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A Study on Risk-based Evacuation Safety Design Method

Takeyoshi TANAKA™, Yoshikazu DEGUCHI™, Daisaku NII"3, Mamiko KUJIME™

ABSTRACT

While buildings are indispensable to protect people from various dangers, it is undeniable that the buildings have
adversely induced dangers by fire. Since ancient times, people have made various efforts to prevent the dangers of
building fire. Currently, the dominant means for ensuring fire safety is to control building features by imposing
prescriptive regulations. On the other hand, due to the rapid change of various environment surrounding buildings,
e.g., building technologies, economic activities, people’s lifestyle, it has come to be gradually recognized that the
prescriptive regulations are not always efficient means to safeguard building and application of performance-based
fire safety design method (P-B FSD) has come increasingly the worldwide trend. Nevertheless, P-B FSD is not a
completed but developing method, so there remains a lot to do before its completion.

It is not always easy even for fire experts to exactly understand the purposes, significance, effectiveness for safety,
etc. of the prescriptive provisions for evacuation safety since those are not explicitly stated. On the other hand, the
verification method of evacuation safety performance, 2000, reduced the evacuation safety design to simply the issue
of evacuation time and smoke filling time and prescribed occupant load density and design fire according to type of
occupancy, while the basis of the design fire is ambiguous and the reliability issue of fire safety systems is untouched.

The design seismic load for seismic design of a building will be determined based on the observed seismic
intensities and frequency, with additional consideration on the importance of the building. Since fire data are available
from fire investigation, the design fires for evacuation safety design should be determined based on such fire data for
avoiding unrealistic setting of design fires.

As often reported, non-operation or malfunction of fire safety systems tend to be involved in the event of serious
fire incidents. Since fire safety systems do not operate in normal time, it may be inevitable that some of them may
not operate in the event of fire. Such inconvenient possibility should be well taken into consideration in evacuation
safety design.

The risk-based verification method of evacuation safety performance is the methodology to determine the design
fire and fire scenarios to be selected. The subjects are to rationalize the design fire and fire scenarios.

Risk-based Verification Method of Evacuation Safety Performance in this report is outlined as follows:
1. Evacuation risk and Casualty probability
(1) Evacuation Risk R

In this method, ’Evacuation risk’ ‘of a building space, R, is defined as the product of fire occurrence probability, P,
and expected casualty, C, where the fire is limited to hazardous fire for evacuation excluding small fires, and C is the
product of the number of occupants in the space, C,, and the casualty probability when a fire occurred in the

Space, Peas-

(2) Acceptable evacuation risk, R,, and Benchmark building space

Evacuation risk of any building space, R, must be smaller than a unique acceptable value, R,
regardless size and occupancy type.

It 1s necessary to select a benchmark building space to determine the value of the acceptable
evacuation risk, R,. The benchmark building space is selected from the building spaces of which the
evacuation risk is generally agreed to be at acceptable level. Then, R, is obtained from the fire
occurrence probability,P, occupants’ number, C,, and casualty probability, p..s, of the space. Here,
detached house with ordinary size is selected as the benchmark building space.

(3) Design base acceptable evacuation risk,R?, and acceptable casualty probability, p&..



Although the evacuation risk, R, include fire occurrence probability, P, evacuation safety design of
a building space starts taking occurrence of fire as a given. Let the evacuation risk in this case be the
design base evacuation risk, R? = R/P. Then the design base acceptable evacuation risk, R? = R, /P,
and the design base acceptable casualty probability p&,, = R2/C,.

2. Acceptable casualty probability and design fire

A usual t-square type fire, Q = apt?, is used as the design fire, except that the heat release rate, Q,
reaches plateau restricted by the condition of ventilation or sprinkler.

If the conditions of occupant load and exits of a space are the same, the evaluation of the
adequacy of the evacuation plan can differ depending upon the design fire. So it is important to
determine the fire growth factor, ap, based on sound basis, particularly for the early stage of fire. In
this risk-based method, a, which makes the probability of « = aj equal to the acceptable casualty
probability, pZ,,, is selected.

3. Design fire scenarios according to success and failure of fire safety systems

Several kinds of fire safety systems, e.g., sprinkler, smoke vent, fire door, are installed in building spaces. However,
it is not always certain that all of those systems normally operate in the event of actual fire. Depending on whether
they work normally or not, fire behavior and evacuation environment can differ greatly.

The evacuation risk of a building space is a set of evacuation risk of each scenario caused by such fire safety
systems. Using event tree is a convenient way to identify the scenarios and the occurrence probability of each scenario,
P; can be calculated if the actuation probabilities of the fire safety systems are known.

The design base evacuation risk, R? (i), and casualty probability, p.,s(i), of a scenario i is given by R? (i) =
P; X Pras(i)Co and poqs (i) = RP (i) /P;C,, respectively.

4. Allocation of design base acceptable risk, R2, to each scenario

If the number of scenarios involved in the fire in a building space is N, the evacuation risk of the space, R? is the
summation of evacuation risk of the N scenarios. Since R” cannot be greater than acceptable evacuation risk, RZ,
restriction of R? = ¥ RP (i) < R? is imposed. On the other hand, since this is the only restriction for R” (i), a lot
of freedom exists in the combination of RP (i) to satisfy the restriction. Therefore, it is possible to allocate R2 to each
scenario and verify the safety by each scenario.

It is possible and more straight forward to allocate the acceptable casualty probability of building space, pd,s, to
each scenario under the restriction of ¥ p,qs (1) < ps.

Once pqs(i) is determined, the design fire for scenario i can be obtained following the procedure
described in 2. above, which follows the verification to confirm that no casualty arises in any scenario.

