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ABSTRACT

Reducing the Heat Transfer of Wide span roofs which existing building has roof area more
than Wall area especially studying an air-conditioned opening Gymnasium GA-1. For collecting
data from building and analyze as a theory , roof heat transfer (RTTV) in a present which consist of
metals steel sheet at 1 mm. Thickness, 4,380 m" area and spraying in place insulator (Cellulose
Fiber ) at 25 mm. Thickness has 36.35 w/m’ RTTV  value which over the value as Code of
Conservation of the Power Supperting in 1992 for roof that not over 25 w/m' . The improvement
tendency of increasing an electric insulator that dispense in country including cellulose fiber and
ex-electric insulator make group accordance with heat transfer feature . First group is a heat ray
refection by spraying method on a material such as Ceramic-Polymer and stick under cellulose fiber
such as Reflective Foil. The second group is heat conduction and heat transmission. Installation
method by spraying under cellulose fiber or above celling such as Cellulose Fiber or Polyurethane
Foam (PU) which was Fiber Glass or Mineral wool felt installed on structure such as Gypsum
Plaster Board , Polystyrene (PS) or Wet-foamed mineral fiber. The last method can not use for
completed building because it must be made from manufacture as Polyethylene (PE)

The tendency of decreasing heat transfer by hold on the factors as low heat transfer value ,
worthwhile investment , convenient process , spend suitable time and agree with architectural
concept. As above mentioned , a suitable tendency is an electronic insulator spraying the Cellulose
Fiber at 25 mm. On former insulator. So, the total thickness is 50 mm. which the RTTV is
21.06 w/m'in a budget 1,533,000 Bath. The duration of returning a scholarship is 6.53 years. The
installation by spraying , can lean a scaffolding on roof structure or use a folk lift. The duration of
work is about 5 days. After the work completed, suspended roofs system of the main truss can be

showed which is significant symbol of this building.
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JAN | FEB | MAR | APR | MAY

JUN [ JUL | AUG | SEP | OCT [ NOV | DEC | YEAR

Direct horizontal 416 | 482 515 | 486 450 391 423 | 460 397 335 379 423 430
Diffuse horizontal 133 144 182 | 200 | 222 | 276 243 275 237 202 150 119 198
(Global 283 I3R-1--333 286 223 115 180 185 160 133 229 304 231
Mean 259 | 274 | 28] 29Rep003meadRT 1283 | 280 | 27.7 | 275 26.8 255 27.8
Mean max. 32 3387 338 SSON\MY [ 33| 327 | NG TN321 | 318 31.5 312 327
24,8 1260|256 1 253 25 248 | 245 1243 23.0 20.7 24.0
Mean 72 75 o 75 78 78 78 79 82 82 76 72 77
Mean max. 90 92 91 90 92 91 91 92 95 94 92 89 92
IMean mix. 49 33 55 55 60 62 63 63 65 65 58 o2 58

Mean wind speed 1.39712:16 F42.62 ) 236 1.9

2 1.85 18 1’39 ) k&3 1.29 1.29

Prevailing wind NE ) ) S S

SW | SW | SW | Sw NE NE NE

IMean 29.1' | 65.6 | 202.6

152:3.| 168.1 | 206+ |:342.2 | 251 45.7 7.6 1503.1

IMean rainy day 1.6 2.6 32 5.9 15.6

16.4. k 168 " 20907 #2213 | 17.1 39 |

128.9

IDaily maximum 39.3 73 88.4 134 | 248.6

167.3 | 108.8'| 97.8 | 156.7 | 144 116.6 32

248.6

STATION BANGKOK METROPOLIS
INDEX STATION 48445
LATITUDE 13 44 N

LONGITUDE 100 34 E

Data processing sub-division

Climatology division

ELEVATION OF STATION ABOVE M 2 METERS.
HEIGHT OF BAROMETER ABOVEMS 20 METERS.

HEIGHT OF THERMOMETER ABOVE 1.25 METERS.
HEIGHT OF WIND VANE ABOVE GR 33.10 METERS.
HEIGHT OF RAINGAUGE 1.00 METERS.

Meteorological department
Jan 25,1996
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2.3 ansnavesnmlsnemsoemanuioumanasn

amudeuiiAniumeolueins Felinaros umouyud Am¥idndounuiiuiog
aoalszion Ao anwdeuurs (Latent Heat) Wunnudoudadaninaudulueinis uas
ANu¥ouUFUAT (Sensible Heat) ANuToumMATAL1010 2 118 18uA A dousinanin
wndeumuusne1ns wazanuiounnanmnadeunolueims

vaannz 1d5uanudou vindndnavesneeriad Taonisuddadanudouds

.. |

¥ o = -~ | n’l’ AL =g -
Usznouadwiad 2 Uszinn fie FadnAudu (short wave radiation) M310fia FadNu191nA24
a o ' =t - at v Ao el
oAl szansanzqriunsZanla dd uazgngeduldalnoiaadd uasidaauduida
Hindaguzaeiidaduoneeninlugiluyyvemdsuniudon s liawnsonzgri
W v ¥ Y o @ A e o A o A ! £
nizanldld agfeuldanuiagiafeuivuazin dondimmiodauladiuniliveseins
' ot ' ' ® a ¥ J
g luniinnuuandaszuingurgioiansueonelu MldiRamsaomanudoui
1190 2 Thermodynamics “21¥ou liasoiusinfiguugid lilgigungia 18
L
Tagisenusensgimnaiguen”  dalu nisdumenudourdigeims msaomany
foudhgermsaunsorunlfandueinisld 3 53 fe
o v ' A ey or 1
msihnnuieu  Ae msmwmanudeuszninluanaogindu i Tuagass
o luamsiAganunioamsaesriandudany laons
3 A ' - o a - o -
NMIWINNNIOU. AD MsaemANuiouiiaIn. Msnaou InIvesiianTeves
ot - | ] " o Y LY A -
madhilgugiiviennuminuituana ey veamaziludmianufeuldindoudn
msudsidnnuiou  fle nrfindanuanuieumdouiilavasalugvosnduu
o > a A (] o 1 1
manlWih (Electromagnetic Waves) narmmdoundrdInan I selanSogyamellyg
a ad " 1 o o a "o t; 1
Hafigund Taghidesorwiednan amannydasunsouniadnnuiousenuunniesiueg

NuguYlveIRQUATINYMUZVeIRITag
2.3.1 dNFWavenNAMs

AMuaIIn lumInumanuieuvesiag uensndninaninnisuenudy t'hfuad
AunuauiAvesiaadin aumuianiinasensemanudeu 1dud

831N INIYNAIY M3y (K

(Thermal Conductivity)
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8ATIMINUNANWIBUTIM (C)

(Thermal Conductance)
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(Thermal Resistance/R-Value)
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(Coefficient of Heat Transmission / U-Value)
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VINMTUANANYDIRaMRNN 1S U-Value 1iluvan

U= 1/2ZR %W BTUHALt' F
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" L] ﬂ' - J Ky L]
nsznuAemsnImaNuayion luomsiinaduesin 1dun

A21UINNY

(Thermal Heat Capacity)
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(Time lag)
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(Surface Air Conductance)
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] FIBERGLASS (HIGH DENSITY RIGID BOARD)

"} POLYSTYRENE (EXPANDED)

AND BLANKETS)

557 AIR SPACE (NONRTFLECTIVE SURFACES)

5] GYPSUM BOARD

@] DRY SNOW

7] CONCRETE (LIGHTWEIGHT)®

|| CONCRETE (HEAVYWEIGHT), BRICK, SOLID GLASS, DRY EARTH

i METALS, WET EARTH, VAPOR BARRIERS

A 1 1 1 /AN i 1 R-VALUE
4 g

A comparison of the thermal resistance of various materials. All values ure for L-in.-thick sumples.
the actual resistance of a sample varies with density. temperature, material composition, and in some-
cases moisture content. The resistance of lightweight concrete varies greatly with density and

aggregate used (R-values vary from 0.2 to 2.0).

