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ABSTRACT

Keywords: thermal property, roof insulation, computer simulation, energy saving

efficiency, payback time

This project continue the " The Study of Thermal Properties for Roof
Insulations and its’ Economic Analysis Model - (1) ; applying the thermal
properties analyzer for direct measurement to measure and analyze the thermal
conductivity and volume specific heat of various construction materials of the
building envelope. This project will apply these real data into a computer
simulation of HVAC system in a standard commercial building model to analyze
its” energy consumption patterns. Further, the database of thermal properties for

roof constructions will be renewed and updated.

From this project we have 3 conclusions as follows:

1. First, for the thermal properties of all roof insulation tiles, high density PS
layer has the minimum thermal conductivity, low density PS layer has the
minimum volume specific heat, and concrete PS-concrete insulation tile has
the minimum overall thermal conductance.

2. Second, PS-concrete insulation tile has the maximum energy saving and
economic efficiency. It will get 4.02% energy saving ratio and 3.2 months
payback time.

3. Third, we renew and upgrade the database of thermal properties for roof
constructions established in 2005.

Through this project we have showed there is great potential of energy
saving and economic efficiency for roof insulation tiles. And it is a workable
strategy for modifying the insulation performance of roof construction, and can
decrease the power consumption of building HVAC system outstandingly. We
hope these results could be useful for building designers and insulation tiles
producers, and will be subsume into Taiwan building technical specification in the

future.
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% # P47 % Hc(thermal diffusivity)
k 5@ E G
1o = £ e T

% ¥ # Euler constant=0.5772
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#& 1 #0n £ B2 (Steady-state Heat Flow Method) #3454t £ = = 2 & >
’j{%‘ RoELT 1iﬁ§ T_PF o 1§~ ,4 FLehigy £ g_j;_%’\ &g B ¥ o ﬁ?l]?’ A -j‘ﬁ{_"%ﬁ,fg
E 7 = (Fourier’s Law) £ 11 22 2 e (8 8 dic o

e EaBETEL  Q=KkAT -T,)/L» #2Q=AT, -T,)/R (3-3)
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AETECBEFRIRGZD S ASTMELS30 %2 %o ASTM E1530 4% §_
1% B 447032 (Guarded Heat Flow Meter Method) £ RSN R Y
AT g 2 B o 4 ASTMEIS30 f:8 ¢ 282 A4k A v + T @‘{ﬁrﬂl
b PTX LA RT L BRARIA e A P ET L5 d RFiERET
B oo PR BRRATE 2 e BRAYAT UBEFETHAT o7 2 2
#Fiil § 4 B (Heat Flux Transducer) £ R 1133 T Lo 28 B £ kg
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Test Section Schematic

( F#L &R :UNITHERM™ 2022 THERMAL CONDUCTIVITY MEASURING
SYSTEM USER’S GUIDE,2004 )

B 3-1 FEHMZERP B OEET LW

B (3-4) ;%% S F&R, ™ ik Benfe I 42 ® EF > & (3-4):8 7 R
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BEGEZFEEREGE D - ENUFLAS S Ry s yWh R IEGE S (4o F)
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equation()
(G : 220

W\ callbration polnts A - D

(R 8 A-D)

— delta TIO

(74 &R :UNITHERM™ 2022 THERMAL CONDUCTIVITY MEASURING
SYSTEM USER’S GUIDE,2004 )
B 3-2 iRt 2 R AT
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Thermal Conductivity Volume Heat Capacity Temperature
I‘r;flzelg:‘(’)ze 0.035-020W/m.K 4.0x10*1.5x10%Im K" 201C~+70°C
I\r:flzelgzc(’;e 0.20-1.0W/m.K 1.5%10%-4.0x10%Im™ K" -20C~+70C
AI\II’EI:eZdllZf(;;ze 0.015-0.20W/m.K 4.0x10%-1.5x10°Tm~ K" -20°C~+70°C
T;;E :‘(’)t;e 1.0-2.0W/mK 1.5%10°-4.0x10%Tm K" 20°C~+70°C
S:f?czel g:;‘;e 0.030-0.30W/m.K 4.0x10%1.5x10%m K" -15C~+50C
S:;f;w;l g;‘:;’e 0.30-2.0W/m.K 1.5x10%-4.0x10%Jm K" -15°C~+50°C
S:;ff“;el g;‘;‘;e 2.0-6.0W/mK 1.5x10%4.0x10°Jm K" -15C~+50°C
(F# k& : ISOMET 2104 USER’S GUIDE,2004 )
C R

232 HFAHOE s 3 E

BIRFRF-2ZHAR

Measurement Range

Accuracy

Thermal Conductivity

0.015-0.050W/m.K

5 % of reading + 0.003Wm™'K"!

