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PREFACE

Experience has shown that the time required for the complete evacuation of a high building can
exceed that which is considered necessary for the safe egress of all occupants. Studies of the
“chimney effect” and observations of smoke movement in fires have shown that present measures
for containing a fire on a lower storey will not usually prevent the movement of smoke through the
elevator, stair or other vertical shaft to the upper storeys of a high building. Occupants of high
buildings, and particularly those on upper storeys, may be faced with severe smoke conditions
from fires occurring in storeys below them before their own evacuation is possible.

The measures described in this document are designed to implement the requirements of NBC
Subsection 3.2.6. by providing safe conditions for the occupants of a high building who may have
to remain in the building during a fire, by protecting exit routes and by assisting fire fighters with
the provision of efficient access to the fire floor.

The knowledge requirements of these measures are well within the capabilities of the competent
designer. The designer should appreciate, however, that the successful application of the measures
constitutes a design problem requiring a clear understanding of the principles that govern smoke
movement, as well as an awareness of the assumptions on which the measures are based. The as-
sumptions regarding building characteristics associated with each measure are included in the
text. If the building under consideration has characteristics that are significantly different from
these, appropriate adjustments must be made in the design.

This is particularly true of methods employing air-handling systems where, for example, a real-
istic assessment of the leakage characteristics of the enclosures of spaces into which air is intro-
duced may be critical. In this context, special attention is drawn to the building pressurization ap-
proach used in conjunction with a smoke shaft. The recommendations contained in the document
for this approach were developed assuming a building with fairly uniform leakage characteristics.
Where a building departs substantially from this model, the design must be adjusted to compen-
sate. An example of the latter condition would be a building which contains at the lower levels a
large shopping complex of much greater floor area than at the higher levels.

The designer is cautioned that the tabular and graphical information presented herein have
been developed for buildings having the characteristics listed in this document. It will be for him
to judge the extent to which the building under consideration has characteristics that will allow the
application of this information. This is particularly important where a designer intends to develop
his own smoke control approach. In some cases the design may prove sufficiently complex to ne-
cessitate the use of a computer. A paper describing a computer approach to this problem is avail-
able from the Division of Building Research (Reference 18).

Finally, it should be noted that the National Building Code requires that a check be made of the
smoke control system when requested by the authority having jurisdiction in accordance with the
procedures described in Appendix C of this document. This check will indicate deficiencies caused
by inexact estimates of the leakage characteristics or of air supply requirements and, in all but the
most extreme cases, will provide an opportunity for appropriate adjustments before the system is
put into service.

The second edition of this document has been updated, with each change or addition identified
by a vertical line in the margin. All references to the National Building Code requirements apply
to those in the 1977 edition.

These Measures contain imperial units of measure to correspond with the format of the National
Building Code 1977. When agreement is reached on the metric values to be used with this document,
they will be included in a subsequent edition.



Comments on this document are welcomed by the Associate Committee and should be for-
warded to the Secretary, Associate Committee on the National Building Code, National Research
Council of Canada, Ottawa, Ontario K1A OR6. ,

Le Code national du batiment, ses suppléments et les documents qui s’y rattachent sont disponi-
bles en frangais. On peut se les procurer en s’adressant au Secrétaire, Comité associé du Code na-
tional du batiment, Conseil national de recherches du Canada, Ottawa, Ontario K1A OR6.



LIST OF ABBREVIATIONS

Abbreviations of words and phrases in this document have the following meanings:

ACNBC .............. Associate Committee on the National Building Code

cfm .......... S cubic foot (feet) per minute

OF e degree(s) Fahrenheit

FO i Fahrenheit degree(s)

3 A foot (feet)

B e hour(s)

1N e, inch(es)

15111 PO minute(s)

NBC ..., National Building Code

PSE pounds per square foot

SEC. trvrerriereereeennen second(s)

SqQft e square foot (feet)

SQIN o square inch(es)



CHAPTER 1

SCOPE OF MEASURES FOR FIRE SAFETY IN HIGH
BUILDINGS

This document includes a number of detailed measures that may be incorporated in a building
in order to comply with the requirements relating to control of smoke that are included in Subsec-
tion 3.2.6. of the National Building Code. It is not the intention to exclude other means of attain-
ing the same objectives. Where smoke control methods other than those described in this docu-
ment are developed, they may be based on the information in Appendix B, Mechanisms of Smoke
Movement in Buildings.