v 1 »
3UN 2.4 uaasmfSeudioy R-value vosnuIunaziagARg NI 1 12

n Heating Cooling Lighting Design Methods for Architects..Nordert ..Lechner..1991
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2.5.1 aAMzANNaUIEY (Comfort zone)
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378N13 JAN FEB | MAR APR | MAY JUN JUL | AUG SEP OCT | NOV DEC
td max (oc) 320 328 338 35.0 342 331 327 324 321 318 315 312
td ‘min (OC) 20.9 232 24.8 26.0 256 253 25.0 248 245 243 230 20.7
RH.max (%) 90 92 91 90 92 91 91 92 95 94 92 89
RH.max (%) 49 53 55 55 60 62 63 63 65 65 58 52
tw.max (OC) 235 249 26.1 272 27.5 269 26.7 26.4 26.6 26.3 25.0 233
twmm (OC) 19.7 222 238 248 24.6 243 24.0 238 24.0 23.8 22.1 19.3
wind (m/s) 1.39 2.16 2,62 236 1.90 2.00 1.85 1.90 1.39 1.23 1.29 1.29
ET.max 27.0 279 28.8 298 29.8 29.0 28.8 28,6 28.6 283 27.6 26.7
ET.min 204 228 242 253 25.1 249 245 24.2 242 24.0 22.7 20.2
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2.6 HAINIATITTIIINIAYIEN)

nasnwamnudnyue Inssadeldiduassseuy' fe
1. Tnssadranaemainiadu(Skeleton roof structure)

N b4 v
2. Tnsead R LRLRN CATIYRT UNIYUN(Surface and membrane structure for roof)
2.6.1 Insaanandsmainiafu(Skeleton roof structure)

= Y = -; : L 9V n’ = T W ' o e 'y
mens IasanasninsznoviunindudiuInssaanaeFuinauaeiuuasyoiusui
ar ' ai o - " [ @ d’ ] 1l
miin udravaanidumanienuuazien i lddagiusin v lussuuiingdonld 3
-

HUVAD

2.6.1.1 NAINIMUNIUAIAIBUA (Pitched roofs)

aunsouisnguamaImIadiuiiy ndmiiinuainduriesow slope)yu liifu
13 8371(3:12) HAIMANANUAIAFU WA 3 (medium slope)iyi LRy 18-30 DIA1(4:12) nda
MNNAUAIATUNIN(High slope)yn Taiiin 30-45 03A(12:12) tazintimudnnay Insaedis
14 4 uwy

-Tns s Wvrna@ndight wood Framing)

Uszneudawiuiuiias Yama(rafiers and sheathing)atu Tasaadrana I vearhu

-Tnsautnunsg :mmmzmu'lﬁ(wocd plank and beam roof system)

ar ar ar ' & 1 g o d‘ )

Usgnoudrviuniu ldifuudunszaiu Faudunszaiegsosiuiagyeiid vy
o e’;‘ ] 3 o 1 " :
10N (shinges)dNY UM TR szUVH AT M9 uNY 1AM R sz uu0Tn dazuiensaldu

¥ Y o " o Av - o d'.

Wi(purlins) MevuduiviesunsiioanioTanyidy

Aunulasanda v.lﬂ’(wood truss rafters)

nielasenn 1 awsamavrumlduinndiesaivuusn Insandaaiuise
Uszgnovimirsnuniedszneududgilvniseaem idwnduldsznovuy Tnsandan Tae

¥
HAINIZOZMIWIAY N ATUNALEIIET
N, dunulasania nielasaniaun(light truss, truss rafter)
v. Insaniantinheavy truss, wood truss)
-Tnsundn(steel roof)

3 o ° 4 & e
Tﬂiﬂﬁﬂiﬂﬂiﬂﬁﬂ’lﬁ']ﬂlﬂﬂﬂ ‘Nll‘uﬂﬂﬁmuuu

v w o 2 vd . e
"gn1ad Sauane, wasm luamanilaonssy, ngammw: v wlau wiuvias $1da 2543wt 35
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a (Y] o & o ' ar 4 d I~
N, 1ATITUNUIMAN steel rafters) ¥ N ANy uRoITy AN UM an Afe
FEUVAMATAIY
a -1 = ] - o o &
¥, Insanimman(steel trusses)Tgduuusu@oadulasansa i adiulnsm
o = .l - y 1] o
7o szuwAed asagadeiion1duru TangilseAu(gusset plates)
2.6.1.2 A Ni Ins9d519aWEA (Three-dimensional structure)
Tasauuuiiimu1n191n Insansan131A 02 (one-way truss on truss subsystem) 19t

[ o [ " o o - 1
ﬂ'}']l.lﬁﬂ‘uﬂ‘liﬂiw'lﬂiﬁﬂ'ﬂﬂllﬂxiﬂidﬂ?ﬂiﬂﬂﬂ'lﬂu l[ﬂﬁ'ﬂﬁ'ﬂ'ﬁﬁﬂﬂSﬂﬂullﬁzﬂﬂgﬂﬁTQ'UﬂQ

¥
= 1 °

s v ' 4 [ 4 L4 U s
Tnsnia Taslddunududiudeuszninnesavunaznedaais ludnyseiaunue s

i o

il unesanziva(diagonal chord)dmFvansiiemis pudnyuzvewruiildse Tomiv
- dyd =t 1 @ - as
apvimetivasoni Inssadraa1uiia (Space strature) MF0szvuTas 301 8N A (space truss
system)
Tﬂll(domes)uﬂzﬂﬁ‘ﬁﬂﬂﬁ d(arched roofs)
v ¥ ]
Tnssadraiiumauaz Tnsansou(rames) meansoutisiufives Tauoonidlugl

ammvumiogUnaemasninaunaing il Taglidmtheveaidas suildnyasiiudy
U ﬁuqﬁﬁﬁllﬂu(hinged bars)

18971 1R 3(arched roofs)

Wunininer Idani#Susvurmdedu Fon371 18310529 (barrel vault or barrel
rooDNi UNYDIMAINITOWAIFT U5 IN IUANM0IIITI8A(compression)

NaIMA NN 1(lamella roofs

) fuTnseadrei A nnGosuudy dmsuaquitufiamaouiui Taold TR avu 4

: (-3 v { -l é 1 d‘ ar r -] -
AMudsvesdmdsuiuf uasdasy TRsndsadndunile dau ldehidaiuosyi B aus g

MAIMTULTIAY NToNAINT AT (tensile Toofs or hanging roofs)
d‘ o o - dl - ; 1
WumseenuuuInssaduinoowldiaafunsunioaiifadululnssadraluud
zidou lvodaiivsz@ninmgegaGuszidoaguni 3.2)
NAINWU(flat roofs)
TawdmIngafedonouniaaIumannasiuii(reinforced concrete roof slabs)iiay
L= a g8 a d o o ' o
ABUNITALASUINANTUT V31 (precast concrete roof slabs) vuafazYiudoudumusuniou

¥ ¥
audanui uaz ¥ wsunuuiuntimidonsadietlesiuuswwnueay
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o

e r d' v&' - : ol
2.6.2 Tmmnwaqmnhw HHITUUIYIUN (surface and membrane structure for

roofs)

Tsaadreftuin HuTnseaduiisuusadudesnmiminaodaunsiminduiio
ni:ﬁﬂﬁummi:ﬂwaanﬂmﬁ’uﬁaﬁﬁaﬁ’nnﬂﬁﬂnNuﬁ"admuwmdﬁuﬁu Fauanareen
Tnsandsnrszuumandu idnsazaudrsemiminedududdudy snsudining
aframdnasgFudauses wazasggusesuudaaoasgau Fevzin1dluTassadramdam
MwWNuuaziy)

o w y 4 = ' - - o id_l
ﬂ'Tlilﬁ'lﬂfyﬂiﬂﬂTﬂﬁ\'lﬁi"lﬁwuN?uuﬂgﬂiﬂi‘”ﬂ75]27]3\31[5]'39‘]?\15 TﬂUUﬂﬂUmxl u