5. Case studies

The objectives of this study on evacuation safety assessment is two folds; one to develop a method to rationally
determine the design fire; and the other to develop a method to take the effects of operational reliability of fire systems
into account.

The methods are not enough unless they are usable in actual evacuation safety planning of buildings. Hence, case
studies are carried out applying the methods to fire room evacuation and fire floor evacuation to examine if the
methods are practicable in actual evacuation safety design practices.

By the way, case studies should have been done for total building evacuation too, but it was given up in this report
due to the lack of time for the work

6. Annex
A part of the technical studies and data concerning the development of the risk-based

verification method of evacuation safety performance are added as Annexes to avoid the
complication of the main text.
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EOHRDBIENMETH D,

(7 5.2) AOFETHEFEEEEICOWTE, BUTOREE SR 1441 5 LR UMEEME S 0T, mik
2N 175m2 72 L 0.06 A/m2X175m?>=10.5 A, 200m? 7= & 12 A& 725, EEOHH ABCIEZ nFE% < an
DO TEBEOEZBIZEENARE S TH, RJATFEHEE L KEBENTHA I,

11



6- nLF‘ﬁ'Ji%E U X 7 k x.:‘|‘kﬁ0)Jh'E
ST 4.2 TREAR L2 K 512, KIRD K KA EAR I a i 3 225 1 BEEUf (o) 3 P BOEBL 0 A 126 D R R85k
ERMES (Annex A 7J’%EE)O

FOMERN A2 & Dand 1 DDEEE-> T, REFAIFEO KK ERKa, & L. Q—%F®Tfﬁ%
FOREWEHRTDH I LIL, a < apDLEITOWTOLREMIFRET 5 Z & BAMICITE TOELS
BRI T £ CHEICE DR VEREHE & 5:&?%50@m\a>%@%ém%@%ﬁ@@@fm
RNWEESIZLETHLH D,

AL, BEERIELIRNEZT > TH, aPap L VD LREWE T2 b, EITENN DS D LA
CAH7ETTHAD, —MiZiFa>apdD & EDOREES (EITEIND ANE) Clxa/apDBEEC (a/ap)lc
DD BHENIR, Lo L, BRI & ARSI 72 2 DN MBS D&M 84 < ORI
KETHLEEbNDDT, $ THINCARHTH D, T2 T, ZZTlHa > ap® & S TLEMNHEEE 2R
DBEEERREIC 2D EIRE L, Cla>ap) =C, (FEEEFER) 95,

6.1. KKHERE#H o HREHEa, FHB A HHEER
TRUT 5 HiloR LR S ps, (KB L7 D Th 5,

phf(H)} { 175 }“2 Co(H)
th(K) Af(K) Co(K)

Z TR EEORAITKEDEENEREN LIk TAHELD ERARLTWS, R KIEDORRERE
ap D F CREEEZARGES Tz & & GH#Z2ENHRE SNDZ L), 0<a <ap TIISEEZEIZOL L,
ap < a TIIZRMANAEEEERBNEET D L T, 75 LMRBEESMOT CTap < ak 72 DHERITFF
BIWEMERpL () TRITIZZR 520, X 6.1 1ZZOMEEHPLIZLEDOTHY . Ny F o 7 HaN
Péas(K)TH D,

KEREARE o OMERBEFERSE — I f (@), BREMEEEEEMEF (o) & 31U,

mm

péas(K) = 0-14‘{ (5.11 ﬁ?‘%)

f f(a)da=f f(a)da—f Df(a)dazl—F(aD) (6.1)
ap 0 0

ThH0D, ap < abk DR, TRLOLIEEMHEE, pS(K). X

Péas(K) =1 —F(ap) (6.2)
TR LRI (@) & RHEER A & THUE, EROF(ap)id= 7 v B¥E i~ Tko Xk 512 LCit
Bk,
F(ap) = LOGNORM.DIST (@p, Mina Omar TRUE) (6.3)
2T e B ED o FENE N na DB L ONERERZE (Annex A, Annex D 2 /),

2.&JLE®L“WE%§

ORI R 7 1T AR AR EZRD D ETHEIND, TDOEDITIE 6.1 ik
ﬁL . FREAEHRpL(K) % 5 2 TERE KO KR ERKap 2 KRODLVERND D, TDI=DITIE,
R(6.2)7 5

F(ap) =1 = pcas(K) (6.4)
72DT, =7 BNEEERML Cap%
ap = LOGNORM.INV(1 — p&ys(K), tinas Oina) (6.5)

DL HITHET TR,
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Péas = 1 — F(ap)

HEREFEEf(a)
SEiZm&E M C(a)

“p KK RFERH o
2 6.1 KEEARE DR LA B J UK KRR & FE5H £ D BfR

6.3. FHETKNKEEHFRBa, DEKIE

KG AN b2 D L 951, G2 OBEEEEFC,(K) DK E < 72 51T EFFRSEMHEFEOMIT/ S <
0. fEo T, 6.1 ThmwdLola, FEiHKIEDapBNKE L 250, MEER ML, ZOHWE La
AR Z WREIE CHER B ENIEE ITERVMED R 25 < DT, R(6.5) TEH®E Liza, D2, KIFDO R EREK
ELUTIIEBFEMICRE B L LTRIESND ATREMED H D (Annex A ),

