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PREFACE

Fire rAsP,8rch has been a matter of prime concern to
the Division of Buil1.ing Research ever since its formation.
The Divislcn is now privileged to have liaison with fire
research workers in all other countries in which this
special branch of building research 1s being pursued. This
facilitates the exchange of information regarding advances
in building research typified by the publication of this
translation.

The sUbject of venting, that is of providing openings
to release the heat ann smoke of bUilning fires by natural
convection, is attracting the interest of fire research
workers in many countries. Th1s paper by Mr. S. Yokoi of
the Building Research Institute of Japan which 1s here trans­
lated neals with the area and height of vents required in
order to secure that smoke never flows out through the doors
or other openings of the space containing the fire but only
through the vent. The cases of a theatre, an underground
cinema, anl a warehouse are investigated.

More detail of the work here described is given in Mr.
Yokoi's paper, in English, entitled itA Study of Dimensions of
Smoke Vent and Fire -Resistive Construction" published in the
Report of the Japanese Building Research Institute No. 29
(March 1959). A copy of th1s paper 1s in the library of the
Division of Building Research and is available for consulta­
tion by those interested.

Ottawa
April 1960

R.F. Legget
Director
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A r1ETHOD OF DETERMINING THE SIZE OF VENTS

[To Prevent Smoke Blocking Passages in Burning Building]

1. Introduction

The number of fires in cinemas and theatres is increasing.

Since a large number of human lives are involved in such cases, fire

prevention measures must be considered in a more serious l1ght the.n

1n ordinary houses. It is needless to stress the importance of

suitable electrical wiring or of care against inflammable material

so that a fire will not be started. However, it is also necessary

to see that the fire once started be confined to that part of the

bUilding where it originated. As one means, the improvement of

sprinklers mAy be ｣ ｯ ｮ ａ Ｑ ｲ Ｇ ｬ ･ ｲ ｾ ､ Ｎ In many cases these will be useful.

However if a ceiling is high, as in the case of a stage in a

theatre, or if there is no suitable place for them because of other

installations, trouble is encountered. In such a case, if they are

installed t00 high, they will not start until the fire has spread

considerably; then they will all start at once causing reduction in

water pressure and making the system ineffective.

It is also necessary to equip a bUilding with means which will

facilitate the work of the firefighters and enable them to prevent

the fire from spreading. The reason for this is that in general

these bUildings lack openings other than an entrance and exit and the

fire smoulders with an insufficient supply ()f oxygen; the tnterior

becomes filled with smoke, thereby making it difficult for fire­

fighters to enter the building. Bven if they can enter the building,

it 1s d1fficultto locate the centre or the f1re. If a vent is

provided in the ceiling, firefighting act1vities are facilitated

and it is easier to prevent the fire from spreading even though the

force of the fire is intensified because of the draft. However, if

the vent is too small, it is not very effective, and if it 1s too

large, the appearance of the bUilding is impaired. Up to now, a

suitable size of the cross-sectional area of the vent was not known.

__h ｾ _
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The present article neals ｾ ｲ ｾ ｴ ｨ the method of calculating the

necessary ｣ ｲ ｯ Ｘ ｳ Ｍ ｳ ･ ｣ ｴ ｩ Ｐ ｾ ｡ ｬ area and keeping the size us small as

possible.

2. Funaamental Considerations

Consider a model shown in Fig. 1, a simple fire-proof structure

with a single opentng and a sinele vent, and assume that there is a

fire. If smoke and heated ｾ ｩ ｲ gush out of the opening, it becomes

difficult for firefighters to enter the room and the fire will

spread. It is necessary to prevent the smoke and the heated air

from gushf.ng out of the opening by providing a vent in the ceiling.

For this purpose, the position of the neutral zone, tn which the

difference between pressures outside and inside the room hecomes

zero, must be lOcated not lower than the upper edge of the opening.

It will novi be shown that conditions must '1:19 satisfied in order to

ensure that the neutral zone will coincide with the head of the

opening.