0.050-0.70W/m.K

5 % of reading + 0.001 Wm™'K"!

0.70-6.0W/m.K

10 % of reading

Volume Heat Capacity

4.0x10%-4.0x10°Jm™ K"

15 % of reading + 1x10°Jm~K"!

Temperature

-20°C~+70C

1C

(F# %R
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Thermal Conductivity 3 % of reading + 0.001Wm 'K
Volume Heat Capacity 3 % of reading + 1x10°Jm~ K"’

(F# %k : ISOMET 2104 USER’S GUIDE,2004)

GIRE; ¥

ISOMET ¥ RBi# & 83 i > {7 L3 B P e ¥ RREIT 2R 2
HEF2ZFM o RHE2RBEFE b REFRPRE 7% 2373

a.-Needle probes 4 ;% #5ip| 3+

b.-Surface probes % & ¥ ip|:+

a-dSUERIF R R B RN Gd RA e I (YRR T A L) R
P A MG AT 0 2 3§ M RRRE R A FHLa m~
FES O ESVERRRGTRE BN S 4 15 mm B Az R S0 mm o R SRR 42 5
BAES 10mm~15mm 5 & & - FEZ2F 2 F5F o M RIEFR
AIRGIFRIEFER D 80mm ; AN IFRFHE T ML RE L T > B
RS A P A TR IS P R RS

b-2 e FRFE N AMEA Y LG KB BRPIETS 60
mm > E A ART R L R A PR R R B ER S FAE FRER
FE10mm~15mm it o KA &G FRGIEHR @ e Rk H LR
AR ok AR IR NI LR HREER R (s FRR
Beo Rl g e eed )
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(F# Xk : Thermal Properties Analyzer APT-P01 USER’S GUIDE,2004 )

® 3-7 APT-PO1 * i 3¢ W)
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34 AR ORARAUHHTE LR KR H

Thermal conductivity: 0.1W/mK ...4.0W/m.K

Volume heat capacity: 1.5x10°J/m* K ...4.0x10°J/m* K

Temperature inside the measurement .
From room temperature up to 200 C
chamber:

Maximum force developed by
_ . 215KN
Expansion of specimen:

Maximum pressure of steam 3.0MPa

(F# %k : Thermal Properties Analyzer APT-PO1 USER’S GUIDE,2004 )
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TERRBEFPTE -
ERFIFRRLAFEBL

1. BB FH13F 0 2% 2R3 E B > B fx HEATER F B - 3 i HEATER
CONTROL 41 B“U 45 1 f) > M prdgT B¢ ¢ P8 “un E”F 4% -
RIRRZ2Z BALHIF G -

2. Bk #FR R4 0 M B HEATER B B > 3 HEATER CONTROL #
FIBIP4X 2 fjdh S - (IR B A d “OPErB 1 o J b
T4 # COFF 3 “P 4z i2 )k 34 7 o
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1~ Calibration(&*): ™ o B E a2 FPRDE &2 K4 & o
Lt e A e BEP RRE 0 ek B 2 Reference 7 oo

ANAANY IER 2 ER
(U‘U’U’lm —— upperstack 4o g pr R ey 3 AR
(Top sample T)-_‘- (4 4%) JE (Atleast 3
L [P temperature
sample measurements
(TopRef.T) __ _ = @#:: )
T2 e
® e ® e 0 g
(BottomRef.T) __ | |®#® o ® o
T3 — |_— lower stack
V\/\W (< 4 tef)

Bl 3-8 &R & W

AT, =T, —T, (T\% Todet Bl%57 ) S50 fe % 8- 5% 40 -
(I/RS)X(AATS):(I/RR)X(AATR):Q

Ry =Ry x AT, /AT,

AT, =T, -T,
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T
2 (Valid only for one temp)
(T @ &
I—L— @ / o
) % // i
®/// z) ——————
® ReLde
GD///
/// @IS gamm
~ = ATe
4 T % B M Wb o
ATs °.®....
A Tr

Bl 3-9 &id RE

R v @ EFp (Thermal Conductivity Measurement ) :