Smoke control measures required by NBC Subsection 3.2.6. vary depending on the height and
occupancy of a building. In a sprinklered building, the requirements for control of smoke move-
ment are minimal (see Measure A, Chapter 2). In very tall buildings, limits are placed on the pene-
tration of smoke into exit stairs, fire fighters’ elevators and all floor areas other than the one on
which fire occurs. Such limits are achieved by Measures B, D, F, H and I in Chapter 2. In certain
buildings of lesser height and limited population, exit stairs and fire fighters’ elevators are pro-
tected and smoke may be expected to enter upper floor areas. This situation applies where Meas-
ures C, E, G and J, described in Chapter 2, are employed. In other buildings, the spread of smoke
into shafts and floor areas is accepted, but areas of refuge are provided that are maintained smoke
free, that can be reached by all people in the building within a few minutes and that are linked to
outdoors by safe means of egress. They are described in Measures K and L in Chapter 2.

Where Measures A, B, D, F, H and I in Chapter 2 are applied, it is assumed that in the event of
fire occupants of the floor on which the fire occurs will leave by exit stairs immediately following
the sounding of a fire alarm, and that occupants of the floor immediately above the floor on which
the fire occurs will be advised to leave by the first fire department officer on the scene or other per-
son assigned this responsibility. Occupants of all other floors may remain on their floors unless
otherwise directed.

Where Measures C, E, G and J in Chapter 2 are applied, it is assumed that occupants of all
floors will move immediately into the stairshafts and will then proceed slowly to the outdoors fol-
lowing the sounding of a general fire alarm.

Where Measure K in Chapter 2 is applied (i.e. the building is divided vertically into 2 zones), it
is assumed that occupants of the floor on which the fire originates will leave by exit stairs, and that
the occupants of all other floors in the zone in which the fire is discovered will move through vesti-
bules or bridges to floor areas on the same level in the fire-free smoke control region immediately
following the sounding of a fire alarm. Occupants may remain in these areas-of refuge until further
directed by the fire department officer.

Where Measure L in Chapter 2 is applied, it is assumed that occupants of the floor on which the
fire originates will leave by the exit stairs, and that occupants of all other floors will move by corri-
dors or stairs to areas of refuge that are distributed throughout the building immediately following
the sounding of the fire alarm. Occupants may remain in these areas of refuge until otherwise di-
rected.

In a residential building where reliance is placed on balconies as places of refuge from smoke, as
described in Measure M in Chapter 2, occupants may remain in their suites when a general fire
alarm is given, but should be prepared to move on to their balconies if conditions in the suite
should become untenable.

It is assumed that the population of below grade storeys will not exceed the 300 persons per unit
exit width referred to in NBC Article 3.2.6.1., and that occupants of below grade storeys will
evacuate the building by the stairshafts immediately after the discovery of a fire in a below grade
storey.



It is also important that fire fighters are provided with a smoke-free access to below grade fire
floors. Measures A, B, C, D, E, F, G, L and M include provisions designed to separate the exit
stairs serving above grade storeys from those serving below grade storeys, and to limit entry of
smoke into these shafts. Elevator and service shafts are required to be provided with a separation
near grade, or be designed to limit their functioning as paths of smoke movement into upper floor
areas. In Measures H, I and J, no special precautions are necessary to protect shafts in below
grade storeys, because the system of pressurization plus venting of the fire floor protects all shafts,
whether or not these penetrate below grade storeys. In Measure K, the separation into 2 zones is
maintained in below grade storeys. Smoke-free access will thus be available to any floor on which
fire occurs.

Synopsis of Measures for Fire Safety in High Buildings

Each of the measures is illustrated by a sketch with notes describing the applicable conditions
(Figures 1 to 18). These sketches are intended as a guide to the detailed requirements and as an aid
to finding the relative clauses, but they are not intended to limit in any way the scope of the de-
tailed provisions which in general provide a wider range of choice than can be shown in the
sketches and notes. A summary of requirements applicable to all buildings, regardless of the meas-

ure being used, is given in the following paragraph.

