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INVESTIGATION
ON THE
FIRE PROTECTING CONSTRUCTION OF SHIPS"

§ 1. Introduction

This paper gives a report on investigations made on the fire protecting construction of
ships as regulated at the International Conference on Safety of Life at Sea, 1948. The
requirements are that the fire protecting bulkheads or decks that construct the divisions
have to maintain their suitable heat insulations and integrities, so the researches which
have been carried out are:

1) Theoretical analysis of thermal conduction

_ In the case that an insulated division is heated from one side, the problem is to find

out the face temperature of the unexposed side. It is to be discussed at a non-steady state,
so the solutions are given with approximations.

2) Measurement af thermal diffusitivity

In order to calculate efficiency of insulation by the solutions mentioned above, thermal
diffusitivities of insulating materials must be known. We measured thermal diffusitivities
of materials which were used in ships construction.

3) Heating test of sample

The experimental works were carried out by ‘ The Standard Fire Test’’ ruled in the
Conference of 1948. A number of test samples of bulkheads, decks and door assemblies were
designed, made and tested, and their integrities and insulating values were investigated.

4) Fire test of full-scale cabin

It is the object of the test to investigate the fire load on board ship, and to examine
integration of fire protection.
§ 2. Theoretical analysis of thermal conduction :

In the case of the thermal conduction at the fire, the time period is too short so the
problem must be considered under a non-steady state.,

To simplify the problem, we discuss it on the basis of the following state,

1) Thermal diffusitivity is a linear function of temperature. As shown in §4, it is

_ noted approximately.

2) The fire temperature is constant. In truth the fire temperature increases with time,
but this is discussing it severely.

The solution which gives the temperature of the unexposed surface is obtained by the
method of small perturbation. When a panel is heated from one side, the temperature of
the unexposed surface at the zero approximation is given by the equation (2-9). Solution
of its first approximation is given by the equation (3-8), and if the length of time is
considerable by the equation (4-1).

For the steady state, the solution is given exactly by the equation (5-6).

And if the period of time is short, it is recognized approximately that the unexposed



face temperaturé of a panel is nearly the same as the inside temperature of its material of
infinite thickness, at the point away from the exposed surface the distance of which cor-
responds to the thickness of the panel. Its equation is shown in (2-10).

§3. MHeat insulating materials of ships _

For the heat insulating materials of ships, it is recognized that they must not only be
incombustible, but light in weight, water proof, vibration resistant, suitably strong and
rigid, easy to work with and so on.

Characters of materials which were used for ships fire protecting structures were
discussed. Rock wool board, hard asbestos board, sprayed asbestos, flexible board (asbestos
cement hoard) and magnecia deck composition are known to be useful and suitable for
this purpose. Their incombustibility was tested by the method shown in Fig. 2 and Table 1.
§ 4. Thermal diffusitivities of insulating materials

As mentioned in the introduction, thermal conduction in the case of fire is in a non-
steady state. Then in the measuring of heat insulation as in § 2, thermal diffusitivity must
be known. Though thermal conductivities of insulating materials have been measured mostly
for being used in steady state problems, their thermal diffusitivities have not been known.

They were measured by the method shown in the Fig. 4. That is, if a material (volume
considered approximately infinite) is heated from one surface periodically, temperatures of
planes that are vertical to the thermal stream vary periodically. And on two planes
(their distance X) measuring them, its thermal diffusitivity is calculated wite their amplitudes
A, and A,, phase luge, and period T as shown in equation (5). An apparatus was made
as illustrated in Fig. 5 and Photo. 1. The specimen and periodic heater were enclosed with
an electric furnace, so we could measure its thermal diffusitivity on a wide range of temper-
© ature. . .

Measured thermal diffusitivities of rock wool board and hard asbestos are shown in Fig.7,
Table 2 and 3. Value of hard asbestos board does not vary greately, but that of rock wool
hoard increases with temperaturé, so the former has better character for insulation than the
latter.

§5. Calculation of heat insulation ,

As mentioned in §2, we got the solutions which gave the unexposed face temperature
of an insulating division when heated by constant temperature from one side. But they
are so camplicated that it is hardly possible to calculate even the first approximation.

infinte thickness. Though value of the former is lower than the true value, and the laiter _

is higher than that, they are sufficiently. accurate for practical designing of heat insulatign--
against fire. In the calculation of the former, it is convenient to use Table 4 and Fig. 8.
In the latter calculating charts are illustrated in Figs. 9, No. 1 and 2.