‘! %5 . ¥ ¥

TmunmdesnisvesTassadne Taoiuianiuhminiiwingas 1dvnfqaniiesi 18y
s - 4 ) . Y = J 9 P 1 - " & o
MITUUTUAU LAZOAUTUAUAR (bending stress) IHiAAVUTDON A IHLILMILTUNS DUHURISY
] ' ¥
ininasiaNumunlooiga oaatiminaioda
2.6.2.1 Tnssahranldemna(thin shall)
E 4
Tnsaafnuindunsuniamiumdn uiuifeusidgs e ldmudemus da use
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As uazusuduidou Afaduluwuiadiuusaiu Teaodss@niamiuegiun fwuas
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J =l 1 = v : s v ooar - = : LY
Fevzdigdsadhmsvindiamniadundn mstisdnyuzvos Inssadaldondaduagiuany
9 L -~ A -y s = ar ar d’ " Y ar
TnaveagUiwowlden Fallkassunarsiigununindavaznisfuusenaesusuiy
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ANVUZINWIE Aatl
1Jaennsangzuen(cylindrical shall, barrel shall)
- i - ° ' o & - 9 1 a
dhuviiSeviuigs annsedunidweasamaeniod wieldmasruauies
L3 v
WuAwuundoulatransiational surface)
= : a o4 a & ' 3/ A A
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v TRaBndunila Tdun wdengy Teile ¥ Tusn wis1Tuneud(hyperbolic palaboloid) 3o
iFonTathi(hypar) nldenglesisaddle shell)
¥
WUHMUUYS5MA(ruled surface)
= d{ a d4a & o dy 1 1 ' 4’ -
Huwde AurINinamsindouiveudunss jUnseivzneaeioniiuduuy
wasulasaziuwumyu 18un wlfengineuusud(conoid) Wdenglanled Tuasud(
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L4
WUHAVUNYUI (rotational surface)
B 2 o ﬂ o ' -
Huede Auraiinamsmyuszun llauunu Saineduunud 18ud nldengil

win Tuan waengy 1y nldenmssnan Wudy
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2.6.2.2 Inssa$rausiunu(folded plates)
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2.6.2.3 Insaaframdsmsesuduerna(air-supported roof structure)
Tn3IW0A1(pneumatic structure)
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TnseaFrawesan(air-inflated structure)
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INSTALLATION STANDARD

ROOFING SHEET BOLT T75
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INSTALLATION STANDARD
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SEE DETAIL:A

) FIXING CONNECTOR /—SEEDETAIL: B
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/ /~ROOFING SHEET SEAM-LOC T55 /
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 §
/ / HEX 10-12x 25
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LU LTI P Tl 0 7 77 77 7 77777,
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3.2.3 anudsenia(Economics)
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R1 (Moving Air)

R2 Metal Steel 1mm.
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R3 Cellulose Fiber 25mm.

R4 (Still Air)

3N 3.44 naRuvUveIETagyRERLIY

M 3.9 naasguauAnen I suvesndin M ANy

Material

Ax
(m.)

K R Rt

(Wm2K) | (m2K/W) | (mZK/W)

(W/m2K)

R1.-Outside Film resistance

0.055

R2.-Metals: Steel

0.001

47.600 .

R3.-Cellulose Fiber 25 mm..

0.025

0.045 0.556

R4.-Inside Film resistance

0.162

0.773

1.294
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VINAUMIANMITIUMANUNTOUTWYBINAINT RTTV 312t 2.4)

RTTV = (A, x U, x TD ) + (A, x U,x At) + (A, x SCx SF)
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A1579% 3.10 UAAINITMIAUSAUNITAINTANANNTOUTINVBINEIN RTTV

MMIMANUToUveIHAIM (W/m?)

RTTV
A, fufvemdsmdiuiiy (m®) MNAI59T 3.8
U, mduszAnimsnmamidous nemasmiu v | vina1sai 3.9
/m?”)
TD,, | MHaANguUglifieum (Equivalent Temperature INNINNUIN.N
Difference, K)sendamuensnuazamoludmiundnt | a15199 1 uag a15194
A, AuiveandsmanTsaua NNAITIIN 3.8
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Tsauae (W/m?) AT UAE A3 2
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e mduilszAndnsdaieavemaeniadan Tos s 1n¥iate 2.4
SF malszneusidorhiad (W /m?)
| Taw SF =fnefi X CF
Mnedi | maeiissderindfinnnsynuuuvesiunas fvewsuih | 160
1 luvangamng
CF MAszneuIA (Correction Factor) dwiuyuidonils | minmiasuan.n assit s

o = 1 1 )
q luirmtisvesreauaaniunaem

¥ ] v
AUNTIWNIMUAYDINAIMN (m D)

INAI1519N 3.8




A15199 3.11 HAAIMIMIA WS AUMIAINITEIBMAMLS DUTINYDINEINT RTTV
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——ROOF METALS ‘SHEET

[ ¥
JUN 4.1 1anInIsANAITARNINAINT Metals steel sheets 1 mm,

mm.

97

AT 4.1 uarAsRaauANIANNIBUYDY Metals steel sheets 1 mm. - (Toguandsnnan)

Material Ax K R Rt U
(m.) (Wm?K) | (m?K/W) (m2K/W) (W/m2K)

1. Outside Film resistance = & 0.055
2. Metals: Steel 0.005 47.600 - 0.217 4,608
4. Inside Film resistance = ~ 0.162
A13197 4.2 UAAIAIRTTV.UOINEINT Metals steel sheets 1 mm. (FaauanaInIvan)

Type Uw Aw TDeq Q= Uw.Aw.TDeq Ritv.

(W/m2K) (m2) w) (W/m?2)

North 4.608 1,320 28 170,322,578

East 4.608 870 28 112,258.063

South 4.608 1,320 28 170,322.578

West 4.608 870 28 120,000.000

TOTAL 130.799




—— ROGF METAES SHEET 1

mm.

CELLULOSE FIBER 25 mm.

1 v
JUN 42 UARINISAAAIRUIUNSINUAY Cellulose Fiber 25 mm.

98

TN 4.3 naasuruiinen wiouvesnuaundanilegiiv Cellulose Fiber 25 mm.

Material Ax K R Rt U
(m.) (Wm2K) | (m?K/W) | (mZK/W) (W/m2K)

1. Outside Film resistance - r 0.055
2. Metals: Steel 0.001L 47.600 g 0.773 1.294
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556
4. Inside Film resistance " - 0.162
msnﬁ 4.4 uanam RTTV."UfNHﬁdﬂ'Iﬂwﬁu Cellulose Fiber 25 mm.

Type Uw Aw TDeq Q=Uw.Aw.TDeq Ritv.

(W/m2K) (m?) ) (W/m2)

North 1.294 1,320 28 47,813.715

East 1.294 870 28 31,513.582

South 1.294 1,320 28 47,813.715

West 1.294 870 28 31,513.582

TOTAL

36.222




CERAMIC POLYMER

ROOF METALS SHEET 1

" & ¥
71U 4.3 1aRINITAARUNIRUIUNLLU TR Ceramic Polymer

mm.

= wa A a s o 3
A1TNN 4.5 u?mmmmmm'nNmm%’Bmuammmuwuumﬁqm Ceramic Polymer
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Material Ax K R Rt U
(m.) (Wm2K) | (m?K/wW) (mZK/W) (W/m2K)
1. Outside Film resistance With - 0.930
Ceramic Polymer 1.648 0.607
2. Metals: Steel 0.001 47.600
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556
4. Inside Film resistance 0.162
91971 4.6 UAAIAIRTTV.v0M ﬁ’qmlﬁmﬁuwmﬁunu’iﬁam Ceramic Polymer
Type Uw Aw TDeq Q= Uw.Aw.TDeq Ritv.
(W/m2K) (m2) W) (W/m?)
North 0.607 1,320 20 16,019.418
East 0.607 870 20 10,558.252
South 0.607 1,320 20 16,019.418
West 0.607 870 20 10,558.252

TOTAL

12.135




—— ROOF METALS SHEET 1 mm.

