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SUMMARY

[. Title
: Plan for Developing Nation's In-Depth Customization of
Fire Safety Technology

II. Definition of Fire Safety Technology and Its Necessity

1. Definition of Fire Safety Technology

[] Fire Safety Technology is for developing and commercializing standards
and technology and maintaining functions to promptly deal with
prevention of fire or its expansion, as well as fire suppression and rescue
operations, for fire related standards, equipments, facilities are failed to
function well.

[] Target: The followings are targets for developing technology of effective
standards, equipments, facilities, etc. suitable for houses, publicly used
facilities (karaoke, nursing home, etc) sales facilities, remodeling,
buildings under construction, etc.

- Study on enhancement of fire safety standard for buildings

Development of evaluation methods and equipments, and maintenance technique for
fire safety
Development of building customized performance standards

Implementation of commercialization technology through Testbed

2. Necessity of Fire Safety Technology

[] According to the fire statistics, detached houses has the highest rate for
the outbreak of fire during the past 3 years, accounting for 37.7% of
total fire cases. Especially for elderly residential facilities, most of the

— VIII —



occupants lose their lives when a fire breaks out.

Fire hazard evaluation of the core technology and development of the
fire safety technology is required, for there are materials, structures,
methods of construction, usage, etc. that cause fire, expand it, and
obstruct occupants from escaping from it.

Various design is applied for the international fire safety standard
considering occupants density, refuge time, fire apparatus, etc, while
domestic fire safety standard only defines uniform specifications.

There is no system but are many conflicts for the fire related standards
and most of the standards ignore important elements related to fire
safety.

Due to the internationalization and integration of domestic and overseas
fire safety markets, valid standards that can be applied to both markets
are required.

For the existing buildings or the buildings under construction,
maintenance technology, finish materials development, and remodeling
technology are to be promoted in order to secure fire safety, for
standard reform is not enough for ensuring fire safety.

3. Development Strategy

[] In accordance with the Major Government Projects '83. Reinforcement of

Total National Disaster Management System and The
3"ScienceTechnologyMasterPlan "Securing of Social Disaster Response
System;, the following strategic objectives are established in order to
successfully achieve "Realization of Safety Life for Citizens”.

Development of Nation's In-Depth Customization Technology

- Implement a system for dealing with national disasters caused by fire
that can cause loss of lives and property loss, by preferentially
developing, improving, and supplementing element technology

Study of Company Leading Commercialization

- The objectives of this business is to develop a technology for
short-term commercialization, such as Testbed, which can be applied to
the site within 2~3 years. Therefore, the company has to play the key
role for discovering the character of business and the core element



technology required by society. In other words, the business has to be
organized with the companies with commercialization capability. In order
to maximize the capabilities of both major companies and small and
medium companies, it is to be organized by combining the two types
of the companies.
* Economic of Research And Development
- Implement test infra common use system of a public research institute
for effectively using test facilities and human resources, and implement
one stop system that can unify study and test.
 Initiation of New Business with IT based Technology
- Initiate a new industry by implementing performance-oriented design
customized for buildings and safety total solution platform, in which
high technology and products are blended.

M. Specific Tasks

1. Specific Tasks

s Applied .
Classification Details
Technology
B?ahée JEE ¢ Setting up density criterion of occupants and the application
classification system standards (regulation alternatives for floors and floorage)
of Occupandts + Change of occupants density centered construction regulations

Study on the and development of evacuation capacity standard

Advancement of
Fire Safety
Standard for
Buildings

density centered

+ Development of fire safety standard for buildings of residential
accommodation facilities group

brevelepiment o + Development of fire safety standard for buildings of assembly

Fire Safety and culture facilities group
Standard for + Development of fire safety standard for buildings of work and
Building Use storage facilities group

+ Introduction of smoke prevention structure and development of
standard for smoke safety




Classification

Applied
Technology

Details

Development of
Evaluation Method,
Facility, and
Maintenance
Method for Fire
Safety

Development of

Materials, Structures,
and Facilities for Fire

Safety

Development of fire safety materials and structures

— Development of high strength and fireproof concrete

- Development of nonflammable internal/external finishing
material

Development of fire safety facilities

- Development of an early warning system

— Development of smoke guard system for preventing vertical
diffusion of smoke

- Development of the advanced technology of smoke
suppression facilities for reducing the loss of lives
- Development of automation system for
intelligent differential pressure of the front room

maintaining

Setting Up Evaluation

Methods and

Standards for Risk of

Fire

Advancement of evaluation method and standard for resistance
efficiency of the structural member

Development of evaluation method and application standard
for big fire compartment facilities

Advancement of evaluation method and standard for empirical
and full scale fire testing

Development of test alternatives to replace gas toxicity test and
improve the system

Diagnosis and evaluation of fire damage and development of
repair and reinforcement technology

Development of a system for fire safety evaluation and contents
service

Development of an evaluation
characteristic based refuge safety

system for occupants

Development of
Performance

Maintenance Method
and Guide-Line for Fire

Safety

Supplementation of fire compartment (fire door, fire shutter,
smoke ventilator, etc.) and fireproof construction standard /
improvement of on-site quality control plan

Development of a technique for maintaining fire safety
performance of buildings during remodeling or construction
Development of fire safety guide-line for actual users of
buildings

Development of
Building
Customized
Performance
Standard

Development of
Building
Customized
Performance
Standard

Design of customized performance based fire resistance efficiency
/ development of evaluation system

Design of customized performance based refuge safety and smoke
prevention / development of evaluation system

Development of the educational propagation program for
customized performance design

Development of a supplementary program according to the
performance standard of the existing buildings

Implementation of
Commercializing
Technology
through Testbed

Implementation of
Commercializing

Technology through

Testbed

Development of integrated Testbed model
Verification of the possibility for applying unit technology Testbed
Application and management of the integrated Testbed
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Prescriptive Rules Performance-Based Code
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Structure Structure : | |
| [ [ [ | |
Calculation of Calculation of Selection of Member Analysis of Analysis of
Mechanical Mechanical Mechanical Analysis Part of the Entire
Actions at Actions at Actions Structure Structure
Boundaries Boundaries | [ [
Calculation of Calculation of Selection of
Tabulated | Simple Advanced Mechanical Mechanical Mechanical
Data - Calculation | Calculation Actions at Actions at Actions
Models ) Models Boundaries Boundaries
If available =
a |
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HE e 22
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H=2(BRE) 0I=(NIST) U (A=A
<Fire>
U218 SHTHEHAL AAH200, ‘Behavior, Growth
1992) -Assessment, Model -Analysis Fire Spread(82)
HANUNGH |-QAASEAAEN CHEE SHHEA  |load, Risk -Evaluation Flashover(81)
20t Jisd EOK99) <Flame> ‘Model of Fire Spread(80, 78, 76)
(Fire) | SSFE STZIK82) -Simulation, Spread -Probabilistic Fire Spread(79)
SO 2E(00) -Behavior, Height -Fire Modeling(76)
ZHOHAIA SHRHCHA(00) ‘Model, Size, Width
‘Temperature, Velocity
N . -Control, Density
L2le B S iy - .
Li-2l= STl (Fire Detection. Dynamic Smoke Safety(81)
HI|Z0t Spread) -Generation, Spread ‘Wood Flame(77)
(E e) -SRI TS IK97) a Detect Toxicity Gases(76)
MOKE) | Mot &1 & H12l(95) -Mgzzlsj}en?eﬁf ?/r:nts ‘Smoke Movement(75, 71, 68)
ASE AN s . .
A%}, AEAH|(95) Transport, Movement Smoke Generation(68)
THEE T}
o =g Doane) Escape Means .
IJH20t BE2 [UE2 H2(%8) ‘Escape Design -Compartment Fire(79)
(Escape) ~_1_T|l—|-‘tj_|';j 4(850 = ‘Escape Routes ‘Model of Compartment Fire(77)
-D%E)DI%%Z.\_SI TIHHIEI(92) ‘Escape Assessment
SIAEIIe ¢D(01S
moay SIS Z28(99) (FASTIite=Zone Model) |-IILtOISHA T2 24
Ton o |-SHHeHE Z27)24(98,99) (CFT - Field Model) SDIKSHM T2

20t

SH YIEA "I T22(85) |-Fire Dynamic Simulation |-SHHECHHIAF T2 784
-Single—Room Fire Model

zggrsfgrrr%ggii(o(i‘) sorme self -Offshore Fire Safety(03)
HA/UsH compacting concretes(2003) ‘Water mist versus ‘Fire Safety Regulations(03)
Z0F Mo d%l sce%e fire tests(02) sprink!ers(OS) _ Fire Safety Engineering(OB)
(Fire) Performance of cables(02) ;sgyi?einlrg( gglf)ppresswn ‘New Bushfire Protection(00)