R
t
T—'
1
Rs
//
- ATs
b ATx
Ls L
Rs=—= — :__S_
S As - A8 Rs
15 : 25
T : B0
™' :00C

W3-10 d REd ALNFERDE DK
3x: 1. Unitherm 2022 © = i & & 43 (Calibration Line) » 4 %3t 25°C » 50
C# 100C -
2. d * Unitherm 2022 & # * 4% i (Steady State)& |i% > F]p Q(Heat
Flux)? 3 & ] -
3. B Ao 2 ko] AR 2 e (R Contact <<<R Sample) °
4, ¥ % * thermal compound > & & H4F % (2 A& iEALPF P AT H 2

thermal compound > < /f &2 % % & RIFFAR I 11 H ) ©
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BIFAGRR LSS EHELE G

iR T
)—é“&{g @ é;‘ %LL Qwall %F'—%L
I H BEH Qwin.sol M
IV AR | BP0 A Qwin.con B
A

B L f Qs &
Qu Vit
B A

R Qus Gk

Qe B
RIS | BP F AR O B #
R A

ERN A ST Saas %
Qmu Vi
A&
NE LR | LR Krs i
QoL R

BOEAEA | B# BB LB B 6109608
(FA KRR M s Prafrinh > O5E(VRV)ZA s p ¥ &
WA EAC ™ 247 % > K94 &)

EREGEE
i :@}3;@ bR > d X J)Et_si_,gé‘rf_& rv’ﬂ%‘,fgg , g A4 % %%&Lﬁv AL
R B L oAEse o 2 A A ER YR o s S ISR

TR fgiv 5 HBas 5§ jm £ CLTD(Cooling Load Temperature Difference)

A B LR R (VRV)E 2000 K 8RR IEEACK? 2B
FRERF L L RS R 0 AR 94 E -

21



EREHEREL TR E &N nEAET
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Quan =U x AxCLTD (3-5)

o
U:Zagrafigg

CLTD: 2 5 g iR 4

A B AR

i AR BB g ¥20 5 HRe BBE R AP (D qua) ©

RARLFTE

E - Jlif%'ﬁi Llélb Ei ’-{‘;_LI‘quIl_‘?I 2 ;“5* z P\ “h uc!v_ i b“"é_ii f-g—%iéfz,éﬁ:clwin.sol ’ —é—‘g

WP 2 X 15 S B quineon © B3 E AT

Qwin = Qwin.sol + 9 win.con (3_6)
qwin.con =UxAx (To - Tl) (3_7)
Quinsa = AXSCx MSHGF x CLF (3-8)

qwin : HIFEE JF

qwin.con : I o F@E f =7
gwin.sol : B o p & 4F

U pligz £ 8i4 5

To: #*hKHER

Tt 2 pKHE

MSHGF : & * = 5 #2527 7]+
CLF: £ % § w73

SC : i jir T dic
ISE'S-TRE.
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PEERE O UEERBEFESC G BANRGIFARBEEZINERZE
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m&.?é%ki’/gﬁ%‘uﬁ’ﬁ B Ev & LEATEA R BRI EF L L 1 F
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i%‘ﬁﬁﬁﬂo PR SRR SERE AR PR ST

—-\ N

roc = roc.s +roc4|_ (3-9)
Qoccs = NxQoccs (3-10)
Qocer =N xQpcc.t (3-11)

St
™

Qocc @ A R HTH
Qoccs @ * M2 B4 f jm
Qoccr A W2 BEf J7
N: A% AR #(L)
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Qur =207 xF (3-12)

qur: HFEIRPEL2T4 5 E

B e i ge Fe(ho % e § F1F)

PEAEIARAOFRERG I AR SERFL AR 0P Y 7
WAT A A R A EF KK AL ORIES] 4R o SR
Bapfr % > AREFRHRL AT EREAPG AR T RFES TR
s HAM RN A AR X L0 3 R BRER R 723
SRR AR S I b & Sl R R L e d

Qqu* WEZEN B I
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N ﬂ;gg_i,d\_ajx;i_%?,{ti A ﬁg;{; % > é};ﬁ‘ ﬁj{r‘giﬁﬁ«&r‘f :

Qoa = Qons + Qoar (3-14)

Qons =Voua xCp x (T, = T)) (3-15)

QoaL :vOA x hfg x (X, — X;) (3-16)

