.20 | 020 | 020 | 020 | 0.20 | 0.20
fiungaa1nes Asphalt 014 | 014 | 014 | 014 | 0.14 | 0.14
ANUABAINAIAEINN Asphalt 0.09 | 0.09 | 0.10 | 0.10 | 0.11 | 0.12

N : ASHRAE Handbook of Fundamentals 2001, #2919%. 10-1»#% 30

2.9 N19ATUAITUAT Heat input

IHaATUIUMIAY Sol-air temperature, £, WAAZANNNTNUNAT Sol-air temperature

UIANUITUNNAN Heat input Tearnnisldaunns

Qi,@—n = UA(le,O—n - trc) (21 55)
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e Oog., = AN Heat input dalua 0 —n (W)

&

U = Andudsz@nsnisnnammanniausin (W / m* K)
A :ﬁuﬁmﬁq,(mz)

t,g_, = Sol-air temperatureﬁ‘fﬁm 0—n (°C)

t, = @mmﬁmﬁu’?mmﬁummﬁ (°C)

2.10 NNFAIUITUAT Heat gain AINKNUILAZRAIAT

A1 Heat gain @1813aA13nsldanuAn Heat input Tneldaunis

QQ = coQi,9 + leiﬂ»l “ cZQi,Q—Z 13 C3Qi,9-3 il c23Qi,9—23 (21 56)

o Qp = A1 Heatgain FdaTia 0 (W)

Q9 = P1Heatinput Ndalue 0 (W)

>

1
o

0. g_, = A1 Heat input Nidalaefie s ()

Co,Cy ete = A1 Conduction. Time Series, CTS M1ldaannnsunsdn PRF Aaeipn

Auilsr@nanronemanusausIn, U

AMFUAY (PRF azawnsnmle 2 55 Ae 191A1 PRF aannnauiladgnsves
Response Factors Ineins9 (Pedersen, et al. 1998) kaz 2.411A1 PRF a1nmA1314A1 CTFs i
ASHRAE Handbook of Fundamentals 1993 @slua11ddetaz 14387 1 Tauandsessiden

lusindia 2.5.1
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2.11 N1SANUIUANNITENITIIANLEY (Cooling load) AaeRE RTSM

N1FANUIANNNTZNNTNNAANNLEY (Cooling load) #98Rs Radiant Time Series
(RTSM) A SesuuAn Heat gain nﬂ%‘tmué’q RLNINNT WLNAN Heat gain aaniili 2
dou A Aafeuludauzeanemn, O, uazanafeuludauzesnsudied, O Feadld
Fnsdauannmaed 2.1 flundn anntiuaslden Radiant Time Factor, RTF wAsuAANY

Fauludiureensuased du Cooling load annannissasalilil

Oreo =1000 +119, 01 710,92 +10, g 3+ T30, 9_13 (2.157)

=b_

Tagl AN Radiant cooling load @, Ndalue 6 (W)

Qrc,@
0,p = A1 Radiantheatgain Nialua 0 (W)

1
=

0, o_, = A1 Radiant heat gain A n 9 lNaANUNY (W)

1y, i setc = A1 Radiant Time Factors, RTF

AN RTF azi 2 AR Nonsolar RTF Laz Solar RTF 4@ Nonsolar RTF agld@uiu
\WAguAN Radiant heat gain ANKI WA9AT AN AL LA98979 ke Asedld i Tddlu
Cooling load @uA1 Solar RTF azlda1u3uilaguan Radiant heat gain anugsefine

daannriealaemaelifli Cooling load

A1 Radiant Time Factors (RTF) @ x130Auaaula 2 93A2 1.41a1n Zone heat
balance model laz 2.1191NA1 Weighting Factors 1839 ASHRAE Database Inel Sowell
(1988a, 1988b;1988¢) {1aqiiuniamamn RTF aanisaunisannidsunsumaniiamas Hofort

a

(Pedersen, et al. 1998) an3auild 1a11Adeaz 1A RTF 1037 1 Tauandssisziaanl

Wade 2.7 lagl Zone 3 wLyAe Light, Medium Wag Heavy weight zone
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¥

2.12 nau)NuUgIuURIIT CLTD/SCL/CLF

N1TATUIUNNTENNININANNEUANERE CLTD/SCL/CLF (JuasnEnugIus1aInis
TFM TaeiiAn CLTD/SCL/CLF azldA uaniAN1senIanIAnuEuaInAu S aun i unti

waruadIA N TR fua1naA deaiuisaAuslaan

CLTD, = % (2.158)
o Qy = Cooling load falus 0 (W)
U = Andutlsg@nsnnatnammnnndeusn (W / m? K)
A = NuiiTaidedean, (m?)

CLTD, = f1 CLTD 7ol 0 (°C)

NM3ATUAMAY CLTD HWianldas TFM #ad1 Q, uwsluwanuideilaziindanisAuan

n3zMeinANifiu RTSM dnldaauans 0, uwniisias

AruAnwuzaslsulazanIniandeNd i lunisAIuaAn CLTD luinenfinuiiay

#1989A13 ASRAE GRP-158 siusialiliiAa
1. nasAfuaiauingan (Dark for solar radiation absorption)
2. qaungineulaugindu 78 °F (25.56°C)

3. AuUgReNIANIuENgIdn 78 9F (35°C) WazannRn auaniedat 85°F

q a

(29.44°C ) Daily range 21 °F (11.67°C)
4. Solar radiation 40 deg north latitude on July 21
5. Outside surface resistance R, = 0.333 hr.ftz."F/Btu (0.059 m>.K /W)

6. Inside surface resistance R, = 0.685 hr.ftz.OF/Btu (0.121 mz.K/W)
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THATDITHULAZUAIAIALE 19BN ASHRAE GRP-158 A MUFLNNUAATNgN YR

%// A a o ?:/ =X o [ dl % A a o a dl dl
A-G tiuazianuaaaia Aeiuasaiunazfasaanainuiislagianilainmnmen 3.9 lu

ASHRAE GRP-158 anuandlumisnen 2.8 dufunasanluildnmanuiuazéneadsann

A19199 3.7 11 ASHRAE GRP-158 Tagingasaniamlumianen 2.9 doundamniimanu ay

\Wal Air space, E4 uaz Acoustic tile, E5 i lussiuanslunnsned 2.10

FIN3197 2.8 LA HATAINTINGHN A-G U89 ASHRAE GRP-158

W19 Code (Outside to Inside) Description U(W/mz_k) Zone
A |A0OA2 C9B2E1TED 100 mm Face Brick+200 mm Common Brick+25 mm Insulation 0.879 MW
B |AO A2 B3 C4 E1EO 100 mm Face Brick+50 mm Insulation+100 mm Common Brick 0.623 MW
C |A0DA2B1C5E1TEQ 100 mm Face Brick+Air space+100 mm HD Concrete 2.000 MW
D [|AOA2C1B1E1TEO 100 mm Face Brick+100 mm Tile+Air space 1.621 MW
E |A0OA1C5ETEOQ 25 mm Stucco+100 mm HD Concrete 3.322 MW
F  |AOA1C2B1E1EOD 25 mm Stucco+100 mm LD Concrete Block+Air space 1.504 MW
G |A0A1B1B3E1EO 25 mm Stucco+Air space+50 mm Insulation 0.629 LW

a a o o P

ANTINN 2.9 LAANTUAURIUAITUAN 1-13 llNNE]’]LWW]u 1899 ASHRAE GRP-158

NRIAN Code (Outside to Inside) Description U(W/mz_k) Zone
1 |AO E2 E3B5 A3 EO Steel Sheet with 25 mm Insulation 1.217 LW
2 |AOE2E3B5B7EO 25 mm Wood with 25 mm Insulation 0.972 LW
3 |AOE2E3 C14 EO 100 mm LD Concrete 1.221 MW
4 |AOE2E3B5C12EQ 50 mm HD Concrete with 25 mm Insulation 1.175 MW
5 |AO E2 E3 B6 B7 EO 25 mm Wood with 50 mm Insulation 0.612 LW
6 |AOE2E3C15E0 150 mm LD Concrete 0.903 MW
7 |AO E2 E3 B5B8 EO 65 mm Wood with 25 mm Insulation 0.745 LW
8 |AOE2E3C16 EO 200 mm LD Concrete 0.716 MW
9 |AOE2E3B5C5EQ 100 mm HD Concrete with 25 mm Insulation 1.136 MW
10 |AO E2 E3 B6 B8 EO 65 mm Wood with 50 mm Insulation 0.513 LW
11 |AD0 C12 B1 B6 E2 E3 C5 EO Roof terrace system 0.597 MW
12 A0 E2 E3 B5 C13 EO 150 mm HD Concrete with 25 mm Insulation 1.100 MW
13 |AO E2 E3 B5B9 EO 100 mm Wood with 50 mm Insulation 0.607 LW




AN 2.10 LAPNTNATAINAITRAN 1-13 NElWATU 199 ASHRAE GRP-158

50

N[IAN Code (Outside to Inside) Description U(W/mz_k) Zone
1 |AO E2 E3 B5 A3 E4 E5 EO Steel Sheet with 25 mm Insulation + S.C.(Suspended ceiling) 0.764 LW
2 |AODE2E3 B5B7 E4 E5 EO 25 mm Wood with 25 mm Insulation + S.C. 0.660 LW
3 |AOE2E3 C14 E4E5EQ 100 mm LD Concrete + S.C. 0.766 MW
4 |AO E2 E3B5 C12 E4 E5 EO 50 mm HD Concrete with 25 mm Insulation + S.C. 0.747 MW
5 |AO E2 E3 B6 B7 E4 E5 EO 25 mm Wood with 50 mm Insulation + S.C. 0.472 LW
6 |AOE2E3 C15E4E5EQ 150 mm LD Concrete + S.C. 0.627 MW
7 |AO E2 E3 B5 B8 E4 E5 EO 65 mm Wood with 25 mm Insulation + S.C. 0.546 LW
8 |AOE2E3C16 E4 E5EQ 200 mm LD Concrete + S.C. 0.531 MW
9 |AOE2E3B5C5E4E5EQ 100 mm HD Concrete with 25 mm Insulation + S.C. 0.732 MW
10 |AO E2 E3 B6 B8 E4 E5 EO 65 mm Wood with 50 mm Insulation + S.C. 0.411 LW
11 |AO0 C12 B1 B6 E2 E3 C5 E4 E5 E0  |Roof terrace system + S.C. 0.463 MW
12 |AO0 E2 E3 B5 C13 E4 E5 EO 150 mm HD Concrete with 25 mm Insulation + S.C. 0.716 MW
13 |AO E2 E3 B5 B9 E4 E5 EQ 100 mm Wood with 50 mm Insulation + S.C. 0.468 LW

UHN1ELUR: Suspended ceiling (S.C.) L&l Air space, E4 LLlag Acoustic tile, E5
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28n1sA I IadllsnsH

4 v
=R o

ad o dl a = o [ % [ d’l
AsnnsAnunTesldsunsunlsensg HNTURBUNITATUITUNAN AN miﬂu

d9

]
=

1. furdeyaeslau 1w annui LAAY NANIINITINNAIAINT Bazdusznauaag
o = [ %3 [~ %

NINUWIRUAIAN L1161

ANUINLAN Sol-air temperature

ANUITWAN Periodic Response Factors (PRF)

ANUITWAN Radiant Time Factors (RTF)

ANUIUAN Heat gain

ANUITUANNNTZANINAAANNLEY (Cooling load)

N g A~ L DN

AUITLA CLTD
Tsunsupaniiawme s idultsunau MATLAB wiailu 3 daulunj Ae

o 1 o ¥ ala I Ao (= 1 o IS -
1. Tdsunsusum MuuInsua NNl usaniIsAIIL J 1 Tdsunsuna

INPUTMAIN.m 1fulilsunsufiaidaganeslauiasdagyaiainiieisouan

2. llsunsuuan vinvuanannsnisamuraliitliulidsuenaiau 8 1 Tdsunsufa

MAIN.m TUsunsnudnldBenlisunsnsiasnNAFLNI1TAIWIDS

3. Tdsunsusias & 18 Tisunsuma

SOLAIR.m T1lsunsNgiaeANUlnLAT Sol-air temperature

MLAYER.m  Tisunsuelagdidumiuimian R Lae C 1a9uiiauasnasan

LAYER.m TsunsneasussqAn R way C ragutiiuaznasan ldsaunuldsunsueas
LAYER

WALLTYPE.m Tusunsutiasinissq Layer sequence 18961 41 1t

ROOFTYPE.m Tusunsueiasiissq Layer sequence 18IUAIAN 42 Tiin

TTM.m T1lsunsusiagiAuans Total transmission matrix



DTTM.m

FROOTS.m

XYZ.m

PRF.m

FDR.m

COEFAB.m

HEATGAIN.m

RTFF.m

INITI.m

NETQLWX.m

LOADS.m
RESULT.m
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TisunsugiasAuIeYiEe84 Total transmission matrix

Tdsunsnelaa AUUNANIINTBIANNNT B(s)=0

TsunsNgiaeiANUanAT External, Cross Baz Internal Response Factors
YAINTNLAZUAIAN (X;.Y;,Z5)

TsunsNgaeANUIAT External, Cross Waz Internal Periodic Response
Factors 289NN ULAZARAT ( X i, Ypi Zp;)

TusunsngaaATUandAT Cross Response Factors Waz Cross Periodic
Response Factors 1ne3a FDR Method
TsunsueiasiAuanirnduilsz@nsaas Polynomial s-transfer function 2@
7% FDR Method

TUsunsueiagAILatLAN Heat gain

TgunsneiagA19nsA0 Radiant Time Factors (RTF)

Telsunsugiaenuun ArGNELlUN3AIMUAN Radiant Time Factor (RTF)
gsaunuldsunsugias RTFF
‘EﬂiLma‘m’@ﬂéﬁmmﬂ'ﬁmm%’ﬂu@m%mmmm@ﬂLﬂﬁﬂui"ﬁﬁ?iumq
gasiufanelilaldsniulleunsusian RTFF

T1lsunsngiaaAmniiant Cooling load taeiad RTSM

T lsunsusesldgmsnsnnts Auikan1sA LA aLanINa

Tugtaas Text g

%4 1
PAIANNNI AN ULAR T FUNTNAZAS Text Iaaunnlnesmn LR iNaldnina

tsznavudas 7 M4Aa

CLTD:txt
HEATGAIN.txt
RTF.txt
LOAD.txt
XPREF.txt
YPREF.txt
ZPREF.txt

LAANNANITANWINGAY CLTD (-°C )
LAAIHANITATUINLAN Heat gain (W /m2)
WAPNHANIIANWINAN RTF (1531dag)
WAANNANITANUINIANINNTENNINIANET Y (W / m?)
WAMINANITANLIRLAN External PRF (W /m2.K )
WAASNANITANWITUAT Cross PRF (W /m? K )

WAASNANITAITUAN Internal PRF (W /m?.K )



uUNN 4

NANITANWINILAZANUS 1 8NAaNITATUIY

NN9ANUILAT CLTD AMSUNINUAZA9ANAINAN Periodic Response Factors,
(PRF) @nansnnanaldantieminae iun1aAiamEaeaa Radiant Time Series Method,
(RTSM) ilngannAn PRE a¥ldlunnsAnuanidn Heat gain ﬁL‘ﬁﬂ@ﬁsﬁu%\i 24 Faludlu 1 fu
TneifiFn Heat gain fifaluslae azgnuiiailu 2 doufle 1. navnprafeuieaziduniszng
ﬁqmmﬁuﬁ%ﬁmﬁuj ez 2. nsufidnnafenisgnazanliluhenasteufiaz
Azaanuglauluntevas 413t Heat gain lugausesnsuifdilaziedlden Radiant
Time Factor, (RTF) e AsuAT Heat gain ’Lﬁl,ﬂumm@zmafﬁﬁmmuﬁu‘ﬁ%ﬁmﬁuj !
mmammmi:mw‘hmmLﬁuﬁﬁﬂ@ﬁsﬁuﬁ%ﬁmim AZYINTLNATINYBINITENNTNNAIN
Lfﬁuﬁ%ﬂmﬁuj Ha 2 doudneiu waznsznsianuiuiiazgnin A wanien CLTD
il

¥
=R

Tun93dailaz 19l sunsuniss A F2aUNa A TUILAY CLTD AINAN9N95U T9ay
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o =2 ] ' [ % dij
mmmm:mflumumm AN

A o

1. N1IANUITUAN PRF #22R3 Direct root Wilkleiili 2 35 Aa A uuanAn CTFs

WAZANUITLANN Response Factors
2. NNFANUANLAN PRF.$n293 FDR Method
3. NITANUITLAN RTF

4. NNTANMITLAN CLTD
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4.1 NANNSANWITUAT PRF A2298 Direct root
4.1.1 ANITANUITUAT PRF /1nA1 CTFs

N13ANUITUAT PRF a1nA1 CTFs 11 ASHRAE Handbook of Fundamental 1997
(Spitler and Fisher, 1999a) WL41A1 PRF 2840t NANANNARIALAARWAY 1% H 6 TRA
Aa Wall 30, Wall 31, Wall 35, Wall 36, Wall 37, Wall 38 WAZHAIANIRAIAINNARIALARDL

A1 1% H 2 91iAAa Roof 37 WAZ Roof 38 A liunns199 4.1
dl a o o dld dl a
AN 4.1 LAASTRANTRULAZUAIANHANINARIALARDULNY 1%

Tun13AUI AT PRF a1nA1 CTFs Order 6

AU | FUANUILAZUAIAT AHARIALARDY (%)
1 Wall 30 3.38
2 Wall 31 5.96
3 Wall 35 16.42
4 Wall 36 # 0.35 (1.03)
5 Wall 37 29.33
6 Wall 38 31.41
7 Roof 37 3.12
8 Roof 38 7.92

ASHRAE : {11 41 9ip uwaznadml 42 1iin
(Spitler and Fisher, 1999) WUAMNAAIALARDLLTL 1% ANWIU 7 1A
#(Chen.and Wang, 2004) WURINNARALAAELLTY 1% A91a1 8 11ia

AR ALAAeL= | (2 Yp-U)u | x100%

! dl 1 o o Aa d’/ a d%, pry [
AIANNARIALAADUTIRIAT PRE 189N TIRLAZHAIAINIMNY 1% WiNATWUaIaINNNT 1
{ dld = 1 [ ' Z// dl & a o o o [ %
A1 CTFs WNﬂQWN@ZL@H@@%iM?%@U Order 6 MUU sﬁ\‘iu’i’]?;lLﬂuiﬂ@WW?UNuQLLZ\]ZM@\?ﬂW

szinnnast AansanlfainAIdulssdnTn12018ANNIaUIINIRININTY 6 TUALAY

v
waIA1a 2 atianAualiaindl PRF, (U

v
o o

Fausqnay, (U,) Asdunislden CTFs Tumiiuaziden Order 6 dwiuaiiauazndanannn

2 -
o) WuavteandiAdnlss@nanistnamanu

a7a1u Az lRaANAAIALAAR L lLN1TANWI AN PRF Tunilatasudsmtunsaiialé
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NN9AMUIUAT PRF AN CTFs THONAeatiu AsasnsnagatAugnsiadtedsn

CTFs Taein1sAuanianuaumnenaed CTFs new tneldann1sn (4.1) wWudaniuundnen

dulsrAnsnistrawanniausannaiuanlaainda CTFs, U, darlndipasiuduilsc@na
1 % a £ 1 = Aﬂl 1 o dl o 2 ai o

nsonamanfausnasy, U, et luauaz@aaneslussaumeaniuld fauniaztinun

ANUIDLAN PRF el

IU (2002) Oklahoma State University, Stillwater #Wmwnltsunsy PRF/RTF
Generator a1 aqagldAn CTFs NANNsAAN Order M1l U, danlndlpasiu U,
v lAuanuen Cross PRF ANNANNET 2.83 WaTiliABAT PRF 189NiiauasndgaIyn

a a 4 o a [ I adé}l 3| o 1 = [
fupNANYNAagluIzALIALNALAY CTFs 35iaziilunisAIuaien CTFs 1NeseAU Order
winsasnIsuazimuarNgnaedlatAINAaIAARaTIasAN  U-Factor 16 Tlaqiiu
TisunsuilAnuanien Cross PRF MNENAIAZY . wazannisasagaunulsunsudnmang
ARIALARDUEANNGN 1% NNNTIL AIMFUNTR 41 THa uaz naIA 42 ailalaanien U, <U,

NnTiA
ANTATUITUAT PRF a1ne1 CTFs d1x1sannlel 2 75 As
1. 4@ CTFs Order 6 a1nsN979 1 ASHRAE Handbook of Fundamental 1997
2. V1 CTFs AfinnsAnans Order (TLlsunsu PRF/RTF Generator)

A1 Cross PRF AMSLILHILATHAIANTINAYINAAIALARDWNYE 1% Aelumnaan 4.1
AzgnATUInAINY 2 35 Taefiadiluds Direct root ¥4 2 35 e hulsauiaududs
Direct root wuLldAn Response Factors Gaiflultlsunsnilseing dauandlunnsei 4.3-4.4

uazgiln 1-8
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4.1.2 HaN19ATUIUAT PRF A1nA1 Response Factors

N13ATUIUAT PRF annAN Response Factors laglfanunumanaas Response
Factors, (Y;) 120 wau (Spitler, et al. 1997) ANMFUNIN 41 THALATUAIAN 42 A AN
AN (2.70) TULMT 2 WUIAN PRF 204ui5aRiANANNAAALAREAL 1% 1T 6 1lia A8
Wall 28, Wall 29, Wall 35, Wall 36, Wall 40, Wall 41 LL@ZMﬁQﬂ’]ﬁﬁﬁ’]ﬂ’ﬂNﬂ@ﬁﬂLﬂgﬂuﬁu
1% H 9 T9A AB Roof 24, Roof 25, Roof 33, Roof 34, Roof 38, Roof 39, Roof 40, Roof 41

LAy Roof 42

FNANNARNAIARETLEIAT PRF Terauasdeniiin 1% Hidstuiiesannnisld
RMUIUNBNLBY Response Factors, (Y;) vaenfulyl aannnasnuaunLn ANl szAnanis
e mAseuIINTedHTIas 6 Tlluazudannns 9 iafiduandldanan PRE, (U.) Ty
aztiosnininduilsyAnsnnamngimaniateusnsss,  (U,) fadunnsldAn  Response
Factors LieN 120 waw a‘?’mi?"umﬁm@wﬁamnﬂmﬁmﬁu aginiRnauparapdenly

ANTANUITLAN PRF TN UAZUAIANLNSTRR b6

NN9ANUILUAN PRF ANnAT Response Factors ‘Lﬁgﬂﬁmﬁu ANFAZAIVRAALAINN
QNAa31839A Response Factors, (Y;) 1A8N12AIWIMAUIUNGNTEY Response Factors
e Taeldaunnsi (4.2) \usatauadn Az ananistng manuFausaniia ey
anA1 Response Factors, U, A1 lndiAssiudutlss@ninastnamannuieusuas, U,

TiatTuanaviaaniiag lussaumaaniuls neunaziiuiAIWIMA PRF sialdl

U, :ZYJ- (4.2)

j=0

ﬁ'ﬁmimfmmmmugﬂé’l@wmm Response Factors, (Y;) An A IUILINaN T

Y, Gusiui 24 wan uaiinauaias 24 wan aunseisdn U, daananaeuliifiund

1% N7 FANUILNANUD Y, Aazinl1EA1IUAY PRF 999Nt 41 IRALATAAIAT 42

TTA WANUILFIE 24 INaNAUDG 240 Wan delnaniliruaainlAdauaas PRF JAn T

a !