A couple of samples are shown in Table 6. They are the unexposed surface temperatures
of two hard ashestos panels. The first calculation being the zero approximation, and the
second being the cases -of infinte thickness and the third being a practical measurement.
Their exposed face temperatures are 900°C, time periods are. 15 minutes, and thickness of
the panels are 16 mm and 20mm. The mean value of the calculations is about the same
as the practically measured temperature,

i —

_As an example, calculations are shown of the zero approximation and 1n the case of -~

.
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§ 6. Heating tests of samples of bulkheads and decks
It is the object of these tests to research their integrities and insulations by *‘ The
Standard Fire Test”’. The test furnace that was used is shown in Fig. 10, and Photo. 2.
All test samples are full size, width of bulkhead samples is 1, 300 mm, and its height is 2, 140
mm, and width of deck sample is 1,720 mm, its length is 1,200 mm. ’
Samples designed were 69 out of which 24 were made and tested. They are named by

the following rules.
1) First letter shows its construction in Roman numerals.

| CERRETTER Bulkhead structured with incombustible materials only.

Il ------ Bulkhead structured with combustible and incombustible materials.
nr------ Deck structured with incombustible materials only.

V... Deck structured with incombustible and combustible materials.

2) The first numeral is suffixed with A or B, and shows A or B class division. The
suffix of C is not one that is regulated in the rule. :

3) Second letter shows its insulating value,

H----- It is so insulated that the average unexposed temperature will not rise more than
139°C above the initial temperature nor will the temperature at any point rise more than
180°C above the initial temperature within the time period of 60 minutes.

M- It is insulated the same as the above within the period of 30 minutes.

) DRERRRS: It is insulated the same as the above within the period of 15 minutes,

O It is not insulated.

4) The third letter shows the designed number for each construction in Arabic numerals.

Each test was carried out according to the International Conference, the Rule of Ships
Fire Protecting Construction in Japan, the United States Coast Guard, the British Statute of
Ministry Transport and fire tests rules on building structures of Japan Industrial Standard,
American Standard for Testing Materials and British Standard.

Constructions and test results of samples are shown in Tables 9~12 and photos. 3~33.
The A class bulkheads or decks maintained their integrities sufficiently except I[(A)M6 and
H(A)MT These samples had their ceilings made of wood, and it is necessary to be careful
in such cases as those. And some of them which maintained sufficient insulation in average
temperature didn’t maintain their insulation at such parts as stiffeners, beams, or parts
made with other metals. These parts have to be insulated.

In the B class bulkheads, IBM1 and IIBM7 are most suitable. The latter is a typical
structure in Method 1II, in which the combustible materials can be used. Generally, it is
better to compose them with many thin incombustible boards like 1IBM7.

§7. Conclusions of the first part

The studies made between §2 and §6 were carried out in 1955. The conclusions are
as follows:——

Firstly, it was possible to calculate the temperature of the unexposed surface of a panel when
the panel was heated from one side, so the effects of thermal conduction by fire were acquired.

Secondly, it was possible to measure thermal diffusitivities of insulating materials, so
the characters of the insulating materials in use in ships fire protecting structures were noted.

Thirdly, the heating tests of the samples of bulkheads and decks which were preventing

— i —



the fire were carried out, so their typical structures were determined, standard for designing
and constructing to prevent fire was ascertained. Their details were shown in the Tables
9~12. Especially, Method III does not need the use of the automatic splinkler system or
a wide use of incombustible hard asbestos board which are not well developed in this country.
Accordingly, it was thought that Method IIT was suited to our use, and the studies of it
were made.

§ 8. Introduction of the second part

The second part of the studies was made in 1956. This time, the heating tests of the
samples were continued following the first part and the fire test of a cabin were caraied out.
§9. Heating tests of the samples of door assemblies

Heating tests examined in the second part are of samples of door assemblies which are
installed in divisions. Those methods or objects are the same as those of notations in §6.

The tests which contained two A class doors and three B class doors were carried out.
The structures and results were shown in Table 13 and photos. 34~39.