-rack storage fires(01)
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(Smoke) |-CO formation from soot(02) roduction(01) ‘Large—scale Fire Tests on Three
P Building Materials(99)
Tt Fire hazards and fire ggﬁi srfég%??mg ~N.ew Survival System(02)
(Escape) ngotg(jct|on(l98) ke (01) -Estimating the Risk(00) ~VW|rtua|FBeagt3; andP RQbOt(%g))O)
esidental sprinkler Escape through smoke(98) ins Fire Safety Project
-calculating temperature in
fire(99)
-physical flame spread . I . ‘Natural Ventilation an Building
2278 |model(%9) water it fire SUDDIESSION(01) ey hogeling(97)
Z0F  [chemistry into CFD Fires(%8) ‘Fine Bubble Modelling of
modelling(99) Smoke Flows(03)
-CFD simulations of fire
detection(98)
-Design fires(03) )
, ‘Offshore Fire Safety(03)
oHAA/LsH fggo;@t?g cecé); Csrg{gg(zsggs) ‘Water mist versus -Fire Safety Regulations(03)
—EOF 'l\/lodizl scaﬁe fire tests(02) sprink!erS(OB) _ ‘Fire Safety Engineerirjg(OS)
(Fire) Performance of cables(0?) :Sgegemg( Os?l)J)ppressmn ‘New Bushfire Protection(00)
rack storage fires(01) y
) ‘Fire Bubble Modelling of Smoke
4|20t ['mobile fans in tunnels(03) ,ggg%igﬁti?tgﬁéﬁ) Flows(03)
(Smoke) |-CO formation from soot(02) roduction(01) ‘Large—scale Fire Tests on
P Three Building Materials(99)
TjLHs0r Fire hazazgg)and fire ggﬁi;ﬁéﬂ%??mg :N.ew |Survival System(02) 00)
(Escape) %otggnotnl e (O1) Estimating the Risk(00) .VWIrtuaFBeagt% ?ndPqucEt(gg)
esidental sprinkler Escape through smoke(98) ins Fire Safety Projec
-calculating temperature in
fire(99)
-physical flame spread ) I . ‘Natural Ventilation an Building
272 |model(99) water midt e SUppreSSION(OT) ey hodeling(7)
=0t |chemistry into CFD g ‘Fine Bubble Modelling of

modelling(99)
‘CFD simulations of fire
detection(98)

Fires(98)

Smoke Flows(03)
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SAREP
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- ECUETH JIX
- ASTM E 162
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Temperature - THEQl 2EH(20~300T) HAAl LRt
=g Oxygen Index) AAACSE =X
= e TANTT S /5o
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W=0INE AIEZH|
B( NON-
E=Combustibility
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LT 2=
- 2I2(E 2T L A2t SO a0 st 2

UNCE Mg H|Y =X

2 AMETE AIZH|
(Thermal Conductivity Tester)

- 180 8894-1,2
- ASTM C 1113

Cross wire Technique

Parallel wire Technique

T(R) Technique

Linear Temperature Measuring Type
SH2T  A2~1,500T

12 UWIE AEFH|
(Thermal Expansion Coefficient Tester)

- ASTM E 1461

5t

Z3cIE & At 2T S WHZ0l O
U2A e S¥YE 5T

Linear Temperature Measuring Type
FH2C  A=2~1,500T

T2 o= - oIz A|8ZH| (Material Testing Machine
for Fire Resistance Materials)
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O ¥, "=, 244, ==29°], AUt 5 AXz=9 sAd@ sl = Large Cone
Calorimeter(10 ~ 20MW) 2] A& HAHHFXE ALE5t] AA| A|LDE st A7y,
VB, HALS Sl 9P FUAY Brh FAAL QL. £B F94A A
ZE Est A=FzEA M U3 IS HIE AA S

O AAE FAAAY s AE H7HE fI38lA Lab Cone Calorlmeter SBI, Room
Calorimeter, # 0] Test 2 FEATY EEA FIHAIA LD AR P{r7F Al
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O Al AAATAHE ANE TR LA ALER, FERIA $A BHY 3
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[ 2-25] M7= AL PE APA)
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x28m(=0l) x20m(=0l) x15m(=0l) x20m(=0l) x25m(=0l) x15m(=0l)
L=
HE
=l
aiq
Burn Hall
A ST AHSHAT S AT AHSHHATE | AYHETE | MESHHTS
iz TZETIA Z2ETIA ZR2ITIA a7 TREIA
Zt22[o|g | z|cH22F 10MW | Z[CHE2ZF 10MW | Z[CHE2EF 10MW =|CH Z|CH22F 20MW | =[] 10MW
sE em( &) 6m(2 &) 9mx9Im(42+e) @6m o6m
+a2 pe | HETAIIES S5z
4mx3mx1.5m 3mxdm A i?;nge [21 05 Wall 3mx3m
il gt Jleiz (Zo[xZx=0]) (Ex=0]) Tt Floor (Zo|xZE)
HHS = THE A2 ~myldz Column TEE
4mx3mx1.5m 3mx3m (;;j; 25| (10005) 46mx37m
(ZOo]xZEx=0]) (Fx=0]) “her (Zo|xE)
2R)
Cone Calorimeter Cone Calgﬁrr:]eet or Cone Cone Cone
e A Claor- 0.1MW, 1MW) Calorimeter OAMW. 1MW) Calorimeter Calorimeter Calorimeter
Simi| mae?gr Room MW, W) | TR OIMW, IMA) | (0.IMW, 1MW) | (accordance with
=< Calorimeter Room/Furniture Comer Test Room RoomyFurmiture | ASTM E1345 &
(5MW) Calorimeter (5MW) Comer Test Calorimeter ISO 5660)
1=p . H=
7|E} EPTﬁ ﬁRF're Facade Test 715t 07? N A [EF ASAH Sprinkler 7'54},3 Eiﬂ
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SP (Swedish National Testing and .
A9l
AL Research Institute) SP Fire Technology 55
SINTEFF(The Foundation for Scientific and . .
L2900l Industrial Research at the Norwegian NBL (Norvtlz%lgrnatglre) Research 30
Institute of Technology) y
NIST (National Institute of Standards and - )
2
0= Technology) BFRL (Buildig and Fire Research Lab.) 80
= MPA Braunscheweig BS (Department Fire Protection) 50
o = o BRE . FRS (Fire and Risk Science.) 80
=7 (Building Research Establishment) '
Dol CSTB (Centre Scientifique et Technique du SSF (Safety, Structures, and Fire 75
—°= Batiment) - Performance)
u= HEALDL gt 24l 50
M NRC (National Research Council of IRC (Insitute for Research in 30
Canada) Construction.)
a= CSIRO (Commonwealth Scientific & CSIRO Fire Science and Technology 44
T Industrial Research Organisation Laboratory
2t FAATE AZEY o] A FHof
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(1) BRE(Builiding Research Establishment) - FRS(Fire Risk Science)

b Me

O BRE&= AFES T4 A, &, A¥ 5 A529 EE 7484 #3 A+
H7h wS 7|BoEA F= AR AHdE A e FETIHEe|H, A 380“59]
ATFAPo R JF7F 3T 9. T3 FRS (Fire Research Station)+= ¢F 809 9]
sATE Jd8 2 AJHE F3te BRE 35 F A9 oW 2 Aojo] A3 J§7P «
T 5< ©9933= BRE 4} A3r|# o2 EA:= Garstono] 1.0, Cardingtonell
+ W3 FAANES FHsL A=

[71¥ 2-60] BRE Burnhall %7

(b 2Ad Y

O 1934 A4 4bst AF7i#e=z A=l on, 196334 WA de A&, 19944
of thy AN F TS Tt A7 2 AFEFE T8t A5 ES 1998d ol =
LPC(Loss Prevention Counci)®} F&= o] A7E USAE 2L AAdn] AlgdFof
AZHF+= LPCollA tiy SAAE 2 AFHF-= FRSOIA S35t Q).
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#1gF BS 7974 [Application of

Lot tEHor Aol #Hste 5= HAE
fire safety engineering principles], A&FE&E<] #g] %L A&S 2% BS 9999:2008
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A=A §‘rXH°ﬂ o%k d, A7|EEE AFE] fst FE AL
g9 34 wd& wEr] 98] 2 CFD(computational fluid dynamics)S 2# -85}
J

o] 3AkA S|4/ A toolZ AZE CFD 2de 1ox dAG N fA &
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- Fires In Enclosed Car Parks (2014)
- The performance in fire of structural insulated panels (2014)

- The Integrity of Compartmentation in Buildings During a Fire (2012)

- Fire Resistance Requirements for Dampers and Ducts (2008)

- Impact of fire on the environment and building sustainability (2006)

- Fire at Rosepark Care Home (2005)
- Virtual reality simulation of fire in a dwelling (2003)

- Toxicity Assessment of Combustion Products, SFPE Handbook of Fire

Engineering (2002)
- Vehicle Fires and Fire Safety in Tunnels (2001)
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- Determining the Best Option for the Provision of Additional Smoke Alarms in
Dwellings and Houses (2014)

- Fire Suppression in Buildings using Water Mist, Fog or Similar Systems (2013)

- Sprinkler Installation Trends And Fire Statistics For Warehouse Buildings (2012)

- Effectiveness of Sprinklers in Residential Premises - An Evaluation of Concealed
and Recessed Pattern Sprinkler Products (2011)

- The Production of Smoke and Burning Droplets from Wall and Ceiling Linings
(201D

- Smoke Ventilation of Common Access Areas of Flats and Maisonettes (2009)

- An independent guide on water mist systems for residential buildings (2009)

Causes of false fire alarms in buildings (2008)

Effect of Local Acts on fire risks (2007)

Effectiveness of sprinklers in residential premises (2007)

Quantification of Behaviour for Engineering Design Standards and Escape Time

Calculations (2001)

Q@ ZEIHEL

- Development of a CFD Methodology for Predicting the Combined Effect of
Sprinklers and Smoke Ventilation in Tunnels (2002)

- The Predictive Capability of CFD for Fully Developed Fires (2001)

- CFD Study of Thermal Detection in a Closed Compartment Subject to External Fires
(2000)

