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Teeranon Saelao 2011: A Study of Fire Evacuation in Student Dormitory at Kasetsart
University, Si Racha Campus by Numerical Method. Master of Engineering (Fire
Protection Engineering), Major Field: Fire Protection Engineering, Faculty of

Engineering. Thesis Advisor: Mr. Suphattharachai Chomphan, D.Eng. 94 pages.

This thesis presents a numerical study of fire evacuation at the student dormitory of
Kasetsart University, Si Racha campus, by using Fire Dynamics Simulator with Evacuation
(FDS+Evac) program. The study attempts to simulate an evacuation of fire situation at the main
student dormitory building. The fire storey student dormitory building is 16.21 meters high with
the total building dimension, of 28.4 meters by 50 meters. All floors are 2.9 meters high, The
building has two stairwells at both ends, however, the first floor has only one exit end. Moreover,
the sprinkler system has not been installed in the building, while it is opened in the middle area.
This simulation is divided into four cases: the first case has 1 meter exit door, the second case has
also 1-meter exit door with a smoke curtain in the beam before the stairs, the third case assumes
that the size doors, 2 m and has 2-meter exit door, and the final case uses 2-meter exit door with
a smock curtain in the beam before the stairs. The immigrants and the a heat release rate as well

as 4 cases at characterized by 480 people and 7 mw.

This study shows that the exit door size effects on the evacuation, the first case and the
second case have evacuation time of 460 second and 465 second. The third case and the final case
have evacuation time of 270 second and 265 second, respectively. The difference of evacuation
time between two size doors are 200 seconds. During to waiting in the exit door, a measurement
of the amount of oxygen and carbon monoxide is conducted. The results showed that the amount
of carbon monoxide affects the migration of the case 1 and case 3 where there is the smock
curtain . The amount of smoke are higher for case 3 and case 4, where the smock curtain exits.
However, the amount of the gas is not dangerous for life, but it is a barrier to evacuation.
Therefore, it has been concluded that to improve the evacuation performance, the door size should

be increased, while the smock curtain should also installed.

Student’s signature Thesis Advisor’s signature
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o v o 7 a % o 1 @ <3|
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q'mzAHomg! (13)

Tag AH fp dasimstaesndsnuanudeuisusulSuaeondounly

Tumswn Tnddeiinndsgunm 13,100 nlagatiaen lansuy

1INMIOYTNEIFINIAUDIDDNFIIU AD

DY,

Yo, =V.pVY, +m) (14)

t

o 1

IS o LY o
ﬁﬂﬁ?i&ﬁ”liﬂﬁmﬂullﬂ@”lllﬂg]ﬂﬁi’)iéiﬂkl “]N"lﬂilﬁl”lﬂﬁllﬂﬁ’f]iéiﬂ}lﬂﬁi’lll

Y
FUFUUDUFOINAINUO DN TV

p%zV.pDVZ (15)

annsonlasuglliiluinnivesdanmsdassnasnuninuiou Tasly

v v o d a
TUNITOYINHUDINITHAY (15) 1azANVFAUNUTHDIUSUDIDDNHIIU YO (Z)

d2y,
dz?

dY dy
—m”=V| pp—2VZ |- =2V pDVZ = pD
5 (p = j 7P P

2
|VZ| (16)
o a Y dy d' o a Y dy d'

uuusiaounad il luiunmeuoneinslumssiasanas ludlunun
NMEUDNDIANT (Outdoor) Vanyaz luuanaanumssiaeunad Imiin1e1ue1A13 (Indoor)
A =1 [ ~ 9 [ J o a 9
1039 Nvia1ed s (Parameters) Nadeny ualumssiasanas ludnmeuensimsaiunsn
, A4 9 o o4 42 <
fruamsnaouivesanliiuldanmanuesafiieanuganuiuanusivesauaz
a2 . ; P . < . O
muduay laeluTsunsy FDS sunsommua@au luimearduanusrau 1a Iaslddida

v
(2

PROFILE TuU5591av09A169 SURF G?\?’(?ﬂi]ﬁﬂﬁWWuﬂﬁﬂ’Hm%sU’éNaiJllﬁ}L“]}u PROFILE =

[

‘PARABOLIC’ aza519aunvanyae Iaaanaunsi (17)

u(z) =u,(z/z,)" (17)
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< { @ 1 ] < 1A
Tag u(z) Ao ANuTIANATZAUANUEIANgTHIaTluwasAe I, U,
A < ~ ] 1< 1A ~ = Y 1 A = ] <3|
Ap ANuERNIMETluNasaeIuIN, z Ao ANNgIVeIsTAUA1g aulalinitetly