FEBLFER 7238 5 KR O F% 8 1R 2 R FHI IEBL RN A BR 23R TR 2 5 DT, Z 2 TlE Eito
T E CHEAE SN Dy DIEICHRKBMEZ R ET 5, BEIC 43 HiDK 4.3 TH R K 51T, FEEEO KK
WIS L T —F IR ER I 0.1 29T — X TEEITIT, S 5I2, BREEEROERZIIZL
72 NFPA O 5 /L kJHOD Ultra fast 28a = 02 TH H Z & b EBIZANT,

ap < 0.2 (6.6)
EfRS> TN T LM EEZLbND,
BAEHIT, BEEHKIROFBEGEE TR DO X D el e 352 L2725,
Q = min(apt?, Qmax), ap <02 (6.7)
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7. Xn‘l’*(« )7") 71_’\0):14:"9\']&;& 'JZ70)EE/\

PERERMEEEE L GE Tl 84 L7 RSO INKTERT 5 2 L1372 < BT lEEE T & - TfafZa kK
(RS2 2 oA’ e LT, MEOHIR LD R[] & ot TR OREEEL 2N KD BARRYI 1308
BEREBE ST D 2 G PEDSET S D

REEERR K B0 D 22 4 Pk & IR (KN D DR ENRTEND Z & TH DN, T DI SPERH, 5
KBE. PEERAE 72 & TR SN D B KRS AT A OEENTRE VD, UL, T b 2o

\CAZNTHEEE S B 2 72 OMGHIAFRAI 1T 72 ST TV eV, BEKERE > AT A DOk E FEHEIZ B
T HEREINIAT L2 2 & Ty FIE~DOBLA Do 12 & b b,

PERERY K K ZZ RFRFHT B W CUIERREHAIR & FIRRICER G KK F U AN EETHH Z &id, EHTH T
L SN TND LI TH DA, KT U A 2R K 2 2R EHTHL AT 72 O D T IERITARTZIC
FESL L TRy, KT U AL LT, BRI ED XL D723 U HTHERTH2RENDIZHONTH, &
2D NBIZFER ® 5,

WEHE 2 R EHC B U CIIBh ki v A T AN IEFITHEEN T 200, fEE L2 e KD v U AR D
HETHDHEEZOLND, WEOEKKSEFH O E T KR OIEEILRNAEBEL TS Z L 2E
ZHUT. BIKERMCHEIT/EERT 5 2 L 2 W 2 01T 5 0SB T X 5, BIKBRIEDNEEIT 5 005
DX DBY TV ANEELOIL, TS Lo TARKEDOSEENELRY | o THEEERENEIRICE DD Z
LT B INETh D,

7.1, BARFRGES AT LOEE, FMEFIE DI AKLFT A

Bh k3% OVEED, AEENZ L0 AT DU F1E, A X MY U —%1ERR L TAITHEIZ: D, X
71 IR E RSN LM KRG AT 5 LTAT Y 7 F— (SP) i & JEHI IR 2 N i
ZHNTNWBEEDA R Y =B THDH, SPICOXERNE RIEFND 2 5D —2ARnH Y, TNE
N — RO EHIEOVEEN & RIEBND 2 5 —ARBH LD Tit4 r—AD T F UV ARAEL, —fRITIX
B ks A7 A N HSHIUE 2NBEDO T FVANAEL D, ETINEOKTF U FidER T D HERP 1345
B3 kil O VEEheRp, (2 k- TR E D,

5 HiCHEA LRGN — A D KKIE, fERi kR OFREZRTRE LT KKTHDLN, 20 fEkin

K X FDOVERAH 7.1 DX D RHERS TV A DO T TCHELZ T HAKODELSTH S, DF0. M
BR7p kS OREFEIC KT A ERIT. > F ) ARV BEL WS BEWVWEAR L H 5,

P AT 5— P UL .
L _YRTA [EREATL mw TEER

N Pt PR P2 P,

il 2 i S > G
5 lp, r=-----------1 P

St SFREm et G
Py pmmmmmmmmmmms P2 P

T _RERR B > G
e I Cop,

BEAR| ——>  TEB) ro-oooo-- > G,

7.1 Pikixfiis A7 DOMES) AR HES KK T U A

(FF7.1) SPREEIL CHREAIZHEKIZELZ2WEELH Y, F7- SPaXii B IRIZIEH CTH KIFOIEEGH
FEM, SP WMEEN T 2 HICE L2 WEE L H 5, B RIXZ 0 L5 KRBT L o falRp ks & 7
VLD T, K71 TEENLLOHBKDO KK EETUO-L 5O TCIHIERIIE LTWV5D,
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72. EFVANDEAEER) R DB
(1) 27V Aot femR

AR WYY =32 IR AT DOFRNTIEDIND FIETH L, A X MR35 M#é&%@%+%
RS Z SIS T LB RS TRV O T, EEISITIZIZES TH - THEEISHTIE 5 2 & 138
LWWZ ERZ, ERROB KOS %ME@¢@%4®?*5%%51kﬁ@%kﬁ%i@wﬁ\
BIGEROA T U AR, HDOWITKETET — #7328, ElRICE0 HoiE, & DRE BR
BZ2EDZ EICEHTE LT — X IIGEHET L EEZOND, @io&%k i DIF BN e Fp 2 W

L, K710 X 9 2Bk OVESRY, ARERNC IS A XU MY U —IZBN D& VT U 4 DA EHEREP,
NEHETE 5, RN, EROBITOTF ) AARLHERPIIRD L 512785,

Py P1D2
P, p1(1—pz)

= 7.1
P3 (1 =pop, 7.1

P, A-p)A—-py)

BB, ZOVF VA SERRKSE ORELZRITEE LD U AT, ARMEP,OEFHT
1 &5,

@ LE DIV AT 2 5tEhkE

WEEERR G ORISR & LTV D ZEM KT, Bk HOIER), A {EShIC iofifé%yf)ﬁE Z DIFF
DICAGHER % Pogs (K, 1) F 2B OBREEEE T2 Co(K) & T 4L, T U A BT B F— A DhEEE )
2 2 RP(K, D)%