(v =4 =

O BRE®] FRS= dT-&°FE A9 ARA, Ad=E2 FAEA, Adx a5 2 ZAA4
Ak o] 3709 EorE Uyl 942, Fire & Explision Hazardsi-ofoll &= 321
21 SHA A =8]2-5182 543 FAA AP d d+E A5
o}. Building & StructureZokoll A& 3tAERIS AFEH F2E9 =4 HIE
T3l o™, Economics & Fire Safetyiofoll A= A obd 2zl =HolA A
59 AAZAHA A} sALA i AFE FHsL A

e K
%0
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Building Research
Establishment

Fire Research Station

Fire & Explosion Hazards Building & Structures Economics & Fire Safety
(ANE+7) (AlE+1 ) (ANE+7)
— Fire Dynamics —Regulations and Codes — Economics Studies
L . - || Active Fire Protection || Human Behaviour &
Combustion Toxicity . .
Systems Fire Risk
] Special Hazards ] Reaction to Fire | Fire Management
Studies

— Explosion Hazards — StructuraI'Flre — Fire of Special Interest
Protection

[1¥8 2-59] BRE %A=

(Hh) F2 dFAA

O

=
FRS= A= Agdvle) gFo2 Ao Aot Al vt A7 % dgo] 7hs
A e BT ollst 5EE A3 a7se AP AT dFdHnE A
e v =Y ZFa S

Burn Hall (B5A9) : #ARSzA %
AAA A - FARIT AN FZEd=

~ZYFY A% 2 B 2GR
LPS 1230 (F&7}2 tAZ2)e] A2 4% SAA
BS 8414 9758 @ AH|

LPS 1181 M=9119) 45dE Al

A=A 3k BS 4762 RE HiE
AZA 3 M2 FHE ] ALY
AZE AZ2R9 o135l thal DD ENV 11872 FAH A7FA 43 9y
- 55 FAA Y ARG S5 A F
AolsE T MIARE A5 AT iy € F3 A7 Ay
- T8 FAFEEA EA% @ F AVIEA, AR, Tt EAA], 2275 FY F9
Zulol gk kA 7HA|, s A A AF
- CFD¢} 93 EE 7IWMe g st 5% A FA =g
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Ushadd Ald= 9%9m calorimeter hood
[238 2-61] BRE A& Ay

s A, FHEAS A BAs
A WHo = A Ko il 2

FRSS] shAjate g Aul 2
W Ao zRE S A7) 9% W, T4, 57k A9 5o AE
Hﬁc%ﬁﬁ%ﬂﬁ%ﬁ%ﬂﬂ%ﬁlﬁ%*ﬁhﬁiLﬁ

Ak A7

A Qr A B3

AARD  AAH 2D SIS ol 8T RN B o SEA o =)
AE Az AR FAADLAE F7) 98 Aol 4
AAe} Aol HAiel AT FUA FAXALL FU G + Ax A 7%

AYRE 2A oo Aol £4 Hrs, DA Has, o] AGRie]
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(h AF§ £ZES o]

[Z1¥ 2-62] BFRL A4 ¥

5

O FRS®] FAZAY We HAlo] A%, Boh AR A% el BARLL U
ATt ZYH L JEAES Fdstr] S5 "ol AR mdo] Age EEo| AYPE
2dS AL2357]1% 3k FRSY RUME=F= ZH7] & Ao mojdds Mz At
B 2 4Te T oldd wAS BA AFED wEAMY HAN ez &
= SRk Ao HE&S HEoRE U F QS FRSOA st md &L T
I 2L

[ 2-29] BFRL A& AZE9 9

EEE =2C

ASKFRS  |2/cret BiTfotAZarE AlA|

BREATH |20l 220 93 22210 QUSE a4 HA

CRISP QORI SEt S ==S0 A

[F= AZZ0IA ZE00F AZor= Z=01000] £251= OI0) AQSI= A2

GRDFLOW |\ w5012 ci9i0 CHTIAIR HAKS 93 20| a8

JASMINE | BHRF oD1o] BHAH THEF CFD 2
JOSEFNE  |CFD2Y, (TIPS, S0 S5S 913t =2 D23

SOFIE SI0iD OP|EHAIE CFDREO| ASEI|

SPARTA  |AI2I3p QX ZHDE JASMINEY S0l AD2IZp0| Hats B}
TUNFRE  |H23T 282 93+ orp2d

SPLASH  |AD2iZp(o] 224} SIIAZDO A0 HADY

THELMA | 7940 o2 Hal

ToFED  |=8 =59 0|=0 Ot 228 95 Ao
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(2) NIST(National Institute of Standards and Technology)

-BFRL(Building and Fire Research Laboratory)

b Me

O BFRL NIST 4tste] shAjcbd A7, 7 2 7[& AAS g3t de A5 |He
2A AFAS, HAFE 7Y A4, AAE P SARAFE A AFE
S Y. FHE AT AFAESLS HUh e U A, FA4E, 7194
o] 71&8le] A3 V&3 HARES X3 A4 SAEE, HTF Sol=E HE
g BFRLS| AlF F4<Ql FRD&= 3tAIASEA 9 A%, At 9s& HAsstr] 913
YRS AASL BHA I AFE TRt e =8 AFY A B AHE
HesdE dEE] A AUE AL, WY F #YE 455 T

(h Hyg=2

|

O BFRL2 230%e] = 3 spAtd #d AE7t= #4459 e, v=e Hitrl&
o MAAA= b Az 10009 9] dstom EFFHE FH7HY.

e
BFRLS] HY=H e 0k A7l A +9F + gl AARATd 712 o 2o}
9Oy AT RoEE wIEshel Aokl BAR st WihbEs BEL AR
e R L
(T A7 e
O BFRLE A%% AR, A% $T3 A4, 493 2 sAda T, T4
BT} Robol T ATE FYY. 4B Yok e PR TIE A7 2
FEEe 2 &AL A AT A% L AAel GG EF o= 4
$9. 2 F FRDE 84 4@t W7k sAud 978 B3} A5%, uEFY L @
9 U, A oY Bobel AMAS 918 BT BEE e AU 5
P
@ BFRL
- ARE AZE AR AL A A AR D YAE AsAE @ B
o AA
- SAEA AR AR AF AN 5ol BE SALATE A gt 24T 3
Ak Fo] A& 50%014 A7
- A%E A% B4 AFEB AAD ARY V5 BEI A% §E8 2
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AZ9 ABFRAA o Fmrl oFst BZS ZAAS 7] A S37HA|(acoustic

sensing) W &9

HRsE SAAZH ASPRe B LA Fn Fof
PR A HAES BU 3 ol AW 2590 bl 4 Z2ade B4
ART elo FHAo] AAAE HaAARS. Ll AAAA M Aol ol

x A =AY

1 ALe} A A SR E 1
=)
29 st 2P (molecular dynamic models)¥} 3} 8H4H-3-2](chemical kinetic) A& &3l
s}, gt d3Hflame spread), TE FA, 12l WA Ee A EH =9

3}5h4 “ﬂ AUF S tig 74 FAHA = égl igs
o] B AK(radiation), ““—‘Vh% 23 A=l

ol &
e fA FARYRD &
1

RS ‘F
2ds ASE g de A= 71719k 3 9] 7]
=9 LARE 71 F A& vlolHE 73

[ 2-30] BFRL 3+

= BHTEAl ST RIQt BT 0 12t
o AR AISE YIS K2 ¢ HEE AS 4 o SXI2AF DA D1Z R
o ATE SN L HOL |+ 48 M ALE . 2RIEEE HHLISO Tt
AIAEY Jjfet . OSSN ISAX L HE SH 2THHDY g
. . E?II%‘ nE ANEA | HE AL e . =2 HEFCE TE5E
YA |0 22T SR AIAR o QD0 OB SHTHEA SHl AXloiA Dl
JHUE* AT|GHADE Iyt o DO =G gt
o DR FOIH AX|R o (=0 THE TEHR
SEATYE et CIOIE] 22!

(mh 24 =

O

BFRLE 3lA] A F+5-(Fire Research), 1= 7 H-(Building Environment), A5 2 A4
A FF(Materials & Construction Research)e] 371 FRFEAZ FAHA A& °olF
FRD+ Fire Fighting Technology Group, Engineered Fire Safety Group, Flammability
Reduction Group, Wildland - Urban Interface Fire Group, National Fire Research
Laboratory Groupe] 571 8 H-A 804H Y AFHe=Z FAH A& 72k FA=
Ware, 3AEFs, 24 2 A5, SFETHEL As 2 AF Eoket #dd =

bR ALY 5 YA s,

- 113 -



BFRL

Fire Research

Building
Environment

Materials and
Construction
Research

Fire Fighting
Technology

Engineered
Fire Safety

Flammability
Reduction

Wildland — Urban
Interface Fire

National Fire
Research

wh HA AT+2H

@O AAT

[1¥ 2-62] BFRL 3=

- Fire Modeling for Performance-Based Design Project (2013)

- National Fire Research Laboratory: Research Development / Operations Project

(2012)

- National Fire Research Laboratory Metrology Project (2012)

- Reduced Flammability of Upholstered Furniture Project (2011)

- Advanced Gas-Phase Fire Retardants Project (2011)
- WUI Building and Fire Codes and Standards Project (2011)

- WUI Fire Data Collection and Exposure Modeling Project (2011)

- Reduced Ignition of Building Components in Wildland-Urban Interface (WUD Fires
Project (2011)

- Fire Risk Reduction in Buildings Program (2011)

- Safety of Building Occupants Project (2011)

- National Fire Research Laboratory: Infrastructure and Commissioning Project (2011)

- Fire Risk Reduction in Communities Program (2011)

@ &3} #of

- Smart Fire fighting Project (2012)

- Enhanced Effectiveness of Fire Fighting Tactics Project (2012)

- High Temperature Performance of Fire Fighter Equipment Project (2012)
- Advanced Fire Detection Project (2011)

Q@ Z=IEoF

- Computational fluid dynamics (CFD) model of fire-driven fluid flow (2013)
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- The Consolidated Model of Fire and Smoke Transport (2011)

(b FaAA

- AES A A¥F 0 AE 7A=E Test(Timber Frame Building(5% %), Steel Frame
Building(10% %), RC &% Test(7s T+X), Room Cone Calorimeter, Building
Cable Test, W3}9 Test 5 H71E & A& AP E FR}T 3.