A :z‘ @ = 1 < A J v dy a o
Was, 7,79 mmqqmwmmmmquwmmﬂumm uay Pao Waﬂ%ummwummq

é’fauﬂi"l%’wmaﬂlumi{hammﬁallﬁﬂ (Dimensionless Parameters in Fire
Phenomenon) M3 15911A (Az) MMang auuennIziasanganssumsnasuivesdiniu
Yy 9 a A =K o U @ 9 a 9
"l,mm:] mmmjmﬂmwmaJwﬁumsuaﬂmamwmiﬂaaawawmmmmmmmaﬂm
%4 Ma and Quintiere (2003) 141% FDS (Version 2) $1a0anganssumsun Indussers v
A A ~ o [y 9 1 x A I Y a
(Pool Fire) uazmima@ummmmuiﬂmﬁua%ﬁu’m R LW’E]L']JMG]’JLL‘]J?T]E’JN"UN"IQ"U’EN

Y
nsauazdnIlaosnasnuaNUT UG IR UM TNNTAIT]

R" — Az y (18)
B\ v
paCTTa \/a

Tag R” Ao vunaveansalumendinals 15miie, Az Asvunaveansa, Q
Avoasimsdasenasaiuanuiou p, . T uag C, Ao ANUUUILLY, QU LAZAIINY
Y o A a9 A 1 A Y 1 a1
ANUTBUTUNIZVDIDINMANQUNYNNDI UAT g AD AT UTBIINUII TUND VDI Taniia

U

1 a = 2
9.81 LUATADIUMN

Quintiere and Grove. (1998) WUTIR™ = 0.05 vz 1dwamsfuingungives
) Y v
arndulurralarlvaeriios (Continuous Flame) finnutiudigaga fetimszauinuenia
° A 9 Y 1 1< o a 9
aunsadaeanganssumswen ndvealarln1d egralsnamlumssrasaunas Indvesns
awv dy l * @ 1 ] d' 9 9 o dy
Wetlar R™ aana1no1a lumungay iisanndesldizeznarlumsdiunanin tazuonaini
o d' 1 ] o v 4! 9 a d‘ [} 1 Y ]
nansdunauleazeglugisdriniu dsemnsaldvinavesnianlugnin1d msizlugaa

o v A A oo 1 A
aniulvinanlvgnngalar lvlaeiios
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2. Funaulumsonaw

2.1 drlsznevvesnarlumsonennil lu

o Y ' 3 ' :]) a 3 1 a
na1lumsengndmsuidazyanal uEIY0AIANINNA TUAUAINANITGN
o a v : o J
Tudaunsznenuisuenenesniineins ligyanilasads vzilsznenlidisesdisznon 4
1 U dSI
AR
A a a 9 = Yy A . . .
parnamas lufulinisududey (Time to Notification )

o Y =~ Y A o Y . .
l“]ful“]ff]‘iﬁ]‘lelﬂlm$3Jﬂ'l§'!Lﬂﬂl@@uﬂuﬂi%ﬂ\?ﬂUfJﬁﬂﬁ'} (Reactlon Time )

u

AUFANAIIazI5U1INT1H (Preevacuation Time )
4 3 2 : r / .
ausurtaunszne legluganilaoass (Travel or Movement Time )

' ~ Y . A . " Ay ve Y
Taolu 3 druusnizonsauAuN Delay Time 15® Premovement Time A laviu Tdun

1<} 1 o 1 . VoA
ninmanudoyaluamnsoduanld dau Travel or Movement Time A1 1d11910M15

4
=1

o = 3 v o Yo
ATUIU !,l,azmiJTifl!,"UEJu!,ﬂuﬂ?niJmJWu‘ﬁllﬂmu

Hq o N : 4 A N St
na s lumsenen lldsgatlasans = narneumsnasuh + nariausuwillldga

ananty (19)