Though the A class doors were self-closing types by gravity, they were not sufficiently
effective. The reason being, to increase the moment of self-closing, the door weight has
to be increased, so there is a limit in that way. Also their effectiveness would be lost in
the ships rolling or inclined conditions.

The B class doors were recognized as having sufficient integrities.

§10. Fire test of a cabin

The main objects of the test are to research the fire which has occured in ships and to
research a complete integration of fire protecting structures.

For those purposes, the test was carried out as far as possible realistically and severely.

The test cabin was constructed in Method III for the reason mentioned in § 7, and
the types of the bulkheads which were recognized their performance in the heating tests
were used in the partitions of the cabin. A sketch of the cabin was illustrated in Fig. 14,
and the general arrangement is shown in the append;xi.r

There were two adjacent rooms on A and F side, and a passage on Cside. In the test
room two side scattles were opened on P side wall, one door which contained a louver in
the bottom half with a area of 0.15 square meters was made on C side wall. A mechanical
ventilation system was installed and it provided the test room with approximately 280m?/h
of air. All furniture and personal effects were shown in Tables 14~19.

Measurings of temperatures, burning weight, compositions of burned gas, air volume
that was supplied or exhausted, deformations of the construction and so on were made as

shown in Table 20. The measured results and the conditions of the test were illustrated

in Figs. 15~35, and Photos. 40~47.

The results are as follows briefly: —

1) The fire temperature is approximately uniform and the same as the temperature of
the Standard Fire Curve.

2) The temperature of the fire varies with the air volume which is supplied or exhausted.

3) Fire prevention of each of the bulkheads shows the result that is given in the
heating test of its sample, and many details on designing and constructing for fire prevention

were acquired.

— iV —



4) The B class bulkheads of C side and F side maintained sufficient insulations and
integrities as required by the regulations, but they burned through before the fire died out.
Especially, at the top parts of the sashes which joined the bulkheads and the inside of the
ceilings in the unexposed sides, hazards of igniting were observed.

5) Although the downward transmission of the fire through the floor deck were effective-
ly prevented, its upward transmission through the roof deck was observed, especially in
some parts near P side wall which rose above the deck. There is more need of insulating
the deck to prevent the fire for the period of 60 minutes.

6) It is very interesting to discuss the fire condition comparing it with those of the
other tests. The list of the fire tests was shown in Table 22.

§ 11. Conclusions of the second part

The two studies were achieved in the second part of § 9~ §10. The first were the heat-
‘ing tests of the door assemblies, and many results which contributed to the designs and
the constructions, especially self-closing systems for fire protecting structures, were acquired. .

The second was the fire test of the cabin. This test was carried out to achieve a
complete integration of all categories of insulations and integrities. Many contributions
were acquired for not only fire protecting but life-saving, escaping and fire appliances. The
results of them were noted in § 10.
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Fig. 2. Incombustibility Test

Table 1 Method of Incombustibility Test

Apparatus

Described in Fig. 2

Size of Test Sample

50 x 38 mm (Thickness should not be more than 38 mm)

Before Test

A small hole which inserted a thermocouple is drilled in the sample (Fig. 2).
The sample is dried for a period of 6 hours in a drier which is controlled
at a temperature of 100°C, and is cooled naturally in it.

Furnace Temperature

about 750°C

The sample is suspended to the position in the furnace for not more than

Operation
30 seconds. Temperatures 71 and® 72 are measured at intervals not
exceeding 1 minute. The test period is 15 minutes.

Definition 1. The sample does not flame.

2. The pilot gas flame does not occure anything changed.

3. The temperature of the sample 72 dose not exceed the furnace
temperature 71 by more than 50°C. *

Remarks * In U.S. Coast Guard 7% shall not exceed 71 by more than 10°C, and in British Standard
7'y shall not be raised 50°C or more above 750°C.
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l (1) (2) Remarks
Density 0.63 0.93
Water Contained (25 2.6 1.2
Thermal Conductivity (Kcal/mh“C) | 0.072+0.00009¢ —
N Normal 66 133
Bending Stress | 1o, eq 45 105 at 500°C, for 3 hours
(kg/cm?)
Water absorbed 63 84 Absorbing for 24 hours
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Table 2. Thermal Diffusitivity of Hard Asbestos Board

6 (°C) 73 148 176 218 280 330 . 403

a (m?/h) 7.2x107¢ | 6.8x10-* | 6.6x10¢ 6.5x10~* | 6.4x104 | 6.5x10 6.7x 10—
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‘Table 4.