Requirements Common to all Measures for Fire Safety in High Buildings

(a) Elevators controlled by keyed switch (NBC Article 3.2.6.3.),

(b) fire fighters’ elevator required (NBC Article 3.2.6.4.),

(¢) means of venting each floor area to outdoors by smokeshaft, windows or building exhaust
system (NBC Article 3.2.6.5.),

(d) certain floor areas in the building to be sprinklered (NBC Articles 3.2.2.8. and 3.2.6.6.),

(e) limits on flamespread and smoke production ratings for interior finish materials in certain
locations (NBC Article 3.2.6.7.),

(f) central alarm and control facility required (NBC Article 3.2.6.8.),

(g) voice communication system required if building is over 120 ft high (NBC Article 3.2.6.9.),

(h) fire protection required for electrical feeders to emergency equipment (NBC Article
3.2.6.10.),

(i) power to operate emergency lighting alarm and communications systems (NBC Article
3.2.6.11.), and

() emergency power to operate elevators required if building is over 120 ft high (NBC Article
3.2.6.11.).



MEASURE A FULLY SPRINKLERED BUILDING

1.
jlz 1
2.
2
3.
2
1 3

Figure 1 Typical floor plan, Measure A

Door to outdoors in each stairshaft held open
during a fire emergency (2A(2)).*

Stairshaft serving floors below the lowest exit
level is separate from stairshaft serving floors
above that storey (2A(3)).

Stairshaft serving floors below the lowest exit
level is pressurized during a fire emergency
(QAQ)).

Elevator shaft terminates not lower than the
first floor below the lowest exit storey or has ele-
vator vestibules in every storey below the lowest
exit storey (2A(5)).

Vertical service spaces provided with firestops
at the first floor below the lowest exit storey or
are vented to outdoors at top (2A(6)).

Air moving fans are stopped in a system that

serves more than 2 storeys (NBC Sentence
3.2.6.2.(6)).

*First number indicates Chapter number. Let-

ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Measure A satisfies NBC Sentence 3.2.6.2.(6) for Groups A, C, D, E or F, major occupancy clas-

sification.
No limit on height.
All floor areas sprinklered (NBC Sentence 3.2.6.2.(6)).

Limits on Aame spread and smoke described in NBC Article 3.2.6.7. are relaxed.



MEASURE B OPEN CORRIDOR ACCESS TO STAIRS AND
ELEVATORS (including restrictions on movement of smoke
from floor to floor)

1. Stairshaft serving floors below the lowest exit
level is separate from stairshaft serving floors
above that storey (2B(3)).*

Stairshaft serving floors below the lowest exit

level is pressurized during a fire emergency
(2B(3)).

2 2. | Elevator shaft terminates not lower than the
first floor below the lowest exit storey or has ele-
vator vestibules in every storey below the lowest
exit storey (2B(4)).

I

3. Vertical service spaces provided with firestops
at the first floor below the lowest exit storey and
at intervals not exceeding 5 storeys or are
vented to outdoors at top (2B(5)).

4. Open corridor or balcony providing access to
{ﬁ stairs and fire fighters’ elevator (2B(2)).
Elevator shaft and stairshaft unheated.

Air moving fans are stopped in a system that
serves more than 2 storeys (2B(7)).

Certain dampers close in air handling ducts
during a fire emergency (2B(8)).

il

*First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

1

Figure 2 Typical floor plan, Measure B

Measure B satisfies NBC Sentences 3.2.6.2.(2), (3) and (4) for any major occupancy classification.

No limit on height.



MEASURE C OPEN CORRIDOR ACCESS TO STAIRS AND

ELEVATORS (with no additional restrictions on movement of

smoke from floor to floor)

I

1

1

.

Figure3 Typical floor plan, Measure C

Measure C satisfies NBC Sentence 3.2.6.2.(7) for Groups A, C, D, E or F, major occupancy clas-

sification.

1.

Stairshaft serving floors below the lowest exit
level is separate from stairshaft serving floors
above that storey (2C(3)).*

Stairshaft serving floors below the lowest exit

level is pressurized during a fire emergency
QC(@3)).

Elevator shaft terminates not lower than the
first floor below the lowest exit storey or has ele-

vator vestibules in every storey below the lowest
exit storey (2C(4)).

Open corridor or balcony providing access to
stairs and fire fighters’ elevator (2C(2)).
Elevator shaft and stairshaft unheated.

Air moving fans are stopped in a system that
serves more than 2 storeys (2C(5)).

*First number indicates Chapter number. Let-

ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Limit on population (NBC Sentence 3.2.6.2.(7)).
Limited to buildings not more than 250 ft high (NBC Sentence 3.2.6.2.(7)).