[

1 A a . A [ A Y
FIAINDUNTIAADUN (Premovement Time) AD LIATHANIINNY UYIUNITELII
A = Ay Y2 o Y o w A o = U W
MDUDNWINIUDINIATNADWINIANAILAINTAIISLTUNINITDONYNW Inansznuinnvaleileve

AUAITIA LA
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Building Mean Pre- Range Count Reference
Type Movement
Time (s)
Offices 113.4 0-540 192 (13)
Shops and commercial places 108.6 0-420 16°
Publics entertainment places 120 0540 28°
Large Retail Food hall 37.1 21.1-45.0 410 5)
Store
Lingerie 22.3 18.0-29.0
Children wear 29.6 22.4-37.0
Household 27.1 19.3-34.8
Menswear 24.7 22.3-26.6
Ladies shoe 29.5 23.0-36.0
Ladies wear 29.3 18.2-45.6
Customer services 21.1 19.0-23.1
School Staff 70.8 0-246 17 (14)
student 73.7 8-200 228
Hospital Pathology Staff 52 26.6-91.9 9
and
physiotherapy
All 48.3 26.0-91.0 12
Waiting room  staff 26.0 16.0-43.0 4
Patients 36.3 34.0-40.0 4

37: Shi* ef al. (2009)
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4 daw A4
2.2 anusinlslumsmasunonen

'
@ I

<3 4 { I Y { o [
Anus lumsnaouNenew (Travel Speed) Wudulsidrdanlylunvyiiae

9

d;} v U W Y 1 [N J
NITONIN Tﬂﬂﬂ]uﬂﬂﬂﬂ’lﬂﬂﬂﬂﬂ GlWiJ?‘]'l'i'l\?"llW\iﬁ'l\?ﬂ\i?‘]’f]hlﬂu

Y < a A g @ o Ada a
ﬂ"li"lﬁﬁ 2 ﬂ')'lllLi?iuﬂ?ilﬂu‘ﬂﬁuﬂﬂ’ﬂﬁ?ﬂﬂﬂﬂEJ‘V]iJfJ‘WﬁWﬁ

Influencing factors Speed Range Reference
(m/s) (m/s)
Walking type Free move 1.2-1.8 a7
Exit move 0.8-1.5

Walking conditions for

corridors, doorway on ship ~ Low 1.4 (6)
Optimum 0.70
Moderate 0.39
Crush 0.10
Place type Public place 0.51-1.27 (19)
High-rise 1.05 0.57-1.20
Apartment
0.95 0.56-1.12
Occupant type Children 1.08 (18)
Female elderly 1.04
Male elderly 1.05
Elderly 1.04
Female adult 1.24
Male adult 1.30
adult 1.27

130 Shi* e al. (2009)
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Stair characteristic Speed Remark Reference
(m/s)
Stair dimension ~ 0.20: 0.25° 0.85
0.18: 0.25 0.95 (22)
0.17: 0.30 1.00
0.17:0.33 1.05
gradient Up-stair  Down-stair
Slope gradient 20° 0.9
25° 0.8
30° 0.7 (23)
35° 0.6
40° 0.5
45° 0.4
Wide 0.55 Step height (22)
0.15-0.21 m.
Step width 0.18 m.
Radius 0.85 m.
Walk radius 0.55 m.
Spiral stair Narrow 0.50 Step height 0.20 m.

Step width 0.21 m .
Radius 0.65 m.

Walk radius 0.4 m.

30 Shi* et al. (2009)
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M ) ] ' Y
M3197 4 dasimIndeunenenveIs uInGsuNnowenk L lalunaazsu

Floor Time (s) Number of Average flow rate Total number
ingoing students s of students
4 12.00-30.40 35 1.9 35
3 19.16-44.63 41 1.6 47
49.06-55.76 6 0.7
2 18.39-22.63 7 1.7 61
26.03-68.50 54 1.3
1 9.73-14.73 7 1.4 12
22.43-25.87 5 1.5

1311: Xu and Song (2009)

H a a < a @ 1 v 1 o
ﬂ1§1ﬂﬁ 5 L'JﬁWﬂTiLﬂuu“]J“U@ﬁﬁZLla%ﬂ'ﬂlllﬁ'ﬂuﬂTﬁLﬂua\‘lﬂu‘lﬂ"ll’ﬂﬂﬂ'ﬁqi]@]')’f)ﬁﬂ\‘iﬂﬂﬁﬂu 6 AU