R )
Xo v Xt A E G E A E PR R (kgkg)
hfg : "k 7z § hip % 1 BH
@iﬁgﬁﬁ@?@,gﬁﬁgﬂﬁﬁﬁﬁﬁiﬁﬁé?gﬁ%?%@
3-11 #5777 = @& A d 3 A 4200 4 17 4088 DOE-2.1E 425 i £ 2 fa:24 & ¥ 3

S AT 0 F T E AR 311 R 2 AR R

[HREAR ]
Pt I FTE TR T
HET i

P — L,

I|II T - |
N P Eee i
}—— - &
a1 L "Nh Fi
II'I."!._ - . ; e J“,”.',“,ﬂ-l-l..—l
: = |E £
-
= . L]
= oy ST
Ll ) f o
3 [ =
! [F I T Y F;:&: T Ay
EHERT ™ B TSR T R
= B -
FRAG, I T
Lado LA ) r—-l RaL

B 3-11 fg&p 7 5 7172
(FHRKR  mme  Baefoi Bk S48EVRV)Z S asp § &
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Be P RALRA 2R EETRAIALIERY 22 PSEE S O PSHF 2

RS
I o2 As T¥ RO ARTIRACBEN & -

2. RARRG G RTILE RS H @Y PS T RFENENA 2 i
B

3. PSEM AT A Sk~ Fagaf® > 148%1 2 0] 0 A s f oo

(F# &R AGRFLRSS)

Mm PSRz {81 175 ¢

Lo B Bk B Rais #dm AT 5 gacE > k251 Bla ok o

2. MEFRGHAY 13 RRARE BRERIERAT > 6 BT K -
3. MM EX 3IMAEY ¥ HE2.5om Ko R SR R R iR
4. 12 EFF L2 TR % o

(FH %R LBRELES D)
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¥ f BB R IR R RS A

W 4-1 PSH#MBFEE2Z FHITR
( "f'jw/fil . j‘lﬁifé’:ﬁ)

B 4-2 PSHE#m:F 22 fle Tk
(FHR KR A7 ER)

PS iz B F L2732 d 3B REEET 0
AR A &:}7‘;1:&5&!}.&%% BdcZ 4-1 ~ 4-2 #5757 o

%41 PSHARZAWLIRLEEE2 GREIE)

A Cp a B R
i W/m.K J/m’K m?/s T
$- <& 2.22 1.99x10° 1.11x10° 26.72
= Bl 2.19 2.00x10° 1.10x10° 27.57
5= 8l 2.18 2.00x10° 1.09x10° 27.74
I3 2.20 2.00x10° 1.10x10°°
(FA &R A g )
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Surface Constroction, Layers, and Material Data H

Construction | Layers ] Material ]

Currently Active Construction:
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Surace Construction Parameters

Heat Transfer From Outside To [nside

Construction: |RoofDeck Caons -
Specification Method: ] Layers Input =

Calculated U-val (Btuih-5F) 0.074

Surface Roughness: E,
Ext. Color (absorpt.): E, 0.700

[¥5]

0.03
006
0.04
0.02
0.00 i
—  Heat Tramsfer at Hoor X ---

9
Culative Heat Transfe

Construction Layers:

E|Elui|t Up Roof Layer _J| {rnaterial layers ordered from outside to inside)

MatenaIName | Thickness (ft) | Conduc:tlwty ] Densﬂy SPEC.'..HEat I B;Vﬁlue -

1 (Bi-Up Ra 0oz 00939 70,00 0350 —
R 250 0.0200 1.80 0230
BERE 0,005 26,0000 420,00/ 0100
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Peak Space Load Components (Space-by-Space)
Plesrm Space 1

Peak Spae Coolisg Loa Componcats (kBte} Cooling (kEto}

L Wall Cond 796

] Boof Cond Th17

G0 Int Sorfeces onn

50 Undard Socfaces L]

Infiltratinn onon

4 Wiz Counrd a

30 Window Sola Lhli]

20 Ooco pants ono

10 Lights pili]

0 Eqripmeat ana

Wall:  Boofs  Int&f Und &f [ofil Win Cod Win 30l Oocop  Lights  Egoip 3w Eapree jili]

— A5 o 2n }r A
W50 BEFTHEFTRFREE I *»2Z2EH X THELR
(FHR KR 255 )