Table of Zero Approximation

hd | | pad (tendd)? i Ca H hd " i pnd (gl 1‘ Cn
4.00 1 2.567 6.59 —0.358 10.00 1 2.864 8.20 —0.176
2 5.355 28.7 0.274 2 5.767 33.3 0.161
3 8.303 68.9 —0.207 3 8.707 75.8 —0.143
4 11.335 128 0.162 4 11.702 137 0.125
5 14.408 207 —0.132 5 14.733 217 —0.109
6 17.505 306 0.1095 6 17.792 317 0.0958
7 20.610 425 —0.0951 7 20.867 436 —0.0847
6.00 1 2.716 7.38 -~0.267 12.00 1 2.903 8.40 —0.162
2 5.536 30.6 0.226 2 5.833 34.0 0.150
3 8.467 71.8 —0.183 3 8.790 77.3 —0.135
4 11.481 130.8 0.150 4 11.790 139 0.119
5 14.531 211 —0.125 © 5 14.818 220 —0.105
6 17.607 310 0.106 6 17.870 319 0.0930
7 20.703 428 —0.0918 7 20.940 438 —0.0827
8.00 1 2.802 7.85 —0.212 14.00 1 2.935 8.60 —0.131
2 5.666 32.1 0.188 2 5.885 34.7 0.124
3 8.603 50.5 —0.192 3 8.860 78.5 —0.115
4 11.602 134 0.136 4 11.863 141 0.105
5 14.640 215 —0.116 5 14.893 222 —0.0954
6 17.703 313 0.102 6 17.943 322 0.0854
7 20.788 433 —0.0882 7 21.007 441 —0.0776
b PRTE
Ci=445  Kalneg)
30
E L
{ /
10
’ 100 200 30 400
Teaperalure 6 T
Fig. 8. Relation between Surface Conductance E and Surface Temperature ¢

TR 0 % 150°C & (BUE 4 vid

LichDoT

L

E=15.4kca

l/m*h °C

#=0.0855 kcal/mh °C
h=1I[;=1801/m

6=760°C
o

(Fig.-8 L 9)
(Fig. 3 & 0)

m-: 153°C=0
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BB T2 BT v S 150°C pRIE Lovs, 700 t 0k O & 0 OIS 440°C 1S g e A (i
e e C

a=6.8x107" m¥h (Fig. 7 & n)
ES hd=3.96=4. 00

L7 07T Table 4 @ hd=4.00 ofilz i, C3E5 & Table 5 oMb & 7 0
0, )y =0+ 0, = 150—27=123°C

(24 2
ey, ()
!,z fin

0.=0C,e
wFA>T,

b L Nd ofiiss Table 4 iy 2o (ol < DRI 2 By g - N,

Table 5. A Sample of Calculation of Zero Approximation

. at al , _%”,”’”g
i i (pend ) Ch ¢} = —{(pnd) | e d 0 n
' az &
1 6.59 | —0.358 2.32 0.0983 —26.7
2 28.7 0.274 4 10.1 0.00004
4.00 3 68.9 —0.207 760 0.351
4 128 0.162
5 207 | —0.132
6 306 | 0.1095
S LBl & L CHAITER O U B RS 900°C T 15 S5 [INEL S s ooa) B
fIoThyz, HE 16mm 5800 20mm O¥-&OFHE L2 &Rk,
d=16mm 0=207°C d=20mm 1=166°C
& Do
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3
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Fig. 9 2 /lln“ifiilﬁ‘:‘: @ TRl A TIPS E, B et & FEVFRR DTN o TR & SR & o>