Floor 4F=>3F 3F=>2F 3F=>2F 2F=>1F 2F=>1F 2F=>1F
Time (s) 7.46 9.04 8.28 6.72 6.00 6.72
Speed (m/s) 0.99 0.80 0.88 1.17 1.33 1.17

1311: Xu and Song (2009)
a Aa 4 '
2.3 WHANTIUNNAVUTEHINWNNITONYN

@ a S ' Ps) = Y 9 09.: 1 @
Z‘]ﬂHﬂl%ﬂJ’t’NWf}@ﬂiillm’ll‘l”lguﬂﬂmla3LTJ‘L!ﬂf]‘ll"l@mﬂWiﬁﬂH”lﬂuﬂ'J”IlJWNLmGluﬁilﬂ
2y < ) v A ' ¢ a B
aﬂ@]mﬂmimm’m5’Jmayjamﬂmmimum@]‘wsaag“lum@;mimmm”lwu AANTENUUDN
d’d 1 a 9 =1 ] ] d‘ dg‘ % [ 1 1 [
11'1/1‘1/]11Na@]’f]WE]ﬁﬂ'i'illEji‘]WfJ‘WiJﬂ’J"I?J]lllLLuu@u 11199910V UN VU 9eHa1e9819 15U anYuE
A a dgj 1 A 9 4 a A qgj
ﬂJ@QqT\IVILﬂﬂ“Uu GIf’NL’Jfﬂ‘VIW‘]JlIV\IllﬂiJ ANINNIAADN NEANTIUNUTAIDINNINAURNIZY AN
1< 1T 3 an o aaa A a dgj A R a @
Llﬁglﬂuﬂqulﬂl‘l?‘ﬁuﬁﬂﬂﬂﬂﬂTﬂEWI’J]l‘]JGU’ENTJi‘]ﬂiEJ"ITILﬂﬂ"IJHLﬂJf’JHﬂEIﬁﬂTJ%’JﬂE]@ UINNEBDIN

= Qdd‘ [
00 3J§‘]JLL‘]J‘]J’JT|‘VILLﬁﬂQ@ﬂﬂNWﬁﬁ?ﬂﬁﬁ?ﬂﬁﬂHmS



18

2.3.1 masuimqmasluil Suusndenenanunsasud 1ane Il lvd Tagld
Uszammdudamssuinnnauvesniu msdunadiuyana ms lagudesdygaududou i
< 9 o Ao d 0 q 9y A g4 19 KX Ao o Y1 A
manudeyadesniinannatelsznnii lddenonnsednegluiiuiiunsu Suiiiime

a Y A 2 9 oA 3 9 a
!Wﬁ\?l‘lcﬁmlﬂﬂ(’uu Gni]gni']\iﬂ']ua'mluﬂuWaﬂ'lilﬂﬂell’f]ll”a"llﬂ\iﬂig"]f]ﬂisluﬂ581,1/]?{91,115171’]

d' 1 A v Y a 9
M13194N 6 mmaﬂmﬁugmqmaﬂwn

Means of Awareness Participants Percent

Smelled smoke 148 26.0
Notified by others 121 21.3
Noise 106 18.6
Notified by family 76 13.4
Saw smoke 52 9.1
Saw fire 46 8.1
Explosion 6 1.1
Felt heat 4 0.7
Saw/heard fire department 4 0.7
Electricity went off 4 0.7
Pet 2 0.3

N=11 569 100.0

1301: National Fire Protection Association. (2003)

232 nizvaumsaaauly midadulavewaazyanaynna l¥nszuiums
F4

£
Nariua 6 Tuaeu fio M3 lanTensaszniing anulimaling aAnuuiveuriodaou ms

AN MInTana Mmsdsziuansudulv

A wva A ™ o 3 a
233 ﬂ']iﬂg‘].l@'lﬁﬁ@ﬂ'ﬁllﬁﬂﬁ@@ﬂ IﬂfJVI'Jll‘]Jﬁ']llTiﬂﬁnlluﬂlﬂqu@]ﬂﬁiﬂ‘ﬂi’)\?
PN S v v oA o 9 = a
ﬂ]ﬁﬂgﬂﬁ!ﬂﬂﬁﬂu%LLﬁﬂQﬂ@ﬂNTm@QQ@WﬂWqﬂ 5981 A NITONIN ﬂ']iﬂﬁ‘]JlGU']]’l‘]JVIﬂVI"N!ﬂiJ
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M3 7 msAnumaSouieunganssumsudasoonvedlszmnsvesllszinasengy