£ @H% PEZHEFRE G 0B S5-10 ZHEB%R - J BT

BTRfas »2. 2 F 7B E % E % 90.06 MBtu (% 7,505 /4 ik #g « | PF )

Space Load Components {Space-by-Space)
Plesrm Space 1

Spme Covling Load Componcats (MBte) Cooling (kEto)

0 Walls 1443

Boofs 9005

— Inf Socfaces il

/ ™~

ROOf ‘\ Undgrd Socfaes i}

Infiltratinn ano

1 \ / N Window Coad a0

\ Window Enlx ano

/ \ Ore=opants nnn

T T Lights 000

. 28 Enpipment 000

Tan Eh Max Ap May Ton Tol Ang Eep Ot How Diec Soome 0o

W50 FEFFPLIFETAS ~2 2EZAELAE
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% 18 (Pumps & Mics.) ~ 4 #r-k#& (Heat Rejection) % 3
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% 122.53 MBtu (.5 10,210.8 4 /f #g -
2. 20.68 MBtu ( % 1,723.3 /4 i g « -]

Building System TOTAL Loads (MBte}

* 1B

5-11 %
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Conling

I

d Bl
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pe
by

Tanoacy
Febroay
Mach
Al
May
Tone
Toly
Apgost

Bl 5-11 %=

aag@%ﬁﬁﬁ#zﬁiﬂ7ﬁW%*“ﬁ*ﬁ

~

FRE

Ty MR

il

Tam kb Max A Moy Too Tol  fez Sep Oct

Haw

Diec

September
October
Hovember
Diecember
Total

Baez &0 204

174
177
iy
63l
955
1610
2082
20ak
1781
1253
G4l
371
12253

,4‘3 s%
l

it B

5412 5 H R

R A kKA (Space Cooling) ~ 7k & &2

FrRrERETEL 103,797 FR A ZHMAFEHLT
19,625 F B~ kR 2 B 12,048 F R~ L FroREE 622 mi

R

4 (bR Y

Mize, Equpnent
Ares Lightng
Wentlation
Pumps and hiisc
Ppace Heating
Heat Bajection
Epace Cooling

EREODEOE

T2 31.1% -

Annnal Energy Consumption By Enduse

Electric Consumption (M Wh)

N

Endoae

'IE’Ei

A

Eles Cnns

B] ¥ T
= kok A
£ 3+ 32,295

Mise. Eqoipmeat

area Lighting

Ventilation

Fomps aod bisc.

Epae Heating

Heat Erpectinn

Spae Cooling

15130

55372

2187

1204

622

19523
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Tarfnee Consiynetios, Lyysrs, and Maievial Taly

Constetion | Laen | Mueis |

Currsnily Arine Consiruciion

Construclion | Semplel2HD FS Insu =
Spoecification Meihod

Laysm inpui = 140

Burfaca Houghness i
Ext. Colue (sbaoupt e o e e

Consliclon LN o Sampiel-HD PE g +! [mirterad bayiig eadored fiom outssdi 19 mgide)
MalergMame | Thchnessi| Conduciely | Denoy | Spec eal | Hvse | =]
o beld TGl M T . -

BEEE

[ |
Bl 5-13 PS 1540 S8 2[5 8440 B
(FHR &R AT ER)

R e FRERET B RS AS EPSIEAME 2 £ B0 17 - B

B RSz BB R R
BRI BE L EL 0.068
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Tarfnee Consiynetios, Lyysrs, and Maievial Taly

Constetion | Laen | Mueis |

Curmnily Acive Construction m

Surface Conslrucion Parrslons Hoat Tranaler Froen Outande To lnade
Congirucian | Rool Deck Cons - =
Sproification Mothod L syem i = 0%
Calculated U-val (B3R [ o M

[\ 1]

Burfaca Houghness
= [0 3 T
Ext. Colue (sbaoupt RS SR st R

Consliucion L :]Hmr-'.': Rool Layer +! [t by endured from oulsidi 10 mgide)
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Peak Space Load Components (Space-by-Space)

Plesem Spax 1

Prak Space Coolisg Load Compoacats (kEte} Conling (kEto}

0 Wall Cond B0l
6l Enof Cond 6242
Int Socfams oo

A Undgrd Socfans 0o
40 Infiltrating oo
a0 Window Cood ]
Window Sola onn

L Occopants 000
10 Lights 000
Eqoipoeat 0o

y Walli Poofs Lot &f Und & Lofil Win Cod Wi %ol Omep Lights Eaoip 5w oo 0o

W 515 HETFEIFETR BRSO 2ERATRELE
(4K PS I #ats )
(FAL KR : AFTF RR)