MEASURE D PROTECTED VESTIBULE ACCESS TO STAIRS AND
ELEVATORS (including restrictions on movement of smoke

from floor to floor)

5

i

n
-

5

Figure 4 Typical floor plan, Measure D

Door to outdoors in each stairshaft held open
during a fire emergency (2D(7)).*

Stairshaft serving floors below the lowest exit
level 1s separate from stairshaft serving floors
above that level (2D(8)).

Stairshaft serving floors below the lowest exit
level is pressurized during a fire emergency
(2D(8)).

Elevator shaft terminates not lower than the
first floor below the lowest exit storey or has ele-
vator vestibules in every storey below the lowest
exit storey (2D(13)).

Fire fighters’ elevator shaft provided with vent
to outdoors at top and bottom during a fire
emergency if the vestibule protection is by pres-
surization (2D(9)).

Vertical service spaces provided with firestops
at the first floor below the lowest exit storey and
at intervals not exceeding 5 storeys or are
vented to outdoors at top 2D(12)).

Vestibule vented to outdoors during a fire emer-
gency or pressurized (2D(5)).

Vents to vestibules openable from central con-
trol facility if building 1s over 120 ft high
(2D(6)).

Air moving fans are stopped in a system that
serves more than 2 storeys (2D(15)).

Certain dampers close in air handling ducts
during a fire emergency (2D(16)).

*First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Measure D satisfies NBC Sentences 3.2.6.2.(2), (3) and (4) for any major occupancy classification.

No limit on height.



MEASURE E PROTECTED VESTIBULE ACCESS TO STAIRS AND
ELEVATORS (with no additional restrictions on movement of

smoke from floor to floor)

4

s

Figure 5 Typical floor plan, Measure E

1.

Door to outdoors in each stairshaft held open
during a fire emergency (2E(6)).*

Stairshaft serving floors below the lowest exit
level is separate from stairshaft serving floors
above that level (2E(7)).

Stairshaft serving floors below the lowest exit
level is pressurized during a fire emergency
(2E(7)).

Elevator shaft terminates not lower than the
first floor below the lowest exit storey or has ele-
vator vestibules in every storey below the lowest
exit storey (2E(11)).

No special protection against smoke for eleva-
tor shafts or vertical service spaces other than
fire fighters’ elevator.

Fire fighters’ elevator shaft provided with vent
to outdoors at top and bottom during a fire
emergency (2E(8)).

Vestibule vented to outdoors during a fire emer-
gency or pressurized (2E(4)).

Vents to vestibules openable from central con-
trol facility if building is over 120 ft high
(2E(5)).

Air moving fans are stopped in a system that
serves more than 2 storeys (2E(12)).

*First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Measure E satisfies NBC Sentence 3.2.6.2.(7) for Groups A, C, D, E or F, major occupancy clas-

sification.

Limit on population (NBC Sentence 3.2.6.2.(7)).

Limited to buildings not more than 250 ft high (NBC Sentence 3.2.6.2.(7)).
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MEASURE F PRESSURIZED STAIR AND ELEVATOR SHAFTS
(including restrictions on movement of smoke from floor to

floor)

Figure 6 Typical floor plan, Measure F

Door to outdoors in each stairshaft held open
during a fire emergency (2F(2)).*

Stairshaft pressurized during a fire emergency
(2F(2)).

Stairshaft serving floors below the lowest exit
level is separate from stairshaft serving floors
above that level (2F(3)).

Stairshaft serving floors below the lowest exit
level is pressurized during a fire emergency
(2FQ)).

Fire fighters’ elevator shaft pressurized during a
fire emergency (2F(4)).

Elevator shafts other than fire fighters’ elevator
vented to outdoors at top (2F(8)).

Vertical service spaces provided with firestops
at the first floor below the lowest exit storey and
at intervals not exceeding 5 storeys or are
vented to outdoors at top (2F(7)).

Air moving fans are stopped in a system that
serves more than 2 storeys during a fire emer-
gency (2F(11)).

Certain dampers in air-handling ducts close
during a fire emergency (2F(12)).

*First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Measure F satisfies NBC Sentences 3.2.6.2.(2), (3) and (4) for any major occupancy classification.

No limit on height.



MEASURE G PRESSURIZED STAIR AND ELEVATOR SHAFTS (with
no additional restrictions on movement of smoke from floor to

floor)

Figure 7 Typical floor plan, Measure G

Door to outdoors in each stairshaft held open
during a fire emergency (2G(2)).*

Stairshaft pressurized during a fire emergency
(2G(2)).