wazdszmaomsm
Behavior British U.S. P-P, SE 31_p2 CR,
(Percent, P)) (Percent, P,)
Evacuation 54.5 80 25.5 2.30 11.09°
Reentry 43.0 27.9 15.1 2.30 6.51°
Fire fighting 14.7 22.9 8.2 1.74 4.71°
Moved through smoke 60.0 62.7 2.7 2.29 1.18
Turned back 26.0 18.3 7.7 2.01 3.83°
2193 584
MR a 1O AAANAIANIATFIU b A BRI IAININGA ¢ Ao BaTIAIUINgaTod Ay

#3: National Fire Protection Association. (2003)
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Reason Participants
Number Percent
Fight fire 36 22.2
Obtain personal property 28 17.2
Check on fire 18 11.0
Notify others 13 8.0
Assist fire department 12 7.4
Retrieve pets 12 7.4
Call fire department 9 5.5
Assist evacuation 4 2.5
To be taken to hospital 3 1.8
Turn power back on 2 1.2
Rescue from balcony 1 0.6
Help injured family member 1 0.6
Turned off gas 1 0.6
Open windows 1 0.6
Close door 1 0.6
No apparent danger 1 0.6
Entered nondanger area 1 0.6
Job responsibility 1 0.6
Due to fire 1 0.6
Told to by others 1 0.6
Not reported 16 9.9
N=21 136 100
Range = 1-36 Percent of participant Population =27.9

1301: National Fire Protection Association. (2003)
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Participants
Number Percent
Sex
Male 84 62.7
Female 50 373
Total 134 100.0
Age
7-17 8 5.9
18-27 31 23.1
28-37 41 30.6
38-47 27 20.1
48-57 16 11.9
58-67 2 1.5
68-80 3 2.2
Unknown 6 4.7
Total 134 100.0

Percent of participant population = 22.9

#131: National Fire Protection Association. (2003)
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a a ~ A A o o
A1319% 10 mil,‘ﬂ’ifJ‘lJmEszElzmﬂm'ima’emwmummlmﬂizmﬂi‘*umﬂizmﬁﬂmqyuaz

Uszmeaanigominm

Distance Moved (ft) British U.S. P-P, SE ;1_ 0, CR,

(Percent, P)) (Percent, P,)

0-2 3.0 2.3 0.7 1.02 0.69
3-6 18.0 8.4 9.6 2.23 4.30°
7-12 30.0 17.1 12.9 2.71 4.76°
13-30 19.0 455 26.5 2.62 10.11°
31-36 5.0 2.0 3.0 1.25 2.40°
37-45 4.0 4.1 0.1 1.19 0.08
46-60 5.0 11.0 6.0 1.47 4.08°
60+ 15.0 9.6 5.4 2.10 2.57
1316 322

9

WA a 1O MAANAIANIATIIN b A BRI IdIUINGA ¢, d Ao BasiduIngaivdidny

1301: National Fire Protection Association. (2003)

3. ngERNUGIHOHSDILUS 199 seNeNYR 51NN FDS+EVAC

Merchant (1976) 831181331 na 19 1unsenen (Escape Time, T ) HoaAlszneu

escape

NANAIBIU 3 AU Ao

Tescape = Tp + Ta + Trs (20)
T, = 329001015 Tumssu§unamas 1uil (Perception Time)
1 { 1 o a
T, = $9na1nneUauedneignssinds Ingd (Action Time)

T = a1 lumsnasui lidiganasass (Travel Time)
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130: VTT Technical Research Centre of Finland (2008)
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Body type R, R /R R /R d, /R4 Speed
(m) Q) ) ) (m/s)
Adult 0.25540.035 0.5882 0.3725 0.6275 1.25+0.30
Male 0.270+0.020 0.5926 0.3704 0.6296 1.35+0.20
Female 0.240+0.020 0.5833 0.3750 0.6250 1.15+0.20
Child 0.210+0.015 0.5714 0.3333 0.6667 0.90+0.30
Elderly 0.250+0.020 0.6000 0.3600 0.6400 0.80 +0.30