- 748 A4¥% : Lab Cone Calorimeter, AA=A H7} A3 An]

- Y3tz A 0 A¥FF IS 2(¢ Imx6m, 25ton), FH7IEZUHEE A B

- 2 SIAPE AFARAA ;- ST ST Ho] B AR AF FF
= A8 FsHE

- Small Calorimeter : 50KW, 1.2m X 1.2m Hood

- Medium Calorimeter : 750KW, 3m X 3m Hood

- Large Calorimeter : 3,000KW, 5m X 6m Hood

- Z2H3lyd BEARH] - 6.5W/cm2 Heat Flux #AF, 162mm X 806mm

5o} A BAA

RackAx 49 SAHH

[1¥ 2-63] BFRL F8 A4
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(h) A& ==

O BFRL 3HAIMd 7t 9 o|&& 23 AFH AZEL o AEdold RS A%
o= I o3 . A Boks A Y L AsE AW] 917 okl
el e} A Xeks Alibete &0k ASEY dHAEE oS3t A8l A&
ol dFE EoFE UFoA U

_| Fastlite | _Zone Model &4leoz axjMa 2 ¢d7|o|ls HINMZ2 HA
Model | 22 JHL=UeS)
Simulation | CFT it Model Ao 24| Rzt ¢i7]o| olS S2 Hot
Program Model
L{Dynamic|_Fastlite?} CFT Model2 =¢tst gAlojof, X J7I& ol ol
Program| =31 U&= =zl
. ALOFT-FT 3.04: D:\aloft\data\Test1_adf - Summary
Print  Cotour Style  Cortaur Concentrations  Asis Banges  Combustion Praducts
O sAEE 24 e wwl
_ ﬁIRRk1N?5nnh[WmCmd BR - 0.05100(kg/s-m"2) £ :
- ALOFT_FTTM : /élg’]vo/] §]’°§ %7_( %_%] 1F.r: ;nncrr:fm)msme« 200 (dea) S Phi- 20.0 (ded) § ;
— ASMET : Atria e17]1A|o] &8t z=z 1
- ASCOS : dA71Ao] A28 BA o PB:‘JS:Mk
\gg 21551 m

- ELVAC : Qg wolel9] njd S::.:W S s

S o g

O AL 4

- ASET-B : ¢Fd IdA7F o= - BASIC ’ ORI A 555;2:.
- BREAK1 : A4 <QloAe] FHE I 73 o

= . 9 2-64] ALOFT-FTTM 43 -3

vl¢=o) #3 Berkeley Algorithm 2= ] 4% At
- DETACT-QS : ##]7] &5 - Quasi Steady
- DETACT-T2 : A 712% - Time squared
- Jet s B Thne] gAS LEE s Z2a

- LAVENT :
O A= A=

AEs Aol HolH HAE A

= Axg

< -

2e9) 2%

- CCPFM : 53 3+ =49 version VENTS

FASTLite :

CFAST : 3ty 7)o Adto) thst 53 v o
ohefet A A Y=

o
87

o2 A4kstr191sl FIREFORM 7]4bo CFAST

2ds S3% 2203

FIRST : A mo)4d
FPETool : &} wFA]
NIST Fire Dynamics
3712715 A=

L

—

Z3t7] 1% NIST9 3}

o 2

&8 =23

Simulator and Smokeview : 3-A), v}k, 371 AX] o 93 o] 53}
HHst wojay Zg 7

= 11
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(3) SP(Swedish National Testing and Research Institute)
- ST Fire Technology

b ML

O The Swedish National Testing and Research Institute(SP)= ~¢1dl A X9 nigdg] Al
d 9 dAFxFolth SPe A&, AF, DA 7IeFd Bt 2 AdA o

=7F Aot SPe tiAl ez ALE Fofoll oA A &7sdk N, 2

R

Al fFAAY, S FREE st dom, AR FHoAE BAY 3l e
A& EX=2 sl o SP= 9F 52009 F=2(72899 )] wid o4k 600 o] Z
Qo] e 29gde 1A & AF7|Ho|th
(19 2-65] SP A5
(W) SP Fire Technology 43
O SP Fire Technology= ®2 71€3 59& 88 4 A= SPY VY 7&fE 5
stuolm, wid oF 5009F F2(709 YY) Ao o2ty oF 25%<1 559 o] FAFH <l
Hog FAHY dow ALY, A7 L N, Mries By, A7 AREI9}
2ol 479 F8 JFE YF S, SP Fire Technologyoll Aol &&dHd F oF 4
0%+ A9 Mgz FAFH lem, SP Fire Technologyoll A9 A+ &%, &
J 5

A, A =Y, B304 B, 9D B4, 44 9% 8 A%7)%9 ass
[e)

A B b Boke ZRAERA 9

() dFu-&

O SP Fire Technology: 5097 2] &2 <l
o2 ALY, A7 L N, iErIee] Ey,
oFZ o] A FFS 3t AL gL A

- AE AVY EF5oE A% il
- A W3 2L oY FiEo W3kt &
- Bd <kd - B A 34 g
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- b4} g AF AT 2 3t

- AA AN A e shAjef oo A3 it E 4s}Ee ti§ Data Base

- AZANE HA A 2SN HA oA RS stAj9} o2 WA dr]o gk
zR 329 25 Hrt

- FAIRFIRE : AFol gt 43 Waa AE5A 49 vl B g Bt

- FOAMSPEX : 7} A4 A& 7194 HAZ A3 A2 HE o] Ao
&

- 7t AA Y A T AA SARREH dAStE T AEY &4

- 4k A obd - ZhE shA) kA NE Y HF B o] %

- A FF - 4F S EZ QA% FAZRE AN FF HU}

- 7} A3} WA - A3 7

() AT A7 A

@ A EoF

- Verification of the load-bearing resistance of timber members by means of the
reduced cross-section method - Background to the Eurocode model and comparison
to fire tests in bending (2014)

- Fire performance of multi-storey wooden facades (2014)

- Comparison of fire effluent composition between large-scale and small-scale tests
with sandwich panels (2013)

- Fire effluent contaminants, predictive models, and gap analysis (2013)

- Model scale tunnel fire tests with water-based fire suppression systems (2013)

- Thermal exposure from burning leaks on LNG hoses: experimental results (2013)

- Rockdrain - a field and laboratory study of a new drainage system for tunnels
(2013)

- Fire performance of external wooden roofs (2013)

- Performance-based requirements and recommendations for fire safety in road
tunnels (2013)

- A review of blast loading and explosions in the context of multifunctional buildings
(2013)

- Fire test of Profile Plank for transformer pit fire protection (2013)

- Fire Safety Engineering - Comparative method to verify fire safety design in
buildings (2013)

- Charring rate of timber in natural fires (2013)

@ ol

- Fire protection of timber members - Determination of the fire protection system
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characteristics for the verification of the load-bearing resistance by means of
calculation models (2014)

- The transportation of water reactive substances through road tunnels equipped with
sprinkler system: A literature review (2013)

- Fire detection & fire alarm systems in heavy duty vehicles WP5 - Fire detection in
bus and coach toilet compartments and driver sleeping compartments (2013)

(mp) A ENZYF

O SPE A d&A|=2l CEE Abg3sla 9o
o3 FEA WolEAAIL 5. 5] O
TAoln JRAHOZE o] FofX 1 Q.
- AFE AF

r{u:_E

, o A= A oE dEr])Eel
°1E°ﬂ/‘19] |8 71Ee dA=

- Sl 2 Ak AlE
- Z4F AEE 2 MR Y FEATS
(vh =2 =
[ 2-31] SP Fire Technology=2 =
1.4% D= 2.38 Y M= s 3.8 X3 & 4.3 Jls
=4 gtst MZ erA =
HE/2E/= ol bE g A A E 2 0l/EMC ENVE-YER-
5.01&8 6.22IH Jl= 7.014X Jl= 8.7 A&
= = Heh 2] dHl S | ME Gs/HE oA
HE/ /22l AlAg RER P = moa Da o
9.H= JI= 10.S &8 MnMAz & =3
HE HMel, MM Jls | Y Y EF EEJVEIN
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9

O SP Fire Technology7} HE -3+ 23 A7 B FolA 7P A
AR EA A2 AXE AF A2"S T8 Eo X S3FQ SAQLdES SIS
A HAS =S ASAEY ALY Foll ¢S dZAE S AT F e A
o] ZtFolA g

- AE3A) Ad% : Large Cone Calorimeter(10MW) A2 %]
- AR ALAEAH HUE A4¥F - Lab Cone Calorimeter(0.1IMW, 1MW), Room
Corner Test(bMW), Furniture Calorimeter Lab Cone Calorimeter, 454 H 7} 43
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e A3

10MW Large Cone Calorimeter : ¥lg# 1280m2¢] =o] 11me] F3+& &Rl
sl e FFAN Y Bl ol27) AR UE Aol Jhd Aol 2xY
2 N2EE A 2488  de AES BRE
BT AYE - FHAL, FAAAL, 99 A
TAZFEE ¢ F 3m, ¥°] ImY VtEREA, F8 o
¥ % gtk 8, 2, AR, #YRE HE, 49
THZ7IE=E - F 3m, ¥°| mé VLR A8
;g'?}—%, E-’ 7]%—’ i]-dél %:I;\—ﬂ’ %ZJ_— HO]-%ZH %
&g F Ae Aol EA

