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1. Performance-Based Design
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1. Cone Calorimeter
2. Reynolds-Averaged Navier-Stokes
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1. Flashover
2. Fully Developed Fire
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1. Fire Properties (or fire technical properties) of Materials
2. Fire Growth Rate



&

B3 YV 5, 5 5 plan galsainb - ool Sluol j350 190 Juad

Ao - 31 ygeyl o 18,5 5 alasd L SBI g0l gl oyols bLS,1 gl Lol g ySos
9 3 S s b 5T azilin i oolisd 1 58 ey & HRR 251s o |
2 olde cplc Oy Lo glas plod gl 28,55 alaxd 0 HRR jlade ((es g
Ol kWL Ve kW csga b Yo e kKW L Ve kW (5 80 acie a5 0l o>
20 4S 398 o 08, o FIGRARC (ylgse 4 el cpl 5l solde @losl jo awl cans
o Bl Lzl eun Lo i el oy sl (BN 14390) aseS- 561 Sl o lasbel

g o odus A-Y S 40 a5 [9 5 7] cenl sl s 4 FIGRARC g (33,5 5 alasd

[y e , T
PR TP TN H PR ¥ T
T e H
L PPy (T
YRRt

IGRA (RC)
ViakWis

ParErs

FIGRA (RC) i

=+ kWis

Ree 1¥eu

[11] Sl ;ﬁ‘i’ﬂ :JLL;\:..J U,«JL.J 2 Lu.é.,b .6,.»‘}..; u,.“:;; C‘,S} jFIGRARC o A.Ea.b A=Y JS.::

o S5 las gl B b, sloais gline 45 ams o HLis A-Y S

171 oo soliad Yoo 0 Jlo ' alfanlejl ey @ledlol 5 [10] g o D! 51 SBI
sJ_ng Lgl_:bddj.o.i ] 00l 00l QL.M; -y Ji,.u B FIGRA 9 FIGRARc O M
b Jsl adgad 99 00l SemasS Sl S b Bl s onbiol by gl Bl T Ay
Slasein 4251 plp 30 ugailes Jb LS, ol @ylite Ll (oidids oo g aiiws

95 Jas SBI fygel jo alilgs od p9% @ a5 5 Sy o] (59, 638 359 (Sl

1. Round Robin



. . . )
G202 sbs Jolo g Slessbo wlas o5 sl (T sl elyly oy | YA 903

2 0l o8 o9 bply )8, 5 i )38,55 G5 olsie 4 T o )l5 e 4y Sl S
L1171 05 Go5 ol caws a4y Sitaccod oy 395 o88lg SBI o T s 2|

FIGRA(RC) and FIGRA[SEI)
5000
4500
4000 R = 0,97
3500
g 3000
B 2500
g 2000
1500 s
1000 z
500
-
0
0 10000 20000 30000 40000 50000 60000
FIGRA[RC) (W/s)

Sl Jgams Y 61, FIGRARC 5 FIGRA oy Kiewen 4-Y K3

el 0l ool uL“ FIGRA w)l) 03 gdno b uY}a:u 6‘)‘. M A=Y Jiw 59
Qe o L 1 (YO D g (Y0+) C(\YO) B sloails s 510 ¢ 8l gl

FIGRA(RC) and FIGRA(SBI). Products with FIGRA(SBI)
less than 800

@
Q
=1

~

=]

=1
L

@

Q

=3
L

o

=]

=1
L

FIGRA(SBI) (Wis)
I
Q
=1

w

Q

=1
L

]
Q
=3

L

.

=]

=1
L
L

o
e

0 2500 5000 7500 10000
FIGRA(RC) (W/s)

Av+ WIs 51 zeS FIGRA 4 oY pams 5l FIGRARe 5 FIGRA cpy (Koo V0¥ S5

-]os_afo (\ M »)9..).'> FIGRARC 9 Yy bgd& FIGRA L\) Sl Loz )l 39 L;..: aS 6‘4.‘4.04
PVC oYy e | o FIGRARC ;30lie Ysons 45 o3 ools lis .cesl PVC iy lns &
ul_C)UG‘ c‘la_ws obsd—?ua )O [7] QDMGA ob)‘ UM yl.s LgdLs) 4559-95 wL..M 6LmujA)—| )d



&

B Y2152y 5l 5l s sz — (gole ol 5950 090 bt

L"..x_o.c‘Y'HkWet_g\Hij leiie JLADIL g aido Vo 5l e 1) g 0 00sd (oS
A0 o 1y (528,55 Mol b gl o (K235 5 sl aids ¥-Y 5y 10 SV game