iU 1% M Y| g (fdeaniaanuaaiaipdeuitesndiiisunsalaauenluldsuney

%

1 ] v 1 1
) HTRNTANANNARIALAABUNU 1% 919 6 TRA LATUAIANTNNAIANNAAIAAADLLNL 1%

—
Dy

o ' 17

19 1tin Asinadnesiu gnianAuaslnsiiven Beunauauansun99n 4.2

See



57

AN997 4.2 1FaUieUANAAIAAAALAadAY U-Factor tiald Y, ARNUIUNAN 120

wanAung A umaNtlsiunn A uaataeaauluiie 1%

FUANI AUIULNAN Y, A9 AUIUNAN Y, wilFmn error < 1%
WAZUAIAN | error (%) | AMUIUMAN Y, | error (%) AUIULNEN Y,
Wall 28 2.40 120 0.49 168
Wall 29 3.07 120 0.69 168
Wall 35 2.85 120 0.61 168
Wall 36 6.18 120 0.56 216
Wall 40 1.08 120 0.40 144
Wall 41 3.04 120 0.65 168
Roof 24 1.53 120 0.64 144
Roof 25 5.48 120 0.91 192
Roof 33 1.58 120 0.65 144
Roof 34 4.58 120 0.63 192
Roof 38 2.31 120 0.45 168
Roof 39 1.74 120 0.71 144
Roof 40 1.77 120 0.72 144
Roof 41 4.50 120 0.57 192
Roof 42 8.03 120 0.82 216

AWM ANINA 4.2 NUFIANARIALARDLADIAY PRF @un3ntl5ulesli
analdlnenismeadausiumentes Y, Teaziflunisduaudn PRF ignsaslussdu

dl -dl % % Aﬁl a a rdg’ o -ﬂl ra
mmﬂmmmmummmmﬂm Sﬁﬂmwmuwuﬁumuummmﬂmmm@@uif?lumu 1%

Lﬁ@\‘m’m Response Factors duaimauuiemg ﬁa&uﬁaﬂ’m%‘nﬁﬂnﬁ%‘ Direct
root WwuLldAN Response Factors, ) furnvanilsiuiivi lsianunaaARay
aaaAn U-Factor 'Lt 1% 91511l ausiungs (Exact solution) laanuuiumile uazay
¥R uanuAn Cross PRF dmsuniiauazndennlumised 4.1 999 ASHRAE iatilyl
W FeUFeUANNARNAARAURLAR Direct root (CTFs) panauBeudiends 3 3auandly

P3N 4.3-4.4 UAr31N 4.1-4.8



A13197 4.3 1W3IeLLfeUAn Cross Periodic Response Factors ANUIUANAE Direct root

Wall 30 Wall 31 Wall 35 Wall 36
] Yp()" Yp()# Yp(@ Yp()* Yp()# Yp(@ Yp()* Yp()# Yp(@ Yp()* Yp()# Yp(@
0 | 0.008359 | 0.008402 | 0.008599 | 0.005447 | 0.005794 | 0.005809 | 0.008953 | 0.010832 | 0.010857 | 0.015236 | 0.015212 | 0.015211
1| 0007494 | 0.007551 | 0.007532 | 0.004959 | 0.005306 | 0.005203 | 0.008625 | 0.010512 | 0.010372 | 0.014875 | 0.014855 | 0.014614
2 | 0.006735 | 0.006911 | 0.006879 | 0.004517 | 0.004878 | 0.004824 | 0.008307 | 0.010196 | 0.010129 | 0.014543 | 0.014546 | 0.014403
3| _0.006422 | 0.007033 | 0.006625 | 0.004244 | 0.004697 | 0.004574 | 0.008057 | 0.009966 | 0.009886 | 0.014439 | 0.014525 | 0.014327
4| 0.007316 | 0.008483 | 0.007675 | 0.004513 | 0.005182 | 0.004914 | 0.008066 | 0.010025 | 0.009931 | 0.014863 | 0.015025 | 0.014810
5 | 0.009632 | 0.011121 | 0.010204 | 0.005547 | 0.006308 | 0.006053 | 0.008487 | 0.010484 | 0.010411 | 0.015736 | 0.015918 | 0.015744
6| 0.012755 | 0.014274 | 0.013519 | 0.007118 | 0.007947 | 0.007725 | 0.009241 | 0.011242 | 0.011225 | 0.016737 | 0.016903 | 0.016785
7 | 0.015883 | 0.017262 | 0.016784 | 0.008798 | 0.009639 | 0.009484 | 0.010108 | 0.012094 | 0.012143 | 0.017622 | 0.017766 | 0.017688
8 | 0.018478 | 0.019656 | 0.019449 | 0.010256 | 0.011078 | 0.010991 | 0.010902 | 0.012871 | 0.012974 | 0.018294 | 0.018415 | 0.018360
9 | 0020311 | 0.021283 | 0.021294 | 0.011330 | 0.012116 | 0.012085 | 0.011525 | 0.013479 | 0.013616 | 0.018741 | 0.018843 | 0.018799
10 | 0021364 | 0.022149 | 0.022311 | 0.011989 | 0.012730 | 0.012736 | 0.011948 | 0.013889 | 0.014044 | 0.018990 | 0.019075 | 0.019033
11| 0021729 | 0022352 | 0.022608 | 0.012271 | 0.012962 | 0.012992 | 0.012184 | 0.014114 | 0.014273 | 0.019076 | 0.019147 | 0.019103
12| 0021538 | 0.022022 | 0.022330 | 0.012245 | 0.012884 | 0.012927 | 0.012262 | 0.014181 | 0.014335 | 0.019036 | 0.019093 | 0.019045
13 | 0.020926 | 0.021294 | 0.021623 | 0.011985 | 0.012572 | 0.012620 | 0.012217 | 0.014124 | 0.014268 | 0.018898 | 0.018943 | 0.018892
14| 0020014 | 0.020287 | 0.020617 | 0.011555 | 0.012094 | 0.012143 | 0.012077 | 0.013972 | 0.014104 | 0.018688 | 0.018722 | 0.018666
15 | 0.018903 | 0.019100 | 0.019418 | 0.011009 | 0.011506 | 0.011552 | 0.011867 | 0.013752 | 0.013870 | 0.018423 | 0.018449 | 0.018389
16| 0.017673 | 0.017811 | 0.018110 | 0.010393 | 0.010851 | 0.010894 | 0.011607 | 0.013484 | 0.013567 | 0.018120 | 0.018138 | 0.018075
17 | 0.016387 | 0.016480 | 0.016756 | 0.009737 | 0.010164 | 0.010203 | 0.011312 | 0.013183 | 0.013271 | 0.017790 | 0.017800 | 0.017735
18 | 0.015089 | 0.015152 | 0.015403 | 0.009067 | 0.009470 | 0.009504 | 0.010994 | 0.012861 | 0.012935 | 0.017441 | 0.017445 | 0.017378
19 | 0013815 | 0.013857 | 0.014083 | 0.008400 | 0.008784 | 0.008814 | 0.010660 | 0.012526 | 0.012587 | 0.017080 | 0.017078 | 0.017011
20 | 0.012586 | 0.012618 | 0.012820 | 0.007750 | 0.008121 | 0.008146 | 0.010319 | 0.012185 | 0.012233 | 0.016712 | 0.016706 | 0.016638
21 | 0.011418 | 0.011447 | 0.011626 | 0.007125 | 0.007486 | 0.007508 | 0.009974 | 0.011843 | 0.011879 | 0.016341 | 0.016331 | 0.016262
22| 0.010322 | 0.010352_ | 0.010511 | 0.006531 | 0.006885 | 0.006904 | 0.009630 | 0.011502 | 0.011526 | 0.015970 | 0.015956 | 0.015888
23 | 0.009301 | 0.009338 | 0.009478 | 0.005971 | 0.006322 | 0.006338 | 0.009289 | 0.011166 | 0.011179 | 0.015601 | 0.015584 | 0.015517
> | 0344450 | 0.356235 | 0.356254 | 0.202757 [ 0215726 | 0.214943 | 0.248611 | 0.294483 | 0.295635 | 0.400252 | 0.410475 | 0.408373
U 0.356506 0215610 0297442 0.410678

e 338 | 008 | 007 506 | 005 [ 031 1642 | 099 | 061 035 | 005 | 056

e = | (Z-UyU | x100%

* Based on CTFs order 6

# Based on CTFs check order (PRF/RTF Generator)

@ Based on Response Factors with check nunber of terms (Exact solution)
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R399 4.3 WU uAn Cross Periodic Response Factors #A1U04a1N33 Direct root )

Wall 37 Wall 38 Roof 37 Roof 38
j Yp() Yp()# Yph@ Yp@)" Yp()# Yp(@ Yp() Yp()# Yph@ Yp()" Yp()# Ypl@
0| 0005075 | 0.007652 | 0.007704 | 0.005342 | 0.008252 | 0.008307 | 0.007526 | 0.007731 | 0.007693 | 0.006529 | 0.007091 | 0.007098
1| 0004578 | 0.007175 | 0.007099 | 0.004934 | 0.007859 | 0.007778 | 0.007211 | 0.007414 | 0.007249 | 0.006304 | 0.006859 | 0.006761
2| 0004101 | 0.006729 | 0.006704 | 0.004541 | 0.007479 | 0.007459 | 0006915 | 0.007120 | 0.007020 | 0.006088 | 0.006644 | 0.006593
3| 0.003678 | 0.006389 | 0.006304 | 0.004196 | 0.007170 | 0.007129 | 0.006744 | 0.006989 | 0.006865 | 0.005925 | 0.006522 | 0.006434
4| 0.003464 | 0.006331 | 0.006124 | 0.004046 | 0.007103 | 0.007014 | 0.006954 | 0.007272 | 0.007119 | 0.005973 | 0.006651 | 0.006514
5 | 0.003668 | 0.006694 | 0.006378 | 0.004285 | 0.007437 | 0.007316 | 0.007624 | 0.008007 | 0.007844 | 0.006347 | 0.007089 | 0.006943
6 | 0004333 | 0.007448 | 0.007098 | 0.004939 | 0.008150 | 0.008042 | 0.008549 | 0.008966 | 0.008814 | 0.006960 | 0.007722 | 0.007609
7| 0.005295 | 0.008436 | 0.008120 | 0.005839 | 0.009076 | 0.009016 | 0.009473 | 0.009898 | 0.009765 | 0.007621 | 0.008381 | 0.008312
8 | 0006341 | 0.009471 | 0.009225 | 0.006779 | 0.010024 | 0.010020 | 0.010235 | 0.010654 | 0.010539 | 0.008192 | 0.008942 | 0.008909
9 [ 0007307 | 0.010407 | 0.010239 | 0.007608 | 0.010845 | 0.010895 | 0.010777 | 0.011180 | 0.011081 | 0.008612 | 0.009351 | 0.009340
10 | 0.008096 | 0.011157 | 0.011058 | 0.008251 | 0.011472 | 0.011560 | 0.011100 | 0.011483 | 0.011397 | 0.008874 | 0.009601 | 0.009600
11 | 0008671 | 0.011687 | 0.011641 | 0.008687 | 0.011883 | 0.011994 | 0.011233 | 0.011596 | 0.011520 | 0.008998 | 0.009711 | 0.009714
12| 0009032 | 0.017995 | 0.011987 | 0.008929 | 0.012090 | 0.012218 | 0.011216 | 0.011558 | 0.011491 | 0.009010 | 0.009709 | 0.009712
13 | 0009198 | 0.012102 | 0.012118 | 0.009003 | 0.012123 | 0.012248 | 0.011084 | 0.011406 | 0.011346 | 0.008939 | 0.009623 | 0.009623
14| 0009196 | 0.012037 | 0.012068 | 0.008941 | 0.012016 | 0.012137 | 0.010869 | 0.011173 | 0.011118 | 0.008806 | 0.009475 | 0.009471
15 | 0.009056 | 0.011834 | 0.011872 | 0.008771 | 0.011800 | 0.011974 | 0.010595 | 0.010883 | 0.010833 | 0.008630 | 0.009285 | 0.009278
16| 0008805 | 0011522 | 0.011564 | 0.008519 | 0.011504 | 0.011609 | 0.010283 | 0.010556 | 0.010511 | 0.008425 | 0.009066 | 0.009056
17 | 0008467 | 0.017130 | 0.011172 | 0.008205 | 0.011162 | 0.011246 | 0.009946 | 0.010206 | 0.010165 | 0.008201 | 0.008829 | 0.008816
18| 0.008063 | 0.010682 | 0.010721 | 0.007845 | 0.010763 | 0.010846 | 0.009595 | 0.009845 | 0.009806 | 0.007965 | 0.008581 | 0.008567
19 | 0007610 | 0.010196 | 0.010232 | 0.007453 | 0.010351 | 0.010424 | 0.009239 | 0.009479 | 0.009444 | 0.007723 | 0.008328 | 0.008313
20 | 0.007124 | 0.009689 | 0.009721 | 0.007040 | 0.009927 | 0.009990 | 0.008884 | 0.009115 | 0.009082 | 0.007479 | 0.008074 | 0.008058
21 | 0.006617 | 0.009172 | 0.009201 | 0.006616 | 0.009500 | 0.009553 | 0.008532 | 0.008756 | 0.008726 | 0.007236 | 0.007822 | 0.007806
22 | 0.006101 | 0.008657 | 0.008682 | 0.006187 | 0.009076 | 0.009120 | 0.008187 | 0.008405 | 0.008377 | 0.006996 | 0.007573 | 0.007557
23 | 0.005585 | 0.008148 | 0.008170 | 0.005761 | 0.008659 | 0.008694 | 0.007852 | 0.008064 | 0.008037 | 0.006760 | 0.007330 | 0.007313
> | 0159461 | 0.226740 | 0.225202 | 0.162717 | 0.235708 [ 0.236524 | 0.220623 | 0.227756 | 0.225842 | 0.182593 | 0.198259 | 0.197397
U 0.225632 0237248 0227739 0.198295

e 2933 [ 049 | 019 3141 | 065 | 031 312 | 001 [ 083 792 | 002 | 045

e = | (Z-UyU | x100%

* Based on CTFs order 6

# Based on CTFs check order (PRF/RTF Generator)

@ Based on Response Factors with check nunber of terms (Exact solution)
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AN9NT 4.4 1T UNEUAMNARIAAAALAAIAT U-Factor AMINNN9AIUINLAN PRF pneina

Direct root
AR | TUANWS 27194 Order A7U92U Order AUIULNAN Y,
T aag CTFs Agfl 299 CTFs wiseiu | wismn error 1%
wadA1 | error (%) | Order | error (%)| Order |error (%)| wnau
1 Wall 30 3.38 6 0.08 11 0.07 72
2 Wall 31 5.96 6 0.05 11 0.31 72
3 Wall 35 16.42 6 0.99 12 0.61 168
4 Wall 36 Q=35 6 0.05 11 0.56 216
5 Wall 37 29.33 6 0.49 8 0.19 96
6 Wall 38 31.41 6 0.65 12 0.31 120
7 Roof 37 B, 12 6 0.01 1] 0.83 120
8 Roof 38 7.92 6 0.02 12 0.45 168
17;34’] 1.93 CTFs m‘ﬁl Spitler and Fisher (1999)
2. 3% CTFs wilaffu Tilsunesl PRF/RTF Generator "Oklahoma State University"
3. 78 Response Factors,(Y}) A uanmanutlsi (Wsunsuisehing)
0.025
0.020 |
< 0.015 -
Né —e—CTFs Order 6
§ —a— PRF/RTF Generator
E —— Exact Solution
>0.010 1
0.005 |
0.000

Time (hour)

012 3 456 7 8 91011121314151617 1819 20212223

917 4.1 Wlsauiauen PRF dmiuniiaaiindl 30 1A11904ANa5 Direct root




0.014

0.012

0.010 A

0.008

61

0.006 5

Yp; (W/m*K)

0.004

N

0.002 A

0.000

012 3 456 7 8 91011121

Time (hour)

3141516 171

8192

02

12223

——CTFs Order 6
—&— PRF/RTF Generator
—a— Exact Solution

U7 4.2 ulsaufiguea PRF A iuamieniinil 31 AANw9annas Direct root

0.016

0.014 A

0.012

0.010 A

0.008

Yp; (W/m?.K)

0.006

0.004 -

0.002 A

0.000

012 3 456 7 8 91011121

3141516171
Time (hour)

8192

02

12223

——CTFs Order 6
—&— PRF/RTF Generator
—a— Exact Solution

917 4.3 Wlsaiauen PRF dmiuniiaaiindl 35 1A11904aNa5 Direct root




Yp; (W/m*K)

Yp; (W/m?.K)

0.025

0.020

0.015 4

0.010

0.005 A

0.000 T T T T T T

012 3 456 7 8 91011121

Time (hour)

3141516 171

62

——CTFs Order 6
—&— PRF/RTF Generator
—a— Exact Solution

U7 4.4 ulsaufiguen PRF A uatieniinil 36 MANW9wanaa Direct root

0.014

0.012 A

0.010 A

o \'\'\-q/////
0.006 1

0.004 \

——CTFs Order 6
—&— PRF/RTF Generator
—a— Exact Solution

0.002 A

0.000 ————————

012 3 456 7 8 91011121

Time (hour)

3141516171

917 4.5 ulsaiauen PRF duiuniiaaiindl 37 1A11904ana5 Direct root




Yp; (W/m*K)

Yp; (W/m?.K)
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0.014

0.012

0.010 A

S oue | /——4—0\‘\

——CTFs Order 6
—&— PRF/RTF Generator
—a— Exact Solution

0.006 -

0.004

0.002 A

0.000 T T T T T T T T T T T T T T T T T T T
012 3 456 7 8 91011121314151617 1819202

Time (hour)

12223

7U7 4.6 wlsaufiguea PRF A miuatieniinil 38 NAIw9wanaa Direct root

0.014

0.012 A

0.010 A

0.008

——CTFs Order 6
—&— PRF/RTF Generator
—a— Exact Solution

0.006 -

0.004

0.002 A

0000 —/——m———————— T
012 3 456 7 8 91011121314151

Time (hour)

617 18 19 20 2

12223

917 4.7 Wlsauiiauen PRF dmiunasanaiindl 37 1A11904ANa5 Direct root
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0.012

0.010

0.008 ~

——CTFs Order 6
0.006 | e

~~— —&— PRF/RTF Generator
—a— Exact Solution

Yp; (W/m*K)

0.004 A

0.002 A

0.000 T T T T T T T T T T T T T T
012 3 456 7 8 91011121314151

Time (hour)

6 17 18 19 20 2

12223

7U7 4.8 wlsauiguAa PRF A15undsnnaiing 38 f1AMauanas Direct root

Wan90u19Ng U 1-8 Wudaen Cross PRF @1n3a CTFs Order 6 Hentiasigauas

A P o i ¥ y 10 o aal
ﬂﬂmllﬂ@q@Lﬂ@@uﬂqﬂW@‘ﬂQﬁuquLN@’]@ﬂqu"JMﬂq Cross PRF Iﬂgﬂmfﬂ\ﬂm LEIRANTLIT

a

Response Factors kaz 31 CTFs ANN13AN198S Order HANINAALNTUNIN LazdanAaes

AuANAAIAARIUA AN 1% A9R13999 4.4 Taenal U, Aaunuldazdenndn U, n

=

= 9 = X A Y v o X
Nt Gﬁ\‘m’mE”Iﬂ’)’ﬁdﬂ@’]ﬂLV’W@@u@ﬁﬂﬁ"]ﬂ@t@ﬁﬂum‘ﬂﬂ@’mmﬂ']L?.I’WSLﬂ@ﬂ’] Ua HINENTU

agnalsAimIn A1 CTFs knnsAuans 2 4umew tuunieil 33 Response Factors AN1904

v ¥
1

e 1 Tunan wana1niaa: Response Factors H4a@nqn CTFs AlN13AWI0U Order pail
1. HAHUNITRNFININZHNNNAIABLILHUATS
. d v
2. MuuaANAaIALAREL LA

v
3. AIUANLAN External, Cross WAy Inside PRF o4 3 nall

Faviuns@aniAn PRF 10e3 Direct root aviiaa Response Factors lugeal
ANgneed 1% (Tsunsndsehng) et BenieuAnAa FOR Method lugnausialyl
uazdmiuAn Cross PRF ands Response Factors luszdtianiugneies 1% (Mlsunsw
Usrhnd) 1096108 41 TUA UASUAIAN 42 TiA 389 ASHRAE el lunnAEuIn A N3

A1 LAY A.2 ATNANAL
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4.2 HAN15ANWINAN PRF 1aeds FDR Method

ATAUITUAN PRF 1peR3 FDR Method Taelld Frequency range 10° fa 10°

1

_ dl | 1 aidl ¥ o o . v o
rad.s™ FUIUTNANNDINNINNALINTL Sol-air temperature walganNuaL Frequency

point 21191 50 n Tun13anans Polynomial s-transfer function

G(s :ﬂ°+ﬁls+ﬂ2:2+"'+ﬂrfnr __B() (4.3)
1+ oS+ a8° +-+ +ans" 1+ A(s)

6\

AINN1IANUINLAT PRF 19833 FDR (T1)aunanilas@eg) wudnen r was m muaunng

d9

1
=

1 (4.3) 489 Polynomial s-transfer function firfoavitanniAwliazinld nimaes PRF &
W T uANANANN AR NERN WA (Response Factors) asnaiuladn ﬁmamﬂﬁmngﬂﬁ'
4.10 B 4.17 wananiganidanasiden Polynomial s-transfer function aNA1 r LAz m N
TAAIUIWA PRF UAINUIIAY U-cal ALARTIALAREUATN U-actual Tiagann (Haendn
0.001% FANIUNANNAITNGT 4.5 — 4.8) YANIT vl ananT0AsIAdeLUANLARIALAREL
anAN U-Factor 1§ #adun r tay m gecuasudeanusazsiafiinlidites PRF

INAALIALNAANS UNUATITIY AX TR T LARINAULUUHNIA D INTUAAIANT AT

A a o a @ o ' a ° A o '
LHANANTEUNNUNTUAN 38 WIUFNREINNITABN LA AR Imﬂ‘V]L@’ﬂfﬂfﬁ@qﬂﬂq r e

m 4 gasasia llu

ﬁmﬁ r m
1 8 8
2 8 9
3 9 9
4 9 10

AINNTTATUIUNLANAY R? 711NA 1 AgnPe R? = 0.9999994705 wuAaganas

Polynomial 11 Order r=8 uay m=9 auilaNanIanaINgLN 4.9 azwiuladnpaidunaui

o 1

vy o . = @ A4 ' ~ o =
TSR ALNAANS LN WATNAR 'ﬂEI’NVL‘Eﬂﬁl’mLll’ﬂW’QW‘EﬂA’]@’mZ\i"Ju‘LIEI'WEI?J@\?gﬂVI 4.9 ENWLAN

q

' 1
%

1 o aaa d’lﬁ = 1 o -8 1 [ L4 dj 3| d‘
AILUUAINRAINANQAUNEINAITNLUANAINAITNINRANTUNUANDELANUDE T unNIIRIAN

q

1 v 1 %
ARNALAAALIAIAT PRF 111189 A91UAAIALAREULANAT PRF J51AZIAAAINAHNLANGY

299U1111A1493784_Polynomial il Exact solution M93LILLILANADNANAATRINIIRTHAT

1
=

38 Ag Polynomial 1 Order r=8 WAz m=9
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0.25

0.02 \ T
7
oL + Exact B
/A — r=8,m=8
4 - —- r=8,m=9
-0.02 - — r=9,m=9 -
— r=9,m=10
-0.04+ 7
-0.06 - 7
2008 .
O]
-0.1+ 7
-0.12+ 7
4.r=9, m= 10 (reject)
-0.14+ 7
-0.16 7
-0.18 I I | I I I
-0.1 -0.05 0 0.05 0.1 0.15 0.2
jo
: /
2.r=8m=9 A / s Ili)(ga(;:zg
-0.016 - \ ~ - r=8:m=9 1
- / —  r=9,m=9
Exact / — r=9,m=10
-0.0165 - / .
/// \ / \4. r=9, m=10 (reject)
-0.017 Lr=8m=8 ? ]
’ / 3.r=9,m=9 ,
-0.0175} / \ / 1
// /
/ /
-0.018 | | | | | | | | | | L]

