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Table 1 Fire loads

Rigid urethane foam, RUF 1.0 kg
Flexible urethane foam, FUF 1.0
Curtain (rayon) 1.2
Cotton sheets 0.6
Nylon-6, PA (pellets) 1.0
Wool 1.0
Polymethylmethacrylate, PMMA (pellets) 1.0
Polypropylene, PP (pellets) 1.0
Polyethylene, PE (pellets) 1.0
Polyacrylonitrile, PAN (fiber) 1.0
Urea resin, UR (flakes) 1.0
Melamine resin, MR (flakes) 1.0
Wood (sticks of 4 cm square) 50.0
Ruton (cotton) 4.0
Plywood (5 mm thick) 16.0
Wall paper (PVC) 2.2
Carpets (Modacrylic) 6.5
Corrugated cardboard boxes 7.0
127 kg
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Toxic Gases Evolution in Room Fires

(Abstract)

Tokio Morikawa and Eiji Yanai

(Received May 9, 1986)

Fire experiments were conducted burning combustibles corresponding to construction
materials and other room contents in a semi-full scale room under various air supply conditions.
This paper describes toxic index Z(C;/Cg;) vs. CO,/CO ratio (C;: the concentration of gas
component i, Cg;: its lethal concentration), volumes of air-diluted gases adjusted to lethal level
per unit mass of fuel vs. air supply rate/mass burning rate, a comparison of CO and other
toxicants in terms of toxicity, and a comparison of potential lethal effects, toxicity, oxygen
deficiency and heat.
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288 ("1 7-@E,rT,) LR 2HEADLY
FRENVENTIBREER L2, EHEHICESE
AEE AN HE (TESENEE LT ICDONTE
SRMENNENER~NI,

EBERT L &L, Ay TR BEBENIREOER
HEHENMESIZ D>V TRET L 2O THET 2,

2. ERFE

2.1 ERER

EARHFRFNEFELLOEHY, )74 ZH%
THL, MEIZRT > L 2T, EEI32.65kg, HE
[349mm, NEFEIZ235UTH S,

FHLZEI~Y FIZRA ML o7 =R T, BB
50kg/emd L ) & 70kg/ecrd L D EFEEL, TR LE
WEAHTO ~25kHz TH B,

FEf~y P oBon A 280 T ARIERIC L
DHIEL, T—F 1L 3—5— (ER O ~ 5kHz) Ttk
LERITL 72,

2.2 Ay F7OMERURET

By TOMEIZT N =74, #EIF9.5%, #
(2 28mm, PBE|Z0.5mm, FER|I42mTH 5,

2.3 I5—-ICL3HHEEHOBRE

# oy THFEICBCTHBRENDRNIZELT 2EALH
NLlHIZ, MEPRAT VAT, EEH1.75kg, W
FH49mm, NEFEHT188mld FIRRAR OB R L FERAL,
IRz 2 %W fHY, 3ERS S CeERNER
B 8 m 2 % BIBFA b 3UENEEBHC & - TmBh
BT ARBOEHEBEL 2, MEGEEIX],200keal/h
L, Nt BHREROBBIIENETHLAV
Il EELEILTHE, Bzl 7i32.2040TH 5,
BESIC I BEERS0W 7 4 2Rz,

2.4 m#FE

ENBEBERE T 720 —F—i2 L 0kl 72, &
BHIBEH11,000kcal/mw DERH HRI3ATH B, ED
TP ENBFRETICEN I LI HIICENTRNES Z
HREL 72,

MEGEREL, BT TR ERERA 2y 7TEICE
% ¥ %{3600kcal/h, RFEOEREMBAKICL S & B
2,700kcal/h TITh L T %,

FIHOWETE, =B LICE-72) 210% -
20 L, EREOFFMICEEIH LK I, FniliT
DINEEE TMEL 72 65— KN HB Y L EFBELNS
PERABULEND B,

ZNSH, BT I —F—DOBENTREL
ERICECIMBICERTLZ LI L, TRABRUZE
REPHERCELLTNE, EHLT—22EB50
v, 4ERoMBuEE —BE FRBERE KRS, o
BRI 7o 708 ic e 2o THITICE B 2 Lz L7z,

JN#AIEE % 330keal/h, 600kcal/h, 1,200kcal/h B U¥
2,640kcal/hiz & 572, N—F—BF 1R & L2 A5,
2,640kcal/h e &3 24 L L7z, ZHIFERL 723~
F—OREINBCDTRHIRS LD, 2oy FALR
PO CHLT LD TMBEEI TR D Z &RV
EANBFHREL:OMBEFALCETRHIENESRE T
A, M EE L TENBERER T I Z & & LR
EBROFULRLL2HTH S,

2.5 ENBB|OBRIE

# v 712 DOP (dioctyl phthalate) 5g% &1, P,-Ra
BEX(0.1m@) TH v 7HEVENEBETCORE
RRIEL 72, MBS BE LR oBF % Fig. 21
TY, ZORTEBICIE, FTRENOMBEE T/
7y 7THBEBORE LA L, BEERICIET, 200keal/h,
2,640kcal/h IC BT A ENBFHREROEBE LR
U UL LN EaSE CImER L 23 Ans, TnEkbE
BRI LEETR, 7y 7THRRBOBE IENES
BEXOREHIED Z EATRENTW S,

2640
I~ L7 1200
~ anok T 264
S 300 o 264Q- 1200 600 55
o L keal/h
2 Va
S 200k y
2 4
2 '
T 7
2 160f 4
5 i
= Ly
/24 SR I R N U B U B |
0 2 4 € 8 10 12 14
Time {(min}
Fig. 2 Relation between heating rate and temperature

rise.

Solid lines are temperature of dioctylphthalate
S g in aluminum cup.

Dotted lines are inner bottom surface temperau
temperature of pressure vessel.
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Table 1 Samples

Chemical name Abbreviation Concentration and diluent
di-t-butyl peroxide BuPO 98%
t-butyl cumyl peroxide BuC 94%
t-butyl hydroperoxide BuH 70% in water
cumen hydroperoxide CmH 80% in aromatic compound
2,5-dimethyl2,5-di-(t-butylperoxy) hexane HexBu 95%
di-benzoylperoxide BPO 100%

2.6 #¥

BEHL, B Loy v 7THEIC & - THEGEE 1,200
keal/h TIT» 2 FHERD & FRIEAH»ENT S (&
— 782 Tho7) BREREATZ, ZNLIEHED
LT, 1h¥s4, ik BE, &% % Table 1057
T, REES5 gL, Ay THETES Yy FIEIC, B
BN clidoES*&EICL ) >V T—ERES
EHNERICEALERREL 2,
2.7 EBR
ENBHICEAR AN, BEE2 R THESL®%, 7
ABIRL 2D DT e =— P ST R 7,
LEEOMBREG—EL THRLNL L2, S—F
—DHARBEERRELZ D L0 LHFEL 721%,
PENLEBEEL, MBEE o —F—5 3w,
EFI~y F, BOTARER, T—FLa3— 55—
HEL, TAFBEHO 70— FHIREIL 22 { - Th
Loi—F—ZF AL, T—2Vva—F—iZEH~v F
DEEFHEELICHAZAN L2, N—F—icBF XL
TP LBV T ARERDEEIER A —F—»%, ks
DL 2 TRTIRND S 5 3 TORBYRELR,
BonritEE2 v L a—F—0 883, /95 4A—
F—RBATL, MBAEEABL Cr LY —72Hbhn
5T CORBMBROEREZ, T—F L a2—5—ni
BORIEEZE L TR,
MBEHGL T2 5 E— 79 HbiL b F TOREMIL,
ENEHDRECHEINIDT, EBRIRTTLS
EIEANFESHERGL, KE2KRE X - Th LB TR
T 53T ERKREL 7,
2.8 EHBBRUAYTDIY ==y
ENEFEERIENFNOEBRKTRICT T
BRELHER -7, BREELICHRETEL VL EZ
TV —CAER ZRERLDOTE W,