CELLULOSE FIBER 25 mm.

REFLECTIVE \ FOIL:
7 WIREMESH

' v "
Ui 4.4 waRINIIARAINLRUIIAY Reflective foil Temu7wRY

MINN4.7 uanenuaniAnIn Ny oulDINIRY IUIHY Reflective foil

100

Material Ax K R Rt U
(m.) Wm?K)_ | (m?K/W) (m2K/W) (W/m2K)
1. Outside Film resistance - - 0.055
2, Metals sheet 0.001 47.600 - 1.541 0.649
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556
3 Inside Film resistance &foil - - 0.930
Wli"lﬂ‘ﬁ 4.8 Llﬁﬂ\iﬂ"lRTTV.‘UENHﬁ‘\'lﬂ'llf‘lillféllﬂuquuﬁu Reflective foil
Type Uw Aw TDeq Q=Uw.Aw.TDeq Ritv.
(W/m?K) (m?) (W) (W/m?)
North 0.649 1,320 28 23,984.426
East 0.649 870 28 15,807.917
South 0.649 1,320 28 23,984.426
West 0.649 870 28 15,807.917
TOTAL 18.170




—— ROOF METALS SHEET 1 mm.

CELLULOSE FIBER 25 mm.
CELLULOSE FIBER 25 MM.

A e L4703 1 . a
14 4.5 uaRINIRARUNBNNRLIUNY Cellulose Fiber 25 mm. Jdnuaui@y

i wa A A ' 5
MINN 4.9 tapsnuauianIInNLToulisINYRUIUNY Cellulose Fiber 25 mm.
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Material AX K R Rt U
{m.) (Wm2K) | (m*K/W) (mZK/W) (W/m?2K)
1. Outside Film resistance = - 0.055
2. Metals: Steel 0.001 47.600 > 1.329 0.752
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556
4. Cellulose Fiber 25 mm.. 0.025 0.045 0.556
5. Inside Film resistance 0.162
AT 4.10 HAPIARTTV. YONAINUIBANRUIUNY Cellulose Fiber 25 mm.
Type Uw Aw TDeq Q= Uw.Aw.TDeq Ritv.
(W/m?K) (m?) W) (W/m?2)
North 0.752 1,320 28 27,810.385
East 0.752 870 28 18,329.570
South 0.752 1,320 28 27,810.385
West 0.752 870 28 18,329.570
TOTAL 21.068




— ROOF METALS SHEET 1

mm.

CELLULOSE FIBER 25 mm.

] A T TRV ' - -
UM 4.6 uaAIMIAAANBIRLRIIUNY Cellulose Fiber 40 mm. 1ARuMIRY

o o 4
M 4,11 LAAIRUAVTANINAIN DUILBIALRUIUNY Cellulose Fiber 40 mm.
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CELLULOSE FIBER 40 mm.

Material Ax K R Rt §]
(m.) (Wm?K) - | (m2K/W) (m2K/W) (W/m2K)

1. Outside Film resistance = 0.055
2. Metals: Steel 0.001 47.600 ) 1.662 0.602
3. Cellulose Fiber 25 mm.. 0,025 0.045 0.556
4. Cellulose Fiber 40 mm... 0.040 0.045 0.889
5. Inside Film resistance - 0.162
A15197 4.12 UAAIMRTTV. ¥0aNAInUSIDMURUIUNY Cellulose Fiber 40 mm.

Type Uw Aw TDeq Q=Uw.Aw.TDeq Ritv.

(W/m2K) (m?) (W) (W/m?2)

North 0.602 1,320 28 22,238.268

East 0.602 870 28 14,657.040

South 0.602 1,320 28 22,238.268

West 0.602 870 28 14,657.040

TOTAL 16.847




ROOF METALS SHEET 1 mm.

CELLULOSE FIBER 25 mm.
POLYURETHANE FOAM 25 mm.

] ¥ i "
i 4.7 uaasmsfiadaiiomiunu Iy Polyurethane foam (PU) 25 mm. I@nuauidy
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MINN 4.13 paeRurulAn1In Ui oulieuIUIUNY, Polyurethatie foam (PU) 25 mm

Material Ax K R Rt U
(m.) (Wm?K) | (m?K/W) (m2K/W) (W/m?K)
1. OQutside Film resistance - 0.055
2. Metals: Steel 0.001 47.600 - 1.815 0.551
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556
4. Polyurethane foam 25 mm. 0.025 0.024 1.042
5. Inside Film resistance : 0.162
A1597 4.14 LARIAIRTTY. voandsnudiomiunuaumy, Polyurethane foam (PU) 25 mm.
Type Uw Aw TDeq Q= Uw.Aw.TDeq Ritv.
(W/m2K) (m?) (W) (W/m2)
North 0.551 1,320 28 20,363.637
East 0.551 870 28 13,421.488
South 0.551 1,320 28 20,363.637
West 0.551 870 28 13,421.488

15.427
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ROOF METALS SHEET 1 mm.
CELLULOSE FIBER 25 mm.

POLYURETHANE FOAM 40 mm.

o

\\

7,
A

¥ L 1 0
319 4.8 LARINISAAAUTBIRURUIUNY Polyurethane foam (PU) 40 mm. 1An11AY

- wa A - '
ATN1IN 4.15 Hﬂﬁ\‘ﬂﬂlﬂ”ﬂﬁ“’]@ﬂ')‘ln%‘ﬂuluﬁl"uﬂu’iuwu. Polyurethane foam (PU) 40 mm

Material AX K R Rt U
(m) (Wm?K) | mZK/W). | (mZK/W) (W/m?K)
1. Outside Film resistance Y > 0.055
2. Metals: Steel 0.001 47.600 = 2 440 0.410
3. Cellulose Fiber 25 mm., 0.025 0.045 0.556
4. Polyurethane foam(PU) 40 mm. 0.040 0.024 1.667
5. Inside Film resistance . = 0.162

A1519% 4.16 UAAIARTTV.Y0IMAINUIBIANURUIUNY. Polyurethane foam (PU) 40 mm.

Type Uw Aw TDeq Q=Uw.Aw.TDeq Ritv.
(W/m2K) (m2) (W) (W/m?)
North 0.410 1,320 28 15,147.541
East 0.410 870 28 9,983.607
South 0.410 1,320 28 15,147.541
West 0.410 870 28 9,983.607
TOTAL 11.475




105

—— ROOF METALS SHEET 1 mm.
CELLULOSE FIBER 25 mm.
FIBER GRASS 25 mm.

WIREMESH

REFLECTIVE FOIL
] L4 * .
Ui 4.9 naRInIAAAUNBINLRUIULNUIIIY, Fiber Glass 25 mm. & foil 1ARuMAY

MINN 4.17 uapspuaudinianuioudiomymuannEuiog, Fiber Glass 25 mm. & foil

Material AX K R Rt U
(m.) Wm?K) | (m2K/W) (m?K/W) (W/mZK)
. Outside Film resistance = ¢ 0.055
. Metals: Steel 0.001 47.600 5
. Cellulose Fiber 25 mm.. 0.025 0.045 0.556 3.426 0.292
. Air Gap 0.100 » 1.356
. Fiber Glass 25 mm. 0.025 0.038 0.658
. Inside Film resistance ( foil) - - 0.801
ﬂ"l'ﬂ\!'lc’li4.18 LlﬂﬂthRTTV.ﬂENHﬁQﬂ'Ilﬁ"BW‘éHﬂN auuw'uﬁ'm. Fiber Glass 25 mm. & foil
Type Uw Aw TDeq Q= Uw.Aw.TDeq Ritv.
(W/m?K) (m2) W) (W/m?)
North 0.292 1,320 28 10,788.438
East 0.292 870 28 7,110.561
South 0.292 1,320 28 10,788.438
West 0.292 870 28 7,110.561
TOTAL 8.173




ol Y ' . -
7UN 4.10 upAsMsAnAULBMNRLINIHLITIN. Fiber Glass 40 mm. & foil 1ARUIUAY

ROOF METALS SHEET 1

mm.