A AP E  F 4m, Eo] 6me] VFEE. AES Holy, EAY &y tig A
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[19¥ 2-67] Large Cone Calorimeter 7§ 2%
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[1% 2-68] 27929 +H7IE=

(o) 78 z=1H

O sA]l A7l o] CFDERAY AZE FE&Fop7f ZdH oz Frtsta e FAY.
AL E AL o] 7&EE o83 A J|EEo] oFHRIoZHY QFHE ABIEES
Z13 A7 . SPE WO SAAYE ARE BRS 2 Y fFHATFVH
=9 Y =EA o]lE nig oz 3o AH3Fst CDF md-S A3

O CFD &% o] &3t AFEokE = A AL UAF4, HE W] sAAL A, sHA)
Al A FA72S] sehEstd =4, st HolFA, AVt sAje g4t F
S AA3t =T F AS-

- TASEF : 3l9d &8 FZ2E9 2=WHIE ALY &
- Conetools : & ZZIWEIZRE SAHEH= 243 Z234=Z SBl & & zU4de 2
HE oA =31A s Foh
- SOFIE : 3}g}, B3, 47, 34213 59 AL 3
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(4) SINTEF(The Foundation for Scientific and Industrial Research at the Norwegian
Institute of Technology) - SP Fire Research AS

b M
O SINTEFZ1&H-2 2Ztunjofo A 71 2 SHAF7|Ho=ZA A AL 16009
o olZ2% AF7|HY. FaEokE HEUE, A, A HE g o) 7| %7 A2
I AU 22 AZe AA A4S USD 180 million=A o] % oF 15%7} =4 =<l
Acko 2 RE zgxm, SINTEF 288 89 AE AFaEo=w FAHT 4Aks}d)
5 X8 679 SHATVIRCRE FAH S

[28 2-71] SP Fire Research AS A2 &%

(1}) SP Fire Research AS 718 9 A9y 23

O SP Fire Research AS2 ¥&¥ WYIZF BES AZ2% xyd B9 ofyet SA(KK)
71€ R&DE 2% =29 0]2] FT417]#. SP Fire Research AS9] ¥ HyAME &
o2 1, 5H, ¥ AF FHA Fo| AAPEHI 9ls. SP Fire Research ASe] 43
A= 71e 8 171 A4 =5 #AVHo]l FRIstET, ol =2 A
2 Ql=7]#(Norwegian Metrology and Accreditation Service)ol|l o|& EF3}7} o] Fo
7l ?1=%¥ SP Fire Research AS9] stA|A g Axlo]7] wj&Y.

O SP Fire Research AS®| &5 522 AGAQ A2} b Alal(safety hazard)oll thgt
A2 ARE FEFSH Edlg E4S Y A YHE 2AS=Y s SP Fire
Research ASS o]# g HRE ZAAHE, &%, 39 ¢ HAAL T3 vzt om,
SP Fire Research AS2 ZZttjuH|ote] Hof =5 A7+ 7|#<l SINTEF 1HF &&o
T FAaTERY ZEAEE BE g9 t Eof 1 Y Z2AES FYsa gl

[e)

=

- 122 -



(th dFU&
O SP Fire Research AS& »2¢o]9] ZAAFT7|HOE AZFS

= j=
H7b B 4RE F2 FAF T4 A7 HobRE &%), ARSA

54, @71A101, SAREY, ALY S5 TSt Ao, oo EFEA
SAR ABHY, WA BY, AGERASY 4TS FYsta S

O NI+

- A2E 7HRs 3A4S WY AEAR, B A, fA% sugy, gy, )
s, H, €U, WIE, T

- sl UiE AR 54 B b, e, sdel A, A7) P4, S s, @
e

- ALY HE 3A, A= A0 T A= R AE

@ A AT
- A Sk, =] A 54, 7= 240 Wk, 719 2 Ay, AR 3

of w4, B4 el B4, AN el AW, S ZeAE A4

@ AFHE ST AHARD) AL, S8

- A w9 §‘r?<ﬂ Bsh, A7) A 2 Ady, A oigk FRES REE,
cost-benefit 342 93t 2d, Ao =EFH FTXRES 3 AR X rd, 3A
g3k ALk 913k Uﬂﬂ‘? 2] 31| 7] X(FIREX)

() AL FHHA
@ A EoF
- Conditions for Nordic harmonisation of fire classification of cables (2013)
- Effect of deluge water on oil- and gas type fires (2012)
- Modelling the effect of deluge water on gas fires - a comparison of calculation and
experiments (2012)
- Active fire fighting systems. Evaluation of the SINTEF medium- and large-scale
tests (2012)
- Documentation of active fire fighting systems as a fire safety design parameter -
Tests in large-scale (2012)
- Mathematical correlations for fire suppression and extinguishment (2012)
- Characteristics of water spray nozzles used in deluge systems (2012)
- Parameters influencing upon the heat load of hydrocarbon fires (2012)

- 123 -



- Documentation of active fire fighting systems as a fire safety design parater (2012)
- Ethanol-fuelled, flue-less fireplaces (2012)
- On Offshore Fire Safety Research (2003)
- Water mist versus sprinklers and gas fire suppression systems-differences and

similarities (2002)
- Smoke detectors and fire extinguishing equipment in residences-Evaluation after ten

years with prescriptions(2001)
- A Method for Estimating the Risk to Life during Fires in Buildings (2000)

@ 3o
- Escape through smoke. Assessment of human behaviour and performance of
wayguidance system(1998)

Q@ ZEIHEL
- Prediction of smoke production based on statistical analyses and mathematical
modelling (2001)

- WATMIST - a one-zone model for water mist fire suppression (2001)
- An Empirical Model for Extinguishment of Enclosed Fires with Water Mist (1998)

(mp =24

O SP Fire Research ASS 35%o] AE dA7Uy 2wl Fo=x %%% ]%x}i T4
FHojow, B A=H 7y & wslrie A, A A g
3, 20 2 IAHYF T2 g9sie 9 —rﬁ G ‘%?‘ﬂﬁ =7}4, ]%154. A}

de FAsL 9

]I

o

AS Fire
Research AS

Fire Development and Mitigation

Fire Resistance

Documentation

[Z1¥ 2-72] SP Fire Research AS A%

(h) FaAd

O SINTEF2 3ol tist Az ¥-g-S Aldsty] Al FHale] AnlE zh3:3 9o
o, o7 FYPEHE AFELS A2 SBIE 2383 97473 MO 74 2L =24
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NET4ds =23 Q5. EZF SINTEF2  ISO/IEC 1702500 &l o]3tollA ==
Aol gk AHEES AUk B okdz}, e o =7k} vj=e] FMe=

ks
nEe 4g o FYstaL U

O AEIJALEF

O Large Cone CalorimeterOMW)7}F AX=ojde AFAZA WA 590m20] A A2
Fo|7F 227 28m=E HHAQ] AEY. A=37]9 ALY Y
o WA 12m2e| =o] 18me| 7t<&d g thet
A RS HAE 700C 2 2ZoM= ou
Tl TAE FFelA sA FFe dFst WEUIHE AR 7 U

@ FAAR Aa54 H7} 4EE

O Lab Cone Calorimeter(0.1IMW, 1MW), Room Corner Test(6MW), Furniture Calorimeter
Lab Cone Calorimeter, H4=A Hr7F AFAN] So] X8 AIAZA WA 170m2
of =o] 10me AdHEo|th AP FIHAA TS B AVIE wESstES A

ol A+

[Z1¥ 2-74] Lab cone calorimeter

[Z1¥ 2-75] Room corner test
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© W= 4F

O W3 560m2e] F7tell HAFH 84 FERAF, FAHLAEY AT S g A%
TRIMLR, FAVIEER, 2R A HO glom, A7 3 X 3 m, 455 X 3.6
m, 12 x 12 me] 7Fd= F3hs Z2Ha Sl

Ay 7HE=

[ 2-76] SINTEF F8AFAIA

(5) UL(Underwriters Laboratories, Inc.)

b Ma

O HZQ AT F23ARI ULS A F-ckxAel Agdy S 93 SAFo|1 HYg
ol %2 18943 A9 olYg = 3A|, =t Ixte] Al RRE AW, AAS BT 3F}]
g AT, A1E HALE St A& EPIA 2 AFo Z Aol A= EF T,

s

A

[0

AR A A ULIAE S o F-3stata . ULe]l A& W= Burglary Protection

and Signaling(=4-#] - R E-of), Fire Protection(3}4] o ®&oF), Casualty and

Chemical Hazards(’3l - 3}8tA) )| &oF), Electrical(d7]&o}). Heating, Air-Conditioning

and Refrigeration(¢hd - 3% - WE i op), Marine(X¥tEopy 2o t© o}yl 7]

Aul, Z2O98 & 5 e A7) AzH, B2 2250 FE AHE 98 A
ol o

2 ZoFE &Astal 3l
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(b =274
O 50709 AT, AY I FY Al

go] o] 2FHIL 9L

ﬂl\l'l

o] ULS A3 A= &3l 1om, 59007 o

(th 2@AA

O ULS dith#?l AL d s 4709 AL 792 o] 4. ol As 23
g el A zt EAET ot BeEFee] A AF el g sk 54

% HolHE NIHES AL83.

(D Main Fire Test Cell

- F AR ES AT 43 AAEHAEEH BFFEY BHEet A A A
MAES Whel e AR 21S AsiA AHeE.