BB 759, S &I T e A oI o D TETEE 6~10% 10" "mih LU, @k 16, 20,

25, 40 & O 60mm GRS REE LT d S,

COFAANAT, wieo B & W2 S 22mm b % i B

meth) G 15 opfe T60°C IEL L7 My o MR 4 B AR, [
=T7X107% 12-¢ 15 43¢
=20 mm 116 =0, 285 =25 mm 0/6=0.180
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Fig. 9. Churt i!lusrr:t_ing Temperatures in Infinite Thickness Material (No. 1)
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Fig. 9. Chart illustrating Temperatures in Infinite Thickness Material (No. 2)
fEhilET
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O=760°C TH ok 6=18°C
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x=20 mm 0/0=0. 285 8=257°C
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Table 6. Temperatures of Measurements and Calculations

Thickness Measuring Temperature ‘ Zero Approximation ‘ %‘}‘lliccll‘(lséiszns in Infinite
16 mm 260°C 207°C | 354°C
20 mm 190°C 166°C ‘ 257°C
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Photc. 2. Furnace of- Standard Fire Test

Fig. 10. Furnace of Standard Fire Test
3 H B B &

3.1 #% =
AU R R L & kL, IRIE O RAAE K E
Register 72.05 Structural Fire Protection, Specification 164.008 Bulkhead Panels for Merchant

kil Coast Guard ¥l (Federal

Vessels) 2G5 Ministry of Transport ¢»flft (No. 1948 Merchant Shipping Rule, Part V-
Fire Protection) S1ofEys, £ 7= Ml sy g o st b k2 25 & L ¢, JLS. A 1302
Win= v 70— b, SR = v 70— M, BXOCERE = v 2 U — b EOR R,

American Society for Testing Materials: E 119-54 (Standard Methods of Fire Tests of

Building Construction and Materials), British Standard 476: 1953 (Fire Tests on Building
Materials and Structures) UL 7-7%, F O Y MBI S SEE L, Ly hok
ML A TEH B,
3.2 EEAXKRR
i X Sl

VCOE A S0 D IIEATREE & I OB R s KR

;

WD C, S DA O — R TR BlEL LT

— 3l —



1000
/”‘
'/—""‘/ Table 7. Standard Fire Temperature
750 ] :
L~ Time Furnace Temperature
)
: 500 / 5 min 538°C
g 10 704
=
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Fig. 11. Standard Fire Curve

RN ED BN DTH D,
CONEYREIE S SHEHOENF IR TR Y, ThiCELTo&EHAE Table 8 X5 THh

Z)o
Table 8. Furnace Temperature of Test ,
\ Items Ratio of area under standard
— Temperatures fire curve and area under
Rules T furnace temperature curve.
JIS. A-1302 —_— Within 109 for 1 hour.
ASTM: E 119-54 —_— Ditto.
1. Furnace 'Temperatul:é' does not exceed sens p
871°C during the first 10 minutes of test. Wléhll3015;% f{)rhSO minutes
B.S. 476: 1953 and 10% for 1 hour.
2. Tt does not vary from Standard Temper-
" ature by more than +167°C after the
first 10 minutes.
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Photo 7.

Hustrating

Photo. 9. Is H18 Test Sample

Hlastration “of  exposed side. after test.
part. of sprayed asbestos is stripped of
ately.

Some
deliber-

Photo, & Ta H 17 Test Sample
Thustration at a period of 20-minutes.  Asbestos
i mot dried énough: ‘so it discharge a lot.of
steam, and its. temperdture does not reach more
han 100°C.

i
ot

Photo., 100 Ta M 16 Test Sample

Tilustration of test.Deformation is considerable,
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Photo. 15, 1Ta H 2 Test Sample Photo. 16, HIa H 2 Test Sample

Tastration of deck composition, after test.

tling damaged after

Photo. 17 1114 H 3 Test Sample Photo. 18, 115 H4 Test. Sample
ion of upper . face ‘of deck rcomposition Thustrating the exposed side of 'sample.

not any. cracks

Crickes

dosnot e




Photo. 221 1Is M2 Test Sample Photo. 22.IIs M 2. Test: Sample
HMustration of 'the sample at the end of 30 At 35 minutes;. flames spread over the
minutes test:The sample still burns. unexposed. surface.

Photo. 230118 M I Test Sample Photoo 24, IIs M1 Test: Sample

Flame passed: through'the
period of 28 minutes.

o

ample in joint at a Hlustration of the exposed side after. test.