CELLULOSE FIBER 25 mm.

REFLECTIVE 'FOIL

FIBER GRASS 40 mm.
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" arey J 3 1
M319% 4.19 uamnaauANIInL FoIlBMuRUIVUAYTI. Fiber Glass 40 mm. & foil

Material AX K R Rt u
(m.) Wm2K) | @?RW) | (mPK/W) (W/m2K)
1. Outside Film resistance e - 0.055
2. Metals: Steel 0.001 47.600 =
3. Cellulose Fiber 25 mm.. 70.02; 0.045 0.556 3.821 0.262
4. Air Gap 0.100 - 1.356
5. Fiber Glass 40 mm. 0.040 0.038 1.053
6. Inside Film resistance & Refective foil - 5 0.801
M919714.20 LAAIARTTV. voamAeniioriuRuIIAUL Y. Fiber Glass 40 mm. & foil
Type Uw Aw Tdeq Q=Uw.Aw.TDeq Rittv.
(W/m2K) (m?) (W) (W/m?2)
North 0.262 1,320 28 9,673.797
East 0.262 870 28 6,375.912
South 0.262 1,320 28 9,673.797
West 0.262 870 28 6,375.912

TOTAL

7.328




ROOF METALS SHEET 1
CELLULOSE FIBER 25 mm.

mm.
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MINERAL WOOL 25 mm.

WIREMESH

¥ bt l '
71 4.11 uaRIMIIARAULIBING R WIUUAUTIN Mineral Wool, felt 25 mm. 1ARMIUAN

dl ey i .’ 1}
A1919N 4.21 uﬂmﬂmmmcﬂ'nNﬂ'Jm%'aumammmmmuﬁ"m Mineral Wool, felt 25 mm.

Material Ax K R Rt U
(m.) (Wm?K)~ | (m2K/W) (m”K/W) (W/m?K)

1. Outside Film resistance - 2 0.055
2. Metals: Steel 0.001 47.600 J
3. Cellulose Fiber 25 mm., 0.025 0.045 0.556 1.966 0.509
4. Air Gap 0.100 1.356
5. Mineral Wool, felt 25 mm. 0.025 0.034 0.735
6. Inside Film resistance 0.162
ﬂ151~lﬁ4.22 uﬁﬂQFhRTTV.'UEJ\'IHﬁ'\iﬂ']!ﬁmﬁNQN']‘NI.lPi'I—Jﬁ’J'L! Mineral Wool, felt 25 mm.

Type Uw Aw TDeq Q=Uw.Aw.TDeq Ritv.

(W/m?ZK) (m?) V) (W/m?)

North 0.509 1,320 28 18,796.820

East 0.509 870 28 12,388.814

South 0.509 1,320 28 18,796.820

West 0.509 870 28 12,388.814

TOTAL 14.240




ROOF METALS SHEET 1

MINERAL WOOL 40 MM.
WIREMESH

mm.

CELLULOSE FIBER 25 mm.
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' v ) v
3N 4.12 namsmsAndaiioniun WY Mineral Wool, felt 40 mm.1ARuawAy

AINN 4.23 saaenaauiAnian U oulioiyRu MUY Mineral Wool, felt 40 mm.

Material Ax K R Rt U
(m.) (Wm2K) | (mZK/w) (mZK/W) (W/m?K)
1. Outside Film resistance - 0.055
2. Metals: Steel 0.001 47.600 N
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556 2.407 0.415
4. Air Gap 0.100 1.356
4. Mineral Wool, felt 40 mm. 0.040 0.034 1.176
5. Inside Film resistance 0.162
¢11i1§ﬁ4.24 llﬁﬂdfi'lRTTV.'UBQHﬁQﬂTLﬁBlﬁﬂﬂuﬁullﬁuﬁ')u Mineral Wool, felt 40 mm.
Type Uw Aw TDeq Q= Uw.Aw.TDeq Rttv,
(W/m2K) (m?) (W) (W/m?)
North 0.415 1,320 28 15,355.214
East 0.415 870 28 10,120.482
South 0.415 1,320 28 15,355.214
West 0.415 870 28 10,120.482

TOTAL

11.632




ROOF METALS SHEET 1

METAL ' FURRING CHANNEL
GYPSUM PLASTER BOARD 9 mm.

mm.

CELLULOSE FIBER 25 mm.

: - > - a ' d =
JU7 4.13 uanInsAAABIRNN U UUALLAS Gypsum board 9 mm. AU LAY

~ wa o - '
AT 4.25 LEAINUAVLANIIAIINS OUITIBINLRUIUIHLITY Gypsum board 9 mm
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Material Ax K R Rt U
(m,) (W/m?K) | (m2K/w) (mZK/W) (W/mZK)
1. Outside Film resistance 0.055
2. Metals: Steel 0.001 47.600 N
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556 1.278 0.782
4. Air Gap with Reflective Foil 2.000 0.458
5. Gypsum plaster board 9 mm. 0.009 0.191 0.047
6. Inside Film resistance 0.162
A519714.26 HAAIAIRTTV.VDIMAIN T DIRURUIMHULT Gypsum board 9 mm.
Type Uw Aw TDeq Q=Uw.Aw.TDeq Ritv.
(W/mZK) (m2) (W) (W/m?2)
North 0.782 1,320 28 28,920.188
East 0.782 870 28 19,061.033
South 0.782 1,320 28 28,920.188
West 0.782 870 28 19,061.033
TOTAL 21.909




GYPSUM PLASTER BOARD 9 MM.

—— ROOF METALS SHEET 1

mm.

CELLULOSE FIBER 25 mm.

REFLECTIVE “FOIL

110

] s/ ' v
31 4.14 wamansAadaiiomynuaunsuds Gypsum board 9mm. &Foil 1dnuam@Ey

AT 4.27 LEANUTLANTINT LI DMIBINURUMLHITY Gypsum board 9mm. &Foil

Material Ax K R Rt u
(m.) (Wm?K) - | (mZK/W) (m?K/W) (W/m?K)
1. Outside Film resistance 0.055
2. Metals: Steel 0.001 47.600 .
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556 2.176 0.460
4. Air Gap with Reflective Foil 2.000 N 0.045
5. Gypsum plaster board 9 mm. 0.009 0.191 0.047
6. Inside Film resistance 0.162
A1519714.28 LEAIARTTV. veandanudomunuauusuiss Gypsum board 9 mm. &Foil
Type Uw Aw TDeq Q=Uw.Aw.TDeq Rittv,
(W/m2K) (m?) W) (W/m?2)
North 0.460 1,320 28 16,985.295
East 0.460 870 28 11,194.853
South 0.460 1,320 28 16,985.295
West 0.460 870 28 11,194.853

TOTAL

12.867




ROOF METALS SHEET 1

METAL FURRING ‘CHANNEL
POLYSTYRENE(PS) 25 mm.

mm.

CELLULOSE FIBER 25 mm.