- 7FE XM Z X Eo] : 120%x120x48 feet)

@ Heat Release Calorimeter

- Heat Release Calorimeter+= ZA® A E Alojstr] 98] FRsfof st W3l
< %7}sk= Required Delivered Density RDD)AE I A 57t dads 5k 5
I drpt e U ATE HEHEAE SAs=E ARSE.

- Room : 50x50x65 feet (7}Z XA & X 59])

- Diameter of Hood : 25 feet

- 8% . 10MW

@ Actual Delivered Density

|

ol o

- Actual Delivered Density (ADD) 23 +49-2 RDDE F33t= A =& tiujdd Al

o ¢A HZE A%E 423} Ax9 ADDS} 84k EAS xASE

- Room : 44x48x32(37) feet (F}Z X A|Z X Fo](7}A))

@ Phase Doppler Particle Analyzer (PDPA)

- O HAY 2=z EHy = 57 =E=004 BE A = AAY A5 Bl &
TE ZAT uw Phase Doppler Particle Analyzer(PDPA)7} AUt 7dd dlo]
Bl 2xd 389 =& Ao SHstA S8EHEE AxGASAA 5%,

- Room : 30%x24 feet

rl

) F8 3 43
- s34 28 A=
- 7b da MY
- &3 vl ZEa A Hrle A
- lElgo] mbAfel gk IMO A9
- EY 29 Fao gk AY

- 127 -



(6) MPA Braunschweig - Department Fire Protection (BS)

b Ma

O The Braunschweig Civil Engineering Materials Testing Institute(MPA Braunschweig)<
Lower Saxony=¢] Economics, Technology and Transport WjZ}el ¢l &&= = =4
22l Jefe] ¥3|ZA the Technical University Braunschweig 2] The Institute for
Building Materials, Concrete Structures (iBMB)¢} 713t 3% AFHAE D g
9 7I%< 3% BMBAAE FE AFAAE TR, MPAA = AEAEE =+
3.

.....

= =l

(19 2-77] MPA R 7H

(L) MPA %274

Board of Directors
——Operating Manager
Mechanical Technology (MT)
Sound, Heat, Moisture (SWF)
Fire Protection (BS)
Chemistry, Physics, Environment (CPU)
Building Conservation and Waterproofing (BEA)
Quality Management, Measurement Technique, Data Processing (QMD)
— Certification, Accreditation (ZA)
— Calibration (DKD)

(th) Department Fire Protection (BS)

O Fire Protection ¥+ MPA Braunschweig®] &4lo g Fx22 A A HZFH
50 Fedor FAEH o FdoA 7H & =2,
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l;(]jy_

O
2H

o}, 22 MPA Braunschweig”}

Lower SaxonyF¢| ZA17]&a %% o8 SPa oz ely

| —

T

O MPA Braunschweig

o

el

- AZQAG ARYANA BEE 74

np

)

)

o
g
2

—

iy

Nd vk

1

0
u

=
e

A}

- SABEA SRelAq TEZU Y Ao 1

=1}
=~

A
F AL

9
yil

1

9
yal

- W AlFol o
- Watr=d A0l o

M_wwo

o

47}

z

- AE7F @A 9

0
g

] T A

<
L=

[ 2-32] MPA A]

EN ISO &8s,

SBI /&, Cone calorimeter, Room corner 4!

Kk
=k

DIN 4102

)

Ok
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[ 2-33] MPA Al g%

3% 29) =TF 201 [m] NEES
= = < al = =17 oo = =
SEPIEE TSmO e ey 2 s SRR ) 28 Uk
. 2101 x = x 20| < 10m x 4m x 3m (BKS/|BIS / TISS / viet AT/ 21040 / 28 2/
+8 JIE2() HI5HS) HOIZE / SERR| | S2IER | QIZHICHY
20 x = x =0/ < 36m x 36m x 5.7mJIS [ 22 ] 4%/ &/ 2/ 07 ] S2I%A
axl Ji2() (BIZ//515) /B a2
s
ARAT J122(1) hom X a5 = Il
0.7m x 1.1m & x =0|
JIE AEEHI(12) = x 20/ < 80m x 4.0m 2 /97 /282 | Z2NE
SDIAEA) = x =0/ = 3.42m x 3.42m S/ g7/ 882/ 9

[ 2-78] MPA A& &of
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(7) CSTB (Centre Scientifique et Technique du Batiment)

- SSF (Safety, Structures, and Fire Performance)

i e of O 3o T

b Ms

O CSTBS =7} &#9 &Y 2 A4 wWee=w, =z~ AR Ay 7% oty 3l
CSTB= 435 #7140 A7, &84 7, Fd87E Ao By &5 g2
on, AkAA, A57 AF4A, AxPA a28a A9Vt FFoE AYE F3
1% gt S 71EAR] FAES AR AEY FHWULE 99Eta e =
29 NFAE Fi e 35089 Yo e} AFdEs 2] BF 7209 &
o] ZF3ta glom, o3t AT AA G AS TS HIFE AEA, 7<=,
v, kA, Al Fe, S8, 37 9%, =9, 874, A4, AR a8a §A s
AZAA AAH A& 2 U+

- 37%, W7kt A=
- 29%, 972 Jhd
- 25%, WshA, B g

- 9%, A4 B

O CSTBE: AuLAQl #3t7]% Hopo] Uld ATE AWFIIL g1om ASHARA Hof,
Ay ok, Ya7)& Hob, An7E BobE oAt 4709 Fo HE
Robh gor o2 EHvkE thEE 8719 RAR T

O CSTB SSF #FAol= 757 ¢ Zdo] TFstal lom, ZF5, A, A, 7x&9
NP8 SeERE AFEH ALe BEsr] fe ZE H9Y F9 Jles NEd

Mz 73 EF0 thalx A= 3 vt

- Sl hE Ame W 24
- ARAR D WA S AGY 2
- AR FAe Mgl e HeA B
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&
A

o
o

- shels) Ao SaEabel Uid BYA B
- SABYA Y T2 P AN A YARA

- BRE HAH BN B TP}
@ sl @ 74 AT

- W BAH AT

- A HSEAAT hAHQ 4

- F2EY AREH AT

(mh) A
O WA 400m2e HALFATEE FANP] FANEZA e 2 AT BF

AL

o

- FAARANA BAFE A7)F AFOE A} W= Hule] AT
- B3 Ao WAR FUONA AT AT Aol U S % AR

- FRAQA H2oA A DAY AHS o]ZRE Wi ABE HEI] YT J)e

7N
- A LA AFE T 847 sEel =E HAS u TS E E2F 549 |

3 AT

) A& =9

O Smoke Removal : & 7}A] AZEQojol &) stxje] Ay}, Ar]e] A, F2E9] <
ArA, AFde dy Sel izt 2AE sfasta dem olE fsie e &
F, 7Y HE, AR IF 54, 8] R widavle] 54 53 2L oS 23
24050 A%S FoE 3 AW oE AZE N Ao o3 AAZH r&9

S = 1=
&3 BRI E aFehe kAT AR E AdEEAl H.

(2™ 2-79] Smoke Removal
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(8) CSIRO (Commonwealth Scientific & Industrial Research Organisation) - Energy
Thermofluids Engineering (E&TE) Group

b ML

O CSISRO Australia + A& #3 A77|#o=Z HA 704 =S gz 7004 712
2ZAEES FYPstaL Ae AAZR] AF7EF sty ol FelA Fdske A
AFRoE 9] &}¢l CSIRO Manufacturing & Infrastructure Technology (CMIT)-&
CSIRO 2HA8] AU A&, F+x9 ¥, A=z A8ty 7|& Eors T8k 20023
74 ¥4%. @A CSROS b 2 R F shbel CMITE 500699 dEas
(3509 o] AFzHoe g FAAH o, 70005 Zee] oihS H A3 5.

W F8 AF1E

O CMIT+= 5718 @4l Fof2 4= U5
- Elaborately Transformed Metals - #4148 @53 ZE2AM2 J8a BiEs =X
- Novel Materials & Processes - 34lZ<Q A5 &2 TR &, Z2A 29 Al

g
- Complex Systems Integration - 2 Al2~®S AHEst7] A 7S A=
- Sustainable Built Environment - AAdE A4ta) stizA o] 7 Hes T
- Energy & Thermofluids Engineering - o], 4, §A2} 22 33 25& i

ah Algle] A

(th Energy & Thermofluids Engineering (E&TE) Group
O E&TE+ s 2371/ &7, A #3, #FA 438 °1]L11]9} S Zo] 4749
Sl

A EOEE o g2 e AF"e] &ES stal dom, F 449 A7UF 167
o] dH 7eAR FA4EH UE

O E3] CSIRO Fire Safety Engineering (CFSE) 152 Hl-8& &39} 7oA oist 8+
Z0E& UEATE A A ke g 21E ek HAAY A S At
gozm ZxHola ARAR] A ¢k Tes AFeAT. 7 Z2AEQ oF Q1Y
E8% aFAEE AFHoR F8eta, 288 AT A4, BEE, AFE E
AdEe a7 fste] AE AFE HRG FAMY 59 JHeAol e TS
WS ARE-SHTH

(v F2 A7 Ro

O AL A% AL D B ok
O threl WY 4G MAEEY AL HAES 9)3) CRSOS ¥ ARIEL o
o3 e YRE £
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- Bo] A=y /g 9 o] &

- AA% At 52

483 A7) olF 4
7 AE agla 2dgy
2719l AA <} Hr}

o] A7) AlE <l

_?4
o Y3

%4

i %Ném&imtg;