3 Bile SN yama 31 i S ol 1-F1-
5 4_15.1 d.:LC UYM (_g‘).’ FIGRA )‘ oolaw Ls L)’“"] ).3‘).3 ) u,u.Slj Lg..\.ud.@...]a VRO
ol s by syl ke clailyial UK 4y argi bl dnsgi Yoo 5 YooY cla L

A 50 alsS=GUl gesl led 0)lgd capo syl (VN JS) b iy a5 335 55k @
el a8l £Y Jgaz ;o Slalyd sle sl somaids wiaaw [12 5 11] 0 a8 3

Backing baard L

= T R fE R ey R ) e e
. il =~ |

i

[11]SBI 03051 ;5 sl 33ls i Silad 096 VN =Y 03



S sl gl p 25Tl 5s STy Olab 0-Y i

. . . &
G sl o g (Gl lu gdlas 00 (gl T sl pol)ly gy | Y 903

Sl gruab EEET R P b3l s s @b
- 5 T<v.°C ENISO 1182 (1)
s M=H- % 9
Ol )9kl (g () B =+
- sVPCS <v,-MJ kg ENISO 1716 NS
s"PCS <v,-MJ.kg"
s"PCS <) $MJ.m™
®pCS <v,-MJ kg
9 (Q)Oy) A:Js.: 9 TS& 'OC EN ISO 1 182
? gales 3 [ ol b <Y -5, M- % L
s"PCS <t,-MJ kg"! ENISO 1716
sOPCS <f,-MJ.m™ s
s"PCS <f,-MJ.m™ A2,
®pCS <v,-MJ kg
FIGRA <vv-W.s" EN\¥AYY (SBI)
5 4igejl ad 5l xSz LFS
THR;..; <V.6M.J
s @sgo s FIGRA <yv-W.s EN\YAYY (SBI);
D gales &3 ol s 5 aige;l ad 5| iS>sS LFS 5
THR;..; <V.0M.J B,
§+8 90> 5 Fy<10-mm EN ISO Y1ava-v?
LY =m0 oo
5 Vago adg FIGRA <f5-W.s™ EN\YAYY (SBI);
@ palass @l /@l s 5 wg03] 4 5| 2S5 LFS 5
THR;..; <\oM.J CL
§+8 590> 5 Fy<10-mm EN ISO 11avo-v?
U =m0 oo
5 Vog3 alys FIGRA <vy--W.s™ EN\YAYY (SBD);
@ jgaless S5 [ o o 5 b
$.5 s90> ,» Fy<10-mm EN ISO 11avs-v® -
LY =m0 oo
O galeds o3 | o b .8 s9a> ;o Fy<Vo-mm ENISO yyava-v®
. Ep
Wl Ve =o5me 0 0l
odd (i 3 Shos (g FL
5 52t lwod 53 bl sl g (Sen gloosylid sl -
e d sosjslb (2l bl si e gl Y




B ¥ 152y 5 5l s skizaliab — (sole lsol 590 ipg0 b

&

OSanyd slosjsld (S (coluld 232 0 gl T
Bl g0 w00yl gl -F
S2- SMOGRA <A-m"s™ ¢ TSP, <vo-m's Sl-SMOGRA <\-om's" -o
82 &yl S1 483 ¢ TSP, <\5--m
aib £ o og0> 0 ENVYAYY(SBD) 5.b jgadess )3 [l jad g0 =de £
asl £e v oga 0 ENAVYAYY(SBI) 5.l asli Ve 5l jiin plgo b jgalass 1,3 /el lad g0y =d)
oy Jol> A2 gunaib Sy o ENTSO VVAYA-Y 43 325 55,80 : ) 5d- 5 8 4 =dY
@Y (gasy ailo) GEIS h59,81 = 0d 099 50 (sabaiab (y90) A2 (B9, (y9d =ppad Jou3 -V
o dlat o gaa 355158 (2led W58 Guss i o) gum oy dad (alais pgad Il iy A

9

YF oy m O Y-Y USCi) 0 s5lawainon FIGRA 3 FIGRARe gl Tooe

Yaus

Yous
*
/

—
:
\
A
%
u
=4
-]
=

FIGRA(SBI) (W's)
4
*

Yaan

./
)
. Yevn Youu Tora fare [ERR} Taaa Vanae Avwa Qo

FIGRA(RC 4, ) (Wis)
[11] sl o 3sle Jpvamus YE g s FIGRARC 5 FIGRA (y Koo VY- |S2

A o Ve kW L A kW Lo 8 iola, Salds caad ) (6l o 538,55 asulis
chw ) woas oo &) 0y 4 Gl Glagle ln (S5 5 g68g andlogh oo w8 S
el 1S L 6550 s dige]