3. Analysis

The symbols used are defined below:

h •••••.•• the distance between the upper edge of the wall opening

and the upper edge of the vent. If the vent does not take

the form of a chimney, this will be the distance between

the upper edge of the opening and the ceiling

H••.••••• the vertical length of the wall opening

S' ••••••• the area of the wall opening

S" ••••••• the cross-sectional area of the vent in the ceiling

SO' •••••• the floor area of the room

If the neutral zone is located at the upper edge of the ope!1lnG, the

average speed of the outside air flowing into the room, vIm' neglect­

ing the effect of the compression at the openine, is

2 J (Po - P1
)v'm := 3 . 2gH . P

o
(1)
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where Po' Pi ere the ｮ ･ ｮ ｳ ｩ ｴ ｩ ｾ ｳ of outside and inside gas,

respectively. Since the vent is inside the horizontal level, the

outLroinG spee1 is constant everywhere in the cross-sectional surface

except near the edges, Rnd can be expressed as

Let L be the amount of air necessary to burn 1 kg of wood end

G the volume of air at the prevailing temperature prorluced as the

result of ｣ ｯ ｭ ｢ ｵ ｳ ｴ ｾ Ｐ ｮ of 1 kg of wood. Further, assume that the

riische.rge coefficient for both incoming and out.go i.ng flows is 0.7

at the opening as \'le11 as at the vent. Then, on account of the con­

tinuity of ｦ Ｑ ｮ ｾ ､ Ｌ the ratio between the amount of gas expelled from

the vent to the amount of the incoming air at the opening in the

wall must be equal to the ratio between the amount of gas produced

by combustion and the amount of air necessary for combustion; thus,

the ｦ ｯ ｬ Ｑ ｯ ｷ ｾ ｮ ｧ expressicn is valid:

G = O.7S·v" = 3S"JP O Jh
L 0.7S'v 1 2S' pH·

m 1

Let Go be the value of G converted to standard conditions; a, the

coefficient of cubiCAl expansion of the gas; and t, the temperature

of the gas. Then

and (3) becomes

(4)

Let the rate of complete combustion and the rate of excess air be

x and n*, respectively, then,

The quantities x and n are def1ned and L and Go are derived from
them in a paper by K. Kawagoe "Fire Behaviour in Rooms". Report
of the Building Research Inst., Japan, No. 27, Sept. 1958.
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Go = 3.976n - 0.406x + 1.127(m J/kg).

If it is assumed that n = 1, and x = 0.4 (on account of insufficient

supply of air this was made smaller than 0.7, which has been used

up to this point) *, Go = 4.941 m:J Ikg. If we let L = 3.975 m3/kg and

a = 1/273.2, expression (4) becomes:

S" = O.050132J t + 273.2 • S' I Jfi .
Dividing both sides hy So to calculate the size of the cross­

sectional area of the vent for the area of the floor, So' we obtain:

The temperature of the room, t, is difficult to estimate. If the

supply of air is sufficient, the ｴ ･ ｭ ｰ ｾ ｲ ｡ ｴ ｵ ｲ ･ will. reach 700 - 1000oC.

If the supply is poor, it may not go too far above 300°C. Therefore,

the equation for various room temperatures will be:

Room Temp. 300°C: S" S' ｉ ｾｾ
= 1.20 S

0

" " 500°C: S" S' IJi= 1.39 S
So 0 (5' )

II

" 700°C: ｾ = ｾ IJftSo
1.56 S

0

10OOoC: ｾ = 1.79 ｾ Ｇ Ｏ ｾ
So 0

Equation (5') shows that for a given ratio ｾ Ｇ of openings to floor
0

ratio ｾarea, the size of vent necessary increases as the is reduced.

* The remark in parenthesis seems to be an aberration as there is
no connection between the "rate of complete combustion" (O.4)
and the dischurge coefficient referred to (O.7)
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Generally speaking, when H, the vertical length of a window or other

opening in the wall, is large, h of necessity becomes smal1er; and

other unfavourable condi t i ons , in a.ddi t i on to the Lar-ge value of H,

are ｬ ｮ ｴ ｲ ｯ ､ ｵ ｣ ｾ ｣ Ｑ Ｎ Thus, the design must always be such as to make the

vertical length of an opening as small as possihle. Further, if

the structure is a basement, the vent can be built like a chimney

through the ground floor to the roof in order to make h large.

However, in such a case, the temperature of the ens in the chimney

may not be the same as that of the air in the room: thUS, equation

(5') may not apply exactly. However, it probably is a close

approximation.

In a case in which there are more than two openings of equal

size, if the height above the floor is the same, only the value of

st, the total area of the opening in (5'), needs to be chaneed.

The reqUired cross-sectional area of the vent in the ceiling

may be calculated from (5'). Fig. 2 shows a gra.ph for the calcula­

tion of S"/So for a room temperature of 300oC, which seems reaRonab1e

to the author. If n is taken as -1 for the absc r s sae the same

value would he taken for the ordinates.