RP(K, 1) = Py X Peas (K, 1) Co(K) (7.2)
(O
_ . RP(KD)
pcas(K: l) - m (7.3)

(3) ZEF DMWY 2 7 RP(K)DA LT ) A ~D43HL
S22 K 2B KR OVER), REENC L > TEFT D KK TV AN —RICNEH D & &, &
TU%T®&%)27R%mi\%ﬂ%NﬁMnﬁdbh@ﬁ%)X7@%Akbf

N

RP(K) = ) RP(K,i) (7.4)

2
EEIT DN, KRZEM K OREEEY 2 7 RP(K) XY =M ORI Y A7 RP(K)# B2 T/ b0 o
T, kKT Y FOREEEY 2 7 RP (K, DIZIZROFKINGR SN D,

Z RP(K, i) < R2(K) (7.5)

KK F VA OREEEY A7 RP(K, DI SN A HIREMEITR(THE T THLH00, ThEiicd
RP(K,D)DMABEORITIIREZ2EBHENR DD, TI T, AREMTEINTOWDIHERY AZR2(K) %,
KTV ANHGHEREY AZRE(K, i) E LTHEL L., FOMRFMMNKRZEMOBTRY A7 R2(K)# & 7
St bbb

N

> RR(K,i) < RR(K) 7.6)

i=1
DFEMET, ZhENO v U AEIRRO S 20 SEIUE RV,
RP(K,i) < R2(K,1) (7.7)

RODOERMERMRE SN D Z & ZRIET 21213, RP(K,DICHIET Dikatkilap %, 6 JilCBER L7
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FETHREL T, KR LR TBIO TR ATV, JEGBH BRAE LRV D & 2RI 5,
(4) %2 F U FITIT B TR

6.2 HiCRERD & 512, KEBRREa DR LA L FPRBHEY A7 6 AER DOV F U A1 Ok
A kiiap R 5 72l v U A ORISR DL (K, D) & 5 LER D 5,

T Y A OBFAS—AORE Y A7 RP (K, )1%, A(T.2DTHX BNS, ZORPK,DICT T Y AiISy
BLENDHAEY ZZ7REK, DERAT DL, v T U ATNTBOTHE SN D SEEIERPL (K, D & 72D,
RP(K, 1)
P;Co(K)

Z O)KODRQ(K! l)&j:\ ﬁ: & fcﬁéi‘j‘%g’g%ﬁ K @%q:?é'?i}ﬁ;% U A 7R3(K)O)¥%B7é’ff/ﬂ— U j— i i:/\@a L/f: %)0)
Thd, AOEHREE) % FHTUERATHS,

Rg(K) = pgas(K)CO(K) (7.9)

WG R 22 K SR EAUTEBOC(KIZED LD T, P Y 2 7 RE(K) & ED 5 2 LI3FF
BIGHERDMpls(K)ZED D 2 LITMR B 7220, > THER K IZHT 2 FFRSEGHERIT

ﬁgas(K: )= (7-8)

o () =R (7.10)
pCllS - C()(K) .
Flo, VTV FNCHBEL SN REEEY) 2 7 b2 U i OFFRSEEME RS (K, D)X
a R )
Péas(K, i) = o) (7.11)

- T, R(T.8)D TV AINTBIT DHREMFEPL (K, )L, BEHEXTRIERM K OFRICEMFED
F U F i ~DO5S e pL (K, D)% > ) A ERERTE - T-b D L7 D,

R2(K,1) _ Plas(K, D)
P;Co(K) P;

(712 DpL (K, D)E, TV AIBAER LI e W FJEO T TCOHRREEHRETH D, VTV A4
WP, NN Z T EPpL (K, DM RKEL 2D DT, Bl SN D HFRSEEMEEOMEpL (K, )N/NE < THEER
WERFHKIR C OB 2 MEEDS R D ATREMEN S 5, BREHARZ ED HI12T T U AT 6.8k L
T2 FIRIAR VTRV,

RIAT, BEEERH RS OFFRBEFE Y A 7 RE(K) 24 L) U ATk U Colid L7248 1%, s8Rt kiDay %
RETDHT-DICHER DO L ZAR(TA0IC K > THESCEHEEpL(K)ZRDDH Z LT bDT, HEE
pLs(K)Z Bl d 2 DRI Th 5, T OHGEOHIKISEME S RE (K) & /B3 256 OF(7.6) & FIERIZIK
X7 12)OREREN -T2 & Th D,

ﬁgas (K: i) =

(7.12)

N
> Plas (K, D) < Pl () (7.13)
i=1
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7.3. #Aﬁwniﬁﬁ
ui@% ISV TR AEOREFEFERTLLUTOL TR D, 7k, RO LS S0

b, WXEFHHLTEL,
GRS SR 2E MK OFFRSEEMER D 2T U A i~D 53]

RZ(K,1) _ plas(K, i
Plas(K, 1) = P,C(O(K? _P F(,' 2 (7.12 F548)

RD(K,i) I G2 [EIK OFFEBEE Y 227 O > ) FiOBly
p&s(K, 1) : BEHERHRZEIK O FFRSCAEMER O > T U Fi~Ofdsy
ps(K, 1) : WEEERH R 22K D 2 ) ) Fi DFF RS R

[RX AT kIR

(v
(v
™

(6.7 F58)

Q = min(apt?, Qumax), @p <02
[ R KIR DR E 1]
(1) 1<phs(K,i) (P <p&(K,i) DX WGEHEAE GEA2SEH)
(2 0<pi(K,i) <1 (0<pls(K,i)<1l) DELE: apZ:RDT, Q =min(apt?, Qmax) PiXalk
P CHRGE
(B) PLs(K,i)=0 (p&s(K,i)=0) OL=: Q=min(0.2t? Qmay)PiXal K CHEE