-0.0546 -0.0544 -0.0542 -0.054 -0.0538 -0.0536 -0.0534 -0.0532 -0.053 -0.0528 -0.0526

Jo

31l7 4.9 ulsaLWeUA1 Polynomial s-transfer function fiu Theoretical Frequency

Characteristics, (Exact) RAM5ULISIRAT 38 wazdutens
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Lf;fﬂsl‘gﬁﬁ’] r wag m A88 Polynomial s-transfer function (Lafﬂﬂfmmﬁmmﬁ‘ 2.119)
ANVSUETS 6 900 LAY MAIAN 2 T0A 189 ASHRAE ANLAMLARNAAASWAY 1% 1133
CTFs azl@An1e9 PRF InduAeaiunadansidumsg (Response Factors) Fadfians0unann
gﬂ‘ﬁ 410 D8 4.17 aznudnpedunsiwaessn PRF ﬁ@gjslﬂﬁﬁuN@ﬁwﬁmumq*ﬁlzﬂmﬁum

uazHaf lAnuANAaIAAREUTRENTT 0.001% Y)NNTTY

WATAMFLAN Cross PRF a1n23 FDR Method (Tdsunsulsehng) aeautis 41 aila

LATUAIAN 42 1A 189 ASHRAE Uans I3 Tun1A[uan 9 a137199 9.1 LA 9.2 AMNAIALU



A1319% 4.5 1WFauey Order 184 Polynomial s-Transfer Function ASHRAE Wall type 30 wag 31

Wall 30 Wall 31

j Yp(j)* 5-5 Yp(j)* 6-6 Yp(j)* 7-8 Yp(j)* 11-11 Yp(j)# Yp()* 6-6 Yp(j)* 6-7 Yp(j)* 8-8 Yp(j)* 9-9 Yp()#
0 0.022637 0.001396 0.008526 0.036957 0.008599 0.014156 0.005595 0.005818 0.005376 0.005809
1 0.014874 0.005128 0.007657 0.007283 0.007532 0.008340 0.005098 0.005325 0.005131 0.005203
2 0.014443 0.011449 0.006901 0.006255 0.006879 0.008550 0.004550 0.004880 0.004731 0.004824
3 0.014077 0.017645 0.006644 0.005709 0.006625 0.008723 0.004222 0.004626 0.004526 0.004574
4 0.013780 0.022621 0.007692 0.006458 0.007675 0.008875 0.004519 0.004961 0.004916 0.004914
5 0.013553 0.025404 0.010219 0.008681 0.010204 0.009007 0.005648 0.006096 0.006108 0.006053
6 0.013397 0.025394 0.013533 0.011687 0.013519 0.009102 0.007303 0.007764 0.007840 0.007725
7 0.013313 0.022807 0.016796 0.014643 0.016784 0.009188 0.008971 0.009520 0.009664 0.009484
8 0.013300 0.018500 0.019460 0.017011 0.019449 0.009236 0.010311 0.011024 0.011240 0.010991
9 0.013354 0.013770 0.021304 0.018601 0.021294 0.009268 0.011274 0.012114 0.012397 0.012085
10 0.013472 0.010053 0.022322 0.019461 0.022311 0.009277 0.011970 0.012763 0.013095 0.012736
11 0.013648 0.008493 0.022619 0.019748 0.022608 0.009251 0.012487 0.013016 0.013368 0.012992
12 0.013873 0.009609 0.022341 0.019637 0.022330 0.009217 0.012818 0.012948 0.013286 0.012927
13 0.014140 0.013141 0.021634 0.019265 0.021623 0.009141 0.012909 0.012638 0.012928 0.012620
14 0.014436 0.018085 0.020626 0.018716 0.020617 0.009052 0.012732 0.012158 0.012373 0.012143
15 0.014749 0.022962 0.019426 0.018033 0.019418 0.008935 0.012320 0.011566 0.011688 0.011552
16 0.015062 0.026229 0.018116 0.017232 0.018110 0.008789 0.011743 0.010907 0.010931 0.010894
17 0.015360 0.026718 0.016761 0.016322 0.016756 0.008637 0.011065 0.010215 0.010147 0.010203
18 0.015623 0.023995 0.015406 0.015316 0.015403 0.008457 0.010326 0.009515 0.009367 0.009504
19 0.015832 0.018515 0.014086 0.014230 0.014083 0.008291 0.009544 0.008824 0.008616 0.008814
20 0.015966 0.011531 0.012821 0.013086 0.012820 0.008136 0.008736 0.008156 0.007906 0.008146
21 0.016003 0.004769 0.011627 0.011909 0.011626 0.008015 0.007926 0.007518 0.007247 0.007508
22 0.015919 -0.000042 0.010511 0.010722 0.010511 0.007971 0.007141 0.006913 0.006640 0.006904
23 0.015695 -0.001666 0.009478 0.009546 0.009478 0.007997 0.006401 0.006346 0.006088 0.006338
> 0.356506 0.356506 0.356506 0.356508 I 0.356254 0.215611 0.215609 0.215611 0.215609 0.214943
Y 0.356506 0.215610

e 0.000000 0.000000 0.000000 0.000561 | 0.070686 0.000464 0.000464 0.000464 0.000464 0.309355

e=|(Z-U)U | x100%
* = Based on FDR method with polynomial-s transfer function order r-m

# = Based on Response Factors with check nunber of terms (Exact solution)
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A1319% 4.6 1WTauey Order 184 Polynomial s-Transfer Function ASHRAE Wall type 35 wag 36

Wall 35 Wall 36

j Yp(j)* 6-7 Yp()* 7-7 Yp(j)* 7-8 Yp(j)* 10-10 Yp(j)# Yp()* 5-6 Yp(j)* 6-6 Yp(j) 7-8 Yp(j)* 11-11 Yp(j)#
0 0.010715 0.010826 0.010886 0.009283 0.010857 0.014694 0.015657 0.015218 0.018123 0.015211
1 0.010681 0.010545 0.010551 0.010880 0.010372 0.014767 0.014924 0.014855 0.014906 0.014614
2 0.010265 0.010208 0.010228 0.010475 0.010129 0.015881 0.014601 0.014523 0.014549 0.014403
3 0.009926 0.009953 0.009983 0.010142 0.009886 0.016982 0.014527 0.014444 0.014438 0.014327
4 0.009892 0.009987 0.010024 0.010090 0.009931 0.017983 0.015008 0.014924 0.014880 0.014810
5 0.010323 0.010462 0.010502 0.010471 0.010411 0.018697 0.015952 0.015855 0.015767 0.015744
6 0.011085 0.011270 0.011313 0.011183 0.011225 0.019008 0.017034 0.016893 0.016751 0.016785
7 0.011881 0.012176 0.012228 0.012001 0.012143 0.018897 0.017997 0.017793 0.017589 0.017688
8 0.012496 0.012980 0.013057 0.012738 0.012974 0.018432 0.018691 0.018464 0.018189 0.018360
9 0.012921 0.013592 0.013698 0.013308 0.013616 0.017791 0.019076 0.018899 0.018559 0.018799
10 0.013277 0.014001 0.014125 0.013699 0.014044 0.017193 0.019194 0.019131 0.018745 0.019033
11 0.013651 0.014239 0.014353 0.013938 0.014273 0.016848 0.019124 0.019199 0.018796 0.019103
12 0.014014 0.014338 0.014413 0.014063 0.014335 0.016886 0.018945 0.019139 0.018755 0.019045
13 0.014265 0.014322 0.014342 0.014102 0.014268 0.017312 0.018712 0.018983 0.018645 0.018892
14 0.014332 0.014209 0.014174 0.014075 0.014104 0.017997 0.018460 0.018756 0.018482 0.018666
15 0.014233 0.014015 0.013936 0.013987 0.013870 0.018706 0.018198 0.018476 0.018275 0.018389
16 0.014041 0.013756 0.013649 0.013844 0.013587 0.019168 0.017928 0.018160 0.018030 0.018075
17 0.013815 0.013449 0.013330 0.013648 0.013271 0.019159 0.017644 0.017818 0.017751 0.017735
18 0.013562 0.013108 0.012991 0.013404 0.012935 0.018577 0.017342 0.017459 0.017444 0.017378
19 0.013254 0.012747 0.012641 0.013117 0.012587 0.017485 0.017022 0.017089 0.017116 0.017011
20 0.012873 0.012375 0.012285 0.012795 0.012233 0.016109 0.016687 0.016714 0.016769 0.016638
21 0.012435 0.012000 0.011930 0.012443 0.011879 0.014776 0.016340 0.016337 0.016410 0.016262
22 0.011977 0.011626 0.011576 0.012071 0.011526 0.013827 0.015987 0.015961 0.016041 0.015888
23 0.011530 0.011257 0.011228 0.011684 0.011179 0.013504 0.015631 0.015588 0.015667 0.015517
> 0.297444 0.297441 0.297443 0.297441 0.295635 0.410679 0.410681 0.410678 0.410677 0.408373
Y 0.297442 0.410678

e 0.000672 0.000336 0.000336 0.000336 0.607513 0.000243 0.000730 0.000000 0.000243 0.561267

e=|(Z-U)U | x100%
* = Based on FDR method with polynomial-s transfer function order r-m

# = Based on Response Factors with check nunber of terms (Exact solution)

69



A9 4.7 WTaufay Order 284 Polynomial s-Transfer Function ASHRAE Wall type 37 iag 38

Wall 37 Wall 38

j Yp(j)* 6-6 Yp()* 7-7 Yp(j)* 8-9 Yp(j)* 10-10 Yp(j)# Yp()* 6-6 Yp()* 7-7 Yp(j)* 8-9 Yp(j)* 10-10 Yp(j)#
0 0.006499 0.008487 0.007679 0.007292 0.007704 0.005866 0.008644 0.008294 0.007293 0.008307
1 0.011594 0.008848 0.007199 0.006987 0.007099 0.011082 0.008590 0.007892 0.007457 0.007778
2 0.010979 0.008360 0.006737 0.006442 0.006704 0.010550 0.008163 0.007506 0.007010 0.007459
3 0.010261 0.008035 0.006333 0.005975 0.006304 0.009996 0.007923 0.007173 0.006647 0.007129
4 0.009524 0.007840 0.006150 0.005749 0.006124 0.009485 0.007775 0.007056 0.006531 0.007014
5 0.008828 0.007771 0.006401 0.005977 0.006378 0.009054 0.007752 0.007356 0.006859 0.007316
6 0.008220 0.007818 0.007119 0.006689 0.007098 0.008723 0.007936 0.008080 0.007637 0.008042
7 0.007732 0.007973 0.008139 0.007720 0.008120 0.008503 0.008355 0.009052 0.008686 0.009016
8 0.007384 0.008218 0.009242 0.008855 0.009225 0.008397 0.008923 0.010054 0.009787 0.010020
9 0.007191 0.008523 0.010255 0.009926 0.010239 0.008401 0.009480 0.010928 0.010784 0.010895
10 0.007154 0.008855 0.011072 0.010838 0.011058 0.008510 0.009904 0.011591 0.011596 0.011560
11 0.007271 0.009193 0.011652 0.011550 0.011641 0.008712 0.010208 0.012024 0.012198 0.011994
12 0.007531 0.009533 0.011997 0.012053 0.011987 0.008995 0.010509 0.012241 0.012592 0.012213
13 0.007917 0.009883 0.012127 0.012348 0.012118 0.009340 0.010905 0.012275 0.012787 0.012248
14 0.008406 0.010232 0.012078 0.012446 0.012068 0.009730 0.011366 0.012162 0.012796 0.012137
15 0.008970 0.010545 0.011883 0.012364 0.011872 0.010143 0.011730 0.011937 0.012638 0.011914
16 0.009579 0.010771 0.011576 0.012122 0.011564 0.010559 0.011843 0.011630 0.012335 0.011609
17 0.010198 0.010879 0.011185 0.011747 0.011172 0.010954 0.011688 0.011267 0.011916 0.011246
18 0.010790 0.010889 0.010735 0.011267 0.010721 0.011305 0.011419 0.010866 0.011410 0.010846
19 0.011323 0.010855 0.010247 0.010710 0.010232 0.011593 0.011218 0.010442 0.010847 0.010424
20 0.011762 0.010813 0.009736 0.010102 0.009721 0.011799 0.011135 0.010007 0.010252 0.009990
21 0.012074 0.010729 0.009215 0.009466 0.009201 0.011903 0.011029 0.009569 0.009649 0.009553
22 0.012229 0.010507 0.008694 0.008821 0.008682 0.011889 0.010695 0.009135 0.009055 0.009120
23 0.012214 0.010075 0.008181 0.008185 0.008170 0.011758 0.010059 0.008709 0.008486 0.008694
> 0.225630 0.225632 0.225632 0.225631 0.225202 0.237247 | 0.237249 0.237246 0.237248 0.236524
Y 0.225632 0.237248

e 0.000886 0.000000 0.000000 0.000443 0.190576 0.000421 | 0.000421 0.000843 0.000000 0.305166

e=|(Z-U)U | x100%
* = Based on FDR method with polynomial-s transfer function order r-m

# = Based on Response Factors with check nunber of terms (Exact solution)
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A1319% 4.8 1WTauey Order 184 Polynomial s-Transfer Function ASHRAE Roof type 37 1ag 38

Roof 37 Roof 38

j Yp()* 5-5 Yp()* 6-6 Yp()* 7-8 Yp(j)* 10-11 Yp()# Yp())* 6-7 Yp()* 7-7 Yp()* 8-8 Yp()* 10-10 Yp()#
0 0.017223 0.008509 0.007751 0.006396 0.007693 0.006937 0.007042 0.007100 0.006627 0.007098
1 0.009177 0.008110 0.007432 0.006928 0.007249 0.006889 0.006848 0.006866 0.006869 0.006761
2 0.009010 0.008950 0.007133 0.006667 0.007020 0.006575 0.006619 0.006643 0.006653 0.006593
3 0.008876 0.009625 0.006974 0.006568 0.006865 0.006351 0.006455 0.006483 0.006500 0.006434
4 0.008775 0.010113 0.007223 0.006898 0.007119 0.006399 0.006532 0.006561 0.006586 0.006514
5 0.008707 0.010382 0.007944 0.007718 0.007844 0.006814 0.006960 0.006989 0.007022 0.006943
6 0.008670 0.010407 0.008909 0.008799 0.008814 0.007432 0.007623 0.007653 0.007695 0.007609
7 0.008663 0.010251 0.009856 0.009880 0.009765 0.007997 0.008318 0.008355 0.008406 0.008312
8 0.008685 0.010000 0.010626 0.010802 0.010539 0.008392 0.008901 0.008950 0.009011 0.008909
9 0.008732 0.009759 0.011165 0.011502 0.011081 0.008688 0.009318 0.009379 0.009447 0.009340
10 0.008802 0.009640 0.011478 0.011970 0.011397 0.009002 0.009578 0.009638 0.009708 0.009600
11 0.008891 0.009708 0.011599 0.012216 0.011520 0.009348 0.009709 0.009750 0.009816 0.009714
12 0.008995 0.009973 0.011566 0.012261 0.011491 0.009629 0.009737 0.009747 0.009803 0.009712
13 0.009108 0.010375 0.011418 0.012128 0.011346 0.009749 0.009681 0.009656 0.009699 0.009623
14 0.009226 0.010793 0.011187 0.011850 0.011118 0.009712 0.009556 0.009504 0.009532 0.009471
15 0.009344 0.011078 0.010899 0.011458 0.010833 0.009598 0.009379 0.009310 0.009323 0.009278
16 0.009454 0.011091 0.010573 0.010989 0.010511 0.009471 0.009162 0.009087 0.009087 0.009056
17 0.009552 0.010749 0.010224 0.010473 0.010165 0.009328 0.008918 0.008846 0.008837 0.008816
18 0.009631 0.010056 0.009864 0.009939 0.009806 0.009123 0.008659 0.008596 0.008580 0.008567
19 0.009684 0.009117 0.009498 0.009408 0.009444 0.008836 0.008392 0.008341 0.008322 0.008313
20 0.009704 0.008119 0.009134 0.008898 0.009082 0.008497 0.008123 0.008086 0.008065 0.008058
21 0.009687 0.007285 0.008776 0.008420 0.008726 0.008156 0.007855 0.007832 0.007814 0.007806
22 0.009626 0.006818 0.008425 0.007982 0.008377 0.007839 0.007593 0.007583 0.007568 0.007557
23 0.009515 0.006833 0.008083 0.007588 0.008037 0.007533 0.007337 0.007338 0.007328 0.007313
) 0.227737 0.227741 0.227737 0.227738 0.225842 0.198295 0.198295 0.198293 0.198298 0.197397
U 0.227739 0.198295

e 0.000878 0.000878 0.000878 0.000439 0.832971 0.000000 0.000000 0.001009 0.001513 0.452861

e=|(Z-U)U | x100%
* = Based on FDR method with polynomial-s transfer function order r-m

# = Based on Response Factors with check nunber of terms (Exact solution)
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4.3 NaN19ATUIUAT Radiant Time Factors (RTF)
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4.4 HANTISATWINGA CLTD A1n28 RTSM
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FI1979% 4.10 A1 CLTD & mFuntiang A-G firnuanlngds RTSM (°C )
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F1999 4.11 A1 CLTD @ m3untiang A-G aan ASHRAE GRP-158 (°C )
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Group A Walls
N 8 8 8 7 7 7 7 71 6 6 6 6] 6 6 6 6 6 6 7 7 7 7 81 8
NE| 11| 11]11]10] 9 9 9 81 8 8 8 8 9 9 gl 101010 11111111111
E | 1313131312122 111111101111} 11|12 12] 13 13| 13| 14| 14]) 14] 14] 14| 14
SE| 13| 13| 13|12y 121111111010 1010} 10 11| 1112 12| 13| 13| 13| 13| 13| 13| 13
S| 1|11 p11gp10f]10| 9 91 9 8 8 8 8 8 81 8 9 9l 10 11 11|11 11| 11
SW| 14| 1414131131312 12111 11]11}110] 9 9 91 9 10| 11| 11| 12] 13| 13| 14| 14
W15 1514141141131 131 13121121 11| 11| 11| 10| 10] 10 10| 11| 11| 12| 13| 14| 14| 14
Nwl 1212122111111 ]11]10} 9 9 9] 8 8 8 8] 8 8 8 9 9|10 11| 11] 12
Group B Walls
N 8 8 8 7 7 6 6 6 5 5 51 4 5 51 5 6] 6 7 71 8 8 8 81 8
NE| 11| 10] 9 9 8 8 i e 7 7 8 8 o} 9110 11| 11| 1111121212 11| 11
E|13]12]12]11]10] 9 9 Gl i) 8 9| 11|12 12| 13| 14| 14| 14| 15) 15) 14 ] 14] 14| 13
SE| 1312|1211 10] 9 9 8 8 8 8 9| 10| 11| 12| 13| 13| 14| 14| 14 14| 14| 14| 13
S |12 1111 10] 9 8 8 7 7 6 6 N N 7 8 8 9ol 1111212112 12| 12
SW| 15| 14| 141311211211 10| 9 8 8 8 0 / 8 8 91111 12] 14] 15| 16| 16| 16
Wil16]16] 15 14| 13|13} 12 11| 10| 9 9 8 8 8 8| 8 9|l 112 14] 15| 16| 16| 17
NW| 13| 12|12 11 ] 11| 10} 9 8| 8 4 i 7 75 6 7 7 7 8 9| 11| 12| 12| 13| 13
Group C Walls
N 8 8 7 7 6 6 51 4] 4| 4| 4] 4] 4 5 6 A 7 8 8 9 9 9 91 9
NE| 11| 9 9 8 7 6 6 6 6 7 8 9| 1| 1|12 12) 12| 13| 13| 13| 13| 12| 12| 11
E|12]112]11] 9] 8| 8 7 i 8 9l 11|12 14| 15| 16| 16| 17| 17| 17| 16| 16| 15| 14| 13
SE| 12|12 11] 9] 8 8 ir 7 i 5% 9| 11 12| 13| 14| 16| 16| 16| 16| 16| 16| 15] 14| 13
S|12|11]10] 9] 8 7 7 6 5 5 5 6] 6 8 9 | 11| 12| 13| 14| 14| 14| 14| 13| 12
SW| 16| 15| 14| 121 11 ] 10} 9 8 I il 6 6 6 I 81 10| 12| 14| 16| 18] 18| 18| 18| 17
W17 16|15 14112 11] 10| 9 8 7 i 7 7 7 8 9111|1316 18] 19| 19| 19| 18
NW| 14| 13121 11] 10| 9 8 716 6 6 6 6 6 7 7 8 11012 14| 15| 15] 15| 14
Group D Walls
N 8 7 7 6 51 4 3 3 < 3 31 41 4 6 717 8 9110 1111|1110 9
NE| 9 8 7 6 6| 4] 4] 4] 6 8 9| 11} 12| 13| 13| 13| 13| 14| 14| 13 13| 12| 11] 10
E|11] 9 8 7 6 51 4 5 7 9 112115 17| 18| 18| 18| 18| 18| 17| 17| 16| 14| 13| 12
SE| 1] 9 8 7 6 6| 4] 4 6 7 9|12 14| 16| 17| 18| 18| 18| 17| 17 16| 14 ] 13| 12
S|11] 9 8 7 6 51 41 4 3 31 4 5} 7 9| 11]13] 15| 16| 16| 16| 15| 14| 13| 12
SW| 161412 11] 9 8 7 6 51 41 4] 4] 6 7 9112 15| 18] 20| 21| 21| 21| 19| 17
W|17]15]13]12] 10] 8 ole 6| 6 5 5| 65| 6 6 8 | 10| 13| 17| 20| 22| 23| 22| 21| 19
NW| 14121 11] 9| 8 7 6 514 4] 4] 4 5 6 71 8| 10|12 15| 17| 18| 18| 17| 15
Group E Walls
N 7 6| 4] 4 31 2 2 2 Sl 31 4 SN |6 n 8 9| 11| 11|12} 13} 11| 10]| 9 8
NE| 7 6 51 4 312 3 51 8| 11| 13|14 1414141414 141413121 11] 9 8
E 8 7 6| 4 3 3 3 6110|1418 20 21| 21|20)19) 18|18 17|16 14|12 11] 9
SE| 8 7 6| 4 4 3 3] 4 7111411719121 2120 19| 18| 17| 16| 14| 13| 11] 9
S 8 7 6| 4 4 3 2 2 2 3 5 7111113116 18] 19| 18] 17| 16| 14| 13| 11| 9
sSw|12] 10| 8 7 6| 4 3 3 3 3] 4 5 711013 18| 21|24 25| 24| 22| 19| 17| 14
Wl14]12] 9 8 6 51 4 3 8 31 4 5] 6 8 | 11| 15] 20|24 27| 27| 25| 22| 19] 16
NW| 11] 9 8 6 5] 4 3 3 3 3 31 4] 6 7 9| 1114181212120 18| 16| 13
Group F Walls
N 4 3 ' 2 1 1 1 2 31 4 5 6] 8 9 11 12| 12| 13|13 13} 11| 9 7 6
NE| 5] 4 3 2 1 1 3 8| 13|16 17| 16| 16| 15| 15 15} 15} 14| 13| 12 11] 9 7 6
E 6| 4 3 2 2 1 3 9|16 21| 24|25 242220} 19) 18| 17| 15 183|121 9| 8 7
SE| 6| 4 3 2 2 1 2 6| 11| 16| 20| 23 24| 23| 22)20]) 19|17 16| 14| 12]10] 8 7
S 6| 4 3 2 2 1 1 1 2| 4 7111151912122 21| 19| 17| 14| 12| 10| 8 7
SW| 8 6 5 3 3] 2 1 1 2 3] 4 6] 9| 14|19 2428|2929 25]21]16] 13] 10
W\l 9 7 6| 4 3] 2 2 2 2 3] 4 6| 8| 11| 16]22]27|32|33]30)24]19] 15] 12
NW| 8 6| 4 3 2 2 1 1 2 31 4 6 7 8 | 121 15] 19| 23| 26| 24| 19| 16| 12| 10
Group G Walls
N 2 1 1 0| 1 1 41 4 5 7 8 | 10| 12| 13| 13| 13| 14| 14| 12| 8 6 5 4 3
NE| 2 1 1 0| 1 5115120 22| 19| 17| 14| 14| 15| 15| 14| 14| 12| 10] 8 6 51 4 3
E 2 1 1 of|-1|6|17|26|30|31|28)22|18| 171716 15| 13| 11] 8 7 61 4 3
SE| 2 1 1 0| 1 3110|1823 27|28 272320 18| 17| 15| 13| 11] 8 7 61 4 3
S 2 1 1 0| -1 0 1 3 7112117222526 24 21|17 14| 11] 8 7 6 4 3
SW| 3 2 2 1 0 0 1 3 4 7 9| 1421 28] 33|35]34|29|21]13] 9 7 61 4
W\ 3 3 2 1 1 1 1 3 4 6 8| 111523313740 37|27 16| 11| 8 61 4
NW| 3 2 1 1 0 0 1 3 4 6 8| 101215 21| 26| 31| 31| 23] 14] 9 7 61 4
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R399 4.12 A1 CLTD Asunasmn ldfemwany 13 1is Nanuindnead RTSM (°C)