BRTEAG N2 2EZAAFRE G 0 B 516 L d BT A
BEAs »2 2E 5B AT S 77.29 MBu (4 6,440.8 /4 i o « | &) o

Space Load Components (Space-by-Space)

Plearm Space |
Space Covlisg Load Composeats (MEte) Cooling ChEto}
20 Walls 1407
Eoofs 72
Int Sncfaes 0o
Roof AT Unrlgrd Sorfaczs 00
i e Lnfiltration o
U \ S - 9 Wiadow Cond 0.0
o % Window Solx [T
\ Oecopants onn
3 Lights 0o
—— = Eanipreat 000
g Tan Eb Ma AR Hay Too Tol ang Eep et Hox Dier Enome 0o

F516 EBFF2METAS »2 2E2AENAE
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Brilding System TOTAL Loads (MEte} Cooling Heating
0 Tannay 170 0.000
Febroay Lag <0008
Mach pa 0000
10 Al 3] 000
May B9z 0000
Toor lg g2 0000
Toly 1600 000
1] Arpgost 1987 000
September 1689 0000
October 1243 0000
Hovember 637 0000
Al JTw kb Max ax Moy Too Tol A Sep Ot Hov o Dec Diecember 35h 000
Total 114.59 0008
——— Tom ool Load i Towl Heatre Load

F5-17 AANHEA IR LELE 1 ZAELSOF
(4 % PS G &A1)

(FHR &R ] E)

-

RO NGRS LT 2 E L T R B B S8 5 B B
dRT e BT E AT RS 102023 HR A SANA2ERTEA
Bl S kR A 18,835 HF R R R 22 % B 12,010 F R ~ 4 ErREESTO HF R 0 &
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Annual Energy Consumption By Enduse

Electric Consumption (M Wh) Eodoze Eler Cons

Mizc. Eqpipmeat lal30
Area Lighting 35372

H iz Equipment

[0 Azes Lighting Ventilation 21E7

B Ventilaton

B Pumps snd Misc - Pomps and bise. Lmin

B Spece Heating
Space Heatl 1]

B Hest Bejection ]

B Bpece Cooling Heat Be pcting 76
Zpace Cooling LEB3S
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Curruntly Actnr Corsruction
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Suface Roughnats D.I 3 i
——————— 00 her ot i
5 £ ) 7000 i)
Eat, Colos (abooep) .0 = it Trutufer a8 Bomr X =« Cromalaties Het Tracily
Conabmction LRy o Bull-Up Hool Layer = (mateifal layars ardaned i awsidn 1o inside)
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- e = T = =
2
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B 520 -2 RC 45T 5 & T %15 £ 13
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Peak Space Load Componsnts (Space-by-Tpaca)
Fiessm e |
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Space Load Components (Space-by-Space)

Pleasm Space 1
Spaxr Coolisg Load Components (MBts) Crooling (MEta)
20 Walls 1411
Bonfs 7B B3
R 0 Of Int Spcfams oon
TRy Undard Sorfeo 000
\ Y Lnfiltrating 000
1o T 2 Window Cod 0.0
\ Window Snla 000
/ - \ oo pants 000
> = Lights a0
M A = .. N Basipment 010
Tan h Ma Ap Ielay Ton Tol Ang Erp Ot Hov Dier Eoome g

F522 BEFFIFETAS »2 282402
CEER T 17D

(FHR KR 27 EER)
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Brilding System TOTAL Loads (MBte} Cooling Heating
20 Tanoay L0 0000
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Annual Energy Consumption By Enduse

Electric Consumption (M Wh) Eadiie: Elec Cons

Mize. Eqripment 16130
Area Lighti 55572

B Mis. Equprent P

O AsesLighting o Yentilation 2187

B Ventlation : :

H  Purps snd M=z - Pomms and Mise. 1201a

B Space Heating :

B Heat Eejection Spae Heating u

B Spece Cocling Hest Be pction 580
Epae Cooling 1E903
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Construction ] Layers ] b aterial ]

Currently Active Construction:

Surface Construction Parameters

F R B E SN

Surface Construction, Layers, and Material Data E

Heat Transfer From Outside To Inside

Construction: |Roof Deck Cons - 0.05

Specification Method: 5| avers lnput 0.06
Calculated U-val (Btuh-5F) 0,059 s

0.02
Surface Roughness: %
0.00

Ext. Color (absormpt.): 0.70

!I

i
[u]
i

—  Heat Transfer at Hour X -

Cmlative Heat Transfel

q

Construction Layers: 5|Eluilt-Up Roof Layer l" {rnaterial layers ordered from outside to inside)

Faterial Mame | Thickness i) | Conductivity ] Densily Spec.Heat | Rialue ||
1 [Sample0d-lnsult Pottery 0,046 [ B5E2 124 88 0 5EE -
‘_E— Air Lay <4in Horiz [AL23) [ 0.870;
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|4 |BitUp Roof 3/5in [BROT) 0.031 10333 70.00 0350 =
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Space Load Components (Space-by-Space)
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Surface Construction, Lavers, and Material Data B

Construction ] Lapers ] M aterial ]

Currently Active Construction:

Surface Construction Parameters Heat Transter From Outside To inside

Construction: |Roof Deck Cons - 0.08

Specification hethad: Layers Input  » 0.06
Calculated U-val (Btu/h-5F) 0.073 .04
Surface Roughness: E, o

Ext. Color (absarpt.): 2 0.70 PO s ]
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!I
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4 |BltLp Roof 3/6in [EROT] 0.031 0.0929] FO.00 0.350 ] =
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Surface Construction, Layers, and Material Data E

Construction ] Layers ] M aterial ]

Currently Active Construction:

Roof O

Surace Construction Parameters

Heat Transfer From Outside To Inside

-

Construction: |Rggf Deck Cans
Specification Method

Syl Layers Input -
Calculated U-val (Btu/h-5F) 0.068

Surface Roughness: 5

i 9
Ext. Color {absorpt.): E, 0.700
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T Polystyrene Jin (IM3E) 0280 00200 1.80 0.290 =

o]

|

F15-38 2 RC SHE TS FRITIEHME 2 & O HPTH

(FH KR :

TNSELNR S ST Yy
%3..

m 2
SmZ_

4 < = e Y 4
ARSI 222 EBRIBATIALF 5 0 B 539 ZH %
P B N s v o .
TR RS 2 2 EBRBE R THEF S 66.01 kBtu (% 5.5 4
) o
Peak Space Load Components (Space- by -Space)
Pleasm Spacr |
Pesk Spme Coslina Losd Conmsarats (L8153 Cooluss (L}
n Well Cosd oL
W S B
ar Safurs 060
N Uiderd Sarform o
E] Iafilewins ato
- Wb Conl o
Wisdew lnlw am
a Oueopasty 0m
0 Laskts om
[ R— (1"
4 Walb ook A DR 5T LGl Wals Walal Omes Lais  Fanp T Sewr 0m

W 5-39 & &7

AR R

SR % o (BT heT o

(A deim © 3

B EE sl » 2
KRR RAL)

r2EKSZ

72

AR B

il

s



L& K=

$IF BRRBASLF 2T Y SAvE AT

ZrEZHPFAE G B 540 SH R O BT A
iR 5 79.04 MBtu (%) 6,586.7 /2 ik #E ¢ -] FF) e
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Surface Construction, Lawers, and Material Data H
Construction ] Lavers ] M aterial ]
-

Surface Construction Parameters Heat Transfer From Outside To [nside

Construction: |Roof Deck Cons - 0.08

Specification Methad: Layers Input - 0.06
Calculated U-val (Btuh-SF) 0,065 [0

. D
Surface Roughness:

Ext. Color (absaorpt.): E, 070

Currently Active Construction: | Yoof
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Material Name [ Thickness(f) [ Conductiviy | Densiy Spec.Heat | RWale |4
1 |Bubber RS Tile-Rubber Matel 0,076 0.2143 G180 051 |
"2 |Bubber RS Tile-PS Materal 0.056 0.0381 218 3103 |
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Surface Construction, Layers, and Material Data B

Construction ] Lapers ] M aterial ]

Currently Active Construction:

Surace Construction Parameters

Heat Transfer From Outside To lnside

Construction: |R00f Deck Cans

-

Specification Method: Layers Input  ~
Calculated L-al (Btuh-SF) 0.072)

Surface Roughness: H

W
Ext. Color (absorpt.): Y
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Construction Layers:
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