By TR TVAENTERLLDET 2> Tk L,

EEBRBERL:, Ho TIZERTICEREZ T,
3. EEBRER

3.1 MBEEEOBENTIADASA—%—

MBEEREZ LI - THBENDPEDL S
KELT 25, £/ Z0EMBEEICERYE % FTE
THIMBY T A—F— 218 DI EREIT-72,

Ay 7ETIEFg SOEAMBI L -7, ThiE
2L TSN 225 BIE L fE % Table 2-1, Table
2-212RY, DEBHEL VBPO OSSR, &
BAHEB BRI L AEBRORBNL DL BT 2
el Fig. 4icm L7z, ZHIEES~y P2 s nES
PA v eRI—FICBIELCANR, BEEEELLY
NTHB, Table I EHEMBAEIC L ) IBEET, 200
keal/h, 2,640kcal/h THEES BN E L v BuC, HexBu
IZoWTEAMSEEEICL CEL N aBEHOEL
DEERL 2L 0T, REOGEROBEEHH » 7L
B DT v, BRI R FMEYT 5720
43, MBGEEL VK L TR NI L vwh R e
FTELEDIAT - EBRERTH D,

ERMEEIC L) 88 2 MEBE 1, 200keal/h TH %
L T bz ofglE f1ai#i2 Fig. 5127c -7, Table 4
i3y 7k & BRI & DOINEREE 1, 200keal/h B
TBENMMEEIL TELNLSRIENBILETL,
B TRET 2 BRETE oI, EHEAEE S
IR R LNI2A ) T 4 RERE R BB TH 2, Table
SICERELZFMT 200NN HEE L TRERE
NEAFEERV(ERZEEN) X (RAKEH LRBEE)NE
ERLBET A EICL 2,

FES1H#D L RDI2 5 2 —5— (3, FhENOE
TERUL T, TEMEZHBL T LEVE— 728 b
NBETORM(S, #), p BE— 74 BEbNnsHE
BIOEH (kg/em), PlafAE b8 (ke/ar-sec),
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PizglEREN (keg/av) TH B, BAHFECIZH v 7k
DETHHZ L%, DIIEHNBENMETHILZ L %
R, BFLRRMOE—IDME, 213 °-FBoL—
JOMETHBEIE%TT, Fvia(—)ide— 228
1 D& (P, P, 5% 2 E,) THBEZ L 2T, R7

—(® 3B HBEbN L WEA T, MEE Bk
LTho@ZBLBlsT L, ZoBHE T,
P, POlEi%F¥, (3 — 7 0IERMIEL e T
122 ThH2, tIFE—27DTEEDHLEHICE
ZETICRBLBMERT, I3 EMCHRHETLE

Table 2-1 Numerical data from pressure rise curves obtained at heating rates of 4 stages in case of

use of Aluminum cup

(sample 5 g)
heating rate T p Pey Pcl Peo f’cz
(kcal/h) {min-sec) (kg/cm?) (kg/em?) | (kg/em?-sec) | (kg/cm?) (kg/cm?-sec)
. . 20. . - -
330 17.00 6.2 0 0.8
12.49 6.2 20.6 0.9 - -
10.00 54 24.6 3.7 - -
600 9.00 6.2 26.0 2.1 - -
8.30 54 26.0 3.0 - —
2.36 04 7.8 14 15.0 0.04
BuPo 1200 2.28 0.4 7.0 1.0 14.4 0.04
5.24 5.0 304 7.7 — -
5.13 4.2 28.3 7.2 - -
5.14 4.6 28.7 7.7 — —
1.53 0.2 7.0 2.4 15.6 0.16
2640 1.50 0.6 8.0 1.9 16.4 0.05
2.59 3.6 30.3 6.7 - -
5.20 1.2 16.0 3.7 - -
330 4.50 1.2 14.9 2.1 - —
5.06 1.2 149 3.0 - —
4.22 0.4 159 34 - -
600 4.28 0.4 5.8 1.0 14.1 1.7
BuC 4.30 0.4 5.8 0.5 13.2 14
3.10 0.4 54 1.0 14.1 2.1
1200 2.58 0.4 7.1 4.3 14.1 2.3
3.10 0.4 6.2 2.5 14.1 2.2
2. X . . . .
2640 19 04 7.1 5.1 154 5.2
2.46 0.4 6.0 2.8 14.6 5.0
330 B B - - B -
*11.00 0 9.1 0.02 — —
600
*13.12 0 9.1 0.02 - -
BuH 4.07 1.7 13.3 4.2 17.0 0.06
1200 4.09 1.7 139 5.8 17.6 0.03
343 1.7 13.7 6.1 20.3 0.03
3. . . . . .
2640 23 2.9 19.8 59 26.3 0.01
2.46 1.7 13.7 0.6 17.9 0.03
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Table 2-1 continue
heating rate T p P Py Py Pey
(kcal/h) (min-sec) (kg/cm?) (kg/em®) | (kg/em?-sec) | (kg/cm?) | (kg/cm?-sec)
330 7.32 2.9 8.7 0.5 - -
5.30 3.3 11.6 3.5 — -
600 441 2.9 9.7 1.1 — —
4.49 2.9 104 1.7 - -
4.04 1.2 13.7 1.7 17.0 1.3
CmH 4.14 4.2 14.8 2.2 16.2 0.9
1200 . . . . . .
4.20 33 7.9 0.7 17.0 0.9
4.06 1.2 7.9 1.6 16.6 0.8
2. . . . . .
2640 55 1.7 9.6 1.2 17.9 1.2
2.44 2.1 10.6 1.0 17.0 1.3
5.54 1.2 7.3 0.7 20.8 1.7
330 4.59 1.7 25.8 5.2 — -
5.14 1.7 25.8 5.2 — —
4.03 1.2 7.1 0.8 20.8 3.0
600 3.53 0 7.3 0.7 21.2 1.5
HexBu 4.50 1.2 3.3 0.4 20.2 5.3
2.48 0.4 5.8 1.1 24.9 5.9
1200 2.56 0.4 6.0 1.3 28.3 5.6
2.45 0.4 54 0.8 24.5 6.3
2640 2.19 0.4 6.7 2.2 249 7.3
3.35 0.4 7.1 54 24.9 6.2

Notes: T; Time during decomposition started after heating. p; Pressure at decomposition started.
P.1; Pressure reached at first peak. P_1; Rate of pressure rise at the first peak.
Pg9; Pressure reached at the second peak. Py Rate of pressure rise at the second peak.
—; only one peak. *: Runs were continued to time of 7.