% 1) o OFHKIRIERI K OTER), AREEBN DO S DiENIT IS < KA KT U AITxtis L
THESNDDOT, BERGET REHGIAE STV AL Zictis T 2% G KIENRIFHCE 722 &
2725,

(f#% 2) EROKFHKERETIEN). 2). Q)DEEMERELZ HE LT 72 277, ZOKIZHEN
Tpe(K,i) =1—F(ap) TbhD, (o T, p&s(K, i) = 1itap =0, T72b b KIEDOREREaDEIZEE
DOTHEHEY X7 DHFRMELLT &5 2 EIXBEW, WIpd(K,i) = 0lTap = o, TR bad i KIRIZ
REWKIFEDO T TCREMIAEZITOMLENDL L Z L2 EHRLTND

Deas(K, i) =1 — F(ap)

HEREFEEf(a)
SEiZm&E M C(a)

o KSR EER o

7.2 2T U AIO KL RRARIE DO MR B 5340 I KUK SRR AR EL & S H 2 D BfR
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74, VRAYEBOBELRERIEDFHREDTED
LIS LTz U A 7 S OREEZ SRAEED B X T 2 BA A TRICE L »TH<,

741 YROEBOBHELERILEDERER
(@) FEHEGEN)ZERE] (Benchmark building space) :
(b) EEEESRZEM] (K) ORFHN—AOFFEEEEEY 27 RE(K)
(c) EEEERIS2EMH (K) DOFFREEHER : plys(K)
(d) BAKER(EOEBIHER (p)
(e) BhKEAM DIEE), AEENCEES KK F VA () DOERMESE Py
() KERERAE () OMEREERE : f(a)
742 BHERZERIIFIE
(1) BEEERSRZEM DORRGI N — AFFRMEEE ) 2 7 L EFRSLGHEER O
FFRREEE ) X

Do _ phf(H)}{ 175 }1/2
RG (K) = peas(K)Co(K) 0'14{—phf(1<) yRTs) Co(H) (5.9 F18)
TRTEMTER :
W o REU) phf(H)}{ 175 }“260@1)
P20 = 5 =0 it} (G5

Q) K$T U ADRE ; BABRIONS, FIEBI IS A~ by Y —

() [E SNV ADOAEMEER (P) DOFHE

(4) FKE TV FA~OEFFFFREHE Y A 7 RE(K, i) G0t e Fpl, (K, 1) DOorEd
TR T U AR

RO(K, D) plas(K, D)

Pl (K, 0) = PCK) - P, (7.12 1548)
=77 L

N

Ek&AKUSpaxm (7.13 Fi7)
(5) KV AITEIT DEFHKIAOWE
B g, %RkDD
ap = LOGNORM.INV(1 — p%(K,©), tine Oina)

B RGRKIR

Q = min(apt?, Qmax) @p <0.2 (6.7 F8)

(6) F T UATHRESINTZZFHKEEZ AT, WEROMAETHREI2E D, FEEEN 0 E b %
FRAE
(FF 7.2) BEEEIZ T D IEAGE R AEDOHERITFTR IR pL (K, i) (D WIXFFAREEE Y 2 7 RP(K,i))

WX > THEICHER SN TWAD DT, HEFAIRZ ED =% OBEEZ SRHGEE CIIEE N e T2 Tikk
57,

18



8. URVEBOBHERERIAEDT—RARET 14—

U R SR OB S EEE T, B2 RIS I\ CREERKIR OB E 2 W YNICAT 5 FIEEIRET 5
CLEEHAMLE LTS, TOBERTT ETEICOWTIBLICHPA L@ TH DA, EERCED X HI1E
ZBMICOVWTHMT B L HHINE LTy —ARE T 4 —%1T 9,

BUE DR ERGEE T, #EEO 27— U2 e il, PR, Ao 3 B2y T TREENT
PNTWD, bHAAVBMD X A F3kkx T, BIAIXEEREED 6 & 2R L 72 5 L0 @ &b
EDDT, ENENDOEFICEDOE TEE LRTIXRWVIREDN, 20 3BEMEDO AT — I ~D 53 FHI T
T Z B 2 55 E T b IR T, < OfEY TR EOMUEDOEBIZH R TIETH S 9,

ZoHT, EEMEICOVTIEIRERFNZLELE THHRENL K-S TVWDHLEALNDLDT, 22
TITEY Bz, SR & BRI B 2 0 — A A Z T 4 — &I T D,

8.1 T—RRAT 44— : BEREH

JEEREEE Y, HERIC L o TIBIOETHA L7ZREOIEK K EOBEEE L & N0 B ENRNA, 2
TlEH2 1 OOFETHKLIZGEDOLEELENOREOILE FICHH S 2 £ ToOREE L+ 2, 1E->T
KSR ERERHE & MRS TSR 7R DN B FNALIR D,

FEERETIIATY 7 T — (SP) FESCHERERZ T O TND Z &S0V, EEneE X5
LT DA 1~2 DREORMOFE L THDH I EaB2 5L, TNLOHRENZ ORFRINIC/EE L T
KRB OLEIZEE 2T G2 T 55135 0B LN,

BL. KREWHISEEZ2 & TIRZEN D OPIKBRIE N EWRZ FF O bRV, K0 BB 25
LAREMEDN B D DI, BEA L DR OBEFEOBEIS L TTH A I,

-
—

A

R N v

X 8.1 ek

(1) k= DA & &R O FFA S R

H K SR D 22 MR EE A B DR X TIT O A3, REFAIRAZ D TEMER TR 21T 9 WER D 5,
AED Y A 7 HAE O REEEZE RRGE TIXEREHKIR D KK FAR )y Z R EHERICE SN TED S, #F
FWEMERITAGIDTRO L I ICEZ BTV 5,