4. The Required Cross-Sectional Area of the Vent in the Ceiling

Over the Stage of the Takarazuka Theatre in Tokyo

The results of the analysis above tiill be applied to the

Takarazuka Theatre in Tokyo, where three persons died in the fire

of Feb. 1, 1858, to calculate the necessary cross-sectional araa of

a vent in the ceiling over the stage.

The fire started on the stage. Since all the outside windO\tJs

had been closed, the stage could be regarded as a room in which there

was a fire, and the space for raising and lowering the curtain

between the audience and the stage (AB of Fig. 3 and BB of Fig. 4)

as the opening. There was a small vent on the roof of the stage,

but this was useless. ThUS, air flowed from seats to the stage

through the Lower- portion of AB, and the smoke and the flow of

heated air BMshed ｴｏｾｬ｡ｲ､ｳ the aU01ence from the upper portion.

As a result, the fire spread to the whole theatre. If the vent
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at P on the roof had been effective, and the opening at AB had

allowed the air to flo\'l solely from the Auditorium to the stage,

firefighting actlvitips could have been carried out more easily and

the fire would not have resulted in such a tragedy.

Let us ｣ ｡ ｬ ｣ ｵ ｬ ｡ ｴ ｾ the cross-sectional area of the vent P neces­

sar-y to bring the height of the neutral zone to A of Fig•.3. Hhile

the fire was confined to the stage, the temperature pr-obabLy did

not rise very h1gh. Therefore, the calculations will be made

assuming the temperature of the room to be 300°C.

Floor area of the stage So = 40.5 x 13.7 - 4.5= 534.f3 m2

Area of the opening S· = 33 x 8.7::: 28.71 m2

H = 8.7 h = 28 m - 8.7 ::: 19.3 m

Hence, Sf/SO ::: 0.54, h/H = 2.2. From Fig. 2, using n = -1 for the

abscissa ann the ordinate, S"/S
o

= 0.44 corresponding to the above

Sf/SO' and h/H is obtained. The area of the vent will have to be

as high as 44% of the floor area. The absolute value of S" is
2

ｾ m. Such a large vent would be impossible in practice.

Now, let us try to limit the cross-sectional area of the vent

to 1/10 of the floor area of the stage. Assume that a fire curtain

is lowered immediately after the start of the fire between the

audience and the stage (AB in Fig. 3 and BB in Fig. 4). It is un­

necessary to mention that if it is lowered right to the bottom, the

fire can be confined to the stage. However, it is impossible to

shut the stage off completely slnce the actors and others on the

stage must be ahle to escape. The problem to be considered is how

far the curtain should be lowered.

Let x be the distance between the lower edge of the curtain and

the floor, and assume that the neutral zone is located at that

height. Then substituting in (5')

S"/So = 0.1, S' = 33x, h::: 28 - x, H = x

So::: 534.6 m 2
,

we have x = 3.5 m, Even if the temperature on the sta.ge is a s sumed

to be lOOOoC rather than 300°C, x is only 2.8 m. This means that
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the curtain should be Lovrer-ed to approximately ::5 m from the floor,

or should be lowered to 66% of AB. At the height of 3m, men can

pass under the curtain, and the plan is feasible from the po int, of

view of eVAcuation.

5. ｾ ｦ ｵ ･ ｮ There Are Openings of Different Sizes

In the previous section, we dealt with the case in which there

was a Bingle opening, or even if thel'e were more than one, all the

openings were ･ ｾ ｵ ｡ ｬ in size and located at the same height. If

openings in the wall are several ana different in size as in Fig. 5,

calculations will have to follow a different line.

First of all the height of the neutral zone must be lower than

the height of the upper edce of the highest opening to prevent the

heat from the room from escAping ｾ ｨ ｲ ｯ ｵ ｧ ｨ the openings. Therefore

the cross-sectional area of the vent will have to be calculated so

that the neutrAl 7,one colncirles with the upper edge of the hle;hest

opening.

As in Fig. 5, numher the windows 1, 2, 3, •••• and associate

corresponding suffixes 1, 2 •••• to those symbols which were o.efined

in Fig. 1, and which are related to a window. Calculating with

respect to the i-th window, equation (6) is obtained

Sit , l ｓＧｬｾｉｩS = ｏＮＰＵＰＱ＼ＩＲｾｴ + 273.2 . Z -S- h
o i 0 1

• (6)

For the cases where the room temperature is 300°C, SOooC, 700°C,

and Ｑ Ｐ Ｐ Ｐ ｯ ｾ Ｌ as in equation (5", the expression 0.O.50133.vt+?-73-:2

in the above equation has to be ｲ ｾ ｰ ｬ ｡ ｣ ･ ､ by the numerical vEllues

1.20, 1.39, 1.56 and 1.79, respectively.