R1 R2 R3 R4 R5 R6 R7 R8 R9 | R10 | R11 | R12 | R13
(o] o o [o] [o] (o] o o [o] [o] (o] o o

Hour C C C C C C C C C C C C C
29 05 | 48 | 7.2 19 |1 1381163 | 21.4 | 151 ] 182 ] 194 | 16.9 | 22.1
38 -14 | 23 | 45| -02 1103|132 183|126 | 1563 17.4| 15.1| 204
46| 27| 03| 23 ]-19)| 7.3 103 153|103 ] 12.7] 153 | 13.3 | 18.7
52| 37|13 05 ]|-31| 47| 79 |126] 81 | 10.2] 13.4 | 11.5| 16.8
56| 45| 26| -11]-40) 26 | 57 | 100] 6.2 | 81 | 11.5] 9.9 | 15.0
48| 50| 35| 22| 47| 08| 38 | 7.8 | 45 | 6.1 9.6 | 83 | 13.3
-06| 41 -37|-23] 44| 07| 22| 57| 33| 44| 80| 70 | 116
671 -09|-20]-07|-20]|-13| 12 | 40 [ 29 | 31 6.6 | 6.0 [ 101
157 4.7 1.7 126 | 26 | 07| 12| 29| 3.7 | 26 | 57 | 57 | 87
2491120 | 7.2 | 74 | 9.2 14 | 25 | 26 | 55| 32 | 55 | 6.1 7.8
33.6[201]139(132] 168 50 | 50 | 34 | 83 | 49| 60| 73 | 74
40.8 1 2821210 1194|247 | 9.7 | 87 | 52 | 119 | 76 | 7.3 | 92 | 7.6
4581 3541 28.0] 256 321|152 | 131 | 81 | 16.0 | 11.2| 9.3 | 11.6 | 8.6
48.3 | 41.0| 3411 31.11 383 21.0| 180 | 11.7 | 20.1 | 15.3 | 11.8 | 14.3 | 10.2
4791445388 | 353 425 | 264 | 228 | 15.8 | 2839 | 19.6 | 147 | 17.2 | 12.3
446 | 455|414 1379 445 | 311 | 271 ] 200 | 271 | 23.6 | 17.6 | 19.8 | 14.8
38.6 | 43.8]| 419 38.6 | 44.0| 3451 305 | 240|294 |27.0] 20.3| 22.0| 17.4
30.3 | 39.6|40.0 | 37.3]| 408 | 36.4] 32.7 | 27.3 | 30.5 | 29.5| 22.6 | 23.7 | 19.9
206 |1 33.0 | 35,9 | 34.0 | 353 | 36.4 | 334 | 29.7 | 30.2 | 30.9 | 243 | 245 | 221
11.8125.0[29.9 1291 [ 281] 346 | 326 | 309 | 28.7 ] 309 | 251 ]| 244 | 23.8
6.1 | 17.3 1233 23.8| 20.5| 31.1] 30.3 ] 30.8 | 264 | 29.5| 25.1 | 23.6 | 24.8

Nl =alalalalalalalalw
S I S R I BN I N I S N I S N e R R e

22 24 | 11111721 18.8 | 14.0 [ 26.8 | 27.1 | 294 | 23.6 | 27.2 | 24.3 | 22.3 | 25.0
23 00| 64 | 122|143 | 8.8 | 222 | 234|272 | 20.7 | 24.3 ]| 23.0 | 20.6 | 24.6
24 | 1.7 | 3.0 [ 81 [ 10.5] 49 | 17.8 | 19.8 | 244 ]| 178 | 21.3 | 21.3 | 18.8 | 23.5

AN9197 4.13 A1 CLTD dufunaseniuilidmens 13 i aan ASHRAE GRP-158 (°C )

R1 | R2 | R3 | R4 [ R5 | R6 | R7 | R8 | RO [ R10 | R11 | R12 | R13

Hour| ’c | %c | e | c| | | | c| clc| | ]| °
7 7 3 5 7 2 | 12 16 19 124 17| 19 17 | 21
2 | 2 3 Z 0 9 | 3| 17| 12 14 ] 17| 16 20
3| 2 o 1 31 2 7| 1| 4] 107] 3] 6] 14 18
2 | 2 | 0 2 1 2| 5 9 | 12 8 | 11 ] 14| 12| 17
5 1 31 2 | 1 o] 3 .3 7 | 101 7 9 | 12 11| 16
6 | 21 22171 4.2 6 3 5 7 111 ] 9 | 14
7 31 3.1 21 71 3. 1 2 6 2 6 9 8 | 12
s | 11 | 2 1 > 2 | 1 3 5 2 5 8 8 | 11
9 | 19 8 5 6 3 2 3 Z 6 2 7 8 | 10
10727 75 P b s (=9 4 5 2 3 5 7 9 9
.34 | 22 |18 17| 15| 8 7 5. 411 7 8 [ 10 9
2 1 39 | 20 24 | 23] 22 3 1| 7 4] 9 0] 12] 9
3|43 | 34 | 31 | 28| 27| 8] 5] 11| 18] 13| 121 1] 10
T4 | 44 | 39 | 36 | 33 | 32| 24 | 19| 4 2| w6 4] 17| 12
5 | 43 | 41 | 39| 36 | 35| 28 23| 8| 26 | 20 17| 20 | 13
6| 39 | 41| 41 | 37 | 36 | 32| 27 | 22 28| 23| 20 | 22 | 16
7 | 33 | 39 | 39 | 37 | 34 | 34 | 29| 26 | 29 | 26 | 22 | 24 | 18
8| 25| 34 | 37 | 34 | 32 | 36 | 31 | 28| 29 | 27 | 24 | 25 | 20
O 17| 28 | 32 | 30 | 27 | 34 | 31 | 29| 29 | 28| 25 | 25 | 22
20| 10| 21 | 5] 25| 21 | 32 | 30 | 30| 27 | 28] 26 | 24 | 23
211 7 | 6] 19 ] 20 14| 28| 27| 29| 24| 26| 25 | 23 | 24
2| 4 | 11| 14| 16| 0] 23| 2827 21| 24124 221 24
23 | 3 8 | 10| 12] 6 | 1922519221223
24 | 2 5 7 9 Z | 16| 192 719 21| 9] 2




R399 4.14 A1 CLTD A5UnasmNdimmn 13 15m ianuanulneaa RTSM (°C )

R1 R2 R3 R4 R5 R6 R7 R8 R9 | R10 | R11 | R12 | R13
o o o o (o] o o o o (o] o o (o]

Hour C C C C C C C C C C C C C
-1.5] 99 | 116|164 | 135]19.8] 200|227 ]| 17.5] 198 17.8 ] 17.6 | 20.4
28| 69 | 83 | 145[105]16.8] 18.0[ 209 16.5] 183 [ 17.3 | 16.9 | 19.8
-3.8] 44 | 55 | 126 79 [ 140 161|189 | 154 ]| 16.8 | 16.7] 16.2 ] 19.0
-45] 23] 32 108 56 | 11.4] 143|169 | 144 ]| 153 | 16.1] 1565 | 18.1
-5.1] 05 1.3 | 9.2 3.7 | 9.0 1 125]1 149 | 133 | 13.8] 154 | 148 | 171
541-09]1-03| 77| 20| 69 ]109]|13.0]123]124]148] 14.1] 16.0
36| 18] -15] 64 | 07 | 50 | 93 [ 111|114 ] 111|141 ] 13.4] 15.0
1111416 58| 04 ] 35] 80| 94 ]10.7] 99 | 13.4] 128 13.9
82 | 06 | -0.3] 6.0 14 | 2.7 7.1 79 | 104 | 89 | 129 ] 124 | 12.9
168 42 | 27 | 71 3.7 | 28 | 6.8 | 6.8 | 105| 84 | 125|122 | 12.0
256 9.1 7.1 89 | 74 | 4.1 72 | 63 | 111 ] 84 | 124] 123 ] 11.3
33.8| 148124114119 | 6.4 | 85 | 6.5 | 121 ] 9.1 [ 124 ] 12.8 | 10.9
40.51208] 1841143 170 9.7 | 104 | 75 | 134|103 | 12.8 | 13.5| 10.9
4511265 (24211731221 | 136 | 128 | 9.2 | 16.0 | 12.0 ] 13.4 | 144 | 11.2
472131412951 203 268|178 156 | 11.5| 166 | 141 ]| 14.1 | 1564 | 12.0
46.6 | 35.1 ] 338 229 30.7 | 21.9] 184 | 14.2 | 182 | 16.3 | 15.0 | 16.5| 13.1
43.1]1 371|365 2483332571211 17.0] 195 18.6 ] 16.0| 17.5| 14.4
37.0]| 3723751 260|344 | 286 234|198 206 | 20.5] 16.9] 184 ] 15.9
28.9] 353|365 26.2 ] 339|304 ] 250 223|212 221]17.6| 19.0| 17.3
19.8 1 31.7 1 33.6 | 2565 31.7 | 31.0 | 268 | 242 | 21.3 | 23.1 | 18.2]| 19.4 | 18.6
1211 27.0 | 29.3 | 242 | 28.3 ] 30.3 | 268 | 26.4 ]| 209 | 23.4 | 186 | 19.4 | 19.7

JN [N N NN BN DN N BN N O
S Y A N R N N N E E I R CIS R N

22 6.6 | 221 | 245 224 | 244 | 2841 249 | 25.7 | 20.3 | 23.1 ] 18.6 | 19.1 | 20.4
23 29 | 175[119.7] 204 | 205 258 |1 236 | 263 | 19.5] 22.3 | 18.5] 18.7 | 20.8
24 0.3 | 134 | 1541184 ] 16.8| 229|218 | 242 | 185 | 21.1] 18.2 | 18.2 | 20.7

AN91997 4.15 A1 CLTD dudunasariinmmni 13 a8ia aan ASHRAE GRP-158 (°C )

R1 | R2| R3[| R&e [R5 | R6e [ R7 | R8 | RO [R10 [ R11 [ R12 [ R13
Hour| c | c | el el el el c| clc| c|°c]| c| °
7 1 4 | 6| 4| 8| 1921719 17 6] 19
2 0 8 8 | 12 11| 6| 17200 6] 18] 16 16 19
3 | 6 6 | 3] 9| 13| 6] 18] 5] 17| 16 15| 18
2 | 2| 4 4 | 11| 7 1| 142 16| 1216 5] 14] 18
5 | 2 | 3 2 9 6 9 | 13| 12| 13| 14| 14| 14| 17
6 | 2 | 2 7 8 4 71 12 B3 1213 4] 1316
7 | 1 ) 7 3 6 | 10 | 11| 12 12 3 13 15
8 5 2 0 7 3 2 o [0 | 11 | 1] 13| 12 14
9 | 13| 4 2 3 2 Z 8 8 | 11| 10 ] 12| 12 | 13
70 |21 7 6 9 7 2 8 8 | 12 | 10 | 12| 12| 13
M 28| 12 [ At | 11 [ 10| 6 9 8 | 12 | 10 | 12| 12 | 12
2 34 | 177 16| 14| A4 910 8 |13 | 4+ | a3[ 13| 12
B30 | 22 78] 12121 9| 155121 131 1] 12
% | 43 | 27 | 27 | 19 23] 16 14| 11| 16| 14 14| 12| 12
B | 43| 31 | 31 | 227 2] 17 4] 18] 6] 14/ 16| 13
6 | 41 | 33 | 34 | 24 | 29 | 23 | 19| 16| 19| 18] 16 ] 17 | 14
77 | 37 | 34 | 36| 26 | 32 | 27 [ 21 | 19| 20| 19| 16 [ 18 | 15
8| 31 | 34 | 36| 26 | 32 29 23 21 | 21 | 21 | 17 [ 18 | 17
9| 23 | 32 | 34 | 26 | 31 | 30 | 24 | 23| 21 | 22 | 18 | 19 | 18
20| 16| 28 | 30 | 24 | 29 | 30 | 24 | 25 | 21 | 23 | 18 | 19 | 19
21 | 10| 24 | 26 | 23 | 26 | 28 | 24 | 26 | 21 | 23 | 18 | 19 | 19
21 7 |21 21| 21| 22 26| 23] 5| 20| 22| 18| 18 20
231 4 | 17| 17| 19 19 ] 2322124119221 18] 18] 21
24 | 3 | 14| 3] 18] 6|21 21 23] 1821 18] 17 20
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Code Description Thickness and Thermal Properties
I k P Cp R m C

mm [ Wim.K | kg/m® | kd/kg.K| m” kw| kgim® | Jim® K
AQ Outside surface resistance 0| 0.000 0] 0.000f 0.059] 0.000 0
A1 25 mm Stucco 25| 0.692] 1858] 0.841] 0.036] 46.439] 39055
A2 100 mm Face brick 100| 1.333] 2002] 0.921] 0.075| 200.200] 184384
A3  |Steel siding 2| 44.998| 7689 0.419] 0.000] 15.432] 6466
A4 12 mm Slag 131 0.190f 1121 1.670] 0.068] 14.579| 24346
A5 |Outside surface resistance 0| 0.000 0 0.000f 0.059] 0.000 0
A6  [Finish 13| 0.415] 1249 1.088] 0.031| 16.243] 17673
A7 100 mm Face brick 100] 1.333] 2002| 0.921] 0.075| 200.200] 184384
B1 Air space resistance 0f 0.000 0] 0.000f 0.160] 0.000 0
B2 |25 mm Insulation 25| 0.043 32| 0.841] 0.581 0.800 673
B3 |50 mm Insulation 51] 0.043 32| 0.841 1.186 1.632] 1373
B4 |75 mm Insulation 76| 0.043 32| 0.841 1.767] 2432 2045
B5 |25 mm Insulation 25| 0.043 91| 0.841] 0.581 2274 1913
B6 |50 mm Insulation 51] 0.043 911 0.841 1.186| 4.641] 3903
B7 |25 mm Wood 25| 0.121] 593] 2.512] 0.207] 14.821] 37231
B8 |65 mm Wood 63l 0.121] 593] 2.512] 0.521 37.354] 93834
B9 100 mm Wood 100]  0.121]  593] 2.512] 0.826| 59.300] 148962
B10 |50 mm Wood 511 0.121] 593 2.512| 0.422] 30.245| 75975
B11 |75 mm Wood 76 0.121] 593 2.512| 0.628] 45.066| 113206
B12 |75 mm Insulation 76| 0.043 91| 0.841 1.767] 6.916] 5816
B13 [100 mm Insulation 1001 0.043 911 0.841] 2.326] 9.100] 7653
B14 [125 mm Insulation 125] 0.043 911 0.841] 2.907] 11.374] 9566
B15 150 mm Insulation 1501 0.043 911 0.841] 3.489] 13.651 11480
B16 |4 mm Insulation 4 0.043 91| 0.841] 0.093] 0.363 305
B17 |8 mm Insulation 8| 0.043 911 0.841] 0.186| 0.728 612
B18 |12 mm Insulation 12| 0.043 911 0.841 0.279 1.091 918
B19 [15 mm Insulation 15| 0.043 91} 0.841}. 0.349 1.366] 1149
B20 |20 mm Insulation 20 10.043 91 10.841) 0.465 1.819] 1530
B21 |35 mm Insulation 35| 0.043 91| 0.841] 0.814f 3.185 2679
B22 < [42 mm Insulation 42| 0.043 91| /0.841]° 0977  3.823] 3215
B23 |60 mm Insulation 62| 0.043 91| 0.841 1.442] 5642 4745
B24 |70 mm Insulation 70| 0.043 91| 0.841 1.628] 6.370] 5357
B25 |85 mm Insulation 85| 0.043 911 0.841 1.976| 7.734] 6504
B26 |92 mm Insulation 92| 0.043 91| 0.841] 2.140| 8.372] 7041
B27 [115 mm Insulation 1151 0.043 911 0.841] 2.675 10.466] 8802
C1 100 mm Clay tile 100 0.5711 1121] 0.841] 0.175| 112.100] 94276
C2 |100 mm LD concrete block 100 0.381] 609] 0.841] 0.262] 60.900| 51217
C3  |100 mm HD concrete block 100 0.813] 977 0.841] 0.123] 97.700| 82166
C4  |100 mm Common brick 100| 0.727] 1922] 0.841] 0.138| 192.199| 161640
C5 |100 mm HD concrete 1001 1.731] 2243] 0.841] 0.058| 224.299| 188636
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Code Description Thickness and Thermal Properties
I k p Cp R m C

mm [ Wim.K | kg/m® | kd/kg.K| m” kw| kgim® | Jim® K
C6 |200 mm Clay tile 200 0.571 1121 0.841] 0.350] 224.200] 188552
C7 |200 mm LD concrete block 200 0.571] 609 0.841] 0.350] 121.800] 102434
C8 |200 mm HD concrete block 200[ 1.038] 977 0.841] 0.193] 195.400] 164331
C9 1200 mm Common brick 200] 0.727] 1922 0.841| 0.275] 384.399| 323279
C10 |200 mm HD concrete 200 1.731] 2243 0.841| 0.116] 448.598| 377271
C11 |300 mm HD concrete 300 1.731} 2243 0.841] 0.173] 672.898] 565907
C12 |50 mm HD concrete 501 1.731] 2243[ 0.841| 0.029] 112.179| 94342
C13 |150 mm HD concrete 1501 1.731| 2243| 0.841] 0.087| 336.478| 282978
C14 |100 mm LD concrete 1001 0.173] 641 0.841] 0.578] 64.101| 53909
C15 |150 mm LD concrete 150, 0.173] 641 0.841] 0.867] 96.159| 80870
C16 |200 mm LD concrete 200] 0.173] 641 0.841 1.156| 128.201] 107817
C17 |200 mm LD concrete block 200] 0.138] 288 0.841 1.449| 57.601] 48442
C18 200 mm HD concrete block 200] 0.588] 849 0.841| 0.340] 169.800| 142802
C19 |300 mm LD concrete block 3001 0.138] 304 0.841 2.174] 91.201 76700
C20 |300 mm HD concrete block 300] 0.675] 897 0.841| 0.444] 269.102| 226314
EO Inside surface resistance 0] 0.000 0] 0.000[ 0.121 0.000 0
E1 20 mm Plaster or gypsum 20 0.727] 1602] 0.841 0.027] 32.024| 26932
E2 12 mm Slag or stone 12| 1.436] 881 1.670] 0.008] 10.562] 17639
E3 10 mm Felt and membrane 10 0.190] 1121] 1.670] 0.053] 11.219] 18736
E4 Ceiling air space 0f 0.000 O] 0.000f 0.176] 0.000 0
E5 |Acoustic tile 19 0.061f 481] 0.841] 0.311 9.139] 7686
FO1 |Outside Surface Resistance 0] 0.000 Of 0.000f 0.044] 0.000 0
FO2 [Inside Vertical Surface 0f 0.000 0f ~0.000f 0.120] 0.000 0
FO3 |Inside Horizontal Surface 0] 0.000 0] 0.000f 0.162] 0.000 0
FO4 |Wall Air Space Resistance 0] 0.000 0] 0.000] 0.153] 0.000 0
FO5 |Ceiling Air Space Resistance 0] 0.000 0] 0.000f 0.176] 0.000 0
FO6 |EIFS Finish 10| 0.721| 41858} 0.837). 0.013] 17.698] 14813
FO7 |1in Stucco 25| ©0.721| 1858] 1 0.837] 0.035 47.195] 39502
FO8 |Metal Surface 1| 45.284] 7833 0.502[ 0.000] 5.969] 2996
FO9 * |Opaque Spandrel Glass 6] 0.995] 2531| 0.879]° 0.006| 16.071] 14126
F10 |1in Stone 25+ 3.173| 2563] 0.795] 0.008| 65.097] 51752
F11 |Wood Siding 13| 0.089] 5931 1.172] 0.143] 7.527] 8821
F12 |Asphalt Shingles 3 0.041] 11211 1.256] 0.077] 3.560] 4471
F13 |Built-up Roofing 10| 0.162] 1121 1.465] 0.059] 10.680| 15646
F14 |Slate or Tile 13| 1.586] 1922 1.256] 0.008] 24.411] 30661
F15 |Wood Shingles 6| 0.038] 5931 1.298] 0.167| 3.763] 4885
F16 [|Acoustic Tile 19 0.061] 368 0.586] 0.312] 7.018] 4113
F17 |Carpet 13| 0.058] 288 1.381] 0.219] 3.662] 5057
F18 |Terrazzo 25| 1.803] 2563] 0.795] 0.014] 65.097] 51752
GO01 |5/8 in Gyp Board 16| 0.160] 801 1.088] 0.099| 12.714] 13833
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Code Description Thickness and Thermal Properties
| k p Cp R m C

mm [ Wim.K | kg/m® | kd/kg.K| m” kw| kgim® | Jim® K
G02 15/8 in Plywood 16] 0.115 545 1.214 0.138 8.646| 10496
G03 |1/2 in Fiberboard Sheathing 13| 0.068 4001 1.298 0.187 5.086] 6601
G04 11/2 in Wood 13| 0.153 615 1.632 0.083 7.812] 12749
G05 |1 in Wood 25| 0.153 615 1.632 0.166] 15.623| 25497
G06 |2 in Wood S P8 615 1.632 0.332] 31.247] 50994
G07 |4 in Wood 102 0.153 615 1.632 0.664] 62.493]101989
101 |R-5,1in Insulation Board 25 0.029 42 1.214 0.876 1.078| 1309
102 R-10,2 in Insulation Board 51 0.029 421 1.214 1.752 2.156] 2618
103 R-15,3 in Insulation Board 76| 0.029 42| 1.214] 2.628 3.235] 3927
104 R-11, 3-1/2 in Batt Insulation 89| 0.046 19 0.963 1.944 1.719] 1655
105 R-19, 6-1/4 in Batt Insulation 154 0.046 191 0.963 3.357 2.968] 2859
106 R-30, 9-1/2 in Batt Insulation 244] 0.046 191 0.963 5.301 4687 4514
MO1 |4 in Brick 102| 0.894] 1922] 0.795 0.114] 195.291] 155256
MO2 |6 in LW Concrete Block 152 0.489 513] 0.879 0.312] 78.116] 68664
MO3 |8 in LW Concrete Block 203] 0.496 4571 0.879 0.410] 92.763] 81539
MO04 |12 in LW Concrete Block 305 0.710 513 0.879 0.429] 156.233| 137329
MO5 |8 in Concrete Block 203 1.113 7931 0.921 0.183] 161.115] 148387
MO6 |12 in Concrete Block 305] 1.402 8011 0.921 0.217] 244.114] 224829
MO7 |6 in LW Concrete Block(filled) 152 0.286 513 0.879 0.533] 78.116] 68664
M08 |8 in LW Concrete Block(filled) 203 0.260 4571 0.879 0.782] 92.763] 81539
M09 [12in LW Concrete Block(filled) | 305| 0.294 513 0.879 1.037] 156.233| 137329
M10 |8 in Concrete Block(filled) 203 0.721 7931 0.921 0.282] 161.115] 148387
M11 |4 in Lightweight Concrete 102] 0.534] 1281 0.837] 0.190| 130.194| 108972
M12 |6 in Lightweight Concrete 152 0.534] 1281] 0.837 0.285] 195.291] 163458
M13 |8 in Lightweight Concrete 203] 0.534] 1281 0.837 0.381] 260.388| 217944
M14 |6 in Heavyweight Concrete 152 1.947] 2243] 0.900 0.078] 341.759| 307583
M15 |8 in Heavyweight Concrete 203] 1.947] 2243} 0.900 0.104| 455.678]410111
M16 |12 in Heavyweight Concrete 305] 1 1.947] 2243] ©0.900 0.157] 683.520]615168
M17 |2 in LW Concrete Roof Ballast 511 0.187 6411 0.837 0.272] 32.548| 27243
= Thickness, (mm)
k= Thermal Conductivity, (W/m.K)