131: VTT Technical Research Centre of Finland (2008)
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#31: VTT Technical Research Centre of Finland (2008)
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#31: VTT Technical Research Centre of Finland (2008)

aumsveassdudainzhsznidonenalen

Tag Avi‘j

Cyq

£i=((d-1)teq AV )0 +Kd ;- 1) AVt (24)

UNU

UNU

UNU

UNy

Uny

UNU

ANuLAnAURIANUERTIFUFURavesaduianan
1 < a
ANUUANAINVDIANWTINA
s Y v w Ave o

NAKBI NV UFUAAVDININANNFAAAY

1 d' =) v A
ANINYDIUTINTEATULUITAL

1 dl 9 A
AAINVDIUTIATUANUAA

Al Nsruag

aumsmandouNmMIvyuveIdonsnuaazaY uonmilonnidewenaziio e

A ~ 1 Y I v A a A 9
UDNNIIAADUNBDYNLLAIN ENlIﬂ’NlI’é)ﬁi%GlHLi@\if]dﬁWﬂﬁquluﬂ’JEl

R0

e =M; )+ 77 (t) (25)



9
IDUUN

27

Tay @) unu yuuesdonew i e ¢
17 uNu MAWDTINDY

72wy ussdevinadniiundslin

M) uny Haswvesdannszihnudonsnanduindon
aumskasIvvesdannszinudenenandunadon

M{=M;+M;*+M (26)

'
a A v v

Tag M UNU UINUANTNTNY 9}’01/\1‘(’1‘1/!

I U
'

M uny uSIUANNITZIINLTIToUTN

M uny isedavednsinaoun

v v v

aumsussdandudanudonen

Mi=>" (Rixf}) 27)

J=i

@ J J v @
Tag RS unu Selnnmesangagudnaladonsn i Dagaduid

ﬁllﬂTiLLi\iﬁﬂﬁﬂigﬁW%Wﬂ!LiQ‘iﬂﬂﬁfle

M isoc - Z (R isoc X fisjoc ) (28)

j=i

soc s 7 v L= o o A g &
Tﬂﬂ Ri UNU L’Jﬂm@iﬂ?ﬂﬂﬂﬂu&ﬂﬁ?ﬂﬁjﬂ‘w&lw1ﬂﬂﬂﬂﬁﬂﬂﬁﬂﬁ51ﬂﬂluﬂ1ﬂlliﬂ

gumMsuseiaveamsmasui

z

M= I_Iz (((/’i (1) - (oio)a)io - a)(t))= ZI,_C (g)io - a)(t)) (29)

2-I I



28

< a 'o Y
Tag @ unu anuSuFayunnaansimua Busadonenlunsbe)
1 q 9 U
Y
[ a3 a Y
@ WY BATUTATIYNIAT B 1A
o v
P° oy yunmvuali
4
UNY AVDIINADT
C’(")_O

uny AN aFauiinvue

[ 4
3.2 dfnseninetuszniedenenny vl

Frantzich and Nilsson (2003) 1811013 NAa998anI £ NUYBIANURUUUATURN]
[ I~ a ] ] [
nanoANuANUI Tumsiauvesdonsn Taswann 1a1danunumiuaiunnnives Jin

= ) S £
Lla83Jﬂ"|5ﬁi1\‘]L‘]JU?T?Jﬂ"I'i“II‘L!?J"ﬁ]"Iﬂﬂ137]ﬂaf’N

i,min >

Vo
v! (K)=Max {v? —(a+ pK,)} (30)
a
Tag K unu duilszanimamlivualyl

a wu auilszansned (0.706 m/s)

Ny auszansnan (-0.057 m’s)

0
Vi,min

g & 4
UNY ﬂ'J'liJL'i'JeUuﬁﬂl@\‘ié@WﬂW (0.1 m/s)
a o = PN Y A a A Adg (% T 9
Wﬁﬁﬂmm%!ﬂﬂﬂWﬂﬂWilWWl‘lﬂﬂJ 1o “lJill1mﬁ15WB°VIL‘IJH@HﬁiWU@]ﬂﬁj'ﬂWﬂWﬁHﬂﬁﬂ