As an example, let us calculate the cross-sectional area of a

vent in an vnrlerground cinema such as shown in Fig. 6, in which

So = 15 x 7=105 m 2
, the height of the ceiling 1s 3.5 ro,and S'1 and
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S'2 are two passages form1ng openings in the wall. S'1 = 0.5 x 1 =

0.5 m2 and S'2 = 3 x 1.5 = 4.5 m
2

• If the smoke or the heated air

from the room are not to gush out of either of S'1 or S'2 in the

case of a fire, the ｾ ･ ｵ ｴ ｲ ｡ Ｑ ｾ ｯ ｮ ･ must be located at the upper edge

of S'1' which t s the higher of the two openings, Le., it must be

located at the ceiling. Let us suppose that we can use the grounri

floor, and the vent can be located at 15 m above ground. Then,

h 1 = 15 ffi, h 2 = 15 +(3.5 - 3) = 15.5 m, H = 3.5 m, H
2

= :3 m.

Assuming the temperature to be 300°C, and substituting these values

in (6), we have:

= 1.20[0.00333 x 0.4835 + 0.04286 x 0.4472 { 1.2602 - 0.06804}]

= 1.20[0.01610 + 0.019167 x 1.1922]

= 1.20[0.01610 + 0.02285] = 0.0467.

In other words, if a vent of 15 m is provided, its 0ross-sectiona1

area needs to be approximately 5% of the floor area, i.e.,

105 x 0.047 = 4.9 m2
•

Let us see what will happen if the height of the vent is not

15 m, but merely 1 m above ground. As in the previous case:

= 1.20[0.03333 x 1.9708 + 0.04286 x 1.73205 x 1.1922] =

1.20[0.06235 + 0.08850] = 0.181.

In other words, when the height of the vent is limited to 1 m, its

cross-sectional area must be 18% of the floor area; in the present

CRse it is 105 x 0.181 = 19 m2
, an area 3.9 times as large is re­

qUired compared to the previous case.

Next, let us suppose that, although the height of the vent is

I m, S'1 and S'2 are made lower so that the upper edges of both Rre

located 2 m above the floor. In this case, the heiBht of the neutral
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zone needs to he 2 m above the floor; further, since the height of

the upper edges are equal, the method of Section 3 applies, i.e.,

assuming that the temperature is 300o C, in (5') S' = S'1 + S'2 ::

3 + 2 = 5 m2
, h = 1 + (3.5 - 2) = 2.5 m, H :: 2 m, we have

:: 1.20 x 1 ｾＵ + J22
5

= 1.20 x 0.4762 + 1. 118 = O. 0511 •

It will he observed thHt the required ｡ ｲ ｾ ｡ is only 5% of the floor

area and approximates the value when the vent is 15 m above ground.

Finally, we will calculate the vent area required in the case

in which the ｨ ･ ｩ ｾ ｨ ｴ of the vent is 15 m above ground, and the upper

edges of S'1 and S'2 are hoth 2 m above the floor. In this

case (5') can be applied also. Since S' = 5 m2, H = 2 m, h = 15 +

(3.5 - 2) = 16.5 m.

2...1.20 x 105 . J16i5 = 1.20 x 0.04762 2.872 = 0.0199.

The required cross-sectional area of the vent becomes still smaller ­

2% of the floor area - and is merely 1.5 m2 x 0.0199 :: 2 m2
0 The

above considerations indicate that in or0er to reduce the cross­

sectional area of the vent (1) the upper edge of the opening must

he low and (2) the vent can be built in the form of a chimneyo

6. When the Upper ｅ ､ ｾ of the Opening is Less than 2m Above

the Floor

One means of making the cross-sectional area of the vent small­

er is to lower the upper edge of the wall opening as was explained

earlier. However, to make i t Lower- than the height of a man makes

it inconvenient to use as a passage way. It is also inconvenient

in case of a fire for firefighters to carry on their activities in

the ｲ ｯ ｯ ｾ Ｎ ｾ ｬ ･ ｲ ･ ｦ ｯ ｲ ･ Ｌ 2 m would be the lower limit for the upper

edge of the ,,'al1 opening in a bu i.LdLng such as a theatre where

many people will have to he accommodated. However, in a hUllolng

such as a warehouse, which people do not frequent too often, the
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upper edge of the opening could conceivably be less than 2 m. In

such a case, the heidht of the neutral zone cannot be lower than

2 m above the floor on account of the firefi8hting activities.