= Density, (kg/m3)

Cp = Specific Heat, (kJ/kg.K)
R= Thermal Resistance, (mz.K/W)
m = Mass per Unit Area, (kg/mz)
C= Thermal Capacitance, (J/mZ.K)
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Wall Layer Sequence Description U
Type Inside to Outside W/mz,K
EO A3 B1 B13 A3 AO Steel siding with 100 mm insulation 0.375
2 EO E1 B14 A1 A0 Frame wall with 13 mm insulation 0.317
3 EO0 C3 B5 A6 A0 100 mm h.w. concrete block with 25 mm insulation 1.093
4 EO E1B6 C12 A0 50 mm insulation with 50 mm h.w. concrete 0.703
5 E0 A6 B21 C7 AO 35 mm insulation with 200 mm l.w. concrete block 0.727
6 EO E1 B2 C5 A1 AD 25 mm insulation with 100 mm h.w. concrete 1.134
7 EO A6 C5 B3 A3 AO 100 mm h.w. concrete with 50 mm insulation 0.687
8 E0 A2 C12 B5 A6 AO Face brick and 50 mm h.w. concrete with 25 mm insulation 1.116
9 EO A6 B15 B10 AO 150 mm insulation with 50 mm wood 0.243
10 |EO E1 C2B5 A2 AO 100 mm |.w. concrete block with 25 mm ins. and face brick 0.889
11 |EO E1 C8 B6 A1 AD 200 mm h.w. concrete block with 50 mm insulation 0.617
12 |EO E1B1 C10 AT A0 200 mm h.w. concrete 1.927
13 |EO A2 C5B19 A6 AD Face brick and 100 mm h.w. concrete with 16 mm ins. 1.443
14 |EO A2 A2 B6 A6 AO Face brick and face brick with 50 mm insulation 0.646
15 |EO0 A6 C17 B1 A7 AO 200 mm l.w. conc. block (filled) and face brick 0.528
16 |EO A6 C18 B1 A7 AO 200 mm h.w. concrete block (filled) and face brick 1.272
17 |EO A2 C2B15A0 Face brick and 100 mm l.w. conc. block with 150 mm ins. 0.250
18 |EO A6 B25 C9 AD 85 mm insulation with 200 mm common brick 0.406
19 |EO C9 B6 A6 AO 200 mm common brick with 50 mm insulation 0.598
20 |EO C11B19 A6 AO 300 mm h.w. concrete with 15 mm insulation 1.364
21 |EOC11B6 A1 AO 300 mm h.w. concrete with 50 mm insulation 0.635
22 |EO C14 B15 A2 AO 100 mm l.w. concrete with 150 mm ins. and face brick 0.231
23 |EO E1B15C7 A2 A0 150 mm insulation with 200 mm |.w. concrete block 0.243
24 |EO A6 C20 B1 A7 AD 300 mm h.w. concrete block (filled) and face brick 1.124
25 |EO A2 C15B12 A6 A0 Face brick-and 150 mm lL.w. conc. with 75 mm ins. 0.342
26 |EO A2 C6 B6 A6 AO Face brick and 200 mm clay tile with 50 mm insulation 0.549
27 |EO E1B14 C11 A1 AO 125 mm insulation with 300 mm h.w. concrete 0.301
28 |EOE1C11B13 AT A0 300 mm h.w. concrete with 100 mm insulation 0.365
29 |EO A2 C11 B5 A6 AD Face brick and 300 mm h.w. concrete with 25 mm ins. 0.962
30 |EO E1B19C19A2 A0 15 mm.ins. with- 300 mm l.w. .conc. block (filled) w/face brick 0.357
31 |EO E1B15C15 A2 AO 150.mm ins. with 150 mm L.w. conc. and face brick 0.216
32 |EO E1 B23 B9 A2 AO 60 mm insulation with face brick 0.392
33 |EQ0 A2 C6 B15 A6 AQ Face brick and 200 mm clay tile with 150 mm insulation 0.242
34 |EO C11 B21 A2 AO 300 mm h.w. concrete with 35 mm ins. and face brick 0.805
35 |EOE1B14 C11 A2 AD 125 mm ins. with 300 mm h.w. concrete and face brick 0.297
36 |EO A2 C11 B25 A6 AO Face brick and 300 mm h.w. conc. with 85 mm ins. 0.411
37 |EOE1B25C19 A2 AD 85 mm ins. with 300 mm I.w. conc. block (filled) w/face brick 0.226
38 |EO E1B15C20 A2 AD 150 mm ins. with 300 mm h.w. conc. block (filled) w/face brick 0.237
39 |EO A2 C16 B14 A6 AO Face brick and 300 mm L.w. conc. with 175 mm ins. 0.230
40 |EO A2 C20 B15 A6 A0 Face brick and 300 mm h.w. conc. block (filled) w/ 150 mm ins. 0.237
41 |EO E1C11B14 A2 AD 300 mm h.w. concrete with 125 mm ins. and face brick 0.297
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Roof Layer Sequence Description U
Type Inside to Outside W/m2.K

EO A3 B25 E3 E2 AO Steel Deck w/85 mm insulation 0.451
2 EO A3 B14 E3 E2 AO Steel Deck w/125 mm insulation 0.318
3 EOE5E4 C12E3 E2 AD 50 mm h.w. conc. w/suspended ceiling 1.321
4 |EO E1B15E4 B7 A0 Attic Roof w/150 mm insulation 0.245
5 EO B14 C12 E3 E2 AO 125 mm insulation w/50 mm h.w. conc. 0.315
6 EO C5B17 E3 E2 A0 100 mm h.w. conc. w/8 mm insulation 2.062
7 E0 B22 C12 E3 E2 C12 A0 40 mm insulation w/50 mm h.w. conc. RTS 0.784
8 EOB16 C13 E3 E2 AO 4 mm insulation w/150 mm h.w. conc. 2.375
9 EO E5 E4 B12 C14 E3 E2 AO 75 mm insulation w/100 mm lL.w. conc. and susp. ceil. 0.325
10 |EO E5E4 C15B16 E3 E2 AO 150 mm L.w. conc. w/4 mm insulation and susp. ceil. 0.592
11 |EO C5B15E3 E2 AO 100 mm h.w. conc. w/150 mm insulation 0.264
12 |EO C13 B16 E3 E2 C12 AO 150 mm h.w. conc. 4 mm insulation 50 mm h.w. conc. RTS 2.222
13 |EOC13 B6 E3 E2 AO 150 mm h.w. conc. w/50 mm insulation 0.661
14 |EOE5E4 C12B13 E3 E2 AD 50 mm h.w. conc. w/100 mm insulation and susp. ceil. 0.324
15 |EO E5 E4 C5B6 E3 E2 AO 100 mm h.w. conc. w/50 mm insulation and susp. ceil. 0.507
16 |EO E5E4 C13 B20 E3 E2 AO 150 mm h.w. conc. w/20 mm insulation and susp. ceil. 0.781
17 |EO E5 E4 B15 C14 E3 E2 AO 150 mm insulation w/100 mm l.w. conc. and susp. ceil. 0.209
18 |EO C12 B15 E3 E2 C5 AO 50 mm h.w. conc. 150 mm insulation 100 mm h.w. conc. RTS 0.262
19 |EO C5B27 E3 E2 C12 AD 100 mm h.w. conc. 115 mm insulation 50 mm h.w. conc. RTS 0.333
20 |EOB21C16 E3E2 AO 35 mm insulation w/200 mm |.w. conc. 0.452
21 |E0C13B12 E3 E2 C12 AD 150 mm h.w. conc. 75 mm insulation 50 mm h.w. conc. RTS 0.471
22 |EO0B22 C5E3 E2 C13 A0 40 mm insulation 100 mm h.w. conc. 150 mm h.w. conc. RTS 0.734
23 |EOE5E4 C12B14 E3 E2 C12 AO. |50 mm h.w. conc. 125 mm ins. 50 mm h.w. Conc. RTS w/susp. ceil. 0.271
24 |EOE5E4 C5E3E2B6B1C12A0 100 mm h.w. conc. 50 mm ins. 50 mm h.w. conc. RTS w/susp. ceil. 0.463
25 |EOE5E4 C13B13E3E2AQ 150 mm h.w. conc. w/100 mm insulation and susp. ceil. 0.318
26 |EOE5E4B15C15E3 E2 AO 150 mm insulation w/150 mm l.w. conc. and susp. ceil. 0.197
27 |EO0C13B15E3 E2C12 AD 150 mm h.w. conc. 150 mm insulation 50 mm h.w. conc. RTS 0.260
28 |EO0OB9B14 E3E2 AO 100 mm wood w/125 mm insulation 0.252
29 |EOE5E4 C12B13 E3 E2 C5 A0 50 mm h.w. conc. 100 mm ins. 100 mm h.w. conc. RTS w/susp. ceil. 0.318
30 |EOE5E4B9B6E3E2AQ 100 mm wood w/50 mm insulation and susp. ceil. 0.365
31 |EOB27 C13 E3E2C13 A0 115 mm ins. 150 mm h.w. conc. 150 mm h.w. conc. RTS 0.324
32 |EOE5E4 C5B20 E3 E2 C13 A0 100-mm h.w. conc. 20 mm-ins. 150 mm h.w. conc. RTS w/susp. ceil. 0.747
33 |EOE5E4 C5B13°E3 E2C5A0 100'mm-h.w. conc. 100 mmins.100.mm h.w. conc. RTS w/susp. ceil. | 0.315
34 |EOE5E4 C13 B23 E3 E2 C5 AD 150 mm h.w. conc. 60 mm ins. 100 mm h.w. conc. RTS w/susp. ceil. 0.432
35 |EOC5B15E3 E2 C13 A0 100 mm h.w. conc. 150 mm ins. 150 mm h.w. conc. RTS 0.258
36 |EOC13 B27 E3 E2 C13 A0 150 mm h.w. conc. 115 mmins. 150 mm h.w. conc. RTS 0.324
37 |EOE5E4 B15C13 E3 E2 C13 A0 |150 mm ins. 150 mm h.w. conc. 150 mm h.w. conc. RTS w/susp. ceil. | 0.228
38 |EOE5E4 B9 B15E3 E2 AO 100 mm wood w/150 mm insulation and susp. ceil. 0.198
39 |EOE5E4 C13B20E3E2C13 A0 |150 mm h.w. conc. 20 mm ins. 150 mm h.w. conc. RTS w/susp. ceil. 0.732
40 |EO E5E4 C5B26 E3 E2 C13 AO 100 mm h.w. conc. 90 mm ins. 150 mm h.w. conc. RTS w/susp. ceil. 0.332
41 |EOE5E4 C13B6 E3 E2 C13 AD 150 mm h.w. conc. 50 mm ins. 150 mm h.w. conc. RTS w/susp. ceil. 0.479
42 |EOE5E4 C13B14 E3E2 C13 A0 |150 mm h.w. conc. 125 mm ins. 150 mm h.w. conc. RTS w/susp. ceil. | 0.263
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A19197 A.1 A1 Cross Periodic Response Factors (W/m~ K) @1m5uniisnas ASHRAE 4#an 1-14 Tnads Direct Root Method(Response Factors) Error < 1%

FUANUIUDI ASHRAE

Yel) Wall 1 Wall 2 Wall 3 Wall 4 Wall 5 Wall 6 Wall 7 Wall 8 Wwall9 | wall10 | wall11 | wall12 | wall13 | wall 14
0 0.038109 | 0.001018 | 0.024432 | 0.016498 | 0.000686 | 0.007058 | 0.010510 | 0.012705 | 0.000804 | 0.003093 | 0.006458 | 0.025337 | 0.023548 | 0.013480
1 0.205763 | 0.032257 | 0.205106 | 0.140283 | 0.026222 | 0.059513 | 0.055974 | 0.038690 | 0.000905 | 0.008225 | 0.009045 | 0.033649 | 0.033456 | 0.014104
2 0.099504 | 0.084461 | 0.241054 | 0.183246 | 0.088581 | 0.128632 | 0.073662 | 0.085917 | 0.006073 | 0.037958 | 0.027114 | 0.085327 | 0.072921 | 0.024340
3 0.024353 | 0.082293 | 0.179348 | 0.139726 | 0.110484 | 0.141411 | 0.067004 | 0.099496 | 0.017570 | 0.071088 | 0.045983 | 0.135966 | 0.100236 | 0.036121
4 0.005658 | 0.055057 | 0.127939 | 0.091066 | 0.100453 | 0.128870 | 0.059495 | 0.095669 | 0.026427 | 0.089059 | 0.053712 | 0.156508 | 0.107594 | 0.041741
5 0.001311 | 0.031140 | 0.090999 | 0.055521 | 0.082864 | 0.110992 | 0.052757 | 0.087761 | 0.029169 | 0.093654 | 0.053637 | 0.156914 | 0.105411 | 0.042887
6 0.000304 | 0.016139 | 0.064713 | 0.032739 | 0.066340 | 0.093861 | 0.046778 | 0.079523 | 0.027756 | 0.090066 | 0.050159 | 0.148420 | 0.099669 | 0.041899
7 0.000070 | 0.007959 | 0.046019 | 0.018962 | 0.052638 | 0.078890 | 0.041476 | 0.071821 | 0.024505 | 0.082201 | 0.045631 | 0.136880 | 0.092870 | 0.040024
8 0.000016 | 0.003809 | 0.032725 | 0.010872 | 0.041658 | 0.066170 | 0.036775 | 0.064808 | 0.020800 | 0.072536 | 0.041038 | 0.124832 | 0.085997 | 0.037839
9 0.000004 | 0.001790 | 0.023272 | 0.006198 | 0.032944 | 0.055462 | 0.032607 | 0.058467 | 0.017282 | 0.062536 | 0.036735 | 0.113275 | 0.079418 | 0.035599
10 | 0.000001 | 0.000831 | 0.016549 | 0.003521 | 0.026048 | 0.046476 | 0.028912 | 0.052742 | 0.014191 | 0.053015 | 0.032822 | 0.102556 | 0.073257 | 0.033413
11 [ 0.000000 | 0.000383 | 0.011769 | 0.001997 | 0.020594 | 0.038943 | 0.025635 | 0.047577 | 0.011576 | 0.044381 | 0.029305 | 0.092757 | 0.067540 | 0.031327
12 | 0.000000 | 0.000175 | 0.008369 | 0.001131 | 0.016282 | 0.032630 | 0.022730 | 0.042918 | 0.009408 | 0.036796 | 0.026156 | 0.083855 | 0.062254 | 0.029356
13 | 0.000000 | 0.000080 | 0.005951 | 0.000640 | 0.012873 | 0.027340 [ 0.020154 | 0.088715 | 0.007630 | 0.030276 | 0.023344 | 0.075792 | 0.057377 | 0.027501
14 [ 0.000000 | 0.000037 | 0.004232 | 0.000362 | 0.010177 | 0.022907 | 0.017870 | 0.034923 | 0.006181 | 0.024762 | 0.020832 | 0.068498 | 0.052880 | 0.025761
15 | 0.000000 | 0.000017 | 0.003010 | 0.000205 | 0.008046 | 0.019193 | 0.015844 | 0.031503 | 0.005003 | 0.020154 | 0.018591 | 0.061902 | 0.048734 | 0.024129
16 | 0.000000 | 0.000008 | 0.002140 | 0.000116 | 0.006362 | 0.016082 | 0.014049 | 0.028418 | 0.004048 | 0.016338 | 0.016591 | 0.055941 | 0.044913 | 0.022600
17 | 0.000000 | 0.000003 | 0.001522 | 0.000066 | 0.005030 | 0.013474 | 0.012456 | 0.025635 | 0.003275 | 0.013203 | 0.014806 | 0.050554 | 0.041392 | 0.021168
18 | 0.000000 | 0.000002 | 0.007082 | 0.000037 | 0.003976 | 0.011290 | 0.011045 | 0.023124 | 0.002649 | 0.010640 | 0.013213 | 0.045685 | 0.038146 | 0.019826
19 | 0.000000 | 0.000001 | 0.000770 | 0.000021 | 0.003144 | 0.009459 | 0.009793 | 0.020859 | 0.002142 | 0.008556 | 0.011791 | 0.041285 | 0.035155 | 0.018569
20 | 0.000000 | 0.000000 | 0.000547 | 0.000012 | 0.002486 | 0.007926 | 0.008683 | 0.018817 | 0.001733 | 0.006867 | 0.010522 | 0.037309 | 0.032399 | 0.017392
21 | 0.000000 | 0.000000 | 0.000389 | 0.000007 | 0.001965 | 0.006641 | 0.007699 | 0.016974 | 0.001401 | 0.005503 | 0.009390 | 0.033715 | 0.029858 | 0.016289
22 | 0.000000 | 0.000000 | 0.000277 | 0.000004 | 0.001554 | 0.005564 | 0.006826 | 0.015311 | 0.001133 | 0.004404 | 0.008380 | 0.030468 | 0.027517 | 0.015257
23 | 0.000000 | 0.000000 | 0.000197 | 0.000002 | 0.001228 | 0.004662 | 0.006053 [ 0.013812 | 0.000916 | 0.003521 | 0.007478 | 0.027533 | 0.025359 | 0.014290

Yvp | 0.375093 | 0.317460 | 1.092411 | 0.703232 | 0.722635 | 1.133446 | 0.684787 | 1.106185 | 0.242577 | 0.888832 | 0.612733 | 1.924958 | 1.437901 | 0.644912
U 0.375094 | 0.317460 | 1.092896 | 0.703235 |-0.727273 | 1.133787 | 0.687285 | 1.116071 | 0.242601 | 0.888889 | 0.616523 | 1.926782 | 1.443001 | 0.646412
e 0.000267 | 0.000000 | 0.044378 | 0.000427 | 0.637725 | 0.030076 | 0.363459 | 0.885786 | 0.009893 | 0.006412 | 0.614738 | 0.094666 | 0.353430 | 0.232050

e= | Cyp-unu | x100%
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A13197 A.1 A" Cross Periodic Response Factors (W/m2 K) au5uniisans ASHRAE 49a7 15-28 1agiRd Direct Root Method(Response Factors) Error < 1% (@)

ol AUANUIURI ASHRAE
PO Wall 15 Wall 16 Wall 17 Wall 18 Wall 19 Wall 20 Wall 21 Wall 22 Wall 23 Wall 24 Wall 25 Wall 26 Wall 27 Wall 28
0 0.003376 | 0.013381 | 0.003996 [ 0.008251 | 0.013876 | 0.035074 | 0.018894 | 0.002891 | 0.004847 | 0.025090 | 0.008707 | 0.015334 | 0.009558 | 0.012222
1 0.002718 | 0.011825 | 0.003574 | 0.007505 | 0.013049 | 0.033380 | 0.017833 | 0.002350 | 0.004239 | 0.022261 | 0.007878 | 0.014199 | 0.008991 | 0.011624
2 0.006407 | 0.022040 | 0.004923 | 0.008731 | 0.016566 | 0.040197 | 0.018549 | 0.002448 | 0.003981 | 0.021567 | 0.007608 | 0.014202 | 0.008757 [ 0.011472
3 0.018619 | 0.047631 | 0.009206 | 0.013868 | 0.024721 | 0.054434 | 0.021884 | 0.004290 | 0.004479 | 0.025315 | 0.008531 | 0.016364 | 0.008879 | 0.011917
4 0.033442 | 0.074221 | 0.013932 | 0.020337 | 0.031811 | 0.066864 | 0.026417 | 0.008008 | 0.006513 | 0.034683 | 0.011038 | 0.020335 | 0.009878 | 0.013317
5 0.044017 | 0.092274 | 0.017031 [ 0.024846 | 0.035637 | 0.074192 | 0.030111 | 0.011993 | 0.009554 | 0.046147 | 0.014014 | 0.024240 | 0.011497 [ 0.015064
6 0.048923 | 0.100989 | 0.018357 | 0.026877 | 0.036929 | 0.077337 | 0.032386 | 0.015085 | 0.012541 | 0.056400 | 0.016538 | 0.027158 | 0.013147 | 0.016547
7 0.049359 | 0.102533 | 0.018422 [ 0.027138 | 0.036693 | 0.077736 | 0.033435 | 0.016962 | 0.014792 | 0.063924 | 0.018310 | 0.028985 | 0.014441 [ 0.017545
8 0.046931 | 0.099316 | 0.017737 | 0.026378 | 0.035621 | 0.076468 | 0.033617 | 0.017738 | 0.016115 | 0.068471 | 0.019358 | 0.029897 | 0.015265 | 0.018080
9 0.042932 | 0.093255 | 0.016665 | 0.025106 | 0.034124 | 0.074238 | 0.033238 | 0.017666 | 0.016602 | 0.070393 | 0.019813 | 0.030116 | 0.015661 | 0.018256
10 0.038252 | 0.085710 | 0.015429 [ 0.023620 | 0.032438 | 0.071484 | 0.032516 | 0.017000 | 0.016449 | 0.070238 | 0.019812 | 0.029833 | 0.015725 [ 0.018179
11 0.033449 | 0.077584 | 0.014159 | 0.022077 | 0.030695 | 0.068478 | 0.031595 | 0.015955 | 0.015857 | 0.068557 | 0.019475 | 0.029198 | 0.015556 | 0.017935
12 0.028850 | 0.069450 | 0.012923 [ 0.020560 | 0.028966 | 0.065381 | 0.030567 | 0.014693 | 0.014994 | 0.065825 | 0.018899 | 0.028326 | 0.015231 [ 0.017583
13 0.024628 | 0.061656 | 0.011756 | 0.019108 | 0.027290 | 0.062292 | 0.029489 | 0.013333 | 0.013984 | 0.062420 | 0.018160 | 0.027298 | 0.014811 | 0.017165
14 0.020858 | 0.054394 | 0.010674 | 0.017738 | 0.025685 | 0.059267 | 0.028398 | 0.011958 | 0.012914 | 0.058632 | 0.017315 | 0.026178 | 0.014334 | 0.016710
15 0.017557 | 0.047757 | 0.009679 | 0.016456 | 0.024160 | 0.056339 | 0.027314 | 0.010624 | 0.011842 | 0.054671 | 0.016408 | 0.025008 | 0.013830 [ 0.016235
16 0.014708 | 0.041775 | 0.008770 | 0.015261 | 0.022717 | 0.053525 | 0.026251 | 0.009365 | 0.010803 | 0.050689 | 0.015472 | 0.023821 | 0.013315 | 0.015754
17 0.012273 | 0.036436 | 0.007943 [ 0.014149 | 0.021356 | 0.050832 | 0.025217 | 0.008200 | 0.009819 | 0.046788 | 0.014530 | 0.022639 | 0.012801 [ 0.015273
18 0.010210 | 0.031707 | 0.007193 [ 0.013117 | 0.020074 | 0.048263 | 0.024216 | 0.007141 | 0.008901 | 0.043036 | 0.013601 | 0.021478 | 0.012295 [ 0.014797
19 0.008473 | 0.027543 | 0.006511 | 0.012160 | 0.018867 | 0.045817 | 0.023249 | 0.006189 | 0.008053 | 0.039475 | 0.012697 | 0.020350 | 0.011802 | 0.014331
20 0.007017 | 0.023892 | 0.005894 [ 0.011272 | 0.017732 | 0.043490 | 0.022318 | 0.005341 | 0.007275 | 0.036129 | 0.011826 | 0.019260 | 0.011323 [ 0.013875
21 0.005802 | 0.020702 | 0.005335 [ 0.010448 | 0.016665 | 0.041279 | 0.021422 | 0.004593 | 0.006566 | 0.033010 | 0.010993 | 0.018213 | 0.010861 [ 0.013432
22 0.004791 | 0.017922 | 0.004829 [ 0.009685 | 0.015661 | 0.039178 | 0.020560 | 0.003937 | 0.005921 | 0.030117 | 0.010204 | 0.017212 | 0.010416 [ 0.013000
23 0.003952 | 0.015505 | 0.004371 | 0.008977 | 0.014718 | 0.037183 | 0.019733 | 0.003365 | 0.005337 | 0.027448 | 0.009459 | 0.016258 | 0.009988 | 0.012582
2¥p | 0.527544 | 1.269498 [ 0.249309 | 0.403665 | 0.596051 | 1.352728 | 0.629209 | 0.231125 | 0.242378 | 1.121286 | 0.340646 | 0.545902 | 0.298362 | 0.362895
u 0.527704 | 1.272265 | 0.249626 | 0.406174 |-0.598086 | 1.364256 | 0.634921 | 0.231374 | 0.242660 | 1.123596 | 0.342466 | 0.548847 | 0.300933 | 0.364697
e | 0.030320 | 0.217486 | 0.126990 | 0.617716 | 0.340252 | 0.845003 | 0.899639 | 0.107618 | 0.116212 | 0.205590 | 0.531440 | 0.536579 | 0.854343 | 0.494109

e= | (Xvp-upu | x100%
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A1319% A.1 A" Cross Periodic Response Factors (W/m2 K) d1m15unileaed ASHRAE a9afi 29-41 Taeidd Direct Root Method(Response Factors) Error < 1% (58)