Ui 4.15 naaansAsdiiomn I UIHLUE Polystyrene(PS) 25 mm TARuAY
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- ra é a "
M15199 4.29 ARV AUTANIN TN OUILBIANRUININITL Polystyrene(PS) 25 mm

Material Ax K R Rt u
(m.) (WimZK) | (mZK/W) (mZK/W) (W/m?K)
1. Outside Film resistance k 0.055
2. Metals: Steel 0.001 47.600 C
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556 1.945 0514
4. Air Gap with Reflective Foil 2.000 0:458
5. Polystyrene(PS) 25 mm. 0.025 0.035 0.714
6. Inside Film resistance 0.162
MI19714.30 UARIFIRTTV. voamaenuiomunuauuAu Polystyrene(PS) 25 mm
Type Uw Aw TDeq Q=Uw.Aw.TDeq Rttv.
(W/m2K) (m?) W) (W/m2)
North 0.514 1,320 28 18,999.738
East 0514 870 28 12,522.555
South 0.514 1,320 28 18,999.738
West 0.514 870 28 12,522.555

TOTAL

14.393




—— ROOF METALS SHEET 1

mm.

CELLULOSE FIBER 25 mm.

METAL FURRING CHANNEL
POLYSTYRENE(PS) 40 rom.

' ¥ A i
UM 4.16 uansnsAsAiioMuRIILUALITE Polystyrene(PS) 40 mm 1R UIMIAY
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i e 4 a ' =1
AT 4.31 iR aNANMIN S oulBIRLRUIUINLTS Polystyrene(PS) 40 mm

Material Ax K R Rt U
(m.) (WmZK) | (m2K/wW) (mZK/W) (W/mZK)
1. Outside Film resistance 0.055
2. Metals: Steel 0.001 47.600 o
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556 2.374 0.421
4. Air Gap 2.000 = 0.458
5. Polystyrene(PS) 40 mm. 0.040 0.035 1.143
6. Inside Film resistance 0.162
9‘!1‘51»1#4.32 llﬁﬂ\!ﬂ"lRTTV.'Uﬂ\Wlé’dﬂ'll{l.'ﬂlﬁUﬂ‘lJ'JullF‘iull%Q Polystyrene(PS) 40 mm
Type Uw Aw TDeq Q=Uw.Aw.TDeq Ritv,
(W/m2K) (m?) W) (W/m?)
North 0.421 1,320 28 15,568.661
East 0.421 870 28 10,261.163
South 0.421 1,320 28 15,568.661
West 0.421 870 28 10,261.163
TOTAL 11.794




' L4 ] i
310 4.17 LaRINTARAUNBIRURUIUINY Wet-fomed mineral fiber 15mm 1dRuAY

—— ROOF METALS SHEET 1

METAL' FURRING " CHANNEL

mm.

CELLULOSE FIBER 25 mm.

WET-FOAMED - MINERAL . FIBER 115 “mm.
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4 % Faane ] _
AT NN 4.33 uﬁmf}mﬁnummaﬂ'J'm%’aummwmmmmu Wet-fomed mineral fiberl 5Smm

Material Ax K R Rt u
(m.) (Wm?K) | (mZK/w) (m2K/W) (W/mZK)
1. Outside Film resistance 0.055
2. Metals: Steel 0.001 47.600 -
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556 1.237 0.808
4. Air Gap 2.000 0458
5. Wet-foamed mineral fiber 0.015 2382 0.006
6. Inside Film resistance 0.162
mﬂ&'ﬁ 4.34 uﬁmthTTv.'umHﬁ'aﬂui"iar?innummiu Wet-foamed mineral fiber 15 mm
Type Uw Aw TDeq Q= Uw.Aw.TDeq Ritv.
(W/mZK) (m?) (W) (Wim?)
North 0.808 1,320 28 29,878.738
East 0.808 870 28 19,692.805
South 0.808 1,320 28 29,878.738
West 0.808 870 28 19,692.805

TOTAL

22.635




CELLULOSE FIBER 25 mm.
METAL FURRING CHANNEL

—— ROOF METALS SHEET 1

REFLECTIVE FOIL
WET—FOAMED. MINERAL FIBER 15 mm.

mm.
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H ¥ ¥ "
1N 4.18 uansmIARAUiONIN U Wet-foamed mineral fiber 15mm.&Foil THnuw@Y

i arey A "
ATN 4.35 AN 1A MUFOUIIBINIRUIN Wei-foamed mineral fiber 15mm&Foil

Material Ax K R Rt u
(m.) (Wm?K) | (m2K/W) (mZK/W) (W/m?K)
1. Outside Film resistance 0.055
2. Metals: Steel 0.001 47.600 ¢
3. Cellulose Fiber 25 mm.. 0.025 0.045 0.556 2.135 0.468
4. Air Gap with Reflective Foil 2.000 1.356
5. Wet-fomed mineral fiber 15 mm. 0.015 2382 0.006
6. Inside Film resistance 0.162

A1519114.36 LAAIARTTV. UDINAINULOIRYNUIU Wet-foamed mineral fiber 15 mm. & Foil

Type Uw Aw TDeq Q= Uw.Aw.TDeq Ritv.
(W/mZK) (m?) (W) (W/m?)

North 0.468 1,320 28 17,311.475

East 0.468 870 28 11,409.836

South 0.468 1,320 28 17,311.475

West 0.468 870 28 11,409.836

TOTAL

13.114
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Wade 1.2 18n 16 uuu@sred 437) Taefialugne 7.32 -22.63 Win2. Sagauaudi I
qAfiD Fiber Glass 40 mm.& Reflective foil HAuiiy 7.32 wim2 uaz agauauiliganni

K’Iﬂﬁﬂ Wet-foamed mineral fiber 15 rmn.flﬁn‘vi‘lﬁu 22.63 W/m?2 llﬁiﬂ1ﬂtﬂﬁ]ﬂaﬁﬁlﬁm1uﬂ15
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mnm-sﬁmsmsmﬁﬁqoiamsNmﬂs(mﬂn‘f'} 4.38) WU Polystyrene(PS) 40 mm.
I51m1den1INmATIAAATIAY 600 VINABAITIINYAT 389031 7D Wet-foamed mineral
fiber 15 mm. & Reflective foil 31A1 580 UIMNABATIITNINAT fi‘m’fﬁ@ﬁﬂmﬁanﬁmﬁauﬁqﬂ
D Reflective foil 3181 140 VINABMINWAT Hags Ao wiaednnilsriianii A
Fiber Glass 25 mm. & Reflective foil $1A1 160 1 INAOAITIUNAT

VINMIRNTUINMAWIIROMIINAT Wud) T5In1062 nquiiniy Ao 3101
150 UINABA1519uAS A1 Cellulose Fiber ‘40 mm. 1183 Polyurethane 40 mm. #2uUTIMAD
31M1 100 VIMABMITIATHIA LT A

Tavfiersansimsaufuia 2 310ms WUIIAARUIUY 2NN Polystyrene(PS) 40
mm §31m1deMidugeiiqe Ao 5101700 UIMABAITIANAT 11AZ DI Wet-foamed mineral
fiber 15 mm. & Reflective foil 680 UIMABAITIINATAW dIuTagfisimidoniediiiqadl
ANYUTIFUIAYINU AD Reflective foil 31A1240 VIMABAITIUUAT LS Fiber Glass 25 mm.

1 o o J n’a' \ ar ' i
& Reflective foil 311260 VINADAITIUNATAINAIAY FIUAUTINITAAAUNIN UL AoY
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ANy yliavosagimaem A RTTV (W/m2) ady
v
msAnd 1NN 25 | veundi2s
%
Metals steel 1 mm. + Cellulose Fiber 25 mm. 36.35
3
wg | Huuudagys
'S | +Ceramic Polymer 12.13 6
»
::2 a 1 Vo
a + Reflective foil 18.17 13
T 24
+Cellulose Fiber 25 mm. 21.06 14
+Cellulose Fiber 40 mm. 16.84 12
+Polyurethane 25 mm. 15.42 11
+Polyurethane 40 mm. 11.47 3
o ! -y
g +Fiber Glass 25 mm. & Reflective foil 8.17 2
+Fiber Glass 40 mm. & Reflective foil 7.32 1
‘E +Mineral Wool, felt 25 mm. 14.24 9
+Mineral Wool, felt 40 mm. 11.63 4
& iy
E +Gypsum plaster board 9 mm. 21.90 15
+Gypsum plaster board 9 mm. & Reflective foil 12.86 7
+Polystyrene(PS) 25 mm. 14.39 10
+Polystyrene(PS) 40 mm. 11.79 5
+Wet-foamed mineral fiber 15 mm. 22.63 16
+Wet-foamed mineral fiber 15 mm. & Reflective foil 13.11 8
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MINi - 438 uemamsnfisuiisunmaeniasvesiagauauiiden1diulimam

31035 i | sanwse | sl MR
U/A5.Y. STRGCERT QU
U/AT..