Table 2-2 Additive numerical data of BuH

heating rate *T p Pey Py
(kcal/h) (min-sec) (kg/cm?) (kg/cm?) (kg/cm?®- sec)

t11. . .
600 at 11.00 0 9.1 0.02
at 13.12 0 9.1 0.02

t12. . .
BuH 900 at 12.30 0 13.3 0.02
at 14.00 0 14.1 0.02
at 13.00 0 13.0 0.03

1050
at 13.30 0 13.2 0.03
Notes: Abbreviation are the same as Table 2-1.

Heating rates can be obtained by extrapolating the curves in Fig 2.



2

19864 9 A

RIS $62%5
N’\ 40 = ’\g
£
o
~ o
2
® 20
3
7
§ -
= J
o ¢ L L 1

—3 K— 100 msec

Fig.4 Pressure behavior of BPO in case of use of
aluminum cup.

iR EDRE D 12D TS LB A ) 7 4 REET,
EE»LBLEN FAEE, FEEN LT B0
iZ Table 4 % (s Table 5z X8 2&-72, HEMREHV»
Y TEICENBONIAY T 4 RN ") EHMBE
X0 BN MEY ¢ TH B,
3.2 Ay TALLETIRBOEDOHE

7y THET, SRBEIEBICE— I8 LICh Bk
FL2ITUDEEDDHBENIZ, RBOGBEEBEHH» Y
TREEANEFERICEERYS L E 22, 22T,

QI BRLEBFHEFRICLIMBORBIKE-TH
HFRNEHHBEL:, FOER, 79 7THORANE
5, TEIVEITTLRE, FRA@RETLIHRE, B
HEDCBITIANORELBETL TR,

RMDOSRIE —KEIETH DT, BHRENES
NTIRRETI2RBDENICL » THBRRIEIE %
HEHEINDD, Hov7HIMIBITARABOKED
BiL, BHRAENEBNICRELESZOBEIILS,
3.3 MBEE L SBEHOEIL L OBE

BB DOGREN RV BBRETHED DD T £
— =A% RIZRT,

1) BuPOitoWTABE, E— 7 1DEEE 2
DEENH B, PAITMBEE»KEL LD EEH LY,
600keal/h L ECT—5EIc e B, PobkE { % 251,200
keal/h Pl EC—Eich 2, MBEELIKEL LB & P,
BRE(L D, P3P ENEL, MBEEHKE
o Th P 3B L 22, IMEEEH7600keal/h 7 &
X, P.i3#929.0kg/aw, P,i3#57.5X10%kg/ow-sec T
bb, MEBEED1,200kcal/h D & X, P 13457 . dkg/en
Pe 13#91.2X10%kg/cm-sec Th b, E— 7% 110k
5LEDpF 2B EELNEL, TRELS S,

Table 3 Values at 1200 kcal/h and 2640 kcal/h of heating rates in case of direct heating

(sample 5 g)
heating rate T 14 Pp PDmaxx10?
(kcal/h) (min-sec) (kg/cm?) (kg/cm?) (kg/cm?-sec)
1200 3.05 24 14.0 0.6
BuC
2640 2.01 0.6 15.5 0.8
1200 2.50 24 16.0 1.4
HexBu
2640 1.58 1.8 21.0 2.0
Notes: Abbreviation are the same as Table 2-1.
— BuH .
N
= 60 g
~ ~
£ 30f Bur0 HexBu <5
g BuC £10
2 10 d//h\ 2
) @ 5
[ o
o oL 1 1 1 1 1 1 1 | 1 1 1 i 1 1 1
— k—1 sec 0 2 4 6 8

(a) Curves of BuPO BuC, BuH, HexBu

Time (min)
(b) Curves of CmH

Fig. 5  Pressure behaviors in case of direct heating at 1200 kcal/h.
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2) BuCic DWW TA B & INEEE H*330kecal/h TE—
78¥A1LICH Y, 600kcal/h TE—2 A LI B E &
r2ichdEEHHY, 1,200kcal/h L ETE—T7EH

b, PAAMBEENKEL > TL—ETHY,
Pc%; FETHd, P dMBEEIKELL LB LR
%h, PoAsnBsEEDIKE (b ERRKRED

Zﬂr, INT XD D, P ldMBEREIKEL LT
LIZFT—FETH D, Po,li P b N HFEWD, P L DKW,
P RU P 3MBEENREC 2B ERESANEL
ISR EE T3, IHTTE UIE TH 3, I1EEE H7600keal/h
D& E, PAI#15.4kg/ow, P i3#3.6X10%kg/or - sec
Th b, NMBEEH?2,640kcal/h D& &, P, li#y15.0
kg/ow, P.,13#95.1X102%kg/cut-sec Th b, Po, 5P &
NREREICE>TwD, E—2HAI LI LDBEED

BEe— 821t b a8, TIRE—7K
fr lickdEal 2L:7§:Z—> EELIIRELENT O,

3) BuHIzDwWTAi3 & Table 2-2 (2R $ L 52

EIEEEHT],050keal/h £ TlRELVE—7 D7 E /IR
HE L 7z, 1,200keal/h Bl ETE— 7 #0052 DETIE
BhrBLn, MBFEIKES LB EPITE(LY,
P i3z —EIc 4 B, MAREH'1,200kecal/h > & X,
P, 13#513.6kg/cm, P 13#95.3X10%kg/cmt-sec TH 1,
2,640kcal/h O ¥ & P.1316.6kg/cw, Pe, 135.9kg/cm -
sec TH 5,

4y CmHiz DWW T A D &N & EH600keal/h £ T
Be— 7% 1T, TREDVMBEEIKRE( LD &

C— JHH 212 57z, IIBGEE A330kcal/h D X & 3
BoOLEBTEr— 7B bhi Y Bbhth->72Y LT,
R UE A B S i h - 7z, Fig. 3(d) oL h#R
R Table 2-1 /<5 A — 7 —{3, ©—7#Hbhlz
EEDLOMBRIETH S, PlimBugErkEl
BB, PebRE (D, Pold s &
KELCHD EEL LD, Py /hE D, PLidmE
HENKREC D EELD, PLobRE(kD, g

Table 4 Numerical data from pressure rise curve obtained at heating rate 1200 kcal/h