40



Photo. 25,1l M 3 Test Sample Photo. 26, 11 M 7. Test Sample
Hiustration” at the end of test. Unexposed Showing the ‘unexposed side at the end of a
side woods started o burn. period of 30 minutes test. - The unexposed woods

don't burn: yet.

Photo: 27 1Is M7 Test Sample

Showing the exposed side
was mdintained,

Photo. 28,7 IIn M9 Test Sample

after test. Integrity After the test; unexposed side wood  started to
burn:




Photo. 3k st Sample

ion-of the tes coaperiad of

At the end
to burnat

Photo. 32, Hc L2 Tést Sample
it ting " the unexposed ‘surface after  test,
It barnt through at two  parts.

Photo. 310 He L1 Test Sample

Lot 30 mintutes. te
tralll

THustration at the en
that, the sample burnt out &
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VaH1 Test Sample VaH2 Test Sample.

RO B BIEASEAE NI 4 < ERRIIKR <%, ROBEEX XX <35 LPASNIHT»—FT 50
CAHEEL, %, R 7k v FOREFICMEIET 5,

oy FiE b e e TO3WIMTET SR, flid v Failm o TS T T8 TH
Pk %,

MBGABR DS BRI ROMLET DO fzd e v FORHEL, 07w 30 5 CTHRBRZFTYI07z, b v Fi

BEHE L 1A IR TH 2 0%, RBRK TERCIZ L « FTo b v FIEFEOLIRO s Traicdih
TkY, ZORGEETIARREEL L TRAT T EHZLLND,
BiEdg T OV T, BROFE, HIBEH, T o F, v FVSEIARR RIS D BT S <, i

B DR Y 0 T 2T 5 © S VIR 0 EWRA 0, SR EREI I D R0 ORI
FfEz LA DS, THLLLOBBEGRIARELEZLND,

stk VAH2 I#E 4.5 mm o Single Steel 8 Tdh 0, VAHL T8 A~CHEORES L 58 ) 705084
AL CH D, MEHERL CEmEEE L TV, v v Fm T, L T2EMTH 52,
FED e v F T K 2D D B EBE Lo & SBOTLEMET DX DT> TS, TLTID
b FORLLFRSNE S 79 1945 i Th b, BB o CROE LA D, BOFTIOK
SELS A U C o S T S s B oo iE 1807 BHIUCIR R E L, AL B LT
TERT D720l debi s,

L2sU VAHL &[RlEG, BBk & <, AL 22 &M 2K & <35/ iRl
BRKELT B, L OEMEZKE < LETFRER s sy, i< Db RERTNZETD X
T B, ADE O O EE L, 2 oofls s B SIRES D D,

Z o F¥E VAHL &R b e Fo 3 @iiic sy FAT—3 ¢ T 50, ROEGi e

— b3 —



$ PIET TG RKE WD, 2 P AORIE AR REETH DM,

RIROE OB AT EIFCH D, 705, ~v FA, by FERaRil <, —rilofak:

B E

;_EE?"C"WHONUH M2 % & Tl it i S,
A O 7o PR L B RIS o o o R B ORI P T, W
FeA R o VeML, Single Steel i VBO2, Hollow Steel o> VBO3 DE 3 HTH 5,

MO S e v 525 1 v FOL0F L FO 3T, wo ziadhduc 1iERL V5,

T A0 a0 EEmIH L7260 TH AN, 30 5RO InEGRER
FLE OO KA B R T,

WiEfiec VBMY 2y L Tuw Ay, B2 4 720401 Ve 02 oA T

Btk VBO3 | jIH’[r)

BOEMAT 7 0 v o CEEF TS L SAVERRITEL T oo, |5k

T VBML (2o k4 5%, Single Steel R VBO2 J b4/,

& L ORBHIT

HEI LT LD,

3 &

E

B KRR O SR by ThE, ETEMEEL M'A/CHHL/) BECH D SRS Sk~ s, X
DR TR OB B L35 2 By, 07 BB 2008 B 1T A D E AR

H'l

T

P

E

(=S

B

g
E 2 CHUSIBGREA 72 i X 2 AMTEZS T C, RO B2 4 2 &b dad n 5w,
SRlDE T ERIOME 5, PSRRI, RO BBEE, RIS L L %D
DGR M TRIZH, TN CEG RO TR, 2L fNRICE 9 #E L HIH L T
I, RETTORMEHTERE RN 22 LG,
Lo L—JCOMEBE R SE O FEmsko k3 5,
(1) AfREEOMBGERER Y, VAHL e vFoffepic)
VAHZ oithk i etigd BRIFTd 5, o
(2) BB R O, (Ao Gk &2 o e s A bivh, Lo LERR
RN DUERDE, RS ik L 0% s VeO3 o Hollow Steel %87%E % Lv
(3)  ARFEIT—fiT F ORE B oo Gomyi gt L <, RIEE 4R E L0, o