Stairshaft serving floors below the lowest exit
level is separate from stairshaft serving floors
above that level (2G(3)).

Stairshaft serving floors below the lowest exit
level is pressurized during a fire emergency
(2GQ3)).

Fire fighters’ elevator shaft pressurized during a
fire emergency (2G(4)).

No special protection against smoke for eleva-
tor shafts or vertical service spaces other than
fire fighters’ elevator.

Air moving fans are stopped in a system that
serves more than 2 storeys during a fire emer-
gency (2G(7)).

*First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Measure G satisfies NBC Sentence 3.2.6.2.(7) for Groups A, C, D, E or F, major occupancy clas-

sification.

Limit on population (NBC Sentence 3.2.6.2.(7)).

Limited to buildings not more than 250 ft high (NBC Sentence 3.2.6.2.(7)).
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MEASURE H BUILDING FULLY PRESSURIZED

Figure 8 Typical floor plan, Measure H

1.

All fioor areas pressurized (2H(2)).*

Provision for modulating air supply for building
pressurization during warm weather (2H(4)).

Fire floor provided with means of venting to
outdoors by smokeshaft or windows (2H(7)).

A proportion of air for building pressurization
directed into stairshafts (2H(2)).

Doors to outdoors in stairshafts not held open
during a fire emergency (2H(5)).

Except as required for venting, all openings in
perimeter walls and roof are kept closed during
a fire emergency (2H(5)).

Except as required for pressurization, air mov-
ing fans are stopped in a system that serves
more than 2 storeys during a fire emergency
(2H(4)).

Certain dampers in air handling ducts are
closed during a fire emergency (2H(6)).

*First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Measure H satisfies NBC Sentences 3.2.6.2.(2), (3) and (4) for any major occupancy classification.

No limit on height.



MEASURE I

11

PARTIALLY PRESSURIZED BUILDING (including

restrictions on movement of smoke from floor to floor outside

core)

Figure 9 Typical floor plan, Measure 1

Enclosing wall of core is a fire separation with
self closing doors.

Central core is pressurized during a fire emer-
gency (21(2)).*

All openings in perimeter walls and roof of core
kept closed during a fire emergency (21(3)).

Fire compartment is vented to outdoors during
a fire emergency by smokeshaft or windows

(2K(4)).

Vertical service spaces outside core provided
with firestops at the level of the first floor below
the lowest exit storey and at intervals not ex-
ceeding S storeys or are vented to outdoors at

the top (21(6)).

Doors to outdoors in stairshafts not held open
during a fire emergency except as required for
pressurizing the core (21(3)).

Air moving fans are stopped in a system that
serves more than 2 storeys in a fire emergency
KT)).

Certain dampers in air handling ducts are
closed during a fire emergency (21(8)).

*First number indicates Chapter number. Let-

ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Measure I satisfies NBC Sentences 3.2.6.2.(2), (3) and (4) for any major occupancy classification.

No limit on height.
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MEASURE J PARTIALLY PRESSURIZED BUILDING (with no
additional restrictions on movement of smoke from floor to

floor outside core)

Figure 10 Typical floor plan, Measure J

Enclosing wall of core is a fire separation with
self closing doors.

Central core is pressurized during a fire emer-
gency (2J(2)).*

All openings in perimeter walls and roof of core
are kept closed during a fire emergency (2J(3)).

Doors to outdoors in stairshafts not held open
during a fire emergency (2J(3)).
Air moving fans are stopped in a system that

serves more than 2 storeys in a fire emergency
(21(4)).

*First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Measure J satisfies NBC Sentence 3.2.6.2.(7) for Groups A, C, D, E or F, major occupancy clas-

sification.

Limit on population (NBC Sentence 3.2.6.2.(7)).

Limited to buildings not more than 250 ft high (NBC Sentence 3.2.6.2.(7)).
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MEASURE K VERTICALLY DIVIDED BUILDING (with spatial
separation)

1. Door to outdoors in each stairshaft held open
during a fire emergency (2K(13)).*

2. One fire fighters’ elevator and 1 stairshaft in
each smoke control region (2K(4)).

3. If bridges do not occur at each storey, 2 stair-
shafts are required in each smoke control region
(NBC342.1).

2 4. Building designed as 2 smoke control regions
with spatial separation between (2K(2)).

L

3 S. Bridge at each storey or at intervals not exceed-
ing 5 storeys (2K(3)).

Bridge vented to outdoors or pressurized
QK(11)).