« o RAE) _ phf(H)}{ 175 }1/2 Co(H)
Péas(K) = ——==0.14 {phf(K) O] L

A (5.11 F#8)

ZOAT, EEOZEM K OFMFEFRNEERY (H) LFRUETIUE, RTO/RT XA —Z OEHH
FHTHELLRDDT, FREEMRPL(K) =014 72508, —HRITITHBIC X > THARSOERE T R
7%, EERHOLGEIL, HAELBENSEIIE —-TH 2D

Co(H) p(H) x 175
Co(K)  p(K)Af(K)

(8.1)

EBHZ EEEET D EAGADE
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3/2
th(H)}{ 175 } p(H) 8.2)

pmmﬂ“@ﬂ)@m oK)

ZORIZEENDHAKRIL LHEEEBEIIHREBICE LN, RELILIRL.1DLELEI. WIEE.
KEEOREOEZEARE LD THS (5.3 B LU Annex C BHR),

% 8.1 falR7e kSO RRERNY 72 0 O KR & (BRI

k=DM BHEF | WRES | RAE ﬁggf
Prr(H)

kS b {ph’f“ (K)} 4.0 7.0 1.0 1

{EREH L p(K) 0.125 0.5 0.7 0.06

%81@mﬁﬁ®f%ﬁ@m_ﬁof JEEEMEIC X DR FpL,(K) & it LR % 8.2
ThD, & 82 IITHFREMRIIKHNT DXFHAIROREREKap HBEDT-OR LTS (6.2 &),

[Fl—OmfE CTHRAUX, 2D 3HEOHP TITFEET. Wik, REDIEIZHE SN D EMFENRE S
720 BRI TRV KK BERAR R ap D T CREEZ RIRGEATT O 2 &R D, ZHUTH AR &R
FBEEDEIKSTHNDZEIEEIETHARY, (BEL, ap > 0.21TIEHEMICRKRERAKERERTH D
Mo, EBICIFap, = 02 KEE LTREY (6.3 2I), £/, p&(K) > 1OGA X, FFRBEEHEY 27
DR END ZEIXAHATH 20 LMIEETT ) LENEW (7.3 2H),

# 82 HAEOmH L EEREOTFELEHR (plys(K) B LORFHKIEOKERE (ap)

EiE FHm % R X B

m2 |HFEEGEE| oD |HFREEE oD  HEXREEER oD
50 1.7960 — 0.7857 0.006 0.0401 0.057
100 0.6350 0.007 0.2778 0.024 0.0142 0.083
250 0.1606 0.031 0.0703 0.056 0.0036 0.128
500 0.0568 0.057 0.0248 0.090 0.0013 0.171
1000 0.0201 0.094 0.0088 0.134 0.0004 0.221
1500 0.0109 0.122 0.0048 0.166 0.0002 0.256

KHO (—) FIBREREEZERT D

Q) BEEELRRMREE A LB L LR R E A

WEHEZZ R RREEE ClI/N S WHRH 2 BRI OV T BB EERE ] & Bk PR Z21TH 2 & iZR> T
%, LU, WD CTRBRARSTZROEIFNE LTH, I M, TEREO/NRM R E TS
\Z X DO G A BEN S EE L CWAEEF IR EE2WTH A D, TIUTKEIZ L DY 27
WEFEFINE WD EAERENEERNZH > TV DENHTH D,

WEEEY 27 269 2 Lk, ERR(D)D XL D12, SEMEEZ/NSLSTHIETHAETH LN, BERM
EE/hs<T+5Z kf%m%éoﬂﬁéméﬁgmﬁﬁikm%bﬁwf FNHORTHREEEY R 7 MR
TRV HD Z ENEEE T TR D b ONHIVR, B2 2RGt0% J1%2 X0 EERREIC
Romirsz Entisks,

(2.1) ATV 7 T—Ip EORIKEEN NG A

OGS L LT, BEICSPREDOARMNENGEEEZ D, ZOHBIIKKORFEEZ
LUBPENDT, KEBPEE L TERLKIZEL STV AORIIRD,
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I I - G

8.1 KRN EWIGA O EEiEEE ) U

EEOEEOREEY A7 R(K)IE, EREL 72 H2EM (FEEE) OB XA 7R ZB 2 UL b i
WO TR(K) < R(H), Zha BARMICERBLT 5 L (5.6 5
phf(K)Af(K)l/z X pcas(K)CO(K) < phf(H)Af(H)l/z X pcas(H)CO(H) (83)

ZIC, RS TIT ZE M LR R ZE R —Ch a0 b ABDDOBMRE R S L AK) =
Ap(K) & LT, HREAK) DY T2 7o SRR O %M K IR Y 2 7 WA ELLT & 72 %,

Puy () (PUD) (Deas O\]
(?’hf(K)> <P(K)> (pcas(K))] AH) (84)

EETHBRABR DO KK PSR A LT L & DGR (BEE2ET) pue(H)IE. KEFEFND 0.14 FREE &
o TW5b, FEUSNOHETIE 22T —Z B8 E0n, —RICEEIL, EAZORRITETARIC
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NO SP B8 T HEE " (Ei_ﬁﬁ—l\_) HEE i) BE A S BRET AR RS BRET AR
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1-1-(3) | B ' 2 0.04 | 0.0256 0 0.2t +Q,, 0 0.2t +Q,, 0 0.2t +Q,,
1-2-(1) 0.8 0 0.64 0.1024 0 2-2-(1) 0 2-2-(1) 0 2-2-(1)
1-2-(2) Kg’;@} 1 0.32 0.0512 0 1-2-(3) 0 1-2-(3) 0 1-2-(3)
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826 EBE-ERTHOEHK=3DFZBAEDF+ A, (A=400m*, 600m*, 800m?, 1000m*)