ｾ Ｑ ･ ｲ ･ ｦ ｯ ｲ ･ in such a case there would have to be a :ittle modifica­

tion in the method of calculation.

(a) When there is one opening

Let us consider the case when the upper edge of the opening is

less than 2 m above the floor as in Fig. 7, and let us find the con­

ditions necessary to locate the neutral zone at 2 m above the floor.

Let h(m) and h 1 (m) be the distances, respectively, from the neutral

zone to the upper edge of the vent and from the upper edge of the

opening to the upper: edge of the vent. Other symbols have the same

meanings as defined in Section 3. E1uation (7) gives the required

area, S", of the vent:

(7)

When the room temperatures are 300o e, 500oC, 700 o e, or lOOOoe, the

value 1.20, 1.39, 1.56 or 1.79 is substituted in the place of

Ｐ Ｎ Ｐ Ｕ Ｐ Ｑ Ｓ Ｒ ｾ ｴ + 273.2 as in the case of equation (5'). Even if there

were more than two openings, as long as the size and the height

from the floor are the sawe, equation (7) can he used with S' the

total areao

Example 1. Let us cqlculate the cross-sectional area of the

vent for S'/So = 0.05, the height of the vent = 0 m (same as the

ceiling), the height of the ceiling = 3 m, the upper edge of

opening above the floor:: 1.5 m, the vertical length of the openjng

H :: 1 m, and the height of the neutral zone is 2 m above the floor.

(Room temperature is assumed to be 300 0 e).
Solution: S'/So = 0.05, t = 300o e, H = 1 m, h = 3 - 2 = 1 ro,

h 1 = 3 - 1.5 :: 1.5 m. These are substituted in equation (7), and

we have

ｾ Ｚ = 1.20 x 0.05 x Ji [J{l + D.5)' - M
= 0.6{1.8371 - 0.3506) J = 0.089,
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i.e., the proportion of the vent to thp floor arAa 1s approximately

9%.
Example 2. Condi t i.ons as in example 1; the ve.Lue of S" ISo

is to be calculated for the case in VJhioh the upper edrre of the

openll:8 is located 1 m ahove the floor.

Solution: S' IS :::: 0.05, t =" 300°C, H :::: I m, h :::: 3 - 2 ::::

I 0

h 1
:::: ;5 - 1 :::: 2 m. Hence,

I m,

ｾ Ｚ - 1.20 x 0.05 x It. [ ｾＨ 1 + 1) 3 - .fl3 ]

:::: O.OG x (2.8284 - 1) :::: 0.1097.

2 m,3 + 1 - 2 ::::1 ro, h =0.05, t = 300°C, H ::::

Therefore, we have

ｾ ｬ ｕ ｓ Ｌ the proportion of the vent to the floor area becomes 11%. In

this case, unlike the preceding c8ses, the lowering of the upper

edge of the opening resulted in an increase in the cross-spctional

ｾ ｲ ･ ｡ of the vent. The reason is that in Fig. 7 when the upper edge

of the opening is lowered., the value of h
1

increases, and con­

sequently the right side of equation (7) increases.

Example 3. Conditions are the same as in example 2; the value

of S" Iso when the vent protrudes 1 m above the celling is

calculated.

Solution: S'/S ::::
o

h
1

:::: 4 - 1 :::: ｾ m.

ｾ = 1.20 x0.05 ｸ ｊ ｾ x[ JO + 1)' -.J13]

:::: 0.06 x Hx 1.8284 :::: 0.776.

The proportion of the vent to the floor area ls approximately 8%.
Thus, 8 pr-ot.ud i ng 'rent 1s an effect!ve means to reduce the cross­

sectlonal area.
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(b) vfuen there are ｾ ｯ ｲ ･ than two ｯ ｾ ･ ｮ ｩ ｮ ｧ ｳ of different sizes