6. Fire separation in storeys below grade to
maintain separation between smoke control re-
gions (2K(15)).

Air moving fans are stopped in a system that

5 4 6 serves more than 2 storeys in a fire emergency
(2K(14)).

*First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Figure 11 Typical floor plan, Measure K

Measure K satisfies NBC Sentence 3.2.6.2.(5) for buildings of Groups A, D, E or F, major occu-
pancy classification of any height.

Measure K satisfies NBC Sentence 3.2.6.2.(5) for buildings of Group C, major occupancy classifi-
cation that are not more than 250 ft high.
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MEASURE K VERTICALLY DIVIDED BUILDING (with fire separation)

1. Door to outdoors in each stairshaft held open
during a fire emergency (2K(13)).*

2. One fire fighters’ elevator and 1 stairshaft in
each smoke control region (2K(4)).
If vestibules do not occur at each storey, 2 stair-

shafts are required in each smoke control region
(NBC34.2.1).

3. Building designed as 2 smoke control regions
with fire separation between (2K(2)).

Fire separation in storeys below grade to
2 maintain separation between smoke control re-
gions 2K (15)).

4. Vestibule at each storey or at intervals not ex-
3
4 4

ceeding 5 storeys (2K(3)).
Vestibules vented to outdoors or pressurized

(2K(11)).
5. Vent to outdoors in each smoke control region
on floors below mid height of building (2K(12)).

2 Air moving fans are stopped in a system that
serves more than 2 storeys during a fire emer-
gency (2K(14)).

1 *First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Figure 12 Typical floor plan, Measure K

Measure K satisfies NBC Sentence 3.2.6.2.(5) for buildings of Groups A, D, E or F, major occu-
pancy classification of any height.

Measure K satisfies NBC Sentence 3.2.6.2.(5) for buildings of Group C, major occupancy classifi-
cation that are not more than 250 ft high.
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MEASURE L AREAS OF REFUGE (with two areas of refuge on each floor)

1. Stairshaft and fire fighters’ elevator shaft pro-
tected by area of refuge or vestibule (2L(11)).*

Door to outdoors in each stairshaft helq open
1 during a fire emergency (2L(14)).

Stairshaft serving floors below the lowest exit
level is separate from stairshaft serving floors
above that storey (2L(15)).

Stairshaft serving floors below the lowest exit
level is pressurized during a fire emergency
(2L(15)).

2. Two areas of refuge on each floor pressurized
during a fire emergency (see Figure 14 for area
of refuge every fifth floor) (2L(10)).

3. No special protection against smoke for eleva-
tor shafts or vertical service spaces other than
fire fighters’ elevator.

-
—+

4. Fire fighters’ elevator shaft terminates not lower
than the first floor below the lowest exit storey
or has elevator vestibules in every storey below
the lowest exit storey (2L(13)).

Fire fighters’ elevator shaft provided with vent
to outdoors at top and bottom during a fire
emergency (2L(16)).

3 Air moving fans are stopped in a system that
serves more than 2 storeys during a fire emer-
gency (2L(19)).

*First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

Figure 13 Typical floor plan, Measure L

Measure L satisfies NBC Sentence 3.2.6.2.(5) for buildings of Groups A, D, E or F, major occu-
pancy classification of any height.

Measure L satisfies NBC Sentence 3.2.6.2.(5) for buildings of Group C, major occupancy classifi-
cation that are not more than 250 ft high.
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MEASURE L AREAS OF REFUGE (duplicate groups of areas of refuge at
every fifth storey)

1. Stairshaft and fire fighters’ elevator shaft pro-
tected by area of refuge or vestibule (2L(11)).*

Door to outdoors in each stairshafts held open
during a fire emergency (2L(14)).

Stairshaft serving floors below the lowest exit
level is separate from stairshaft serving floors
2 \ above that storey (2L(15)).

Stairshaft serving floors below the lowest exit
level is pressurized during a fire emergency

Z ' (2L(15)).

e ——- 2, Stairshaft and fire fighters’ elevator shaft pro-
tected in intermediate floors by pressurized ves-
tibules (2L(11)).

Area of refuge

5

3. | Fire fighters’ elevator shaft terminates not lower
than the first floor below the lowest exit storey
or has elevator vestibules in every storey below
the lowest exit storey (2L(13)).

Fire fighters’ elevator shaft provided with vent
to outdoors at top and bottom during a fire

emergency (2L(16)).