(sample 5 g)
use of Aluminum cup
- " 1
P t1x107 | Py/t1x10% | Pymaxx10? Py t9x1072 | Pp/tax10% | Pomaxx10® | (mm)
(kg/cm?) (sec) | (kg/cm?-sec) | (kg/cm?-sec) | (kg/cm?) (sec) | (kg/em?-sec) | (kg/cm?-sec)
6.9 6.8 1.0 1.4
ligibl
6.8 7.6 0.9 1.0 neghigible
BuPo 239 8.2 2.9 7.2 - — - — < 0.7
24.5 9.5 2.6 7.9 — — - —
25.5 9.4 2.7 7.7 — - — -
5.1 5.1 1.0 1.0 114 16.6 0.7 2.1
4.2 5.8 0.7 4.3 10.9 12.8 0.9 2.3
BuC 3.4 5.4 0.6 2.5 10.1 10.5 1.0 2.2 < 0.7
15.4 51 3.0 5.8 - — - -
BuH 17.8 4.9 3.6 6.1 — - — - 1.5
14 .4 5.7 2.5 4.2 — - — —
6.7 12.7 Q0.5 1.7 9.0 13.3 0.7 1.3
CmH 10.7 8.2 1.3 2.2 - - - - <0.7
10.5 10.0 1.1 1.1 - — - —
6.7 94 0.7 1.6 9.0 12.8 0.7 0.8
3.8 6.3 0.6 0.8 20.2 4.5 44 6.3
HexB 4.2 5.1 0.8 1.3 19.3 4.1 4.8 5.6 2.0
X .
Mt ) 8.7 0.5 1.1 20.7 6.1 34 5.9
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continue
(sample 5 g)
direct heating
2
Pp tx107? | Pp/tx10* | Ppmaxx10? (mm)
(kg/cm?) (sec) (kg/cm?-sec) | (kg/cm?-sec)
21.8 9.7 2.2 1.5
233 9.9 24 6.6
BuPo 22.7 10.6 2.0 6.8 1.0
21.5 9.2 2.7 6.0
21.5 10.4 2.1 54
13.1 42.8 0.3 0.6
14.0 36.8 0.4 0.6
BuC 13.1 38.3 0.3 0.6 14
13.8 33.6 0.4 0.7
132 37.0 0.4 0.6
29.5 25.0 1.2 2.3
BuH 34.4 239 1.4 2.6 <1.5
31.9 28.1 1.1 2.3
CmH no sharp peak 1.0
17.6 31.3 0.6 1.3
HexBu 15.9 33.3 0.5 1.3 1.8
15.3 438 0.4 1.5
15.9 44.7 0.4 1.5
Notes: Abbreviation are the same as Table 2-1.
# are orifice diameter from references.
¢] are measured in case of Aluminum cup and
¢7 in case of direct heating.
HEEAT600keal/h D & X, Poi4910.5kg/cr, Poid#52. 1 kg/om, Pold495.2X10%ke/cnt - sec Thb, MBGEEH
X10%kg/awt sec T 5, HIELEEH1 ,200kcal/hod & X, 1,200kcal/h o & %, P, 134925, 9kg/cnr, P,, 13455.9X
Pc,li;%'JIO.Bkg/cnf P, 5% 10%kg/cnt+sec THh %, 102kg/cm’-sec ThHbd, E— 71 b e Dp it
E— 780 kb ranpii2ic %HEEENEL, B EELINEL, TIERELED L,
TizR<C %3, Fig. 3(d) 12223 k512 SHEEN RN BuPO@PC, PctPcl, Pl IKRELEND DL,
BOZADMBEEIZKRE CHEE T 200, 0 HOREO K E Wik - BITBP P RUP
AEHC AN TEHETH B, P o k= %57, BuHIcid t"—ﬁgmn DBAN
5) HexBulZDW\TA3% & T A7 330keal/h TE T, E—IEI1IThD X Dpli2llhbr sk
— AL NIF 212 73‘60 INE O MBEEDIKE D&V, HEH oto’CTrb B b,
bEb— 7%(75‘ Wb, PolsMBEE I KRE (L EREMNEEC &) IBGEEE 1, 200keal/h CRRIT
LEE—THN 210D, P ldBEESKEC D AN & N4 R, Fig. 50k 512 CmH| _ﬁm\EH
E—BAR D), ﬁ()r—ﬂ&o’c EiZl b, Pc, ik THB IR, @THOREHI SV TE—2#h7 1 T
%D P 3MMEENIREC LB BN, By borz, MBAIE2,640keal/hod & % BuC B U HoxBu

bREL B, MEGEE600keal/hd & X, Pl i#)zs.s

DEAHBLE— 7851 Th o1z,
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Table 5 Values of Pryax x P at heating rate of 1200 kcal/h and ¢
(sample 5 g)
direct heating use of Aluminum cup
" N - " - . o1 ¢2
PDmaxxPpx10 Pc_lmaxXPclx10 PeomaxxPcx10 (mm) (mm)
(kg/cm?)? [sec (kg/cm?)? [sec (kg/cm?)?/sec
163.5 9.7 lioibl
157.1 6.8 nieghigible
BuPo 1544 172.1 - <0.7 1.0
129.0 188.7 -
116.1 196.4 -
7.8 51 23.9
8.4 18.1 25.1
BuC 7.8 8.5 22.2 < 0.7 1.4
67.9 89.3
BuH 89.4 108.6 negligible 1.5 <1.5
734 60.5
114 11.7
23.5 - !
CmH no sharp peak 11.6 < 0.7 1.0
10.7 7.2
22.9 3.0 127.9
20.1 5.5 108.1
HexBu 0 2.0 1.8
22.9 4.6 122.1
Notes: Abbreviation are the same at Table 2-1.

¢ are orifice diameter from references.

#1 are measured in case of Aluminum cup and ¢7 , in case of direct heating.

3.4 BEFIISIIRHOEDHOHE

Hoy TICANREBEZERPICES, MEAOKBI
Mo TRENES L 2 F—ic kL ) BELZHERIZUT
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Study on Relation of Pressure Behaviors to Heating Rates by Closed Type
Pressure Vessel and Possible Hazard Evaluation of Organic Peroxides

(Abstract)

Kohtaro Kakita

(Received November 28, 1985)
(Revised May 14, 1986)

Experimental investigation as to relation of pressure behavior to heating rates was made by
using a closed type pressure vessel with a strain gauge type pressure transducer in which
Aluminum cup sample container was set.

Five organic peroxides were selected considering pressure behaviors of heat decomposition
in preliminary experiments of twelve samples.

Experimental investigation was also made without Aluminum cup in this pressure vessel.
It was concluded as results of experiments that there exists optimum heating rate for the hazard
evaluation of thermal decomposition.

With mirrors and a scope, pressure behaviors of samples were observed and some information
was obtained. The discussions could make clear the reason why pressure-time curve had one or
two peaks. The author concluded that measurements by these different methods had some
characteristics for hazard evaluation of peroxides.
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Table 1 Specimens.
Sample No. Pile materials Pile form Pile length
1 Polypropylene 100% Tuft (loop) 4 (mm)
2 Polypropylene 100% Needlepunch 1
3 Acrylic 100% Tuft 6
4 Acrylic 100% (F.R) Tuft 7.5
5 Acrylic 100% (F.R) Tuft (loop) 5
6 Nylon 100% Shaggy 6~15
7 Nylon 100%  (F.R) Tuft 6
8 Wool 100% Tuft 7
9 Polyester 100% Tuft 10
10 Wool 50% + Rayon 50% Tuft 5
11 Polyester 50% + Aclylic 50% Tuft (loop) 4
12 Polypropylene 50% + Nylon 50% Tuft (loop) 4.5
13 Nylon 50% + Polyester 50% Tuft 3~17
14 Wool 50% + Acrylic 50% Tuft 7
15 Acrylic 75% + Vinylon 25% Tuft (loop) 3.5
16 Polyester 65% + Modacrylic 35% Tuft 8.5
17 Untreated filter paper (No. 24) 1 (thickness)
18 Filter paper treated with NH, H, PO, (5.4 wt%) 1 (thickness)
19 Filter paper treated with NH, H, PO, (12.8 wt%) 1 (thickness)

F.R: fire retardant
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Fig. 1 Cone type ignitability apparatus.
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Fig. 2 Relation between the irradiance and the ignition
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Fig. 3 Relation between the irradiance and the ignition

time for two kinds of polypropylene carpets and
other mixed spinning carpet with polypropylene
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Fig.4 Relation between the irradiance and the ignition

time for three kinds of acrylic carpets and other
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Fig. 5 Relation between the irradiance and the ignition

time for two kinds of nylon carpets and other
mixed spinning carpets with nylon and
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Fig, 6 Relation between the irradiance and the ignition
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Fig. 7 Effect of ignition time due to flame retardance.
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Fig. 9 Surface temperature vs. time curves for gypsume

board in the irradiance levels of about 1-4 W/cm?.
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Table 2 Comparison of limited irradiance and limited ignition temperature obtained in cone type
ignitability method, oxygen index and results obtained by the 45 degree flammability test
method for carpets.