(1) 7V A& LR FEGHRE DR

BRES 3 DA, BRI OEN 2, 3 Kt 72 & DT U ADARMRIT/NI VD, HAEHE
N DB L I REEHERINNE L 12D, Z D= SPIT L D KK HIE 2N B L=, BEAY 1 MBIV T
WBHY T U A 2-2-QDKGERI R Z R L T 572D DR NIEL 725,

F 72 SP RN, B FHEEAREEI DO L DU F U A 1-2-(DIC b FRABHEREZE T 52 ENHEHEL
WO T, SPRKED. B FHEEREBN OBEDOETHOLF U A~OEST0 & LT, k. ZORTHRHAR
FZ2 DX ETOREMNEABDO LTV A 1-2-DTH D006, DTV ATl ze 2D e S,
oV A 1-2-(1)~1-2-GNIT HEHRITTH R SN D,

# 88 EE-JTHOEH=3D%EDT U A LAERE, FRSEEMHEOR D Rtk (F])

. BNE&IES 2T L & AR BIRER . A=400m? A=600m? A=800m? A=1,000m?
HUF — FUF

NO SP JER T HEE e (EE_HBT) RS RS BRET MR RS RET MR RS RETNR RS FRETNR

BmER | R 0.01323 0.0108 0.00935 0.00837

1-1-(1) 0 0.512 | 0.3277 0 2-2-(1) 0 2-2-(1) 0 2-2-(1) 0 2-2-(1)
1-1-(2) YE8h 1 0.384 | 0.2458 0 1-1-(4) 0 1-1-(4) 0 1-1-(4) 0 1-1-(4)
1-1-(3) 0.8 2 0.096 | 0.0614 0 1-1-(4) 0 1-1-(4) 0 1-1-(4) 0 1-1-(4)
1-1-(4) B 3 0.008 0.0051 0 0.2t"+Qsp 0 0.2t+Q,, 0 0.2t+Qg, 0 0.2t%+Qq,
1-2-(1) 0.8 0 0.512 | 0.0819 0 2-2-(1) 0 2-2-(1) 0 2-2-(1) 0 2-2-(1)
1-2-(2) N 1 0.384 | 0.0614 0 1-2-(4) 0 1-2-(4) 0 1-2-(4) 0 1-2-(4)
1-2-(3) 0.2 2 0.096 | 0.0154 0 1-2-(4) 0 1-2-(4) 0 1-2-(4) 0 1-2-(4)
1-2-(4) 3 0.008 0.0013 0 0.2t+Qq, 0 0.2t+Q,, 0 0.2t+Q,, 0 0.2t+Qq,
2-1-(1) 0 0.512 | 0.0819 0 2-2-(1) 0 2-2-(1) 0 2-2-(1) 0 2-2-(1)
2-1-(2) (=) 1 0.384 | 0.0614 0 2-1-(4) 0 2-1-(4) 0 2-1-(4) 0 2-1-(4)
2-1-(3) 0.8 2 0.096 | 0.0154 0 2-1-(4) 0 2-1-(4) 0 2-1-(4) 0 2-1-(4)
2-1-(4) | %m, 3 0.008 | 0.0013 0 0.2%4Q,. | 0.0009 | 0.2t°+Q., 0 0.2t°4+Qy 0 0.2t4+Qy
2-2-(1) 0.2 0 0.512 | 0.0205 0 (0.2t°+Q,,) 0 (0.22+Q,) 0 (0.2t%4+Q,) 0 (0.22+Q,)
2-2-(2) Me® 1 0.384 | 0.0154 | 0.0091 |0.0074t*+Q,,| 0.0066 [0.0119t°+Q,| 0.0052 | 0.016t"+Q,, | 0.0042 |0.0198t°+Q,,
2-2-(3) 0.2 2 0.096 | 0.0038 | 0.0038 — 0.0038 — 0.0038 — 0.0038 —
2-2-(4) 3 0.008 | 0.0003 | 0.0003 — 0.0003 — 0.0003 — 0.0003 —

= 1.0 |0.01323 0.0108 0.00935 0.00837

Q) KFEFHREOH]  (A=400m2, 600m2, 800m2, 1000m?)
(2-1) v FUA1-2-(4) : SPETh, R FHEHEARIER), Ak SEE—JEE NEE 3 K BRlik
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ZHUTKSKEDIER D SPHIEI OB THEI SN S Z LIz T, HAEOEBENRREIWVIEE, Hk=EN
K722 D& E 2 Bl UCTH F~DERHERE 2/ NS <352 &0 MOEN CGHREEZBIAT 2 IEH
KBNS OREEZ LDV IR I D720 TH D,
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(2-2) v U A 2-2-(2) : SPRAL, R FHEEARVER), Ak SEE —JEE FBE 1 KBk

ZDOTF U AIESPIT LD KKIHNC R U7z Bz, B N EEEARERD, KEEEEE 1 KRR E . 2720
FEOEE LW VA TH D0, B DREETFR AR % B oy 3k 5 D T K S OPEIGHEE M HLEg FE <
MIRFRFHKIRORREMN ARETH 5,

HARHEBARE LD &, FRBEMHERINNEL RO TKIFEOTEREENKE L RD0, W
KENTODOIERNPEL 725D T, HAREENKE L 7252 L OFEITMZRINDIBERICH D,

X 8.11 DFFEREEIC LAE, A=400m2, 600m? D /7 — A THRATREEEZ R FEZ T - S 220y, FilzE
K ST OREEERR AR 2 B 6D B R S T FRETH A 9,