FUANTIUDY ASHRAE

vel) Wall29 | Wall30 | wall31 | wall32 | wall33 | Wall34 | wall35 | Wall36 | Wall37 | wall38 | Wall39 | Wall40 | Wall 41
0 0.033641 | 0.008599 | 0.005809 | 0.012093 | 0.007997 | 0.027468 | 0.010857 | 0.015211 | 0.007704 | 0.008307 | 0.008268 | 0.008737 | 0.011424
1 0.032098 | 0.007532 | 0.005203 | 0.011120 | 0.007488 | 0.025962 | 0.010372 | 0.014614 | 0.007099 | 0.007778 | 0.007769 | 0.008291 | 0.010957
2 0.031701 | 0.006879 | 0.004824 | 0.010540 | 0.007210 | 0.025343 [ 0.010129 | 0.014403 | 0.006704 | 0.007459 | 0.007472 | 0.008046 | 0.010719
3 0.032472 | 0.006625 | 0.004574 | 0.010209 | 0.007054 | 0.025575 | 0.009886 | 0.014327 | 0.006304 | 0.007129 | 0.007161 | 0.007785 | 0.010455
4 0.035032 | 0.007675 | 0.004914 | 0.010827 | 0.007422 | 0.027260 [ 0.009931 | 0.014810 | 0.006124 | 0.007014 | 0.007063 | 0.007723 | 0.010374
5 0.038285 | 0.010204 | 0.006053 | 0.012511 | 0.008350 | 0.029819 | 0.010411 | 0.015744 | 0.006378 | 0.007316 | 0.007336 | 0.008003 | 0.010575
6 0.041240 | 0.013519 | 0.007725 | 0.014769 | 0.009526 | 0.032539 | 0.011225 [ 0.016785 | 0.007098 | 0.008042 | 0.007942 | 0.008580 | 0.011020
7 0.043485 | 0.016784 | 0.009484 | 0.017026 | 0.010637 | 0.034963 | 0.012143 | 0.017688 | 0.008120 | 0.009016 | 0.008715 | 0.009293 | 0.011593
8 0.044970 | 0.019449 | 0.010991 | 0.018912 | 0.011514 | 0.036882 | 0.012974 | 0.018360 | 0.009225 | 0.010020 | 0.009494 | 0.009990 | 0.012184
9 0.045788 | 0.021294 | 0.012085 | 0.020274 | 0.012110 | 0.038238 | 0.013616 | 0.018799 | 0.010239 | 0.010895 | 0.010173 | 0.010580 | 0.012717
10 | 0.046071 | 0.022311 | 0.012736 | 0.021104 | 0.012444 | 0.039057 | 0.014044 | 0.019033 | 0.011058 | 0.011560 | 0.010706 | 0.011023 | 0.013153
11 | 0.045942 | 0.022608 | 0.012992 | 0.021462 | 0.012559 | 0.039403 | 0.014273 | 0.019103 | 0.011641 | 0.011994 | 0.011078 | 0.011315 | 0.013474
12 | 0.045506 | 0.022330 | 0.012927 | 0.021434 | 0.012502 | 0.039354 | 0.014335 | 0.019045 | 0.011987 [ 0.012213 | 0.011299 | 0.011469 | 0.013682
13 | 0.044847 | 0.021623 | 0.012620 | 0.021108 | 0.012317 | 0.038985 | 0.014268 | 0.018892 | 0.012118 | 0.012248 | 0.011386 | 0.011505 | 0.013784
14| 0.044027 | 0.020617 | 0.012143 | 0.020561 | 0.012039 | 0.038367 | 0.014104 | 0.018666 | 0.012068 | 0.012137 | 0.011360 | 0.011446 | 0.013794
15 | 0.043097 | 0.019418 | 0.011552 | 0.019858 | 0.011696 | 0.037560 | 0.013870 | 0.018389 |[0.011872 [ 0.011914 | 0.011241 | 0.011310 [ 0.013726
16 | 0.042092 [ 0.018110 | 0.010894 | 0.019050 | 0.011310 | 0.036614 | 0.013587 | 0.018075 | 0.011564 | 0.011609 | 0.011047 | 0.011115 | 0.013594
17 | 0.041041 [ 0.016756 | 0.010203 | 0.018177 | 0.010897 | 0.035570 | 0.013271 [ 0.017735 | 0.011172 | 0.011246 | 0.010795 | 0.010876 | 0.013409
18 | 0.039963 | 0.015403 | 0.009504 | 0.017270 | 0.010470 | 0.034461 | 0.012935 | 0.017378 | 0.010721 | 0.010846 | 0.010498 | 0.010605 | 0.013184
19 | 0.038875 | 0.014083 | 0.008814 | 0.016353 | 0.010038 | 0.033312 [ 0.012587 [ 0.017011 | 0.010232 [ 0.010424 | 0.010169 | 0.010311 [ 0.012927

20 | 0.037786 | 0.012820 | 0.008146 | 0.015441 | 0.009607 | 0.032145 | 0.012233 | 0.016638 | 0.009721 | 0.009990 | 0.009816 | 0.010001 | 0.012647
21 | 0.036706 | 0.011626 | 0.007508 | 0.014548 | 0.009183 | 0.030974 | 0.011879 | 0.016262 | 0.009201 | 0.009553 | 0.009448 | 0.009682 | 0.012351
22 | 0.035641 | 0.010511 | 0.006904 | 0.013682 | 0.008767 | 0.029811 | 0.011526 | 0.015888 | 0.008682 | 0.009120 | 0.009071 | 0.009358 | 0.012043
23 | 0.034593 | 0.009478 | 0.006338 | 0.012848 | 0.008364 | 0.028665 | 0.011179 | 0.015517 | 0.008170 | 0.008694 | 0.008691 | 0.009034 | 0.011728

Yvp | 0.954899 | 0.356254 | 0.214943 | 0.391177 | 0.241501 | 0.798327 | 0.295635 | 0.408373 | 0.225202 |.0.236524 | 0.227998 | 0.236078 | 0.295514
U 0.961538 | 0.356506 | 0.215610 | 0.392157 | 0.242424 |.0.805153 | 0.297442 | 0.410678 | 0.225632 | 0.237248 | 0.229938 | 0.237023 | 0.297442
e 0.690456 | 0.070686 | 0.309355 | 0.249900 | 0.380738 | 0.847789 [ 0.607513 | 0.561267 | 0.190576 | 0.305166 | 0.843706 | 0.398695 | 0.648194

e= | (Xvp-uyu | x100%
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o . 2 e o . B -
M1TNN A.2 AN Cross Periodic Response Factors (W/m K) 4145LUadAN189 ASHRAE 437 1-14 19ei33 Direct Root Method(Response Factors) Error < 1%

AUANRIANURY ASHRAE

vel) Roof 1 Roof 2 Roof 3 Roof 4 Roof 5 Roof 6 Roof 7 Roof 8 Roof 9 Roof 10 Roof 11 Roof 12 Roof 13 Roof 14
0 0.023492 | 0.003028 | 0.035414 [ 0.000087 | 0.000435 | 0.021014 | 0.005924 | 0.019988 | 0.000880 | 0.003541 [ 0.002208 | 0.019769 | 0.008928 | 0.005685
1 0.194532 | 0.068252 | 0.252678 | 0.003874 | 0.015534 | 0.193291 | 0.055179 | 0.127505 | 0.002011 | 0.004244 | 0.002567 | 0.036943 | 0.015713 | 0.007876
2 0.155199 | 0.115880 | 0.268612 | 0.024982 | 0.044506 | 0.304047 | 0.099414 | 0.252474 | 0.015297 | 0.019218 | 0.008721 | 0.107609 | 0.039215 | 0.016914
3 0.055171 | 0.073029 | 0.200920 | 0.044806 | 0.050259 | 0.278394 | 0.100053 | 0.262855 [ 0.034631 | 0.044474 | 0.018072 | 0.167911 | 0.053199 | 0.022688
4 0.016318 | 0.033960 | 0.148139 [ 0.047411 | 0.043900 | 0.232317 | 0.088209 | 0.237730 | 0.042830 | 0.059551 | 0.023607 | 0.193704 | 0.055059 | 0.023724
5 0.004591 | 0.014201 | 0.109187 | 0.039538 | 0.035499 | 0.190907 | 0.074806 | 0.208334 | 0.041268 | 0.062478 | 0.024935 | 0.196181 | 0.052128 | 0.022865
6 0.001272 | 0.005680 | 0.080476 | 0.029142 | 0.027940 | 0.156475 | 0.062639 | 0.181193 | 0.035852 | 0.058786 | 0.023891 | 0.186507 | 0.047979 | 0.021481
7 0.000351 | 0.002226 | 0.059315 [ 0.020011 | 0.021770 | 0.128197 | 0.052225 | 0.157295 | 0.029824 | 0.052550 | 0.021842 | 0.171433 | 0.043783 | 0.020021
8 0.000097 | 0.000863 | 0.043718 | 0.013158 | 0.016897 | 0.105022 | 0.043479 | 0.136486 | 0.024366 | 0.045809 | 0.019507 | 0.154608 | 0.039853 | 0.018614
9 0.000027 | 0.000333 | 0.032223 | 0.008416 | 0.013094 | 0.086036 | 0.036179 | 0.118416 | 0.019759 | 0.039429 | 0.017215 | 0.137888 | 0.036249 | 0.017292
10 0.000007 | 0.000128 | 0.023750 | 0.005286 | 0.010142 | 0.070482 | 0.030099 | 0.102736 | 0.015974 | 0.033717 | 0.015100 | 0.122159 | 0.032965 | 0.016061
1" 0.000002 | 0.000049 | 0.017505 | 0.003280 | 0.007853 | 0.057740 | 0.025039 | 0.089131 | 0.012899 | 0.028735 [ 0.013203 | 0.107786 | 0.029977 | 0.014916
12 0.000001 | 0.000019 | 0.012902 | 0.002018 | 0.006081 | 0.047301 | 0.020830 | 0.077328 | 0.010411 | 0.024446 | 0.011525 | 0.094868 | 0.027259 | 0.013853
13 0.000000 | 0.000007 | 0.009509 [ 0.001235 | 0.004708 | 0.038750 | 0.017328 | 0.067088 | 0.008401 | 0.020778 | 0.010051 | 0.083371 | 0.024788 | 0.012865
14 0.000000 | 0.000003 | 0.007009 [ 0.000753 | 0.003645 | 0.031744 | 0.014415 | 0.058204 | 0.006778 | 0.017652 | 0.008762 | 0.073198 | 0.022541 | 0.011947
15 0.000000 | 0.000001 | 0.005166 | 0.000458 | 0.002822 | 0.026005 | 0.011992 [ 0.050496 | 0.005469 | 0.014992 [ 0.007637 | 0.064229 | 0.020497 | 0.011095
16 0.000000 | 0.000000 | 0.003808 [ 0.000278 | 0.002185 | 0.021304 | 0.009976 | 0.043809 | 0.004413 | 0.012732 | 0.006655 | 0.056339 | 0.018639 | 0.010304
17 0.000000 | 0.000000 | 0.002806 | 0.000168 | 0.001692 | 0.017452 | 0.008298 | 0.038008 | 0.003560 | 0.010811 [ 0.005799 | 0.049407 | 0.016949 | 0.009569
18 0.000000 | 0.000000 | 0.002068 | 0.000102 | 0.001310 | 0.014297 | 0.006903 | 0.032975 | 0.002873 | 0.009180 | 0.005053 | 0.043321 | 0.015412 | 0.008887
19 0.000000 | 0.000000 | 0.001525 [ 0.000062 | 0.001014 | 0.011712 | 0.005743 | 0.028608 | 0.002318 | 0.007795 | 0.004403 | 0.037982 | 0.014015 | 0.008253
20 0.000000 | 0.000000 | 0.001124 [ 0.000037 | 0.000785 | 0.009595 | 0.004777 | 0.024819 | 0.001870 | 0.006618 | 0.003836 | 0.033299 | 0.012744 | 0.007665
21 0.000000 | 0.000000 | 0.000828 [ 0.000023 | 0.000608 | 0.007860 | 0.003974 | 0.021533 [ 0.001509 | 0.005620 | 0.003343 | 0.029193 | 0.011589 | 0.007118
22 0.000000 | 0.000000 | 0.000610 [ 0.000014 | 0.000471 | 0.006439 | 0.003306 | 0.018681 | 0.001217 | 0.004772 | 0.002913 | 0.025592 | 0.010538 | 0.006610
23 0.000000 | 0.000000 | 0.000450 [ 0.000008 | 0.000364 | 0.005275 | 0.002750 [ 0.016207 | 0.000982 | 0.004052 | 0.002538 | 0.022436 | 0.009582 | 0.006139

ZYp 0.451060 | 0.317659 | 1.319742 | 0.245147 | 0.313514 | 2.061656 | 0.783537 | 2.371899 | 0.325392 | 0.591980 | 0.263383 | 2.215733 | 0.659601 | 0.322442
U 0.451060 | 0.317662 | 1.321004 | 0.245158 |-0.314762 | 2.061856 | 0.783699 | 2.375297 | 0.325415 | 0.592417 | 0.263992 | 2.222222 | 0.660502 | 0.324359
e 0.000000 | 0.000944 | 0.095533 | 0.004487 | 0.396490 | 0.009700 | 0.020671 | 0.143056 | 0.007068 | 0.073766 | 0.230689 | 0.292005 | 0.136411 | 0.591012

e= | (Xvp-uyu | x100%
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A13149% A.2 A1 Cross Periodic Response Factors (W/m2 K) dufundan1aee ASHRAE aia#l 15-28 1@eRa Direct Root Method(Response Factors) Error < 1% ()

IUANNIATIUDY ASHRAE

el Roof 15 Roof 16 Roof 17 Roof 18 Roof 19 Roof 20 Roof 21 Roof 22 Roof 23 Roof 24 Roof 25 Roof 26 Roof 27 Roof 28
0 0.012827 | 0.020707 | 0.001214 | 0.002371 | 0.003484 | 0.006785 | 0.008473 | 0.016783 | 0.006023 | 0.013727 | 0.010411 [ 0.003547 | 0.005605 | 0.006564
1 0.015829 | 0.022814 | 0.000947 | 0.001970 | 0.003395 [ 0.005999 | 0.008021 | 0.016157 | 0.005649 | 0.013419 | 0.010080 | 0.003094 | 0.005024 | 0.006009
2 0.025669 | 0.034623 | 0.002230 | 0.003516 | 0.007800 | 0.008331 | 0.012170 | 0.021888 | 0.007111 | 0.016162 | 0.011264 | 0.002955 | 0.005163 | 0.005769
3 0.030243 | 0.043182 | 0.007715 | 0.008220 | 0.015684 | 0.016353 | 0.019826 | 0.031329 | 0.010213 | 0.020144 | 0.013661 | 0.003728 | 0.006827 | 0.006139
4 0.030523 | 0.045399 | 0.015019 | 0.013844 | 0.022050 | 0.025526 | 0.026155 | 0.038543 | 0.013076 | 0.022858 | 0.015389 | 0.006196 | 0.009725 | 0.007826
5 0.029579 | 0.044795 | 0.019929 | 0.018209 | 0.025540 | 0.031582 | 0.029842 | 0.042558 | 0.014962 | 0.024143 | 0.016031 | 0.009417 | 0.012582 | 0.010297
6 0.028382 | 0.043328 | 0.021592 | 0.020750 | 0.026717 | 0.034155 | 0.031395 | 0.044187 | 0.015947 | 0.024494 | 0.016046 | 0.012095 | 0.014696 | 0.012577
7 0.027168 | 0.041669 | 0.020967 | 0.021679 | 0.026357 | 0.034265 | 0.031499 | 0.044251 | 0.016267 | 0.024310 | 0.015799 | 0.013697 | 0.015942 | 0.014149
8 0.025991 | 0.040009 | 0.019143 | 0.021417 | 0.025070 | 0.032927 | 0.030687 | 0.043337 | 0.016134 | 0.023835 | 0.015460 | 0.014286 | 0.016446 | 0.014959

9 0.024861 | 0.038399 | 0.016858 | 0.020365 | 0.023276 | 0.030846 | 0.029326 | 0.041834 | 0.015709 | 0.023208 [ 0.015095 [ 0.014138 | 0.016398 | 0.015161

10 0.023779 | 0.036850 | 0.014529 | 0.018845 | 0.021253 [ 0.028455 | 0.027663 | 0.040001 | 0.015105 | 0.022508 | 0.014728 | 0.013532 | 0.015971 | 0.014944

11 0.022744 | 0.035363 | 0.012357 | 0.017091 | 0.019174 [ 0.026000 | 0.025859 | 0.038001 | 0.014397 | 0.021780 | 0.014367 | 0.012676 | 0.015302 | 0.014467

12 0.021754 | 0.033935 | 0.010424 | 0.015264 | 0.017148 [ 0.023616 | 0.024017 | 0.035943 | 0.013638 | 0.021047 | 0.014013 | 0.011712 | 0.014491 | 0.013842

13 0.020808 | 0.032564 | 0.008748 | 0.013469 [ 0.015236 | 0.021370 [ 0.022205 | 0.033892 | 0.012862 | 0.020324 [ 0.013668 | 0.010725 [ 0.013608 | 0.013143

14 0.019902 | 0.031249 | 0.007317 | 0.011771 | 0.013471 [ 0.019291 | 0.020460 | 0.031891 | 0.012092 | 0.019617 | 0.013331 [ 0.009766 | 0.012701 | 0.012419

15 0.019036 | 0.029988 | 0.006107 | 0.010208 | 0.011866 [ 0.017389 | 0.018807 | 0.029963 | 0.011342 | 0.018929 | 0.013003 [ 0.008859 | 0.011801 | 0.011697

16 0.018208 | 0.028777 | 0.005091 | 0.008796 | 0.010421 | 0.015658 | 0.017257 | 0.028123 | 0.010620 | 0.018263 | 0.012683 | 0.008018 | 0.010928 | 0.010994

17 0.017415 | 0.027615 | 0.004240 | 0.007538 | 0.009132 | 0.014091 | 0.0156813 | 0.026376 | 0.009932 | 0.017619 | 0.012370 | 0.007245 | 0.010095 | 0.010320

18 0.016657 | 0.026500 | 0.003530 | 0.006432 | 0.007988 | 0.012676 | 0.014477 | 0.024725 | 0.009280 | 0.016997 | 0.012065 | 0.006541 | 0.009309 | 0.009678

19 0.015933 | 0.025430 | 0.002937 | 0.005466 | 0.006979 [ 0.011400 | 0.013243 | 0.023169 | 0.008666 | 0.016396 [ 0.011768 [ 0.005901 | 0.008572 | 0.009071

20 0.015239 | 0.024403 | 0.002444 | 0.004631 | 0.006090 [ 0.010251 | 0.012109 | 0.021705 | 0.008088 | 0.015816 | 0.011478 | 0.005322 | 0.007885 | 0.008499

21 0.014576 | 0.023417 | 0.002033 | 0.003912 | 0.005310 [ 0.009216 | 0.011067 | 0.020331 | 0.007546 | 0.015257 [ 0.011195 [ 0.004798 | 0.007247 | 0.007961

22 0.013942 | 0.022472 | 0.001691 | 0.003296 | 0.004627 [ 0.008286 | 0.010112 | 0.019040 | 0.007038 | 0.014717 | 0.010919 [ 0.004326 | 0.006657 | 0.007456

23 0.013335 | 0.021564 | 0.001406 | 0.002771 | 0.004030 [ 0.007449 | 0.009237 | 0.017831 | 0.006564 [ 0.014196 | 0.010650 [ 0.003899 | 0.006113 | 0.006982

2¥p | 0.504400 | 0.775052 | 0.208468 | 0.261831 | 0.332098 | 0.451917 | 0.469720 | 0.731858 | 0.268261 | 0.459766 | 0.315474 | 0.196473 | 0.259088 | 0.250923

U 0.507099 | 0.781250 | 0.208551 | 0.261986 | 0.333000 [ 0.452284 | 0.470810 | 0.733676 | 0.270783 | 0.462749 | 0.318370 | 0.196696 | 0.260010 | 0.251636

e 0.532243 | 0.793344 | 0.039798 | 0.059163 | 0.270871 [ 0.081144 | 0.231516 | 0.247793 | 0.931373 | 0.644626 | 0.909633 | 0.113373 | 0.354602 | 0.283346

e= | (Zyp-upu | x100%
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A13149% A.2 A1 Cross Periodic Response Factors (W/m2 K) dufundan11es ASHRAE aiafl 29-42 1@eRa Direct Root Method(Response Factors) Error < 1% (#8)