Sample No. Pile materials Ol value F/S Iep Tig.cr
1 Polypropylene 100% 21.0 0/6 0.65 163
2 Polypropylene 100% 21.5 2/6 — -
3 Acrylic 100% 22.0 2/6 0.73 179
4 Acrylic 100% (F.R) 26.0 0/6 0.67 167
5 Acrylic 100% (F.R) 26.5 0/6 0.67 167
6 Nylon 100% 24.0 2/9 1.69 343
7 Nylon 100%  (F.R) 23.0 0/6 1.12 250
8 Wool 100% 25.0 0/6 1.28 277
9 Polyester 100% 24.0 0/6 1.63 334

10 Wool 50% + Rayon 50% 235 0/6 1.29 254
11 Polyester 50% + Acrylic 50% 26.0 0/6 0.95 220
12 Polypropylene 50% + Nylon 50% 22.0 0/6 0.70 173
13 Nylon 50% + Polyester 50% 22.0 1/9 1.18 261
14 Wool 50% + Acrylic 50% 25.5 0/6 0.66 165
15 Acrylic 75% + Vinylon 25% 25.5 0/6 1.66 338
16 Polyester 65% + Modacrylic 35% 24.0 0/6 0.89 209
17 Untreated F.P 18.5 6/6 1.25 248
18 F.P (NH,H,PO,: 5.4 wt%) 28.9 0/6 0.96 222
19 F.P(NH,H,PO,: 12.8 wit%) 43.1 0/6 0.84 200

F/S: Ratio of number of carpet specimens which failed in the 45 degree flammability test to total number of
carpet specimens tested.

Igp: Limited irradiance (W/cm?) [Irradiance at which the carpet ignites at £ — oo ]

Tig.cr: Limited ignition temperature (°C)
[Surface temperature at which the carpet ignites when it is irradiated at Icp.]

F.R: Fire retardant F.P: Filter paper

Table 3 (fomparison of K p Cp values obtained in this experiment, quintiere and literatures of (6) ~ (10) for
) polypropylene, acrylic, nylon and wool carpets.

Vaterias Rgi‘;};ﬁ;"e;‘gis Results by Quintiere | Values obtained by literatures (6) ~ (10)
Ioy Tiger | Ko Cp Iy Tiger | Ko Cp Tig | K {x 10%) o Cp Kp Cp

Polypropylene | g5 | 163 [0.0027 | - - - - 11.8 | 091 1.93 | 0.0021
Actylic 100% | 0.73 | 179 [0.0027 | 1.1 | 300 | 0.0042 | - 175 | 1.17] 1.26 | 0.0026
Polyester 100% | 1.69 | 334 |0.0017 | - - - - 11.8 | 091 126100037
2.35 | 0.0068

Nylon 100% 1.69 | 343 |o0.0012 | - - - 421 246 |1.14] 144 0.0040
Wool 100% 1.28 | 277 {0.00035| 1.6 | 435 | 0.0025 | 200 54 |033] 1.37]0.00024

Iy © Limited irradiance (W/cm?) [Irradiance at which the carpet ignites at 1 — o0}
Tigcr - Limited ignition temperature (°C) [Surface temperature at which the carpet ignites when it is irradiated at /,.]

K : Thermal conductivity (W/cm.K) p : Density (g/cm?) Cp . Specific heat (W.s/g.K)
Unit of K p Cp ¢ (W.sfem? K)?s
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Ignitability of Carpets using Cone Type
Flammability Test Method (ISO/DTR 5657)

(Abstract)
Eiji Yanai
(Received May 19, 1986)

Ignitability of 16 commercially available carpets were measured using Cone Type
Flammability Test Method (ISO/DTR 5657).

The results obtained are summarized as follows;

(1) Ignitability of the carpets depended on their surface materials. It was found that the
ignition time of the carpets is decreased in order of polyester, nylon, acrylic, polypropylene and
wool in the irradiance more than 2 W/cm?, but decreased in order of nylon, polyester, wool,
acrylic and polypropylene in the irradiance less than 1.5 W/em?.

(2) The experimented results suggested that the ignition time of flame retardant carpets is
generally shorter than untreated ones.

(3) They also suggested that the limited irradiance and the limited ignition temperature of
carpets can be used to evaluate their ignitability in fire prevention.

(4) The clear relationship between the ignitability and the oxygen index or the results of
the 45 degree flammability test for carpets has not been obtained. Therefore it was found that
in order to evaluate the hazard of fire in its first stage, the flammability characteristics of
carpets such as flame propagation as well as their ignitability need to be examined.
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Table 2 Mechanical properties

oy (kgf/mm?*)
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Table 3 Measured elngths of corrosion fatigue crack for HT60 steel
(a) Aogg =16 kgf/mm?

NwiNwf 0.16 0.5 0.8
2a {(um) c cwp (cc) | cwop c cewp {cc) | cwop c cwp {ce) | cwop
< 100 0 0 0 1 0 0 0 0
< 200 1 1 0 8 6 2 28 2 26
< 300 3 3 0 17 8 9 64 10 54
<400 4 4 0 34 10 (2) 24 28 13 (5) 15
< 500 10 10 (1) 0 26 17 (3) 9 24 9(2) 15
< 600 2 2 0 19 13 (5) 6 9 6(2) 3
< 700 1 1 0 9 8(3) 1 11 8 (6) 3
< 800 15 12 (3) 3 12 10 (2) 2
<900 9 9 (6) 0 12 11 1
< 1000 10 10 (1) 0 6 6 (0) 0
< 1100 3 2 (D) 1 10 8 (3) 2
<1200 3 3(D 0 S 5@2) 0
< 1300 3 32 0 7 7@2) 0
< 1400 3 2(2) 1 3 3 (0) 0
<1500 1 1) 0 1 1 0
< 1600 1 1(1) 0
Total number 21 21 (2) U] 161 105 (30) 56 221 100 26)] 121

(b) Ao, =20 kgf/mm?

NwlNwf 0.2 0.5 0.8

2q (um) c cewp (cc) | cwop c cewp (cc) | cwop [4 cwp (cc)| cwop
< 100 8 8 0 1 1 0 N 4 1
< 200 21 21 (2) 0 14 8 (1) 6 12 4 8
< 300 53 53(9) 0 34 29 4) 5 21 10 11
< 400 80 80 (24) 0 32 28 (11) 4 29 16 @) 13
< 500 25 25(7) 0 26 24 (5) 2 20 17 (4) 3
< 600 18 18(11) 0 26 24 (10) 2 35 32(7) 3
< 700 4 4 4) 0 28 27 (7 1 24 24 (7) 0
< 800 1 1) 0 15 15(3) 0 24 24 () 0
< 900 9 94) 0 24 24 (11) 0
< 1000 15 15 (6) 0
< 1100 11 11 (2) 0
< 1200 9 9 (6) 0
< 1300 2 2 (0) 0
< 1400 1 1 () 0

Total number 210 [ 210 (58) 0 185 165 (45) 20 232 193 (55) 39
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(©) Aoy =22 kgf/mm?