Ceramic Polymer 200.00 100.00 300.00
- Vo ALY

Reflective foil 140.00 100.00 240.00 | s2uTAsaAvI

annwieuds mathuaz

T -
Cellulose Fiber 25 mm. 250.00 100.00 350.00

Cellulose Fiber 40 mm. 450.00 150.00 600.00

Polyurethane 25 mm. 200.00 100.00 300.00

Polyurethane 40 mm. 350.00 150.00 500.00

upyiianiau

Fiber Glass 25 mm. & Reflective foil 160.00 100.00 260.00 | 5 Insamv
Fiber Glass 40 mm. & Reflective foil | 24000 100.00 340.00 {5 Insamve
Mineral Wool, felt 25 mm. 260.00 100.00 360.00 | 39uTn39R 190
Mineral Wool, felt 40 mm, 380.00 100.00 480.00 | 52uTns9 190
v

Gypsum plaster board 9 mm. 240.(;0 100.00 340.00 | 5 1ATAIN
Gypsum plaster board 9 mm.&Reflective foil 260.00 100.00 360.00 | suTnsens 1
Polystyrene(PS) 25 mm. 460.00 100:00 560.00 | 32uTnsaAIN
Polystyrene(PS) 40 mm. 600.00 100.00 700.00 | 521 1nT9AT12
Wet-foamed mineral fiber 15 mm. 520.00 100.00 620.00 | 521 Tns9A512

Wet-foamed mineral fiber 15 mm.& foil 580.00 100.00 680.00 | 5uIAsIATN
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lumsifulymdsmlasmainiagauanlunisdnuni Idhmsdeniiss iy
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islunaem 4,380 M31wAs Mavesmmsdivygeiidiiiqade Ae mniTaqindald
099 Reflective foil 3IA1 1,051,200 UM AIUTINIGINGA AD Polystyrene(PS) 40 mm. 5107
2,978,400 VINADAITIUNAT

] [ o
M3 439 uammsnSoumsunmiagauauidenldullandmmianua

N3 i’mﬁ‘lus?u ﬁuﬁ% 71811 ALY
u/msy. | Aealfuilse | msdlg

 eanmifeudin myaziouds —_— R 4 e

' v
WHUHIANU
Ceramic Polymer 300 4,380 1,314,000 3
fialeia
Reflective foil 1,051,200 1
Cellulose Fiber 25 mm. 350 4,380 1,533,000 7
Cellulose Fiber 40 mm. 600 4,380 2,628,000 13
Polyurethane 25 mm. 300 4,380 1,314,000 3
Polyurethane 40 mm. 500 4,380 2,190,000 11

yiiai

Fiber Glass 25 mm. & Reflective foil 260 4,380 1,138,800 2
Fiber Glass 40 mm. & Reflective foil 340 4,380 1,489,200 5
Mineral Wool, felt 25 mm. 360 4,380 1,576,800 8
Mineral Wool, felt 40 mm. 480 4,380 2,102,400 10
sy
Gypsum plaster board 9 mm. 340 4,380 1,489,200 5
Gypsum plaster board 9 mm. & Reflective foil 360.00 4,380 1,156,800 8
Polystyrene(PS) 25 mm. 560 4,380 2,452,800 12
Polystyrene(PS) 40 mm. 700 4,380 3,066,000 13
Wet-foamed mineral fiber 15 mm. 620 4,380 2,715,600 15
Wet-foamed mineral fiber 15 mm. & foil 680 4,380 2,978,400 16
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TABLE 4.3 Surface Conductances, # (Btu/h-ft*-F), and
Resistances, R, for Air*
Surface Emittance
Non- .
Direction  "eflective Refiective
Posmana’ O’ Heat & =090 £E=020 r = 0—05
Surface Flow h, R h, R h, R
Still air
Horizontal. . ....... Upward 163 061 0917 110 076 1.32
Sloping {45°) Upward 160 062 088 114 073 1.37
Vertical ........... Horizontal 146 068 074 135 059 1.70
Sioping {45°) Downward 132 076 060 167 045 222
Horizontal......... Downward 1.08 092 037 270 022 455
h, R h, R h, R
Moving air
(any position)
15-mph wind Any 600 0.17
(for winter}
7.5-mph wind Any 4.00 025
(for summer)

NOTE. A surface cannol take credit for both an air space resistance value and a
surface resistance value. No credit for an air space value can be taken for any

surface facing an air space of iess than 0.5 in.

Source: Copyright © by the American Society of Heating. Refrigerating and
Air Conditioning Engineers, Inc., Atlanta, GA. Reprinted by permission, from
1989 Handbook of Fundamentais.
“Conductances are for surfaces of the stated emittance Jacing virtual biackbody
surroundings at the same lemperature as ambient air. Vaiuas are based on a
surface-air temperature ditference of 10 F* and for surface iemperature of 70 F.

#141 Mechanical and Electrical for Building ,8" Edition, 1992
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TABLE 4.4 Thermal Resistance of Plane® Air Spaces (Continued)
Section B. Reflectivity and Emittance Values of Various Surfaces and Effective Emittances

of Airspaces’
Eftective Emiltance €
ol Airspace
One Surface
Emittance ¢,
Average the Other  Both Surfaces
Surfsce Emittance ¢ 0.90 Emittances s
Alyminum foil, bright 005 0.05 0.03
Aluminum foil, with condensate just
visible {>0.7 gr/ft?) 0.307 0.29 -
Aluminum foil, with condensate clearly
visible (>29 gr/it?) 0.70¢ 0.65 -
Aluminum sheet 0.12 0.12 0.08
Aluminum coated paper, polished 0.20 0.20 0.1
Steel, galvanized, bright 0.25 0.24 0.15
Aluminum paint 0.50 0.47 0.35
Building materials: wood, paper, ma-
sonry, nonmetallic paints 0.80 0.82 0.82
Regular glass 084 077 0.72

Source: Copyright © by the Amencan Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc.. Atlanta, Ga. Reprintad by
permission from 1989 Handbook of Fundementals.

*Thermal resistance values were determined from the relation R = 1/C, where C = h, + Eh,, h, i the conduction-convection
coefficient. £h,, is the radiation coafficient  0.00686E |{t, + 460)/100F, and tw i the mean temperature of the airspace. Values for h,
ware determined from research data (National Bureau of Standards), such as those presentad in 1954 in Housing Research Paper 32
(HRP No. 32) by the Housing and Home Finance Agency (Goverament Printing Oftice, Washinglon, 0.C.). For interpolation from Table
4.4 to airspace thicknesses less than 0.5 in. (as in insulating window glass), assume that

h, = 0.159(1 + 0.00161. )¢

where | is he thickness in inches, and h, is assumad 1o represent heat transfer by conduction alone through air,

* Interpolation is permissible for other values of mean temperature, temperature differances, and elfective emittance E. Interpolation
and moderate extrapolation for airspaces greater than 3.5 in. are also permissible.

¢ Effective emitiance of the space £ is given by 1/€ = 1/e, + Ve - 1, where &, and e, are the emittances of the surfaces of the
firspace.

?Credit for an airspace resistance value cannot be taken mare than once and only for the boundary conditions established.

* Resistances of horizontal spaces with heal flow downward are substantially independent of temperature difference.

"These values apply in the 4- to 40-um range of the efeciromagnetic spectrum.