IUANNIATIUDY ASHRAE

el Roof 29 Roof 30 Roof 31 Roof 32 Roof 33 Roof 34 Roof 35 Roof 36 Roof 37 Roof 38 Roof 39 Roof 40 Roof 41 Roof 42
0 0.008292 | 0.011044 | 0.010050 | 0.023612 | 0.010728 [ 0.015515 | 0.007116 | 0.010130 | 0.007693 | 0.007098 | 0.026081 | 0.012162 | 0.018146 | 0.010336
1 0.007686 | 0.010354 | 0.009441 | 0.022251 | 0.010209 [ 0.014924 | 0.006370 | 0.009353 | 0.007249 | 0.006761 | 0.024916 | 0.011646 | 0.017457 | 0.010019
2 0.008439 | 0.010156 | 0.009306 | 0.022921 | 0.010274 | 0.014962 | 0.006062 | 0.008997 | 0.007020 | 0.006593 | 0.024757 | 0.011511 | 0.017323 | 0.009919
3 0.010639 | 0.010889 | 0.009967 | 0.025601 | 0.011051 [ 0.015693 | 0.006342 | 0.009145 | 0.006865 | 0.006434 | 0.025637 | 0.011730 | 0.017524 | 0.009817
4 0.013007 | 0.012937 | 0.011630 | 0.028881 | 0.012214 | 0.016857 | 0.007591 | 0.010193 | 0.007119 | 0.006514 | 0.027437 | 0.012377 | 0.018208 | 0.009887
5 0.014838 | 0.015362 | 0.013524 | 0.031683 | 0.013254 [ 0.017938 | 0.009348 | 0.011730 | 0.007844 | 0.006943 | 0.029352 | 0.013123 | 0.019038 | 0.010123
6 0.016079 | 0.017351 | 0.015064 | 0.033790 | 0.014033 | 0.018770 | 0.011081 | 0.013263 | 0.008814 | 0.007609 [ 0.030983 [ 0.013783 | 0.019798 | 0.010431
7 0.016826 | 0.018650 | 0.016087 | 0.035252 | 0.014564 | 0.019352 | 0.012505 | 0.014540 | 0.009765 | 0.008312 | 0.032230 | 0.014307 | 0.020413 | 0.010737
8 0.017182 | 0.019322 | 0.016643 | 0.036164 | 0.014890 | 0.019720 | 0.013534 | 0.015491 | 0.010539 | 0.008909 | 0.033111 | 0.014695 | 0.020877 | 0.011000

9 0.017235 | 0.019512 | 0.016836 | 0.036622 | 0.015051 [ 0.019913 | 0.014179 | 0.016128 | 0.011081 | 0.009340 | 0.033672 | 0.014961 | 0.021201 | 0.011209

10 0.017056 | 0.019366 | 0.016766 | 0.036709 | 0.015079 [ 0.019967 | 0.014490 | 0.016492 | 0.011397 | 0.009600 | 0.033962 | 0.015122 | 0.021403 | 0.011364

11 0.016702 | 0.018994 | 0.016514 | 0.036494 | 0.015002 [ 0.019908 | 0.014525 | 0.016626 | 0.011520 | 0.009714 | 0.034026 | 0.015192 | 0.021500 | 0.011468

12 0.016221 | 0.018477 | 0.016138 | 0.036038 | 0.014843 [ 0.019762 | 0.014342 | 0.016572 | 0.011491 | 0.009712 | 0.033902 [ 0.015185 | 0.021508 | 0.011527

13 0.015648 | 0.017874 | 0.015682 | 0.035391 [ 0.014620 | 0.019546 [ 0.013991 | 0.016365 | 0.011346 | 0.009623 | 0.033624 | 0.015113 | 0.021438 | 0.011546

14 0.015012 | 0.017221 | 0.015176 | 0.034593 | 0.014348 [ 0.019277 | 0.013515 | 0.016038 | 0.011118 | 0.009471 | 0.033220 | 0.014985 | 0.021303 | 0.011532

15 0.014336 | 0.016546 | 0.014643 | 0.033681 | 0.014038 [ 0.018966 | 0.012949 | 0.015615 | 0.010833 | 0.009278 | 0.032713 | 0.014811 | 0.021114 | 0.011489

16 0.013640 | 0.015866 | 0.014097 | 0.032683 | 0.013701 | 0.018625 | 0.012322 | 0.015120 | 0.010511 | 0.009056 | 0.032125 | 0.014599 | 0.020878 | 0.011420

17 0.012935 | 0.015193 | 0.013549 | 0.031623 | 0.013345 | 0.018260 | 0.011656 | 0.014571 | 0.010165 | 0.008816 | 0.031473 | 0.014354 | 0.020605 | 0.011329

18 0.012234 | 0.014534 | 0.013007 | 0.030521 | 0.012976 | 0.017879 | 0.010971 | 0.013984 | 0.009806 | 0.008567 | 0.030770 | 0.014084 | 0.020299 | 0.011220

19 0.011544 | 0.013893 | 0.012475 | 0.029395 | 0.012600 [ 0.017486 | 0.010281 | 0.013371 | 0.009444 | 0.008313 | 0.030030 [ 0.013793 | 0.019968 | 0.011096

20 0.010872 | 0.013274 | 0.011957 | 0.028257 | 0.012219 [ 0.017087 | 0.009597 | 0.012745 | 0.009082 | 0.008058 | 0.029263 | 0.013485 | 0.019616 | 0.010958

21 0.010221 | 0.012677 | 0.011455 | 0.027119 | 0.011838 [ 0.016685 | 0.008928 | 0.012113 | 0.008726 | 0.007806 | 0.028477 | 0.013165 | 0.019247 | 0.010809

22 0.009596 | 0.012105 | 0.010969 | 0.025988 | 0.011459 [ 0.016282 | 0.008281 | 0.011483 | 0.008377 | 0.007557 | 0.027680 [ 0.012835 | 0.018865 | 0.010651

23 0.008997 | 0.011556 | 0.010501 | 0.024874 | 0.011084 [ 0.015880 | 0.007660.| 0.010860 | 0.008037 | 0.00/313 | 0.026877 | 0.012499 | 0.018474 | 0.010486

2¥p | 0.315237 | 0.363153 | 0.321477 | 0.740143 | 0.313420 | 0.429254 | 0.257636 | 0.320925 | 0.225842 | 0.197397 | 0.726318 | 0.329517 | 0.476203 | 0.260373

U 0.318370 | 0.364964 | 0.323625 | 0.747384 | 0.315457 [ 0.431965 | 0.2568065 | 0.323625 | 0.227739 | 0.198295 | 0.731529 | 0.331895 | 0.478927 | 0.262536

e 0.984075 | 0.496213 | 0.663731 | 0.968846 | 0.645730 [ 0.627597 | 0.166237 | 0.834299 | 0.832971 | 0.452861 | 0.712344 | 0.716492 | 0.568771 | 0.823887

e= | (Zyp-upu | x100%

Ll
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AN3797 9.1 A1 Cross Periodic Response Factors (W/m- K) Awsuniianes ASHRAE 47l 1-14 3nza% FDR Method

FUANUIUDI ASHRAE

Yp(j)
Wall 1 Wall 2 wall 3 Wall 4 Wall 5 Wall 6 Wall 7 Wall 8 Wall 9 wall 10 | wall11 | wall12 | wall 13 | wall 14

0.083453 | 0.000930 | 0.024269 | 0.016304 | 0.001459 [ 0.006800 | 0.012795 | 0.013450 [ 0.000741 | 0.002859 | 0.006722 [ 0.024995 | 0.023606 | 0.013416

0.212319 | 0.032346 | 0.205509 | 0.140479 | 0.027195 | 0.069873 | 0.061171 | 0.039956 | 0.000976 | 0.008479 | 0.009606 | 0.034357 | 0.034292 | 0.014401

0.062113 | 0.084461 | 0.241125 | 0.183247 | 0.089190 | 0.128672 | 0.073601 | 0.086777 [ 0.006076 | 0.037965 | 0.027462 [ 0.085484 | 0.073316 | 0.024445

0.013485 | 0.082293 | 0.179398 | 0.139726 | 0.110965 | 0.141444 | 0.066429 | 0.100272 [ 0.017572 | 0.071094 | 0.046293 [ 0.136109 | 0.100600 | 0.036219

0.002918 | 0.055057 | 0.127975 | 0.091066 | 0.100833 | 0.128897 | 0.058959 | 0.096369 | 0.026429 | 0.089063 | 0.053989 | 0.156636 | 0.107930 | 0.041834

0.000632 | 0.031140 [ 0.091025 | 0.055521 | 0.083165 [ 0.1110156 | 0.052279 | 0.088393 [ 0.029171 | 0.093657 | 0.053884 [ 0.157031 | 0.105720 | 0.042974

0.000137 | 0.016139 | 0.064731 | 0.032739 | 0.066578 | 0.093880 | 0.046354 | 0.080092 | 0.027757 | 0.090068 | 0.050380 | 0.148524 | 0.099954 | 0.041980

0.000030 | 0.007959 | 0.046032 | 0.018962 | 0.052826 | 0.078906 | 0.041100 | 0.072335 [ 0.024506 | 0.082204 | 0.045827 [ 0.136974 | 0.093133 | 0.040100

[ee BaN] o>} K621 BN NOVR BION B Heo)

0.000006 | 0.003809 | 0.032734 | 0.010872 | 0.041807 | 0.066184 | 0.036441 | 0.065272 | 0.020801 | 0.072538 | 0.041213 | 0.124917 | 0.086239 | 0.037910

9 0.000001 | 0.001790 | 0.023278 | 0.006198 | 0.033062 | 0.055474 | 0.032311 | 0.0568885 [ 0.017283 | 0.062538 | 0.036892 [ 0.113352 | 0.079641 | 0.035665

10 0.000000 | 0.000831 | 0.016554 | 0.003521 | 0.026141 | 0.046486 | 0.028649 | 0.063119 | 0.014191 | 0.053017 | 0.032962 | 0.102626 | 0.073463 | 0.033476

11 0.000000 | 0.000383 | 0.011772 | 0.001997 | 0.020668 | 0.038951 | 0.025401 | 0.047917 | 0.011577 | 0.044383 | 0.029429 | 0.092820 | 0.067729 | 0.031386

12 0.000000 | 0.000175 | 0.008371 | 0.001131 | 0.016340 | 0.032636 | 0.022522 | 0.043225 [ 0.009409 | 0.036797 | 0.026267 | 0.083912 | 0.062429 | 0.029411

13 0.000000 | 0.000080 | 0.005953 | 0.000640 | 0.012919 | 0.027345 | 0.019970 | 0.088991 | 0.007630 | 0.030277 | 0.023443 | 0.075844 | 0.057538 | 0.027553

14 0.000000 | 0.000037 | 0.004233 | 0.000362 | 0.010214 [ 0.022912 | 0.017706 | 0.035173 [ 0.006181 | 0.024763 | 0.020921 [ 0.068544 | 0.053028 | 0.025809

15 0.000000 | 0.000017 | 0.003010 | 0.000205 | 0.008075 | 0.019197 | 0.015699 | 0.031728 | 0.005003 | 0.020154 | 0.018670 | 0.061945 | 0.048871 | 0.024174

16 0.000000 | 0.000008 | 0.002141 | 0.000116 | 0.006384 | 0.016085 | 0.013920 | 0.028621 | 0.004048 | 0.016339 | 0.016661 [ 0.065979 | 0.045039 | 0.022642

17 0.000000 | 0.000003 | 0.001522 | 0.000066 | 0.005047 | 0.013477 | 0.012342 | 0.025818 | 0.003275 | 0.013203 | 0.014869 | 0.050588 | 0.041508 | 0.021207

18 0.000000 | 0.000002 | 0.001083 | 0.000037 | 0.003991 | 0.011292 | 0.010943 | 0.023289 | 0.002649 | 0.010640 | 0.013269 | 0.045716 | 0.038253 | 0.019863

19 0.000000 | 0.000001 | 0.000770 | 0.000021 | 0.003155 [ 0.009461 | 0.009703 | 0.021009 [ 0.002142 | 0.008556 | 0.011841 [ 0.041313 | 0.035254 | 0.018604

20 0.000000 | 0.000000 | 0.000547 | 0.000012 | 0.002494 | 0.007927 | 0.008603 | 0.018951 | 0.001733 | 0.006867 | 0.010567 | 0.037334 | 0.032490 | 0.017424

21 0.000000 | 0.000000 | 0.000389 | 0.000007 | 0.001972 [ 0.006642 | 0.007628 | 0.017095 [ 0.001401 | 0.005503 | 0.009430 [ 0.033738 | 0.029942 | 0.016320

22 0.000000 | 0.000000 | 0.000277 | 0.000004 | 0.001559 | 0.005565 | 0.006763 | 0.015421 | 0.001133 | 0.004404 | 0.008416 | 0.030489 | 0.027594 | 0.015285

23 0.000000 | 0.000000 [ 0.000197 | 0.000002 | 0.001233 | 0.004663 | 0.005997 | 0.013911 [ 0.000917 | 0.003521 | 0.007510 [ 0.027552 | 0.025431 | 0.014316

EYp 0.375094 | 0.317461 | 1.092895 | 0.703235 | 0.727272 | 1.133784 | 0.687286 | 1.116069 [ 0.242601 | 0.888889 | .0.616523 [ 1.926779 | 1.443000 | 0.646414

U 0.375094 | 0.317460 | 1.092896 | 0.703235 | 0.727273 | 1.133787 | 0.687285 | 1.116071 [ 0.242601 | 0.888889 | 0.616523 [ 1.926782 | 1.443001 | 0.646412

e 0.000000 | 0.000315 | 0.000092 | 0.000000 | 0.000137 | 0.000265 | 0.000146 | 0.000179 [ 0.000000 | 0.000000 | 0.000000 [ 0.000156 | 0.000069 | 0.000309

e= | Cyp-unu | x100%

6Ll



AN3797 9.1 A1 Cross Periodic Response Factors (W/m- K) dwiunianes ASHRAE 47l 15-28 1agiR3 FDR Method (si)

FUANUIUDI ASHRAE

Yel) Wall 15 | wall16 | Wall17 | Wall18 | wall19 | wall20 | wall21 | wali22 | wall23 | wall24 | wal25 | wal26 | wall27 | wall 28
0 0.003257 | 0.013418 | 0.003959 | 0.008357 | 0.013868 | 0.035525 | 0.019075 | 0.002858 | 0.004803 | 0.024883 | 0.008782 | 0.015399 | 0.009636 | 0.012224
1 0.002890 | 0.012516 | 0.003674 | 0.007820 | 0.013364 | 0.034531 | 0.018371 | 0.002450 | 0.004330 | 0.022732 | 0.008127 | 0.014559 | 0.009239 | 0.011832
2 0.006427 | 0.022331 | 0.004950 | 0.008919 | 0.016705 | 0.040937 | 0.018867 | 0.002482 | 0.004002 | 0.021721 | 0.007751 | 0.014398 | 0.008911 | 0.011572
3 0.018635 | 0.047882 | 0.009230 | 0.014042 | 0.024852 | 0.055136 | 0.022208 | 0.004323 | 0.004499 | 0.025466 | 0.008662 | 0.016549 | 0.009026 | 0.012014
4 0.033455 | 0.074438 | 0.013954 | 0.020499 | 0.031934 | 0.067530 | 0.026728 | 0.008042 | 0.006531 | 0.034836 | 0.011159 | 0.020510 | 0.010018 | 0.013411
5 0.044028 | 0.092461 | 0.017051 | 0.024995 | 0.035753 | 0.074824 | 0.030410 | 0.012029 | 0.009571 | 0.046308 | 0.014126 | 0.024406 | 0.011632 | 0.015154
6 0.048932 | 0.101151 | 0.018375 | 0.027016 | 0.037038 | 0.077937 | 0.032672 | 0.015123 | 0.012556 | 0.056577 | 0.016640 | 0.027316 | 0.013276 | 0.016635
7 0.049367 | 0.102672 | 0.018437 | 0.027267 | 0.036796 | 0.078306 | 0.033710 | 0.017001 | 0.014806 | 0.064127 | 0.018403 | 0.029136 | 0.014565 | 0.017630
8 0.046937 | 0.099436 | 0.017750 | 0.026497 | 0.035717 | 0.077009 | 0.033861 | 0.017776 | 0.016128 | 0.068701 | 0.019444 | 0.030041 | 0.015384 | 0.018162
9 0.042938 | 0.093360 | 0.016676 | 0.025218 | 0.034215 | 0.074751 | 0.033492 | 0.017699 | 0.016616 | 0.070639 | 0.019891 | 0.030253 | 0.015775 | 0.018335
10 | 0.038257 | 0.085800 | 0.015439 | 0.023723 | 0.032523 | 0.071972 | 0.032760 | 0.017026 | 0.016466 | 0.070482 | 0.019883 | 0.029962 | 0.015835 | 0.018256
11 | 0.033452 | 0.077661 | 0.014169 | 0.022172 | 0.030775 | 0.068940 | 0.031829 | 0.015971 | 0.015877 | 0.068780 | 0.019541 | 0.029320 | 0.015661 | 0.018009
12 | 0.028852 | 0.069517 | 0.012933 | 0.020648 | 0.029041 | 0.065820 | 0.030791 | 0.014699 | 0.015014 | 0.066012 | 0.018960 | 0.028439 | 0.015332 | 0.017655
13 | 0.024630 | 0.061713 | 0.011766 | 0.019190 | 0.027360 | 0.062708 | 0.029704 | 0.013330 | 0.014003 | 0.062562 | 0.018216 | 0.027404 | 0.014908 | 0.017235
14 | 0.020859 | 0.054443 | 0.010683 | 0.017814 | 0.025751 | 0.059662 | 0.028604 | 0.011948 | 0.012930 | 0.058726 | 0.017367 | 0.026276 | 0.014427 | 0.016778
15 | 0.017558 | 0.047799 | 0.009688 | 0.016526 | 0.024222 | 0.056714 | 0.027512 | 0.010608 | 0.011854 | 0.054720 | 0.016457 | 0.025099 | 0.013919 | 0.016301
16 | 0.014708 | 0.041811 | 0.008778 | 0.015325 | 0.022776 | 0.053881 | 0.026441 | 0.009346 | 0.010811 | 0.050698 | 0.015517 | 0.023906 | 0.013400 | 0.015817
17 | 0.012274 | 0.036467 | 0.007951 | 0.014209 | 0.021411 | 0.051170 | 0.025399 | 0.008180 | 0.009824 | 0.046766 | 0.014572 | 0.022719 | 0.012882 | 0.015334
18 | 0.010211 | 0.031734 | 0.007199 | 0.013173 | 0.020126 | 0.048584 | 0.024390 | 0.007121 | 0.008902 | 0.042991 | 0.013639 | 0.021553 | 0.012373 | 0.014856
19 | 0.008473 | 0.027567 | 0.006517 | 0.012211 | 0.018916 | 0.046121 | 0.023417 | 0.006170 | 0.008052 | 0.039416 | 0.012732 | 0.020420 | 0.011876 | 0.014388

20 | 0.007018 | 0.023912 | 0.005899 | 0.011320 | 0.017778 | 0.043779 | 0.022479 | 0.005325 | 0.007273 | 0.036063 | 0.011858 | 0.019325 | 0.011395 | 0.013931
21 | 0.005803 | 0.020720 | 0.005340 | 0.010493 | 0.016708 | 0.041553 | 0.021576 | 0.004579 | 0.006562 | 0.032943 | 0.011023 | 0.018275 | 0.010930 | 0.013485
22 | 0.004792 | 0.017937 | 0.004833 | 0.009726 | 0.015702 | 0.039438 | 0.020709 | 0.003926 | 0.005918 | 0.030054 | 0.010232 | 0.017270 | 0.010481 | 0.013052
23 | 0.003953 | 0.015518 | 0.004374 | 0.009016 | 0.014756 | 0.037430 | 0.019875 | 0.003358 | 0.005333 | 0.027392 | 0.009484 | 0.016313 | 0.010050 | 0.012632

Svp | 0527706 | 1.272264 | 0.249625 | 0.406176 | 0.598087 | 1.364258 | 0.634920 | 0.231370 | 0.242661 | 1.123595 | 0.342466 | 0.548848 | 0.300931 | 0.364698
U 0.527704 | 1.272265 | 0.249626 | 0.406174 | 0.598086 | 1.364256 | 0.634921 | 0.231374 | 0.242660 | 1.123596 | 0.342466 | 0.548847 | 0.300933 | 0.364697
e 0.000379 | 0.000079 | 0.000401 | 0.000492 | 0.000167 | 0.000147 | 0.000157 | 0.001729 | 0.000412 | 0.000089 | 0.000000 | 0.000182 | 0.000665 | 0.000274

e= | Cyp-unu | x100%

ocl



AN9197 4.1 A1 Cross Periodic Response Factors (W/m” K) &wsuniiaaas ASHRAE 47 29-41 Tneia3 FDR Method (sig)

AUANIIUDY ASHRAE

Yol Wall 29 Wall 30 Wall 31 Wall 32 Wall 33 Wall 34 Wall 35 Wall 36 Wall 37 Wall 38 Wall 39 Wall 40 Wall 41
0 0.033744 | 0.008526 [ 0.005818 | 0.012064 | 0.007992 | 0.027701 | 0.010886 | 0.015218 | 0.007679 | 0.008294 [ 0.008348 | 0.008730 | 0.011461
1 0.032748 | 0.007657 | 0.005325 | 0.011304 | 0.007616 | 0.026605 [ 0.010551 | 0.014855 | 0.007199 | 0.007892 [ 0.007970 | 0.008411 | 0.011141
2 0.032062 | 0.006901 [ 0.004880 [ 0.010610 | 0.007268 | 0.025753 | 0.010228 | 0.014523 | 0.006737 | 0.007506 [ 0.007601 | 0.008100 | 0.010824
3 0.032823 | 0.006644 [ 0.004626 | 0.010274 | 0.007109 | 0.025967 | 0.009983 [ 0.014444 | 0.006333 | 0.007173 | 0.007283 | 0.007837 | 0.010557
4 0.035371 | 0.007692 | 0.004961 | 0.010888 | 0.007475 | 0.027636 | 0.010024 [ 0.014924 | 0.006150 | 0.007056 | 0.007178 | 0.007774 | 0.010473
5 0.038614 | 0.010219 [ 0.006096 | 0.012568 | 0.008399 | 0.030180 | 0.010502 | 0.015855 | 0.006401 | 0.007356 [ 0.007445 | 0.008053 | 0.010671
6 0.041558 | 0.013533 [ 0.007764 | 0.014822 | 0.009573 | 0.032884 | 0.011313 [ 0.016893 | 0.007119 | 0.008080 | 0.008045 | 0.008627 | 0.011113
7 0.043795 | 0.016796 [ 0.009520 | 0.017076 | 0.010681 | 0.035294 | 0.012228 [ 0.017793 | 0.008139 | 0.009052 | 0.008812 | 0.009339 | 0.011683
8 0.045271 | 0.019460 [ 0.011024 | 0.018958 | 0.011557 | 0.037199 | 0.013057 | 0.018464 | 0.009242 | 0.010054 [ 0.009585 | 0.010036 | 0.012271
9 0.046082 | 0.021304 [ 0.012114 | 0.020318 | 0.012151 | 0.038541 | 0.013698 | 0.018899 | 0.010255 | 0.010928 [ 0.010260 | 0.010626 | 0.012803
10 0.046357 | 0.022322 | 0.012763 | 0.021145 | 0.012484 | 0.039347 | 0.014125 | 0.019131 | 0.011072 | 0.011591 [ 0.010787 | 0.011071 | 0.013237
11 0.046220 | 0.022619 [ 0.013016 | 0.021501 | 0.012597 | 0.039681 | 0.014353 [ 0.019199 | 0.011652 | 0.012024 | 0.011155 | 0.011363 | 0.013556
12 0.045776 | 0.022341 [ 0.012948 | 0.021471 | 0.012539 | 0.039620 | 0.014413 [ 0.019139 | 0.011997 | 0.012241 [ 0.011372 | 0.011516 | 0.013762
13 0.045108 | 0.021634 [ 0.012638 | 0.021142 | 0.012352 | 0.039240 | 0.014342 | 0.018983 | 0.012127 | 0.012275 [ 0.011455 | 0.011550 | 0.013862
14 0.044281 | 0.020626 [ 0.012158 | 0.020593 | 0.012072 | 0.038611 | 0.014174 | 0.018756 | 0.012078 | 0.012162 [ 0.011425 | 0.011486 | 0.013869
15 0.043342 | 0.019426 [ 0.011566 | 0.019887 | 0.011727 | 0.037794 | 0.013936 | 0.018476 | 0.011883 | 0.011937 | 0.011302 | 0.011345 | 0.013798
16 0.042329 | 0.018116 [ 0.010907 | 0.019077 | 0.011339 | 0.036838 | 0.013649 | 0.018160 | 0.011576 | 0.011630 [ 0.011104 | 0.011146 | 0.013662
17 0.041269 | 0.016761 [ 0.010215 | 0.018202 | 0.010925 | 0.035784 | 0.013330 | 0.017818 | 0.011185 | 0.011267 [ 0.010849 | 0.010903 | 0.013475
18 0.040184 | 0.015406 [ 0.009515 | 0.017293 | 0.010497 | 0.034666 | 0.012991 [ 0.017459 | 0.010735 | 0.010866 | 0.010549 | 0.010628 | 0.013247
19 0.039088 | 0.014086 [ 0.008824 | 0.016374 | 0.010063 | 0.033509 | 0.012641 | 0.017089 | 0.010247 | 0.010442 | 0.010217 | 0.010332 | 0.012988
20 0.037993 | 0.012821 [ 0.008156 | 0.015461 | 0.009631 | 0.032334 | 0.012285 | 0.016714 | 0.009736 | 0.010007 [ 0.009861 | 0.010020 | 0.012705
21 0.036906 | 0.011627 [ 0.007518 | 0.014566 | 0.009205 | 0.031155 | 0.011930 [ 0.016337 | 0.009215 | 0.009569 | 0.009491 | 0.009700 | 0.012407
22 0.035834 | 0.010511 [ 0.006913 | 0.013698 | 0.008788 | 0.029984 | 0.011576 | 0.015961 | 0.008694 | 0.009135 [ 0.009112 | 0.009376 | 0.012097
23 0.034781 | 0.009478 | 0.006346 | 0.012863 | 0.008384 | 0.028831 | 0.011228 | 0.015588 | 0.008181 [ 0.008709 [ 0.008730 [ 0.009052 [ 0.011781