MwlNwg 0.2 0.5 0.8
2a (um) ¢ cwp (cc) | cwop c cwp (cc) | cwop c cwp (cc) | cwop
< 100 31 31(33) 0 17 14 3 0 0 0
<200 35 33(9) 2 65 31 (3) 34 7 4 3
< 300 43 43 (5) 0 46 27 (9) 19 5 0 5
< 400 27 27 (7) 0 46 40 (13) 6 9 4 S
< 500 9 9(2) 0 63 61 (26) 2 4 3) 1
< 600 49 48 (20) 1 4 4 (0) 0
< 700 35 35(12) 0 10 10 (2) 0
< 800 27 26 (13) 1 20 20 (3) 0
< 900 14 14 (6) 0 17 17 (2) 0
< 1000 R 5(1) 0 18 18 (4) 0
<1100 1 1D 0 11 11 (5) 0
<1200 2 2 () 0 18 18 (7) 0
< 1300 7 7(2) 0
< 1400 8 8 (5) 0
< 1500 1 1) 0
< 1600 7 74) 0
<1700 2 2 (0) 0
< 1800 2 2 0
< 1900 1 1) 0
<2000 3 3(D 0
< 2100 0 0 0
< 2200 0 0 0
< 2300 0 0 0
< 2400 2 2(1) 0
< 2500 1 1 (0) 0
< 2600 2 2(2) 0
Total number | 145 | (30 2 370 | 398, | 66 159 | @D 14
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Table 4 Chi-square distribution goodness of fit test for normal distribution

(significance level 1%)

SX;;S Cycle ratio Cracks Pits
(kgf/mm?) Nyw/Nws c cwp cwop cc h d
0.16 @] O — - O o]
16 0.5 *® O O o] O
0.8 * O O O O
0.2 (&) O — O O O
20 0.5 * o] o} (] O O
0.8 O o] O @] O o]
0.2 O O - O O O
22 0.5 ¥ e} * o o *
0.8 * * O * O *
0 Ty =6 hr. O @)
80 0.5
40%=22 (kgf/mm?2)
70+ Nw/Nwt=0.5
7 0.4}
7 cwp
[77]
60r / 72 cwop o ,D‘\\
A A < : 0-3r -
L / f L) EU /3 /,-
§w-§;/n < 0.2t /n/ 404 (kgf/mm?)
<
3 ,
E 2&/ L Ny o 16
v
£ 30+ 0-1} // a 20
) o 22
20 L /1,
7/ O 1 1 1 1
1dj 0 0.2 04 06 08 1.0
cycle ratio Nw/Nwt
0 Fig. 5 Relation between (number of connected crack)/
0 200 400 600 800 1000 1200 1400 (number of crack with pit) and cycle ratio.
crack length 2a (um)

Fig.4 Crack length histogram (Ao, = 22 kgf/mm?,
Nyg/Nys = 0.5).
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Report of Fire Research Institute of Japan No. 62(1986)

Statistical Analysis of Crack Length and Pit Dimension in Corrosion Fatigue Test

(Abstract)

Minoru Yamada and Asamichi Kamei

(Received May 28, 1986)

The corrosion fatigue test was made by using smooth specimens of HT60 steel under the
plane bending in water, and the distributions of crack length, pit diameter and depth for some
cycle ratios were examined.

Some of the important results are summarized as follows;

(1) There are two types of cracks. One is crack with pit and the other is crack without pit.

(2) The lengths of crack with pit have the normal distribution at each cycle ratios Nyw/Nwf
(Myw = number of cycles in water; Nyf = number of cycles to fracture in water) = 0.2, 0.5, 0.8,
The length of crack without pit doesn’t take it.

(3) The ratio nee/newp (nee = number of connected crack; newp = number of crack with
pit) gets the fixed value (=0.3) at the cycle ratio Ny/Nyf = 0.8, and is independent of applied
stress amplitude.

(4) The maximum length of cracks in each subregion of the observed area has the doubly
exponential distribution.
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Table 1 Gas compositions along the flame axis. (an example)

{Mass Fraction)

Dike fire with 4 open tank fires Dike fire without tank
Height (cm)
217 161 214 260 444 117 161 214 260 | 444

C,H, trace 0 0 trace 0 trace | trace | trace | trace | trace
0, 0.06 | 0.03 | 0.1t | 0.06 | 0.17 | 0.06 | 0.09 | 0.01 | 0.17 | 0.13
N, 0.69 | 0.70 | 0.72 | 0.72 | 0.75 | 0.65 | 0.67 | 0.65 | 0.74 | 0.74
CO 0.04 | 0.03 | 0.01 | 0.02 0 0.19 | 0.0 | 0.07 | 0.01 [ 0.01
Co, 0.13 | 0.16 | 0.11 | 0.14 | 0.06 | 0.04 | 008 | 0.17 | 0.05 | 0.08
H, trace | trace | trace | trace | trace 0.01 0.01 trace | trace | trace
CH, trace | trace | trace | trace 0 trace | trace | trace | trace | trace
C,H, 0 0 0 0 0 trace | trace 0 trace 0
C,H, trace 0 trace | trace 0 trace | trace | trace | trace | trace
C,H; trace 0 0 trace 0 trace | trace | trace | trace | trace
C;H, trace 0 trace | trace 0 trace | trace 0 trace | trace
C.H,, 0 0 0 0 0 0 0 0 0 0
C H, trace | trace 0 trace 0 trace | trace | trace | trace | trace

*H, O 0.07 | 0.08 | 0.05 | 0.07 | 0.03 | 0.03 | 0.05 | 0.09 | 0.03 | 0.04

*: calculated
trace: under 0.0049

Height: Height between dike rim and sampling point

KATAT, FiEEHR (Mass Fraction) DL EFI%
Table 1127k L 72, KOEER, Alger 57D H i &
>, KUANMEEROER» LFEL 2, POBE
Wéﬁu,@%fﬁ%@f E,%ft%lﬁt%ﬁ
72, 1EBMABAICII I B I ELEL
T3 oyngmeﬁ7/7m#%” BBk,
NTEDBEESPEL, WTRLIBEAEOK
v, Z0ERIEE, 7N IEEORRERIEL
12h5, FOEEINT I OHELVEL-212012,
BRTEBICL - TEhblzHEEZ NG, L
L, oR{bkE, —EBIERE, KFILPLLC, 2
BILRFEDF LI D LRI RITORTEY, £
DR, BEO~7 I oI EZLND,
:ﬁftﬁfiimf% Cco, (Mass Fraction) {3~7 %> "
BIERG TIEKICRT £ 91201830 K TH 5,
CrHis +11(Oz+4N2)»7C02+ 8 Hz0 +44N,
Cco.=Veo./(Veo,+ Vot Vi)
=7.44/(7.44+8.18444.28)
=0.183

Z 2T Vo ld b o DILERNBTH B,
TERMURFBERBEORLEL LRICKAZRE

Th > THEE B, %%F%i’ﬂ“wﬁ ELT
BY, By RN OBAICIIEEBREICTEWT &
FRLTw3

3.1.1 EaFkiME

kgl EOREREE & Fig. 21077 72, 2 TH#
i, BEBE, BEBIIEATEIH/DTHL, 2T,

o2~
| QO with tanks
S ®: without tank
=
Q
o
01—
0
£+:]
o
b
= |
o
. | ! 1
0 05 1.0 15

H/D
Fig. 2 Oxygen concentrations along the flame axis.
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hat profile assumption.
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Gas Composition in Flame of 2.7 m Square Dike Fires

(Abstract)

Hiroshi Koseki
(Received May 28, 1986)

An experimental study was made to explore the burning characteristics of 2.7 m square
dike fires, through measuring gas composition of flames. Two sorts of dike fires experiments
were performed, one was under dike fire with 4 open top tanks fires and the other without
tank. The experimental conditions were the same as Yumoto’s.