VRN, T F, b FEOL B

\'gﬂ’i7ﬁ;&) D JE\:,] CL— j‘LJL.éZ)/)/}L/J\‘

IR O LT 15T, ﬂ WO ARBIRE, LI AT — Ly

¥ = BRET &[] O T 2 o :
(4) A#GoBEMEsE a4 EER S EMaE NN e U, Lo LENRcn, B
PN 2k F T 470 O R R X <l S F, —EER-os A Y 2

WA REGNFESLE 52D, ROBIELASHAREY ® L, XS Eogtiliko x )

L o54 —



Photo: 36 VaHZ Test Sample
Hustration. at 44 min.

Photo.: 34, - VaH1 Test Sample Photo 85, VaHI Test Sample
TMustration at: 28 min. Door s’ Showing the lower hinge damaged.
deformed: considerably.

Photo 37 Test Sample Photo. 380 V02 Test Sample Photo. VO3 Test Sample
Showing: the furndce side of the Hiustration of te After test: furnace side of the

sample.

sample-afte
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Fig. 14 Model of the Fire Test Room
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(= 2 Az =L oo o) &y

VT sy PR

PUB et o LT fh aFd o 1), %N,

ke o 2EE U, 72— il FRA 1 21 v T,
fifi s eI AT S LTSRN, KON O T RS P 221 24 S s 4 o Table 14 o)
W70, FHILEONRIEE Table 15~19 (CFR3M D Ch B, 584 & T ORRITE D % s C s

D7 TFELERO R, AT — A SR C R LT D,

FRZEN T AT i3 635 ke, BN

YD 69kg/m? Li-oT, FEROFKRTL, HHEO

Gl EH A BN, ), TR ORI S T DI X 2,
Table 14 Combustible Material in Test
Total in Test Room
Items . Burning | Calorific . Burning | Calorific | Weight per
Wﬁ]ght weight values Wilght weight values | unit floor area
8 kg kcal g kg kcal kg/m?
1. Structures 338.1 310.2 | 1,300,000; 220.4 220.4 925,000 24
2. Furniture 283.35 | 283.35| 1,181,400, 283.35 | 283.35 | 1,181,400 38
(in test room)
3. Ditto y
(in adjacent room) 100 85 340,000 o - - -
4. Personal effects 86.92 86.92 360, 500 86.92 86.92 360,500 9.5
5. etc. 78.2 45 157,000 45 45 157,000 0.5
Total | 887 sl | 3,938,900 635 635 [ 2,623,900 69
. Table 15 Combustible Structures
Weight
Items in Test [in Adjacent Toral Material Remarks
) ) Room Spaces ¢ B
P wall lathes 20.5 10.2 30.7
" pancls 29.1 14.5 43.6 ]
F wall 36.8 36.8 | 73.6 | vood 5
. : ! 4,200 urn out
A wall 92.1 — 921 | f Keal/kg
Lathes of ceiling 16.0 — 16.0
Ceiling panels 25.9 — 25.9
Total 220.4 61.5 281.9
Lathes of ceiling in 'F side 50 50
adjacent room
Ceiling panels in F side
. . 9.7 9.7
adjacent room Burn out
Lathes ceiling in passage i 3.4 3.4 Ditto
Ceiling panels " 10.2 10.2
Lathes of P wall upper roof deck 13.0 13.0 }R )
Panels of P wall upper roof deck 14.9 14.9 ) emained
Total 56.2 | 56.2 1
Grand Total i 2204 | 7.7 ‘ 338.1 - |Burning Weight 310.2kg