2Yp | 0.961536 | 0.356506 | 0.215611 | 0.392155 | 0.242424 | 0.805154 | 0.297443 | 0.410678 | 0.225632 [.0.237246 | 0.229936 | 0.237021 | 0.297443
U 0.961538 | 0.356506 | 0.215610 | 0.392157 | 0.242424 | 0.805153 | 0.297442 | 0.410678 | 0.225632 [ 0.237248 [ 0.229938 [ 0.237023 | 0.297442
e 0.000208 | 0.000000 [ 0.000464 | 0.000510 | 0.000000 | 0.000124 | 0.000336 [ 0.000000 | 0.000000 | 0.000843 [ 0.000870 | 0.000844 | 0.000336

e= | (Xvp-upu | x100%

Ll



AN37971 9.2 A1 Cross Periodic Response Factors (W/m- K) Awsundannaes ASHRAE 4infi 1-14 1neids FDR Method

AUANAIANURI ASHRAE

Yel) Roof 1 Roof 2 Roof 3 Roof 4 Roof 5 Roof 6 Roof 7 Roof 8 Roof 9 Roof 10 Roof 11 Roof 12 Roof 13 Roof 14
0 0.041083 [ 0.005943 | 0.035379 | 0.000024 [ 0.000631 | 0.020477 | 0.005734 | 0.019796 | 0.000794 | 0.003443 [ 0.002216 | 0.019988 | 0.008834 [ 0.005759
1 0.221861 | 0.087990 | 0.253289 | 0.003945 [ 0.015840 | 0.193894 | 0.055420 | 0.128566 | 0.002106 | 0.004466 [ 0.002711 | 0.038293 | 0.015981 [ 0.008119
2 0.130906 | 0.114098 | 0.268792 | 0.024984 [ 0.044675 | 0.304072 | 0.099433 | 0.252824 | 0.015300 | 0.019267 [ 0.008783 | 0.108252 | 0.039291 [ 0.017055
3 0.041215 | 0.063323 | 0.201053 | 0.044807 | 0.050390 | 0.278414 | 0.100069 | 0.263159 [ 0.034634 | 0.044515 | 0.018126 | 0.168475 | 0.053268 | 0.022820
4 0.011612 | 0.027856 | 0.148237 | 0.047412 | 0.044001 | 0.232333 | 0.088222 | 0.237993 | 0.042832 | 0.059586 | 0.023654 | 0.194197 | 0.055121 [ 0.023846
5 0.003188 | 0.011288 | 0.109259 | 0.039538 | 0.035577 | 0.190920 | 0.074817 | 0.208562 | 0.041269 | 0.062507 | 0.024976 | 0.196614 | 0.052184 | 0.022979
6 0.000870 | 0.004416 | 0.080530 | 0.029143 [ 0.028001 | 0.156485 | 0.062648 | 0.181392 | 0.035853 | 0.058812 [ 0.023927 | 0.186886 | 0.048031 [ 0.021587
7 0.000237 | 0.001700 | 0.059355 | 0.020012 [ 0.021817 | 0.128206 | 0.052233 | 0.157467 | 0.029826 | 0.052572 | 0.021873 | 0.171766 | 0.043830 | 0.020119
8 0.000064 | 0.000649 | 0.043747 | 0.013159 [ 0.016933 | 0.105030 | 0.043485 | 0.136635 | 0.024367 | 0.045828 [ 0.019534 | 0.154899 | 0.039895 [ 0.018705
9 0.000018 [ 0.000247 | 0.032244 | 0.008416 | 0.013123 | 0.086042 | 0.036184 | 0.118546 | 0.019759 | 0.039445 [ 0.017239 | 0.138144 | 0.036288 | 0.017377
10 0.000005 | 0.000094 | 0.023766 | 0.005286 [ 0.010164 | 0.070487 | 0.030103 | 0.102848 | 0.015975 | 0.033730 [ 0.015121 | 0.122383 | 0.033001 [ 0.016139
11 0.000001 [ 0.000036 | 0.017516 | 0.003280 | 0.007870 | 0.057744 | 0.025043 | 0.089229 | 0.012899 | 0.028746 [ 0.013221 | 0.107982 | 0.030009 | 0.014989
12 0.000000 | 0.000013 | 0.012911 | 0.002018 | 0.006094 | 0.047304 | 0.020833 | 0.077413 [ 0.010411 | 0.024455 | 0.011540 | 0.095040 | 0.027289 | 0.013920
13 0.000000 [ 0.000005 | 0.009516 | 0.001235 [ 0.004718 | 0.038752 | 0.017331 | 0.067161 | 0.008401 | 0.020786 [ 0.010065 | 0.083522 | 0.024814 | 0.012928
14 0.000000 | 0.000002 | 0.007014 | 0.000752 | 0.003653 | 0.031746 | 0.014417 | 0.058267 | 0.006778 | 0.017659 [ 0.008774 | 0.073331 | 0.022565 [ 0.012006
15 0.000000 [ 0.000001 | 0.005169 | 0.000457 [ 0.002828 | 0.026007 | 0.011993 | 0.050551 | 0.005469 | 0.014998 [ 0.007647 | 0.064345 | 0.020519 | 0.011150
16 0.000000 | 0.000000 | 0.003810 | 0.000277 | 0.002190 | 0.021305 | 0.009977 | 0.043857 | 0.004413 | 0.012736 [ 0.006664 | 0.056440 | 0.018658 | 0.010354
17 0.000000 [ 0.000000 | 0.002808 | 0.000168 [ 0.001695 | 0.017454 | 0.008300 | 0.038049 | 0.003560 | 0.010815 [ 0.005807 | 0.049496 | 0.016967 | 0.009616
18 0.000000 | 0.000000 | 0.002070 | 0.000102 [ 0.001313 | 0.014298 | 0.006904 | 0.033011 | 0.002873 | 0.009183 [ 0.005060 | 0.043399 | 0.015428 [ 0.008930
19 0.000000 | 0.000000 | 0.001526 | 0.000062 | 0.001016 | 0.011713 | 0.005744 | 0.028639 | 0.002318 | 0.007798 | 0.004409 | 0.038051 | 0.014030 | 0.008294
20 0.000000 | 0.000000 | 0.001124 | 0.000037 [ 0.000787 | 0.009596 | 0.004778 | 0.024847 | 0.001870 | 0.006621 [ 0.003842 | 0.033359 | 0.012758 | 0.007702
21 0.000000 | 0.000000 | 0.000829 | 0.000022 | 0.000609 | 0.007861 | 0.003975 | 0.021556 [ 0.001509 | 0.005622 | 0.003347 | 0.029246 | 0.011601 | 0.007153
22 0.000000 [ 0.000000 | 0.000611 | 0.000014 [ 0.000472 | 0.006440 | 0.003306 | 0.018702 | 0.001217 | 0.004773 [ 0.002917 | 0.025638 | 0.010549 [ 0.006643
23 0.000000 [ 0.000000 | 0.000450 | 0.000008 | 0.000365 | 0.005276 | 0.002751 | 0.016225 | 0.000982 | 0.004053 [ 0.002541 | 0.022476 | 0.009593 [ 0.006169

EYp 0.451060 | 0.317661 | 1.321005 | 0.245158 | 0.314762 | 2.061856 | 0.783700 | 2.375295 | 0.325415 | 0.592416 | 0.263994 | 2.222222 | 0.660504 | 0.324359
U 0.451060 | 0.317662 | 1.321004 | 0.245158 [ 0.314762 | 2.061856 | 0.783699 | 2.375297 | 0.325415 | 0.592417 [ 0.263992 | 2.222222 | 0.660502 | 0.324359
e 0.000000 | 0.000315 | 0.000076 | 0.000000 | 0.000000 | 0.000000 | 0.000128 | 0.000084 | 0.000000 | 0.000169 [ 0.000758 | 0.000000 | 0.000303 | 0.000000

e= | Cyp-unu | x100%

ccl



A"9197 9.2 A" Cross Periodic Response Factors (W/m’ K) &1miundannaeq ASHRAE gilafl 15-28 1a833 FDR Method (6ia)

IUANNIATIUDY ASHRAE

el Roof 15 Roof 16 Roof 17 Roof 18 Roof 19 Roof 20 Roof 21 Roof 22 Roof 23 Roof 24 Roof 25 Roof 26 Roof 27 Roof 28
0 0.012873 | 0.020877 | 0.001170 | 0.002326 | 0.003513 [ 0.006701 | 0.008450 | 0.016728 | 0.006159 | 0.013772 | 0.010475 | 0.003517 | 0.005620 | 0.006552
1 0.016133 | 0.023425 | 0.001017 | 0.002064 | 0.003594 [ 0.006162 | 0.008249 | 0.016494 | 0.005919 | 0.013732 | 0.010329 | 0.003170 | 0.005175 | 0.006135
2 0.025832 | 0.034990 | 0.002240 | 0.003535 | 0.007893 | 0.008363 | 0.012259 | 0.022015 | 0.007293 | 0.016332 | 0.011415 [ 0.002974 | 0.005236 | 0.005821
3 0.030400 | 0.043535 | 0.007723 | 0.008236 | 0.015764 [ 0.016383 | 0.019907 | 0.031449 | 0.010384 | 0.020308 | 0.013807 | 0.003746 | 0.006894 | 0.006187
4 0.030673 | 0.045737 | 0.015026 | 0.013857 | 0.022120 | 0.025553 | 0.026229 | 0.038655 | 0.013235 | 0.023016 | 0.015532 [ 0.006211 | 0.009786 | 0.007871
5 0.029723 | 0.045119 | 0.019935 | 0.018220 | 0.025601 [ 0.031606 | 0.029910 | 0.042663 | 0.015110 | 0.024295 | 0.016171 | 0.009431 | 0.012639 | 0.010339
6 0.028519 | 0.043639 | 0.021598 | 0.020758 | 0.026769 | 0.034175 | 0.031457 | 0.044286 | 0.016085 | 0.024641 | 0.016182 [ 0.012108 | 0.014748 | 0.012616
7 0.027299 | 0.041967 | 0.020973 | 0.021686 | 0.026403 | 0.034279 | 0.031555 | 0.044343 | 0.016395 | 0.024452 | 0.015932 | 0.013709 | 0.015990 | 0.014186
8 0.026116 | 0.040296 | 0.019148 | 0.021423 | 0.025110 | 0.032936 | 0.030738 | 0.043423 | 0.016254 | 0.023972 | 0.015589 | 0.014296 | 0.016491 | 0.014993
9 0.024981 | 0.038674 | 0.016863 | 0.020371 | 0.023311 | 0.030854 | 0.029373 | 0.041915 | 0.015821 | 0.023339 | 0.015222 | 0.014147 | 0.016440 | 0.015192
10 0.023894 | 0.037114 | 0.014533 | 0.018850 | 0.021283 | 0.028463 | 0.027706 | 0.040076 | 0.015209 | 0.022635 | 0.014852 | 0.013539 [ 0.016011 | 0.014972
11 0.022854 | 0.035616 | 0.012359 | 0.017095 | 0.019201 | 0.026010 | 0.025898 | 0.038072 | 0.014494 | 0.021902 | 0.014487 | 0.012683 | 0.015339 | 0.014492
12 0.021859 | 0.034178 | 0.010424 | 0.015267 | 0.017171 | 0.023627 | 0.024053 | 0.036009 | 0.013728 | 0.021166 | 0.014131 [ 0.011718 | 0.014524 | 0.013864
13 0.020908 | 0.032798 | 0.008747 | 0.013471 | 0.015256 | 0.021382 | 0.022237 | 0.033954 | 0.012946 | 0.020438 | 0.013783 | 0.010731 | 0.013638 | 0.013164
14 0.019998 | 0.031473 | 0.007316 | 0.011773 | 0.013488 [ 0.019303 | 0.020490 | 0.031949 | 0.012170 | 0.019727 | 0.013443 | 0.009771 | 0.012728 | 0.012439
15 0.019128 | 0.030202 | 0.006106 | 0.010209 | 0.011880 [ 0.017400 | 0.018835 | 0.030017 | 0.011415 | 0.019036 | 0.013112 | 0.008864 | 0.011825 | 0.011717
16 0.018296 | 0.028983 | 0.005090 | 0.008797 | 0.010434 | 0.015669 | 0.017282 | 0.028174 | 0.010688 | 0.018366 | 0.012789 | 0.008023 | 0.010950 | 0.011014
17 0.017499 | 0.027812 | 0.004240 | 0.007539 | 0.009143 | 0.014101 | 0.015836 | 0.026424 | 0.009996 | 0.017718 | 0.012474 | 0.007250 | 0.010114 | 0.010339
18 0.016738 | 0.026689 | 0.003529 | 0.006432 | 0.007998 | 0.012685 | 0.014497 | 0.024770 | 0.009340 | 0.017092 | 0.012166 | 0.006545 | 0.009326 | 0.009696
19 0.016009 | 0.025612 | 0.002937 | 0.005467 | 0.006987 [ 0.011408 | 0.013262 | 0.023211 | 0.008721 | 0.016488 | 0.011866 | 0.005905 | 0.008587 | 0.009089
20 0.015313 | 0.024577 | 0.002444 | 0.004631 | 0.006097 [ 0.010258 | 0.012126 | 0.021744 | 0.008139 | 0.015905 | 0.011574 | 0.005325 | 0.007899 | 0.008516
21 0.014646 | 0.023585 | 0.002033 | 0.003912 | 0.005316 | 0.009222 | 0.011083 | 0.020367 | 0.007594 | 0.015342 | 0.011289 | 0.004802 | 0.007260 | 0.007977
22 0.014009 | 0.022633 | 0.001691 | 0.003296 | 0.004633 [ 0.008291 | 0.010126 | 0.019075 | 0.007083 | 0.014799 | 0.011011 [ 0.004328 | 0.006669 | 0.007471
23 0.013399 | 0.021719 | 0.001407 | 0.002772 | 0.004035 | 0.007453 | 0.009250 | 0.017863 | 0.006605 | 0.014276 | 0.010739 | 0.003901 | 0.006123 | 0.006996

2¥p | 0.507099 | 0.781250 | 0.208549 | 0.261987 | 0.333000 | 0.452284 | 0.470808 | 0.733676 | 0.270783 | 0.462749 | 0.318370 | 0.196694 | 0.260012 | 0.251638
U 0.507099 | 0.781250 | 0.208551 | 0.261986 | 0.333000 | 0.452284 | 0.470810 | 0.733676 | 0.270783 | 0.462749 | 0.318370 | 0.196696 | 0.260010 | 0.251636
e 0.000000 | 0.000000 | 0.000959 | 0.000382 | 0.000000. [ 0.000000 | 0.000425 | 0.000000 | 0.000000 | 0.000000 [-0.000000 [ 0.001017 | 0.000769 | 0.000795

e= | (Zyp-upu | x100%

ecl



A"9197 9.2 A" Cross Periodic Response Factors (W/m’ K) &1miundaanaeq ASHRAE gilafl 29-42 1n833 FDR Method (6ia)

IUANNIATIUDY ASHRAE

el Roof 29 Roof 30 Roof 31 Roof 32 Roof 33 Roof 34 Roof 35 Roof 36 Roof 37 Roof 38 Roof 39 Roof 40 Roof 41 Roof 42
0 0.008473 | 0.011071 | 0.010100 | 0.023924 | 0.010767 | 0.015560 | 0.007070 | 0.010282 | 0.007751 | 0.007100 | 0.026209 | 0.012220 | 0.018154 | 0.010381
1 0.008022 | 0.010569 | 0.009670 | 0.022961 | 0.010418 [ 0.0156178 | 0.006511 | 0.009687 | 0.007432 | 0.006866 | 0.025422 | 0.011878 | 0.017754 | 0.010204
2 0.008670 | 0.010269 | 0.009436 | 0.023392 | 0.010391 [ 0.015106 | 0.006101 | 0.009211 | 0.007133 | 0.006643 | 0.025056 | 0.011648 | 0.017470 | 0.010030
3 0.010854 | 0.010996 | 0.010091 | 0.026047 | 0.011164 [ 0.015834 | 0.006376 | 0.009341 | 0.006974 | 0.006483 | 0.025925 | 0.011863 | 0.017666 | 0.009925
4 0.013206 | 0.013039 | 0.011749 | 0.029303 | 0.012323 | 0.016993 | 0.007621 | 0.010373 | 0.007223 | 0.006561 | 0.027715 | 0.012504 | 0.018346 | 0.009993
5 0.015023 | 0.015460 | 0.013638 | 0.032083 | 0.013358 [ 0.018070 | 0.009376 | 0.011896 | 0.007944 | 0.006989 | 0.029620 | 0.013246 | 0.019172 | 0.010226
6 0.016251 | 0.017444 | 0.015173 | 0.034169 | 0.014133 [ 0.018899 | 0.011105 | 0.013415 | 0.008909 | 0.007653 | 0.031240 | 0.013901 | 0.019928 | 0.010533
7 0.016986 | 0.018739 | 0.016192 | 0.035611 | 0.014661 | 0.019478 | 0.012527 | 0.014679 | 0.009856 | 0.008355 | 0.032478 | 0.014420 | 0.020540 | 0.010836
8 0.017331 | 0.019405 | 0.016743 | 0.036504 | 0.014984 [ 0.019842 | 0.013553 | 0.015618 | 0.010626 | 0.008950 | 0.033350 | 0.014804 | 0.021000 | 0.011097
9 0.017373 | 0.019592 | 0.016931 | 0.036944 | 0.015141 | 0.020032 | 0.014196 | 0.016245 | 0.011165 | 0.009379 | 0.033902 | 0.015066 | 0.021320 | 0.011304
10 0.017184 | 0.019441 | 0.016857 | 0.037014 | 0.015166 | 0.020082 | 0.014505 [ 0.016600 | 0.011478 | 0.009638 | 0.034184 | 0.015223 | 0.021519 | 0.011456
11 0.016822 | 0.019066 | 0.016601 | 0.036784 | 0.015086 | 0.020021 | 0.014539 | 0.016725 | 0.011599 | 0.009750 | 0.034239 | 0.015289 | 0.021613 | 0.011558
12 0.016332 | 0.018546 | 0.016221 | 0.036313 | 0.014924 [ 0.019871 | 0.014355 | 0.016663 | 0.011566 | 0.009747 | 0.034108 | 0.015279 | 0.021617 | 0.011615
13 0.015751 | 0.017940 | 0.015762 | 0.035650 | 0.014698 [ 0.019653 | 0.014003 | 0.016449 | 0.011418 | 0.009656 | 0.033823 | 0.015203 | 0.021545 | 0.011632
14 0.015108 | 0.017285 | 0.015253 | 0.034839 | 0.014422 [ 0.019381 | 0.013526 | 0.016115 | 0.011187 | 0.009504 | 0.033411 | 0.015072 | 0.021407 | 0.011616
15 0.014426 | 0.016607 | 0.014716 | 0.033914 | 0.014110 [ 0.019067 | 0.012959 | 0.015686 | 0.010899 | 0.009310 | 0.032898 | 0.014895 | 0.021215 | 0.011571
16 0.013723 | 0.015925 | 0.014167 | 0.032903 | 0.013771 | 0.018723 | 0.012330 | 0.015185 | 0.010573 | 0.009087 | 0.032303 | 0.014679 | 0.020976 | 0.011500
17 0.013012 | 0.015249 | 0.013616 | 0.031832 | 0.013412 | 0.018355 | 0.011664 | 0.014631 | 0.010224 | 0.008846 | 0.031644 | 0.014432 | 0.020700 | 0.011407
18 0.012306 | 0.014587 | 0.013071 | 0.030719 | 0.013041 | 0.017971 | 0.010978 | 0.014038 | 0.009864 | 0.008596 | 0.030936 | 0.014159 | 0.020392 | 0.011297
19 0.011611 | 0.013944 | 0.012536 | 0.029583 | 0.012662 | 0.017577 | 0.010287 | 0.013422 | 0.009498 | 0.008341 | 0.030189 | 0.013865 | 0.020058 | 0.011170
20 0.010934 | 0.013322 | 0.012016 | 0.028435 | 0.012279 [ 0.017175 | 0.009602 | 0.012791 | 0.009134 | 0.008086 | 0.029416 | 0.013555 | 0.019703 | 0.011031
21 0.010279 | 0.012724 | 0.011511 | 0.027287 | 0.011896 [ 0.016770 | 0.008933 | 0.012155 | 0.008776 | 0.007832 | 0.028625 | 0.013232 | 0.019332 | 0.010880
22 0.009649 | 0.012149 | 0.011023 | 0.026148 | 0.011515 | 0.016365 | 0.008285 | 0.011521 | 0.008425 | 0.007583 | 0.027822 [ 0.012900 | 0.018948 | 0.010721
23 0.009047 | 0.011598 | 0.010552 | 0.025025 | 0.011138 | 0.015961 | 0.007663 | 0.010896 | 0.008083 | 0.007338 | 0.027015 | 0.012562 | 0.018554 | 0.010554

2¥p | 0.318373 | 0.364967 | 0.323625 | 0.747384 | 0.315460 | 0.431964 | 0.258065 | 0.323624 | 0.227737 | 0.198293 | 0.731530 | 0.331895 | 0.478929 | 0.262537
U 0.318370 | 0.364964 | 0.323625 | 0.747384 | 0.315457 | 0.431965 | 0.258065 | 0.323625 | 0.227739 | 0.198295 | 0.731529 | 0.331895 | 0.478927 | 0.262536
e 0.000942 | 0.000822 | 0.000000 | 0.000000 | 0.000951 [ 0.000232 | 0.000000 | 0.000309 | 0.000878 | 0.001009 [-0.000137 [ 0.000000 | 0.000418 | 0.000381

e= | (Zyp-upu | x100%

vel
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