The following results were obtained by comparison with these experiments:

(1) In the former the concentration of O, was less, and CO and CO, were more than
these in the latter.

(2) In the former the dimensionless concentration of CO was greater, and CO/CO, ratio
was smaller, than these in the latter. These results suggested that the burning were made better
in the flame of the former. The major parts of the combustion reactions proceeded rapidly
below dimensionless height H/D=0.9 in the former.

(3) The results concerned on the flame height and the temperature were consistent with
view expressed above (2). The ratio of air entrainments A/A4 also suggested that the burning
in the former were made better in spite of poor air entrainment.
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Soot and Heat Radiation from Hydrocarbon Pool Fires

(Abstract)

Hiroshi Koseki
(Received May 28, 1986)

In order to know amounts of soots, radiative outputs and heat release rate from
hydrocarbon pool fires, furniture calorimeters of NBS/CFR were used. Heptane and toluene
were burned on 3 different size tanks (0.3 m, 0.6 m and 1 m in diameter).

The Results are summarized as followed:

(1) In heptane fires, heat release rate obtained from gaseous data and Parker’s equation
was consistent with that obtained from burning rate and heat of combustion, but not toluene
fires because of imcombustity of toluene.

(2) Soot from toluene fires was over 10 times as much as that from heptane fires in the
same size tank during the tests. About 10% of toluene was converted to soot during steady
state burning,

(3) Radiative output (&) from toluene 30 cm tank fire, at any place facing the fire, has
good agreement between experimental and calculated results by E = ¢R¢(€p/€,, ). Here Ry is
radiant emittance, €p the emissivity, €, the emissivity of infinite diameter fire, and ¢ the
angle factor.

(4) In larger tanks, the above equation changes to E = ¢R¢(€p/€, ) kA exp(-BD).
Here D is tank diameter, 4 B,K, are constant. Especially for toluene fire there is good agree-
ment between experimental and calculated results.

(5) From (3) and (4), not every radiative output follows the scaling law proposed before,
due to emissivity changing in small tanks, and soot block effect in larger tanks.
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Table 1 The calculated values of the numbers of ambulances in Saitama Prefecture 1979

Fire Department Population | Area (km?) E;g‘ﬁs; gefs Value S corrfdl;gfsrssiﬁs{gi%t;ew
Kawaguchi 354.691 56 6 18.1 7
Urawa 343.832 71 6 19.7 7
Omiya 340.311 89 5 28.7 7
Gyoda 69.662 61 3 10.5 3
Tokorozawa 215.477 72 S 16.4 5
Hanno 57914 134 2 23.7 3
Iwatsuki 90.000 50 3 12.2 3
Kasukabe 141.804 38 3 16.8 3
Sayama 115.189 50 3 15.7 3
Hanyu 47.995 59 3 7.1 2
Ageo 155.725 44 3 19.9 4
Yono 70.916 8 3 3.9 2
Soka 175.705 28 3 17.9 3
Koshigaya 207.575 60 4 20.1 s
Warabi 71.914 5 3 31 1
Toda 76.673 18 3 6.3 2
Iruma 93.267 45 2 22.0 3
Hatogaya 57.115 6 1 14.0 1
Asaka 86.283 18 2 12.9 2
Shiki 46.504 9 2 4.9 1
Wako 47.368 12 2 5.8 1
Niiza 112.596 23 4 6.7 3
Okegawa 52.269 2§ 1 26.1 2
Kitamoto 49.228 20 1 22.0 2
Yashio 57.444 18 2 8.6 2
Misato 91.147 30 2 17.7 2
Hasuda 42,466 27 2 7.8 2
Hidaka 37.719 47 1 25.9 2
Shiracka 30.049 25 2 5.3 1
Satte 47.332 36 1 28.4 2
Sugito 32.064 30 1 17.6 1
Showa 29.143 29 1 15.7 1
Yorii 47.953 102 2 17.1 2
Irumatobu 192.296 50 S 12.2 4
Chichibu 126.663 893 8 16.7 8
Ogawa 57.635 183 4 9.7 3
Yoshikawa 52.031 48 2 12.7 2
Fukaya 95.505 100 3 18.4 4
Kumagaya 172.784 160 4 27.3 6
Kodama 112.954 200 5 14.3 5
Sakado 89.386 59 3 13.2 3
Higashimatsuyama 83.315 134 4 12.1 4
Kawagoe 257.598 151 6 21.5 7
Kazo 85.005 133 5 8.8 4
Kuki 108.698 82 6 6.7 4
Kounosu 82.018 68 3 13.0 3
Nishiiruma 34.236 29 2 9.4 2
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Table 2 The calculated values of the numbers of ambulances in Saitama Prefecture 1983

Fire Department Population | Area (km?) g'g?uli:;gefs Value § corll\iiui?i‘c?:rslsx?:gsfk};:’:%tgel 3
Kawaguchi 379.360 56 9 10.5 7
Urawa 358.185 71 9 11.2 7
Omiya 354.084 89 7 18.0 7
Gyoda 73.205 61 4 7.1 3
Tokorozawa 236.476 72 6 13.7 5
Hanno 61.179 134 2 25.0 3
Iwatsuki 94.696 50 3 129 3
Kasukabe 155.555 38 5 8.6 4
Sayama 124.029 50 5 7.8 3
Hanyu 48.488 59 3 72 2
Ageo 166.243 46 3 21.7 4
Yono 72.326 8 2 7.2 2
Soka 186.618 28 4 12.3 4
Koshigaya 223.241 60 ) 15.5 N
Warabi 70.876 5 3 3.1 1
Toda 78.435 18 4 4.2 2
Iruma 104.034 45 2 247 3
Hatogaya 55.950 6 2 4.8 1
Asaka 90.088 18 3 7.4 2
Shiki 50.925 9 3 2.9 1
Wako 49.713 12 2 6.1 1
Niiza 119.309 23 4 7.2 3
Okegawa 55.747 25 1 27.9 2
Kitamoto 50.888 20 1 22.8 2
Yashio 62.734 18 2 9.4 2
Misato 98.223 30 3 10.4 3
Hasuda 45.594 27 2 8.4 2
Ina 21.005 15 1 8.1 1
Hidaka 43.219 47 2 10.5 2
Miyashiro 29.537 16 1 11.8 1
Shiraoka 31.624 25 2 5.6 1
Satte 49.704 36 2 10.5 2
Sugite 34.546 30 2 6.7 2
Showa 32.358 29 2 6.2 1
Yorii 49.909 102 3 9.7 2
Kuki 114.920 82 6 7.1 4
Chichibu 124.301 893 6 25.3 8
Irumatobu 202.036 50 4 17.9 4
Ogawa 58.960 183 4 10.0 3
Yoshikawa 57.356 48 2 14.0 2
Kodama 114.831 200 7 8.8 S
Kumagaya 178.610 160 s 20.2 6
Higashimatsuyama 89.291 134 4 12.9 4
Sakado 113.177 59 4 10.9 3
Kawagoe 276.707 151 6 23.1 8
Kazo 86.506 133 4 12.5 4
Kounosu 86.854 67 4 8.9 3
Nishiiruma 52.859 100 3 10.2 3
Fukaya 99.491 100 3 19.1 4
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Table 3 The calculated values of the numbers of ambulances in Hiroshima City