4. No special protection against smoke for eleva-

Area of refuge tor shafts or vertical service spaces other than
5 fire fighters’ elevator.

5. Two areas of refuge on each fifth floor pressur-
ized during a fire emergency (2L(10)), or areas
of refuge may be staggered on intermediate

Figure 14 Typical floor plan, Measure L

Y\ V— floors (see Figure 15).

= Air moving fans are stopped in a system that
T serves more than 2 storeys in a fire emergency
= “Arec of refuge QL(19)).

Area of refuge =T *First number indicates Chapter number. Let-

""""""""" ter indicates Measure. Last number indicates

F—{ =} Stairshaft number of Sentence in that Measure.
= Area of refuge

Area of refuge = “/L

Figure 15 Typical cross section showing areas of
refuge on intermediate floors.

Measure L satisfies NBC Sentence 3.2.6.2.(5) for buildings of Groups A, D, E or F, major occu-
pancy classification of any height.

Measure L satisfies NBC Sentence 3.2.6.2.(5) for buildings of Group C, major occupancy classifi-
cation that are not more than 250 ft high.
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MEASUREM BUILDING WITH BALCONIES

1. Door to outdoors in each stairshaft held open
during a fire emergency (2M(2)).*

1 Stairshaft serving floors below the lowest exit
level is separate from stairshaft serving floors
above that level (2M(3)).

Stairshaft serving floors below the exit level is

pressurized during a fire emergency (2M(3)).

—

Each suite provided with a balcony (NBC
3.2.6.2.(8)).

-

3. Elevator shaft terminates not lower than the
first floor below the lowest exist storey or has el-
evator vestibules in every storey below the low-
est exit storey (2M(4)).

Air moving fans are stopped in a system that
4= | serves more than 2 storeys in a fire emergency

! M(5)).

*First number indicates Chapter number. Let-
ter indicates Measure. Last number indicates
number of Sentence in that Measure.

- -
—_

-
—_

Figure 16 Typical floor plan, Measure M

Measure M satisfies NBC Sentence 3.2.6.2.(8) for buildings of Group C, major occupancy classifi-
cation that are not more than 120 ft high.



18

MEASURE N CONNECTED BUILDINGS

BUILDING A

1. Vestibule vented to outdoors or pressurized.

BUILDING B

o~ Grade
UL\
1 Tunnel

Figure 17 Section through buildings linked
by underground tunnel

BUILDING A
2. Vestibules vented to outdoors or pressurized.
BUILDING B
2 Grade
RASUNLNY UNSLANLDE
2

Figure 18 Section through buildings joined
at firewall

Measure N satisfies NBC Sentence 3.2.6.2.(9) for connected buildings.
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CHAPTER 2

MEASURES FOR LIFE SAFETY IN HIGH BUILDINGS
Measure A Fully Sprinklered Buildings

GENERAL

The steps described in this Section amount to an adequate smoke control measure, satisfying
the requirements of NBC Sentence 3.2.6.2.(6). Reliance is placed on the full sprinkler installation
to limit fire spread and hence the generation of smoke.

Some additional protection of exit stairs is afforded by the provision of an opening to the out-
doors at the foot of the stairshaft. In cold weather, when stack action is likely to be most signifi-
cant, this measure may give a general increase in air pressure in the stairshaft, thus restricting en-
try of smoke.

In this section is included the requirement that elevator and service shafts should not be
continuous from above to below grade, except when vestibules are provided at elevator doors in
below grade storeys.

Where Measure A is adopted and a fire is detected by an automatic device or a fire alarm box is
activated manually, it is intended that a fire alarm will sound on all floors simultaneously, and that
the occupants of the fire floor will walk down stairs to the street floor or to a safe intermediate
floor area. Occupants of other floors may remain where they are until advised to evacuate by the
person operating the central alarm and control facility.

Measure A

(1) The requirements of NBC Sentence 3.2.6.2.(6) may be met by incorporating the require-
ments in Sentences (2) to (8).

(2) A stairway serving storeys above the lowest exit level has a vent or door to the outdoors at
or near the bottom of the stairshaft, as described in Sentence (4).