B, ZOVFIUFTOKREITIREKRETHLINE, ZOFFHRBETIIT KB ITE FILREEECm b
TRENN R 72 D, THBSTREhOMELR O 72 DI I T REEERE B A R ORI E 72 &6 Z 8 L 7= 3HE S L E ) 3 40
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827 BE-ERTHEOREHK=4DHBEDF ')A, (A=1000m*, 1200m*, 1400m*, 1600m?)
(1) 7V A& LR FEGHRE DR
Z OMEERHEFNILRTE 8.2.6 BiOMFEEMW) LU TH 5,

SP i, B FHEMEARVEE DS Tlix, A=1000m2, 1200m2, 1400m2 OFE5 D, >F VU F 2-2-(3), 2-2-
@), 2-2-B)EWFEAREIIH KD X O ICHRIWEME LR 5T 52 EntHks, £7-. 2O ORE %
2-2-@NTBL T AUEE OIS U T Bt KIROIEREE &R T 5,

—J5, A=1600m*> OHEIZIZT T U A 2-2-Q) ZMRAEAREIZ T D 12 OIZITFFRIEEMEROFF L AR
T5H, T THELYFTUA2-2-(4), 2-2-G)TED LT-FEY 22T U A4 2-2-QNTHi Sy Lz & hiudak
FHKTRIFIEFITRRE L 72 b DT 0 | B 2O ERLEL TR T 5 2 L 13O TR HIZ/R D, L,
ZHTHETT VA 22BN R D RIEEHERO FREL N 5D T, Eo%E 0 & LTHD
Tk LWEREHAKIRO T Gl 2O EREZ R T2 Z EBLEIT 2D,

Z 2T, A=1600m? DAL, U A 2-2-(4), 2-2-(OIZE LTERFRSEEMER O 2T U A
2-2-(2) & 2-2-)DFEFHKIENNT v AR FBERNTe D L oIl Sy Lz, FIZ, A=1400m? DA 1EY
F U A 2-2-B)DOMFERIE A AT TS L OB T 5D 2 LIXAHEREA, 75 LT U A 2-2-(2 D% aF AR
BEELWHDIZR DT, v U A 222 & 2-2-B)DERFHKIAD N T AREID & 5 ITHFRIEEMER
DY Z TR LT,

#8.9 EE-JTHORE=4 DGEOT T U A LARMER, FFREGHEROR Y. Rat kIR ()

. Bk R T L L AFBRER R A=1,000m? A=1,200m? A=1,400m? A=1,600m?
YFUF —— SFVF s — — —
No | sp |mTmE| B BD | g [EEED am P petiim PO ot gom [EERA] R
BRGR | REX 0.00837 0.00764 0.00707 0.00661
1-1-(1) 0 0.410 | 0.2621 0 2-2-(1) 0 2-2-(1) 0 2-2-(1) 0 2-2-(1)
1-1-(2) 1 0.410 | 0.2621 0 1-1-(5) 0 1-1-(5) 0 1-1-(5) 0 1-1-(5)
1-1-(3) fFe 2 0.154 | 0.0983 0 1-1-(5) 0 1-1-(5) 0 1-1-(5) 0 1-1-(5)
1-1-(4) 08 3 0.026 | 0.0164 0 1-1-(5) 0 1-1-(5) 0 1-1-(5) 0 1-1-(5)
1-1-(5) | A 4 0.002 | 0.0010 0 0.2t"+Qsp 0 0.2t"+Qs 0 0.2t°+Q,, 0 0.2t"+Qs,
1-2-(1) 0.8 0 0.410 | 0.0655 0 2-2-(1) 0 2-2-(1) 0 2-2-(1) 0 2-2-(1)
1-2-(2) 1 0.410 | 0.0655 0 1-2-(5) 0 1-2-(5) 0 1-2-(5) 0 1-2-(5)
1-2-(3) T\fjﬂ 2 0.154 | 0.0246 0 1-2-(5) 0 1-2-(5) 0 1-2-(5) 0 1-2-(5)
1-2-(4) ’ 3 0.026 | 0.0041 0 1-2-(5) 0 1-2-(5) 0 1-2-(5) 0 1-2-(5)
1-2-(5) 4 0.002 | 0.0003 0 0.28°+Q,, 0 0.287+Q,, 0 0.28°+Q,, 0 0.28°+Q,
2-1-(1) 0 0.410 | 0.0655 0 2-2-(1) 0 2-2-(1) 0 2-2-(1) 0 2-2-(1)
2-1-(2) 1 0.410 | 0.0655 0 2-1-(5) 0 2-1-(5) 0 2-1-(5) 0 2-1-(5)
2-1-(3) fFm 2 0.154 | 0.0246 0 2-1-(5) 0 2-1-(5) 0 2-1-(5) 0 2-1-(5)
2-1-(4) 08 5 | ooze | oo0ar | o | 2109 0o | 210 0o | 210 o | 216
2-1-(5) | s 4 0.002 | 0.0003 0 0.2t24Q, 0 0.2t24+Q,, 0 0.2£24+Q,, 0 0.2£2+Q,
2-2-(1) 0.2 0 0.410 | 0.0164 0 0.224+Qy 0 0.22+Q., 0 2-2-(2) 0 2-2-(2)
2-2-(2) e 1 0.410 | 0.0164 |0.00113 [0.0222t°+Q,,| 0.0004 |0.0369t*+Q,,| 0.00403 | 0.022t°+Q,, | 0.0036 |0.0244t°+Q,,
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Frequency distribution of Fire floor area spread rate (Af/t"2)
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