Number of Ambulances
Year Population Area (km?) g;:gnutiz;ggs Value § | satisfying the condition below
§£20 §$<18 S<15
1970 558014 87 7 28.1 9 10 11
1971 574924 262 10 294 13 14 16
1972 672845 397 14 25.4 17 18 20
1973 740340 578 17 254 20 22 25
1974 772226 578 19 22.4 21 22 25
1975 783497 571 20 20.9 21 23 25
1976 791637 572 22 18.3 22 23 26
1977 800227 572 22 18.5 22 23 26
1978 807008 576 21 20.1 22 23 26
1979 815556 577 26 14.8 22 23 26
1980 826919 578 26 15.0 22 24 26
1981 837636 578 26 15.2 22 24 27
1982 845470 583 28 13.8 22 24 27
1983 854200 583 28 139 22 24 27
1984 949041 643 31 13.9 25 27 30 J
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A Method for Deciding the Number of Ambulances

(Abstract)

Kohei Sagae
(Received May 29, 1986)

A new method for deciding the number of ambulances was proposed by using the square
root law for the response distance.

It is obvious that the dispatched number of ambulances is proportional to the population
of the area. According to Kolesar etc. the average response distance is proportional to the inverse
of the square root of the density of ambulances in the area. So if the value S is given in the
following equation (1), the number of ambulances will be decided.

s-—X /A4 (1)
10000V 4 N

Here K shows the population, N the number of ambulances and A the area respectively.
Applying the equation (1) to Saitama Prefecture and Hiroshima City, the number of
ambulances was discussed based on the criteria of the value S.
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Deformation of Statically Loaded Annular Plate and Contact Pressure of
Oil Storage Tank Set on Sand Foundation

(Abstract)

Hiroshi Yoshihara

(Received November 30, 1985)
(Revised May 30, 1986)

An experimental study was made to investigate the interaction between the annular plate
and the foundation. Annular plate models set on sand foundation were loaded at tank shell
position. Observation were made on strain, settlement of annular plate and earth pressure,
in the sand foundation. Results are as follows,

(1) The maximum settlement of annular plate occurrs at tank shell position, and with the
distance from shell plate, the quantity of settlement decreases and the annular plate lifts up
more,

(2) If the ratio of rigidity of annular plate and foundation becomes to under 1x1073
figures, the increase of load produces the decrease of contact area.
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Fig. 1  Arrangement of fire extinguishing experiment.
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Table 1 Burning rates observed from 1 m? tub, basic data for analysis and theoretical critical discharge

rates of liquid nitrogen

. g Liquefied | Liquefied

Combustibles n-Heptane | Methanol Natural Gas Butane
Burning Rate (kg/min)1) 2.97 1.24 3.14 4.08
Density at 20°C 0.68 0.79
Density at Boiling Point 0.42 0.60
Burning Rate (mm/min)?) 4.37 1.57 748 6.80
Stoichiometric Air Flow Rate at 20°C Corresponding
to Burning Rate (m®/s) 0.621 0.111 0.746 0.869
Nitrogen Concentration for Flame
Extinguishment4) (%) 28 38 21 3
Theoretical critical discharge rates of liquid
nitrogen (g/s) 282 79 232 455
Table 2 Critical discharge rates obtained from experimental results

Combustibles n-Heptane | Methanol ngigiglﬁé‘i s Lﬁqlﬁzgzd
Discharge rates of . :
liquid nitrogen (Head: 1.1 m wide) (g/s) 365+5 106+37 328490 472+54
Discharge rates of . .
liquid nitrogen (Head: 1.4 m wide) (g/s) 49170 186+39 3122118 419105
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Table 3 Theoretical critical discharge rates adjusted for these experiments

Combustibles n-Heptane | Methanol N%&‘:_Zf‘éis L}l}?;:;f::d
Discharge rates of . ; *1
liquid nitrogen (Head: 1.1 m wide) (g/s) 310 87 255 501
Discharge rates of . : *2
liquid nitrogen (Head: 1.4 m wide) (g/s) 395 111 325 637
*1 « 1100 *2 « 1400
1000 ° 1000
Table 4 Critical discharge rates of extinguishing by liquid carbon dioxide1)
. Liquefied Liquefied
Combustibles n-Heptane | Methanol Nalt(llxlrIZII(e}as }13?1t anl:
Discharge rates of . :
liquid carbon dioxide (Head: 1.4 m wide) (g/s) 329+80 48+17 22574 430+146
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Extinguishment of Liquefied Gas Fires by Liquid Nitrogen

(Abstract)

Isao Yamamoto, Kimio Sato and Shuzo Yamashika

(Received May 30, 1986)

If liquefied gas leaks in large quantity, in the worst case it may cause pool fires. This
experiment is related to extinguishment the liquefied gas fires by liquid nitrogen.

The liquid nitrogen was discharged in combustion tub from both sides of it. A tub made of
SUS304,1x1 m? in size was used. Combustibles were liquefied natural gas, liquefied butane,
n-heptane and methanol. An extinction time and discharge rate of liquid nitrogen were
measured.

The results of the experiment were summarized as follows.

The pool fires of liquefied gas can be extinguished as well as those of liquid combustibles.
An extinction time became short as a discharge rate became large, whereas the extinction
time became long as the discharge rate became small. Then the critical discharge rate can be
taken as a point that it can not extinguish any longer. The relationship of critical discharge rate
and discharge rate-extinction time were explained by the theory of previous reports.1)3)
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Fire Test of Container for Radioactive Materials
under the Condition of Transportation State

(Abstract)

Sanae Miyazaki and Hirohisa Shimada

(Received May 30, 1986)

To secure the safe transportation of container for radioactive materials, furnace and open
fire test for the thermal test of container are provided. Therefore, we have carried out furnace
and open fire test using test model simulating a transportation state.

Test model used in this test is made of stainless steel with diameter of 200 mm and length
of 400 mm, and is set on the rest as in the case of transportation state. From the data on
temperature measurement, some interesting results are obtained as follows.

Near the surface of model, the temperature gradient in the direction perpendicular to the
surface of model with the rest is greater than that without the rest. The temperature rise at the
center of the model with the rest is less than that without the rest. In the experiment, tempera-
ture distributions are measured in the three radial directions. The temperature differences
among three distributions in the model with rest are greater than that without rest.

On the other hand, in the furnace test, the heat transfer coefficient on the surface of test
model with the rest is 90-140 kcal/m?hK for the range of furnace temperature from 700 to
950°C and this value is almost equal to the value without the rest.
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