2 4] o2 Hod

o i}i J[}J«
(o]
o
I
o
o
o

@ A= 2 A2 F7kEoF

O =AISO), L2=EHLoHASIS30 T5), F=BS 476, 5), "I=(ASTM, UL, NFPA,
FM) 18jar 1 9o A& 9% AdES FPsr] flste] 223HQA A dRlE

O A
(
.|_4

MEstRoH, A= HAE & X3

- 9ol ysty, &, &, 93, MY, HE, 7T AR, T 2deld, 18 T
z b 74 84F

- AE AEEH AE = 7Y 39 gF AY

- A7 4 me AE AR HAF AY

- s AREY 949

- A7l 2 4 WETY AT

- HAEH H¥e I FA

- 9] B3EE 93 Drencher Heads®] &&

- AAE A7) Ao Aol tha g A7l AY

- A sk A"

- 4 W= H &

(v HZ 3 FA)
- CSIRO Testing for New Fire Safety Regulations (2003)
- China Breakthrough for CSIRO Fire Safety Engineering (2003)
- World-leading Fire Expert for CSIRO Laboratories (2002)
- New Survival System For Australia’s Firefighters (2002)
- Virtual Reality and Robots - Firefighters” New Allies (2000)
- New Bushfire Protection for Firefighters (2000)
- CSIRO Wins Fire Safety Project for Hong Kong’s $A6bn Underground (1999)

(D AF A
- Burn Hall : 1I0MW9] A& =AHT 4 Qo 25x20X15me] T} o]F2a A3
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28 ASHEANE 2t
Wall Furnace : 3m X 3m #4°l® 3F%F, ISOF2A AZ9 A A3x: AF
o2 TFRE, ISOTE AFY A A= A

pan

3

Pilot Furnace : Im X Im Z7|& AJAEF @ 27| AR AEAFS 9% v
Column Loading Furnace : SR8 ol A 20tone] st&& 7t Al

High Temperature Universal Tester : A&7 oNA A= Ao &= =3
AA st=S Adsty AFEHZ 22 L B4 30 2m X 1m to 100kN).
Combustibility Furnace : M52 7}A4 Al

Flammability Apparatus : A-fFA#3% 2-& gFal FA3% A5 AY

Cone Calorimeter : &, 71, 729 W& 4 2 7l29] FFAE AN &4
Ignitability Apparatus : A} &9 23} A

Lateral Spread of Flame Apparatus : A&18¢] 24 H7}

Fire Door Durability Testing : *3HE9] AAIZF A7}

Air Leakage Test Apparatus : 399y 29 AAEo 7|dA =4

Room/Corridor Fire Test Facility : % @ EZoxe 4% (10 m X 21 m X 1
m)

Critical Radiant Flux Apparatus : H}=t-8 A 5o 3 3td ol A F

Furniture Calorimeter : 7}7-2] AA&EA =4 A

Mock-Up Tower : 3lA ] & HolE Al@slr] 93 35 A4F+H

Room Fire Test Facility : 7}7#7F F01® A4 A9 sAEH =
Surface Flammability of Bulkhead, Ceiling & Deck Finish Materials : 3|33} &+

8 7t Age g dL5H 54

_
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574 Wt =4

1. d3lo] ZAF 7|8

b zAe] 2 9 o)y

(1) =4 53

O B A IRHoRE INWAY LA A1HATY ARaAe] ths) ARl
ABHL BN APES] AT ARY ¥ FAHE EoluA AW

O F712 ARIES AL FYs] HATAN B DG FAHAE BSHAA
st BHe Asa Ue

(2 2=AF 712 2 o

1

2014.09.17.~2014.10.14.¢l AA ZALEH Y oW, F 60Ho] A
O 349 HEAE cordingsty HEgH $HFS 3 o/ AFE

A tg #4s AAE

O & =Ae W2 Fire Forum A&E¢d 3 sAMEdAd AErtes dide=
= [e]
h=3

EREVRVE I P
O NFAT ARIA L AARAA 2 FEo| s FLE, AFE
4, 83 7Ps A7l 0 Bestel 2 ASE 57 A=E Agslel A2s)s

4 g5g owo

o 1 }\)\%
O Aoz B AT HAAE ¥ o A I3 BEH B AT AFE /1H5]
A% F7held AFe S Aed BB TP AT UEAE TASY A7
of NYATE FAFAA FrhH o2 WWslop & RRG WEs1A FAS

2. Aol ZAL B4 A3}
7L $8%
D) AR

O ARFHA Y Fawo thale] AFE MDA/ E LEd ATl THRHA)} 47
& Ao AZsE Aow Yo, Ao yiEdEg
53 A48 7% 2|8 AR 43802 M FrEs Yoiw dAsT
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AP =7 U L SR A DA 8] k(o] 3) 2HEAA) E HASFE wEY
s 71 Mot 3AFEHADA thalde 247 458& Rty FAAEL] AF
&S Q39itha Hrigk Ao By
AR7MEL AMA 7& MEs fa AdF5EY EF/FAA £ 8 did Hes
7% T80 & AFHAE APsHr] fste] 7 FREHA o] FojAoF st AL
2 Adsta IR
4.7 45 45 i
d5= STEE W7 HZE ¥=d™ HAEHCEE
=1 2 el g aE 2 ds7E Mg SEes= s
Aot A4 SRS AE 2| =
7HE

v destdmol 24 2o
(23 2-80] AlF-2A 8= &4

(2) A|AF-2A)

O

AAFESA L] FoENAE BFAA AY 9 ddstdl g d77F 478 o= 7}
4 T8 Zeg vegon, 53 HzEME 24 e, &9 V& H2EWE A
€ 7ted A5, Ad5E YA TEA M2 4032 FoEVF 7P v AL
= 844

2AIR-A B9l e] AAREHAE 4544002 F8E7 1EA TS HWoldou, 34

HEaA 9 319 HAEL Fdtd, HALA Hrt Alx"Hel ddtd= 448 VE A

=59 B Z2O8d g s 4189 FREE B 22 AREAA WA E o

4 Aol E B

olgist A5 FIste EHH IMEFE A FTAAE BE 7€ A

o BEFAAE AP s} st Fdol p 44 2 3F
Ao 2 ATdHY, HAEHEY FREE At s0

P Ho2 ARIES AdsteE Aoz A7ty

=
AFANAE olo] we LARAAE 27 1-3dA0l0] AFale] NEe 49
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ESATATE. D= Ecd [TNIESE SNEAL. D YR YE | Devdssil e dsvE Feddsdy JSnsdo | Evgesgs EHIE BE gasHs H=E

aE HREEINE - = e SrEe g e Y UEE RN s == e E e =T HE HasHeHEg HEU2F HUREEIH
T R LIS S RETAE e oEsE TEE T T
HE =EI8HE

v HE7h daol 24 Z3t
(2™ 2-81] AAF-HA] T8 5= &4

AR
(D A3

O ARIAY AFE] Bete] AEAEL LAFTA] 467 Folstel g AT
Ao Az YYom, ARA e 418S Folstel JuHoR AFES

O ol FaEs HAAAR Fu AT Eel UF FAAT ol 1 )z
£ dSEe $RE 9 AAGATAEE AR QAR 20 A 4

o l:“:f’ﬂ/‘h- ﬂxﬂ-‘?’l@_‘i%‘ﬂ W R S A Ad(o] s 24| F-kA) B
AsE v5d 4 71 MEClst 3AFHAD teljA = 443 S Fofsto] 14734
ARG= 25 @2 FEoU e AIFT d73Ad ALz Frlsta AU+

O sAdd AErted A= sAdA7IESs =3 3 Holl A2 A, A=,
B 71ES FHIE Aol A A7 SHESE 1Y F As AFEE 7HA
I A AAsts Ador E45%len, RE d77F € Aol HEEWEE 53
&3 HZEE AAE Aol Aakx 7Iees AA d79 28 Aoz ddd
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1. AAA A
O Wd¥ At FAES HAE F e 7le FRE F3 wddy AR <l
g APHAJA AA R =4 1A
O AFE 258 A5 7+ MEEs 53 v89 ¥ A7 7t
O AFEY LA - &siA2=H - o dA o #g FA] FHA =" FFHo A A
T7F @33 IYPHa e, LAY e 2011d Addie] F7HES -2.9% =
72k oy 2007 ¢k 5139914 2011 63192 AW 5.3%E EF7HEAS
[% 5-3] 9=d 297 A% d3
[l 7H]
== ‘07 ‘08 ‘09 ‘10 ‘11 ‘119 ®E|
2R 5,132,136 | 6,267,624 | 6,062,049 | 6,507,728 | 6,319,565 -2.9%
NEAATES 3245860 | 3,957,057 | 3,958260 | 3,880,418 | 3,815,630 -1.7%
NEA 2T 5,665 7,227 4,085 6,837 8,353 22.2%
HRAATES 569,557 776,452 827,970 739,958 721,092 -2.5%
HRAAT| M8 59,888 34,509 25,161 32,832 39,506 20.3%
ol2stal 84,020 122,800 36,340 63,984 50,800 -20.6%
2HA 929,770 | 1,180,016 | 1,037,577 | 1,247,212 | 1,289,967 3.4%
=58 11,304 16,164 11,725 16,481 14,714 -10.7%
G=HEs 223,055 166,200 152,875 510,701 370,012 -27.5%
224 3,017 7.199 8,056 9,305 9,491 2.0%
=] 5,132,136 | 6,267,624 | 6,062,049 | 6,507,728 | 6,319,565 -2.9%
CAGR 5.3%