Even thourh trere are ｾ ｯ ｲ ･ than two openings which are dif­

ferent in size, if the upper edge of one of these openings is

lecated higher than 3 m above the floor, the required ｣ ｲ ｯ ｳ ｳ Ｍ ｳ ･ ｾ ｴ ｩ ｯ ｮ ｡ ｬ

area of the vent can be ｣ ｡ ｬ ｾ ｵ ｬ ｡ ｴ ａ ､ hy efluCltlol1 (6). Therefore,

1n this section, the case in which the upper edr,es of all the

openings are l0cated lower than 2 m above the floor (as In Fig. 8)

will be considererj, and the cross-oectlonal area of the vent neces­

sary to place the neutral 7.one at 2 m above the floor will be ca1-

cu Lat ed , The openings \11111 be numbered 1, 2, ｾ Ｉ •••• and the quan­

tities associated wlth an openine will be suffixed wlth an appropri­

ate number. ｔ ｨ ｾ mean1ng of the symhols will be the same 8S ln

Section 3. Then, we have:

4

(8)

ｾ ｦ ｵ ･ ｮ the room temperatures are 300°C, 500°C, 700°C, or lOOOoC, only

the substltution of epproprlate value of temperature ln the above

･ Ｈ ｾ ｡ ｴ ｬ ｯ ｮ Ｌ 1.e., numerlcal values of 1.20, ].39, 156, or 1.79 in

place of ｏ Ｎ ｏ ｾ ｏ ｬ ｾ Ｒ x ｾｴ + 273.2 are necessary.

It 1s neces sar-y for all the openings to be on the same wallo

Example. Calculations will be mane of the cross-sectional

area of a vent in a wa.rehouse with an entrance of area S' 1
and a

window of area 5'2; as 1n Fig. 9.

Solution: So = 10 x 5 = 50 m2
, S'1 = 1. x 1.5 = 1.5 m2

, S'2 = 2 x

0.5 = 1 m2
, H1 = ＱｾＵ m, H

2
= 0.5 m, h = 3 - 2 + 1 = 2 m, h 1 = 3 +

1 - 1.5 = 2.5 m, h 2 = 3 + 1 - 0.5 = 3.5 m, and assuming the tem­

Ｚ ｰ ｾ ｲ Ｇ ｡ ｴ ｵ ｲ ･ to be 300oC, and substituting these values in (8):
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(!W2) :5J+ ..l... x fQ;i[ (1 +
105 50 ｾｾＭ

ＭｊＨｾＺｾＩＳｊｊ

B)3
0.5

= 0.12 x [0.03 x 0.866 x [1.5396 - O.1925} + 0.02

x 0.50 x [8 ｾ 5.1962J] = 0.12[0.02598 x 1.3471

+ 0.01 x 2.8038 = 0.12 x [0.03500 + 0.02804]

= 0.0756.

Thus, the cross-sectional area of the vent is approximately 8% of

the floor area: in absolute vb1ue it is 50 x 0.0756 = 3.78 ｭ ｾ

7. Conclusions

A method of ca LcuLat-Lng a or-oe s-i sec ta.ona'L area of a smoke vent

in the ceiling of hu11d1ngs such as a c1nema or a theatre with few

openings to facilitate the entry and the act1vities of f1refi&lters

has been discussed.

(1) The discussion is based on the premise that at the time

of the fire the position of the neutral 7.one, at which the differ­

ence in the internal and external pressure 1s zero, should not be

lower than the upper edges of the openings.

(2) Equations were obtained for variOUS sizes fl.nd positions

of openings. The results were applied to the fire of the Tokyo

theatre in Feb. 1958 and other under-gr-ound theatres to calculate

the cross-sectionRJ area of the vent.

(3) The follcv!lng met hod s of reducing the size of the vents

are suggested:

(i) building a vent in the form of a chimney taking

advantage of the ground floor, or

(ii) lowering the upper edge of the open1ng by hanging a

partition from the ceiling over the entrance.



-16-

(4) In a special case where the upper edges of all the

openings are less than 2 m, it is more effective if the upper edges

of the openings can be palsed as close to 2 m as possible.

Smoke vent

(Cross-sectional area. S")

Floor a.rea So

Wall opening (cross-sectional area S')

Fig. 1

Model of a fireproof room
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Vertical section of the Takarazuka Theatre in Tokyo
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Fig. 4

Plan of the first floor of the Takarazuka Theatre in Tokyo
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Fig. 5

When there are ｭ ｯ ｲ ｾ than two openings of different sizes
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Example of an underground cinema
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Fig. 7

1tThen the upper edge of an opening is less than 2 m above the floor
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s' Vent
T

I

F1g. 8

When there are more than two openings of d1fferent s1zes

Vent

seotion

ｾ Ｍ Ｍ Ｍ 10'" Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ ｴ ｾ
Horizontal section

F1g. 9

Example of a warehouse

Plastic dome

Fusible link

(operating at l65°F)

Example of a smoke vent