?From M. R. Basset, and H. A. Trathowen, 1984, “Effect of Candensalion on Emittance of Reflective Insulation,” Journal of Thermal
Insulation, Vol. 8, Octobar, p. 127,

41 Mechanical and Electrical for Building ,8‘h Edition, 1992
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MANHIN A

The Custom Spray System

K-13 is the spray-applied instlation tailored.to your specific
project requirements for insulation (R value), noise reduction
(NRC). color. durability, condensation control, exture, and
aesthetics. In additions wusually provides these features at
lower instalied prices than many cominon systems such as
rigid board and battingulations, sprayed plasters, atid acous-
tical ceilings.

It is applied 1o virtally any properly prepared surface con-
figuration of wood, steel, concrete. glass and other common
construction surfaces. K=13 can be sprayed up 1o 1hrec inches
thick overhead in one application without mechanical sup-
port. Additionally, K-13 serves as the exposed finish re-
quiring no additional materials.

A Total System: Fiber, Binder, Application
K-13 is a total system of recycled nawral fibers, chemical
treatment. binding system and application method, The K-13
system begins with specially prepared cellulose fibers which
are chemically treated to add resistance to fire; mold and
mildew. K-13 is producedin a strict, quality controlled manu-
facturing process.

K-13 is applied by an international network of licensed
applicators through approved fiber machines and nozzles
for control of the fiber/binder ratio. During application, the
K-13 fibers are combined with a patented adhesive. The fin-
ished product is a strong, durable monolithic coating of a
predetermined thickness. Some surfuces will' require prim-
ing prior 10 being sprayed.

Naturally Tough - Naturally Attractive

With its carpet-like texture and wide variety of colors, K=13 is
especially atractive as a surface finish in new construction as
well as renovation projects. Available in six standard colors,
K-13 can also be specified in specially matched custom colors

BLACK GRAY

Color selection will affect the final price.

Compatible, versatile
and economical

multifunction
insulation system

Thermal Performance

K-13 insulates by creating dead air spaces between and within its
hollow fibers. Because K-13 fibers are sprayed-in-place, they fill
cracks, seams and voids. forming amonolithic coatng over the sub-
strate which helps reduce air infiltrauon. Unlike prefabnicated in-
sulations, K-13 has no voidsorcompressed areas o reduce thermal
efficiency. The result is a more effective in-place product with ex-
vephonally low heat loss characteristics,

R value 4,54 perinch: K factor 0.22 BTU /hr./°F/sq. ft./ 1™ thick.

wall Without K-13 K-13 K-13
Detail insutation | 1 linch 2inch 3inch
R .l in 30 R u R 7]
Metal Panei 090 111 | 540 0.8 | 10.0. 0.10 | 145  0.07
&° Concrete 130 077 | 580 017|104 010 | 148 0,07
‘8" Concrete Biogk | 180 068 | 640 016 | 110 0.09 |155 0.08
|8 Cinder Block | 2,60 0.08 | 7.10° 04| 11.7. 0,09 |162  0.06
Roof Without |  K-13 K-13 K-13
Detail | dnsulation | 1inch’ |  2inch 3 Inch
R Ty R Ul R u
Matal Panei 080 128 | 540 019 |8.90 0.10 | 145 Q.07
2¥[A Wi Concrete | 260 0.39 | 791 D34 | 117 008 | 162 008
2"EPSonMetl’| 980 0.10 | 144 007 | 188 005 |235 0.04
Thermal conductivity of K-13 s 0.032 W/mK at 25 mm.
Wall Without K-13 K-13 K-13
Detail Insulation 25mm S50mm 75mm
WimiK WimiK WIMPK Wim'K
Metal Panel 6.309 1,044 0569 0.391
& Concrete 4.368 0.672 0.547 0.381
8" Concrete Block 2.989 0.2 0517 0.366
8 Cinder Block 2184 T 0.795 0.486 0350 |
Root I _Wihhout | K-13 K-13 K-13
Detail Insulation 25mm S0mm T5mm
Wim'K | Wik | WK WirK
MataiPanel | 7268 | 1079 0.568 0.397
2° L1 Wi Concrate | 2.200 0.799 0.487 0.351
2’EPSonMetal | 0576 0.395 0.300 0.242

Condensation Control

For areas such as indoor pools and ice arenas, K- 13 aids in con-
densation control. The proper combination of K-13 and ventila-
tion prevents condensation on metal, concrete and other surfaces.
K-13 actually reduces ventilation requirements, saving in both
the ventilation equipment investment and operating costs.

3N wm 1 sansgumnAdiumueslagauuaglaalvivesveseimsiinnm

N1 1Na5UTZNBUNITHANA NN International Cellulose Corp, USA., 1994



The appealing texnures and colors of K-13 provide rerovation projects
with attractive exposed ceilings.

Acoustical Performance

The resilient fibers of K-13 absorb sound enerzy instead
of reflecting it, reducimg reverberation time and making speech
and music more intelligible. Excessive noise is eliminated with
the application of K-13 while greatly improving ambient sound
quality in a wide variety of building projects including audito-
riums. sports fagilities, detention facilities, television and sound
studios, convention centers and parking garages.

K-13 Sprayed Thermal and Acoustical Insulation ASTM C-423 on Sokid Backing®

inches 125 HZ 250 HZ 500 HZ 1000 HZ /2000 HZ 4000 HZ - NRC
0.83 0.05 016 0.44 0.78 0.80 0.81 58

1.00 0.08 0.29 0.75 0.98 0.83 0.96 JT5
1.00* 047 090 110 108 1.05 103 1.00

| 150 __Das O.Si 0.95 1.06 0.99 0.98 80

200 026 0.68 185 . 110 1.03_ 255 e 85
250 0.41 0.84 1.05 1.07 1.02 0.98

by e s o
3.00 0.57 0.99 1.04 1.03 1.00 1.00 1.00 |

K-13 Sproyed Thermal and Acoustical Insulation Applicd at L5™ Ribbed Metal Deck®
Inches 125HZ 250HZ S00HZ 1000 HZ 2000 HZ 4000 HZ NRC

150 036 089 126 107 101 100 108
| 200 056 094 122 104 08 099 105
250 077 0% 147 102 087 089 105

300 087 104 113 099 095 098 105

K-13 Sprayed Thermal and Aconstical lasulation Applied 10 3" Fluted Metal Deck
Inches 125 HZ 250 HZ S00 HZ 1000 HZ 2000 HZ 4000 HZ NAC
1.50 0.55 0.92 111 1.02 0.85 0.99 1.00
275 0.69 0.88 117 1.03 0.87 1.04 1.05
“Some values interpolated  **On lath
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By reducing ambient noise and reverberution, K-13 creates « -3
acconumodaning facility,

Sound Results
K-13 Applied at 3" to Recording Studio (Field Test)

4
23
=
v 2 1
i P - T A Atter
|
15H S00HZ 600 HZ 1000 HZ 000HZ 4000 HZ

K-13 Apphied at 1" to Ceiling in Indoor Pool (Field Test)

el 50K 1000 HZ 2000 HZ 4000 i2

K-13 "FC" Applied at '2" to Ceiling in Detention Facility (Field Test)

| Bt o

Betore

9125!11 250 HE 500 HZ 1000 HZ W00HI  4000HZ

: qay o d { g
3N wn 2 naaspuimAdiumgvesTagauiuaglaalvivesvesermsiinnm

# tonm3UsEneuN1SHAAAMSA International Cellulose Corp, USA., 1994
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30GH 085-245

| Package Air-cooled
Flotronic Liquid Chillers

Refroidisseur de liquide Flotronic
’ a condensation par air

Product data

Nominal capacity 260 to 800 kW
Manuel de sélection

Puissance nominale 260 a 800 kw
50 Hz

= QUALITY ASSURANCE

) APPROVALS
BS 5750 Part 1
NF EN 29001

ISO 9001

" Py . _— '4
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