) ) . PAY
By s Sl g Gleis b pllas 00 (6l (T b polyly oy | Y 903

L I ol 9 &2 ooy Oul yol )b Y-F-1-Y
o &) L FIGRA Lol o la LIS 6l gomwaads Yoo g Voo ¥ sl Jlo jo
Lol sl uail (39) bis)l 093] Ghgy QS wmsans 5 &l ie GEAS (08
Sl 9 Br sl bl mlio cunlgm 10 4 a5 09 € 5y > o35 o9 (gl ol )l oS
Slodasy g4-o90 ) 0l 0)ls gamaib i 4 ol 5l sl (yog (s le ais
sl Sl O)lw lojle slac! oo jo (2lem ks b ales 51 adliy mhaw o 0l
Lo 4 LaJolS (gl Lol ot gl (giatils s 53 o] 5385 5l 53 Tuled 5 0,8
50 oKws 5l (g gt 04 o ooliiwl EN-50399-2-2 3 EN-50399-2-1 yg0;1 51 SBI
eas (o5 So sy, b BT cwl e Folliws glay )l .l oas osls Las VY- IS
9 VoY Jgizr 5o gamaieb (g 095 oo ooliinl Jade S5 51 (859,81 e (lgie 4 s
Sloebgi el 0asl [13] Slig) o590 (3,155 58 oygel calisee Lol .l o Sl jan

ol o &5 15 5 141 jo (yg03T samie gulis .l sais &3l [7] 0 wlids

EN 503992 ulul 5 b S g5 5 25T 09051 S5 wlike ol&aws VWY IS

1. World Trade Organization (WTO)
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2. Firney
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e CFD simulations of atmospheric gas dispersion using the Fire
Dynamics Simulator (FDS)

e Comparison of FDS predictions by different combustion models
with measured data for enclosure fires

e Experimental investigation and numerical simulation of a furnished
office fire

e The application of a genetic algorithm to estimate material properties
For fire modeling from bench-scale fire test data

e Large eddy simulation of fire-induced buoyancy driven plume
dispersion in an urban street canyon under perpendicular wind flow

e Using fire dynamic simulation (FDS) to reconstruct an arson fire
scene

e Quantitative comparison of FDS and parametric fire curves with
post-flashover compartment fire test data

e Validation of FDS for the prediction of medium-scale pool fires

e Modeling fire-induced smoke spread and carbon monoxide
transportation in a long channel: Fire Dynamics Simulator (FDS)
comparisons with measured data

e Experimental and numerical study on water mist suppression system
on room fire

e Studies on buoyancy-driven back-layering flow in tunnel fires

e Large eddy simulation of fire-induced buoyancy driven plume
dispersion in an urban street canyon under perpendicular wind flow

e C(ritical wind velocity for arresting upwind gas and smoke dispersion
induced by near-wall fire in a road tunnel

e Experimental data and numerical modelling of 1.3 and 2.3MW fires
in a 20 m cubic atrium
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Abstract

Fire safety in buildings is an important issue that must be considered in the
building design and construction. Fire may cause severe damage and loss of
lives and property and even complete collapse of building.

In recent years, many polymeric materials have being used in construction
industry, which most of them are highly flammable and their application can
be dangerous in buildings. Thus, the fire behavior of these materials should
be assessed and classified by fire tests.

It is also necessary to prepare appropriate building regulations in order to
prevent use of hazardous materials in buildings or spaces that require higher
safety levels (such as assembly occupancies and staircases). Fire modeling
of buildings is nowadays a proper device for design of fire safety and help
fire scenarios investigation.

The application of these models in the world today is growing and specialty
software is developed by research centers. In this report, first, relatively
complete overview is presented on methods of classifying materials in terms
of the risk of fire.

Theoretical issues about zone and fields fire models have been discussed.
Theoretical and mathematical equations governing these methodes are
presented. The fire models (zone and field models) in fire engineering were
reviewed. Use of the selected soft wares and their functionality were
evaluated.

The fire behavior of ten Common polymeric materials used to construction
was studied with cone calorimeter fire test at 50kW/m?. The thermal
parameters related to the burning materials considering risk analysis in fire
spread were discussed. Fire risk of materials by proposed methods by
different researchers and software Conetools was discussed.

Most of the materials studied had the dangerous fire behavior. Particularly
epoxy samples, MDF, HDF and polycarbonate showed very dangerous fire
behavior. The rresults showed that reaction to fire parameters such as
ignition time; peak and total heat release are the main fire characteristics of
materials in the fire risk determination.

The time to ignition has an important effect on time to flashover and rate of
surface flame spread on finishes and ignoring it can be resulted in errors in
predicting fire risk of materials.

A new method was provided to classify materials in the risk of fire that can
be used in national building regulations to evaluate fire characteristics of
materials.
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