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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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