Lalorlﬁv Valuel 300 ),000kcal



Table 16 Combustible Furniture in Test Room

' Weight Specific Calorific| Calorofic
items Number Materials K g Values Values Remarks
g kcal/kg keal
Beds 2 Wood 90.75 4,200 406,000
Wordrobe 1 " 71.38 " 300,000
Chest of Drawers 1 /" 45.00 7" 189,000
Chairs 2 Wood & Hairlock 9.70 1" 40,700
Mattress 1/2 Maolan 9.20 " 38,600
1" " “Hairlock 3.00 " 12,600 Burn out
" " Moltplane 3.20 — —
7 " Form Rubber 4.00 7,500 30,000
Trunk gratings 2 Wood & Cotton 26.00 4,000 104,000
Curtains 9 Cotton & Rayon 6.50 " 26,000
Pillows & Fabrics Cotton 5.62 " 22,500
_etc. 3.00 " 12,000
Total ‘ 283.35 1,18,1400
Table 17 Combustible Furniture in Adjacent Spaces
WT?i he | Specific Calorific Calorific
Spaces Items |Number Materials kg Values Values Remarks
g
keal/kg kcal ]
F Side | Beds (1/3) 2 Wood 40 4,000 160,000
" Locker 1 " 30 " 120,000 B
" Curtain 1 Cotton & Rayon 0.8 iz 3,200 urn out
" Mattress 2 Hairlock Cotton 15 " 60,000 -
Passage| Locker 1 Wood 15 — — Remaind
" Curtain 1 Cotton & Rayon 0.8 4,000 3,200 | Burn out
Total 100 340,000 1.
Table 18 Combustible Personal Effects
Weight Specific Calorific| Calorific
Ttems Number| Materials kg Values Values Remarks
i € | keal/kg keal
Brankets 4 Wool | 5.62 | 4,500 25,300 } b bed
Sheets 4 | Cotton 1.30 4,000 5,200 | J O €T Pe
Clothes Wool 18.75 4,500 84,400 |} in chest 25 kg, in robe 20kg,
under beds 7.5 kg and -
7 Cotton 48.75 4,000 195,000 remainders were ]
" Rayon 7.50 " 30,000 | ) distributed in room o
News paper — 2.00 " 8,000 é
0.5kg on chest
Alcohl o 1.00 5,000, 9,000 remainders used in ignition
Life jacket 2 Kapok 2.00 3,800 7,600 | under each hed
Total | | | 86.92 | 360,500

— 60 —



Table 19 Other Combustible Materials

] . Weight | Specific Calorific| Calorific Values
Items ‘ Materials kg Values keal/kg Kkeal Remarks
Under coat Paint{Zinc chromate 17.0
Finish Paint I 0il paint 22.0 Some part burned.
Linoleum I 39.2 4,000 157,000 Burn out.
i
Total i 78.2 157,700

3 £ B E W

SEAFHIT M D TRE, RO NS A B & B E TR U, KOO ESIRL,  BREEDE Kool
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oAt & LC kil OB WA MJ\ Table 18 (51500 T, CoO§) 25kg ZF = 2 ML
o, kg b — Fe— 7D, T~8kg Wity PO Tl E, Vi 15kg & C, F, A B
G Tl LTS L, e 1, TS L7, A T F ey MGy PRI
35 (WA HIMIAT 2.0 kg 2 MU A W S Lz, 7= — ik 0.5kg EVADOES]
g b s, (o 1 K T,

GNP P bt E, MET, RUTT — B E = TSI R E T Ja At D, 7
2= 0.5kg SO,

AT 2 LI L, RO RS R0 AVl AT 2/5 72 B (500300 mm, 0.15m?) Tis
X, WEKEBICREE KRR,

KOS 15 /R GO H & T 280 mi/h DGR fTbHrs,

4.2 EBRBANRESR

1A

04r0F 32467 A1 H () 12. 06 735Kk, AUREN L <MEALD D,

0—3~5 i — & % x — LS (1)

0—47 xfuyﬁ§~Na10$QTWU
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Photo. 40 Fire test room Photo, 41 Fire test room
YView from F side before test. View fromt Poside before test.

Photo. 43 Hlastration of test
At 37 minafter: start. View from A- sidel
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Table 21 Climate in Test

Clouded weather slightly raining sometimes.
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