0 q ¥ A~ Y A o © Ao qYY ay ¥ ° a o
“I/nGlﬁ!,ﬁEIGH’JGIUlQ Iﬂﬂlﬁ@ﬂuWNHﬂW1$ﬂWGﬁﬂﬂ11ﬂNﬂWﬂWfJWﬂﬁNﬂﬁﬁqﬂ mmmmmmamﬂu

U

1 v A

v v
FATIEIUANURUIMUUYDY Purser 19 130 (380171 A¥HUITFYDI0ATIEIUNUHNANITENUAD
1JsEaNTNIN

FEDtot = FEDco x HVco, + FEDo, (31)

dasauved Co nneliinaduasenseilianuaiusnanas

1.036

FED¢, =4.607x 10 ' (C )"t (32)

]
IS

oasdImves 0, nelinaduastensonzidoavinoenFion



29

t

Do 60exp[8.13—0.54(20.9 - C, )] 3
Tas  Co, unu nlefifudaanuwuiiulaslSunasvesesndiou
flasovesnivenlaeen laaiineliinanizmelsdada lidzain

veo, . SPO1930C,,, +2004 "

7.1

J 2 4 | a 4 4
Tags  Cco, unu wesduaanuruniulasiuasvesmsveulaseon lod
=
3.3 MIENNINDDN

4 a
ﬂ'l'i‘]J‘iZﬁJ'lm!'Jﬁfluﬂ'lﬁ'ﬂWEJ“IN‘I]ﬁ$ﬂ@ﬂﬂ'§ﬂl3ﬁ1i@Elﬂi%ﬂ'lm‘ﬂ@ﬁﬂ']ilﬂuuam’)aW
a a 9 14 <3 a
Tﬂﬁlﬂ'i%ll'lmsU’ENﬂTii'ﬁ]ﬂ'J L'JﬁWﬂ'li!ﬂuQﬂﬂiZﬁJ'lmﬂ')ﬂiZEJZ‘VH\N’T'I?@'JEJ‘F]'J'I?JN'Jﬁll.!ﬂ']il@u Iuag

a < o ) 1 {
L'Jﬁ'lﬂ'§$3J'lm"UENﬂ'li5'6']ﬂ'JL‘]JuNﬂll1%1ﬂﬂ'l'§ﬂ1§'ﬂig‘ﬂnlﬁ$ﬁ1lﬂ’iu\1ﬂl®\1F?’E]WEJW?]H%HG]

U

] ]
A S A

uonINAIMUIYeINIeon MylfiAvesdonsnaudus daliflvdeduiilionsnane
v A Y a A A o o d o Y
nszvaumsdadulevesdonen Hieuluiduusnn v anuduinsveanisesn n1s
d’d a 1

& 9 Y < o a o &
WOUN WA UNINONYN ﬂ'ﬂiJﬂu!ﬂﬂﬂl@\iﬂNﬂﬂﬂ!ﬂuﬂ%ﬂEJ“I/] ansnanenuInduluns

Y A 9 19 1 Y a v A 9 A d?
@ﬂﬁuiﬂ!ﬁﬁ]ﬂ‘ﬂNflﬂﬂ LW§1$ﬂ1ﬂﬁ]13J§°lﬂNflflﬂi]$ﬁ\1Wasl,'ﬁﬂﬁWi]ﬁmﬂuﬂﬁﬁﬂﬁuﬁlﬁ]ﬂﬂmiﬂlu

NIZUIUMIAONNND0NUTZNOURY 2 329 AD FUTNNNODNIZYNLLIODN
Taowiu ldaunguandiulngmumsesdiuais wagaseiiass n9oenIzgNIABNIINNGUAY
daIngnnnarlumsenenindosiga drusulullsunsumsldamamdelumsiaon

9 9Jq ¥ P Y A A Yy
neeenveIdenen Aldnuamnsaszy laneg lidumsguiaennieeniie Tidonen

A ) M Y
wonldniseentiug ldae



30

q’ 1 [ 1A 9 Y =
M1319N 12 ﬂ'J”IilGIf?J‘U"'IJﬂﬂﬂqmﬂuﬁﬂuiﬁiy}%i‘lﬂﬂuﬂigTJTL!ﬂ”IiG]ﬂﬁuiﬂiuﬂiila@ﬂﬂﬁ@@ﬂ
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#131: VTT Technical Research Centre of Finland (2008)
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