A71A o A z' o] A, Toll EAste] Hx 16999 W&
=, 2019'd sfelol EAst] Hzx 69U WEs
+ 2018 H= 169 dolA 2027 506 Aol o]F ACE o FEH
3,486 2] mjEo] A,
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[ 5-4] &7 dAF A A%

JRAI=ES 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027

1
IRl e | S | Y | 8B | 43 | 4% | 8F | 8% | 85 | g% | 4

ALY 1,563 | 1,576 | 1,590 | 1,603 | 1,617 | 1,631 | 1,644 | 1,658 | 1,673 | 1,687 | 1,701

ApAESY | - | 1% | 2% | 7% | 10% | 15% | 20% | 23% | 24% | 25% | 20%
HAAZARY | 6570 | 6878 | 7202 | 7.540 | 7.894 | 8,266 | 8,654 | 9,061 | 9,487 | 9932 | 'OF
HOARESEY | - | - | 0.1% | 05% | 12% | 1.8% | 2.3% | 2.5% | 2.5% | 2.5% | 2.5%

Et=y - | 16 | 55 | 150 | 256 | 393 | 508 | 608 | 639 | 670 | 600

2. AAAE A oI aT

O FUSl 49 % JAE AFUSL ok e F7h AW AT 104Ul $2I F
eta Qe SABY At Aol FAN} i, 53 hF AFE A3 F
BAHEA Wel A8HR UODE GFEt FrEd AEHE gaW FHIAY
A% WEsEnEs Ao ohd W

St == ol A &tolaf 2= st Ul A'Balel g
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40,000 -

200,000 2,5001 40,000
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38 zadak 4

i

1L |7

AXE &g o4t

7 AxpE AQ o4k

(EH
} _ - - - 28H
HI = 1T 2XEE Ry(si= ATEE g A (%) H
0,
1) 01| W/2E o1At| 164,320,200 1,835,618,400 2,125,094,400 1,106,820,000 5,231,853,000 48%
AR KIHL AL 0 120,000,000 120,000,000 120,000,000 360,000,000 3%
AR
L ANEZ HIZH 129,877,129 490,244,619 788,452,330 673,058,406 2,081,632,484 19%
24| 64,846,860 69,593,060 79,683,658 74,624,637 288,748,215 3%
2) mEH| 0:]a]] 14,890,986 121,801,284 136,275,084 79,242,636 352,209,990 3%
g? AQ_H UIAAE 0
sy +8H|L 4 19,718,424 115,245,504 141,298,344 99,613,800 375,876,072 3%
J|sNBE S| 19,880,190 193,063,464 210,432,024 101,526,612 524,902,290 5%
A4 24,648,030 275,342,760 318,764,160 166,023,000 784,777,950 7%
3) 2H&H| 43,818,182 322,090,909 392,000,000 242,090,909 1,000,000,000 9%
4) El A 482,000,000 3,543,000,000 4,312,000,000 2,663,000,000 11,000,000,000 100%
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L A Aol mE A g dad

ECRE:E)
A 1ZH4 2XHd 3xHd AR+ 2]
141
ASE HTOHEIIE 1T 180,000 1,198,000 1,197,000 725,000 3,330,000
3 o
2HI
SITOHE BOE-AH| 2 222,000 1,905,000 1,905,000 728,000 4,760,000
SRR I
G
AES VA A5 JIF 80,000 440,000 440,000 440,000 1,400,000
e
e
HASHCE S8t Agst : : 770,000 770,000 1,540,000
p[PE
2 482,000 3,543,000 4,312,000 2,663,000 11,000,000
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2. A F-A AAE A Q oAk

7h 1A F-32HA

=
, - - _ = &l
1] = 1XET XA Ry S AE g Al (%) ] [
0,
1) eI Li/2l= o1t 54,489,600 715,176,000 715,176,000 404,698,800 1,889,540,400 57%
S| XL AL 0 0 0 0 0 0%
AT E
2| NZZ HZH| 39,600,000 39,599,689 39,600,000 34,700,000 153,499,689 5%
HZH 42,846,860 41,093,060 40,183,658 41,624,637 165,748,215 5%
2) HEY| o1t 6,538,752 71,517,600 71,517,600 40,469,830 190,043,832 6%
f,:jﬂl +8HLS42 6,538,752 42,910,560 42,910,560 36,422,892 128,782,764 4%
JIEFB eS| 5,448,960 71,517,600 71,517,600 40,469,830 188,954,040 6%
pipag 8,173,440 107,276,400 107,276,400 60,704,820 283,431,060 9%
3) 2&HI 16,363,636 108,909,091 108,818,182 65,909,091 300,000,000 9%
4) g H 180,000,000 1,198,000,000 | 1,197,000,000 725,000,000 3,300,000,000 100%
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U 24 5-2A

e
Hi s pael= PRHAS 3RS 4THAS 5 7l ;(lof)'j' B2

1) o1AH| LH/2I8 Q12| 68,963,400 950,162,400 950,162,400 242,365,200 2,211,653,400 46%

1T A& 0 0 0 0 0 0%

oY

24| AN&EZ HIZH| 89,441,984 426,848,130 426,848,130 316,354,206 1,259,492,450 26%

MZH| 11,000,000 17,500,000 17,500,000 11,000,000 57,000,000 1%

2) XEH| o4H| 3,448,170 33,255,684 33,255,684 7,270,956 77,230,494 2%

%l-l_%;t” +8H|Yx2 8,275,608 57,009,744 57,009,744 21,812,868 144,107,964 3%

PIESIRE = 10,344,510 104,517,864 104,517,864 26,660,172 246,040,410 5%

o PGt 10,344,510 142,524,360 142,524,360 36,354,780 331,748,010 7%

3) 2t&HI 20,181,818 173,181,818 173,181,818 66,181,818 432,727,273 9%

4) & A 222,000,000 1,905,000,000 1,905,000,000 728,000,000 4,760,000,000 100%
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e
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1) o1AH| LH/2I8 Q12| 40,867,200 170,280,000 170,280,000 170,280,000 551,707,200 39%

HI| AU Al | 0 120,000,000 120,000,000 120,000,000 360,000,000 26%

2

a2t NEE HIZH 835,145 23,796,800 23,796,800 23,796,800 72,205,545 5%

MZH| 11,000,000 11,000,000 11,000,000 11,000,000 44,000,000 3%

2) XEH| o4H| 4,904,064 17,028,000 17,028,000 17,028,000 55,988,064 4%

EET%;H' +8H|Yx2 4,904,064 15,325,200 15,325,200 15,325,200 50,879,664 4%

PIESIRE = 4,086,720 17,028,000 17,028,000 17,028,000 55,170,720 4%

o PGt 6,130,080 25,542,000 25,542,000 25,542,000 82,756,080 6%

3) 2t&HI 7,272,727 40,000,000 40,000,000 40,000,000 127,272,727 9%

4) & A 80,000,000 440,000,000 440,000,000 440,000,000 1,400,000,000 100%
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2} AAF-A

T
, - - _ = &l
i = 1XE T AN S XA AXtAE g A (%) ] [
0,
1) el Li/2I= Q11H| 0 289,476,000 289,476,000 578,952,000 38%
S| XML AIZH 0 0 0 0 0%
madull
W2t NZZ M= 0 298,207,400 298,207,400 596,414,800 39%
L] 0 11,000,000 11,000,000 22,000,000 1%
2) HEY| o1t 0 14,473,800 14,473,800 28,947,600 2%
o .
sy +8HLS4E 0 26,052,840 26,052,840 52,105,680 3%
JlgFeEs| 0 17,368,560 17,368,560 34,737,120 2%
pipag 0 43,421,400 43,421,400 86,842,800 6%
3) 2| 0 70,000,000 70,000,000 140,000,000 9%
4) g H 0 770,000,000 770,000,000 1,540,000,000 100%
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YR EH ALT
3 | A=22| st 15 22 23 17 7 236,192,550 138,807,450, 37,500,000 412,500,000
JIE HY
HIIQHME ndlIt
4 SHART £ Y 15 22 23 17 7 236,192,550 138,807,450, 37,500,000 412,500,000
JIE g
SHHEA Al
5 Ysk2e| it Ws 5 6 6 5 22 236,192,550 138,807,450 37,500,000 412,500,000
T2 O

En ] 70 96 100 75 341 ,180,962,750 694,037,250 187,500,000 2,062,500,000

NSRS =2H] Al - - - - - ,889,540,400,1,110,459,600 300,000,000, 3,300,000,000

DYE s 2I2AE] |
SITHOFA 2.aX
1 E}XH‘FH;{H T 5 7 7 5 | 24 HE 221,165,340 211,561,933  43,272,727) 476,000,000
=
A= YIS MR N 100 | 5
SHROHA ZIIBE AL OHE | 200 1
2-1| M=+Z AS3JE AMS HEg| 200 1
e 238 288 521 | 1
oM 2 | BHRHA &HI OHE | 5 8 8 5 | 26 AHE e 221,165,340 211,561,933 43,272,727 476,000,009
IS8 FaRY |7
3 ALY AMEB | 191 1
He
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9 RIS A
S Lol P2 ST Sz
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SHAT OFF 0t &
5 2ABI= MHIA 2 2 7 221,165,340 211,561,933 43,272,727 476,000,000
AIAEY Dt
AR S8 Jret
6 |IIHOHS BIIAIAE 2 2 6 221,165,340, 211,561,933 43,272,727 476,000,000
g
2H 12 12 39 1,326,992,0401,269,371,598 259,636,362 2,856,000,000
el (gste,
SBLAE], tHOIE,
Hioiw S) %
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ds o BE EF 22
A2 Brot I
[=3] =13
J1E He cI2ge, AT 5
A=20l
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