(3) A stairway serving floors below the lowest exit level

(a) has a vent or door to the outdoors at or near the top of the stairshaft that has an openable
area of at least 1.25 sq ft for each storey served by the stairway, less 0.1 sq ft for each
weatherstripped door and 0.2 sq ft for each non-weatherstripped door opening into the
stairshaft,

(b) is enclosed in a shaft that does not pass through the floor above the lowest exit level and is
separate from a shaft that contains a stairway serving upper storeys, or is enclosed in a
shaft that contains a stairway serving upper storeys, but is separated from that stairway at
the lowest exit level by a fire separation having a fire-resistance rating not less than that re-
quired for the shaft enclosure, and

(c) is provided with equipment capable of maintaining a flow of air introduced at or near the
bottom of the stairshaft, at a rate equal to 1,000 cfm for each storey served by the stairway.

(4) A stairshaft required to be vented to the outdoors by (2) or (3) or by other provisions in
this document is provided with a vent or door that

(a) has an openable area of 0.5 sq ft for every door between the stairshaft and a floor area, but
not less than 20 sq ft,

(b) opens directly to the outdoors or into a vestibule or exit corridor that has a similar opening
to the outdoors, and

(c) has a door or closure that is openable manually and can remain in this open position dur-
ing a fire emergency.
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(5) Any elevator shaft that passes through the floor above the lowest exit storey does not pene-
trate the floor of the storey immediately below the lowest exit storey, except where there is a vesti-

bule between the shaft and each below-grade floor area as is described in Sentence (3) of Measure
D.

{

(6) A vertical service space, other than an elevator shaft that passes through the floor above
the lowest exit storey, is provided with a tight-fitting noncombustible seal or fire stop at the floor
level of the storey immediately below that storey, except where the vertical service space is vented
to the outdoors at the top as described in Sentence 2(D)(10).

(7) A supply of air required by (3) is carried in ducts as described in Sentence (13) of
Measure F.

(8) The central control facility required by NBC Article 3.2.6.8. is provided with additional
controls capable of

(a) opening closures to vents in shafts that may be required by (6),

(b) stopping air handling systems as required by NBC Sentence 3.2.6.2.(6), and

(c) initiating the mechanical air supply to stairshafts as may be required in (3).

Measures Band C  Open Corridor Access to Stairs and Elevators

GENERAL

Measures B and C can be applied to a building where habitable floor areas are approached
along access ways open to the outdoors.

Each corridor that provides access to stairs or elevators is permanently open to the outside as
shown in Figures 2 (Chapter 1) and 19. The situation is illustrated by the pressure characteristic
diagram shown in Figure 20. Air flow through openings that may exist in floors is likely to be more
pronounced than with other smoke control methods because of the reduction in the influence of
vertical shafts, so it is desirable that openings through the floor-ceiling assembly be minimized.
This should not, however, present an immediate smoke problem except on the floor directly above
the floor where a fire occurs.

Measure C is the same as Measure B, except that no steps are taken to limit smoke movement
into upper storeys through vertical service spaces or shafts in Measure C.

Where shafts enclosing plumbing and electrical services penetrate floor spaces and a decision
has been made to use Measure B for control of smoke movement, these shafts should be sealed at
least at every fifth storey at a horizontal fire separation and at the floor immediately below the
lowest exit storey or have vents to the outside at the top. In the latter case there is still some possi-
bility that smoke may pass into the uppermost floor because the air pressures in these floor areas
are in the same range as the outside pressures. It is therefore of importance that any leakage areas
in the enclosing walls between floor areas and shaft be kept to a minimum.

In order to avoid creation of pressures that may interfere with the opening of doors to stairs and
elevator shafts, it is recommended that the building heating system be so designed that tempera-
tures in stairs and elevator shafts, if heated, will not exceed 20 F° above outside air temperature.

Where Measure B is adopted and a fire is detected by an automatic device or a fire alarm box is
activated manually, it is intended that a fire alarm will sound on all floors simultaneously, and that
the occupants of the fire floor will walk down stairs to a safe floor area. Occupants of other floors

may remain until advised to evacuate by the person operating the central alarm and control facil-
ity in buildings exceeding 120 ft in height.
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Figure 19 Illustration of Measure B and C
design
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Figure 20 Pressure characteristics in a Measure B design

Where Measure C is adopted, and a fire is detected by an automatic device or a fire alarm box is
activated manually, it is intended that a fire alarm will sound on all floors simultaneously, and that
occupants of all floors will walk down stairs to the street floor or to a safe intermediate floor area.

MEASURE B  (including restriction on the movement of smoke from floor to floor)

(1) The requirements of Sentences (1), (2) and (3) of NBC Article 3.2.6.2. may be met by in-
corporating the requirements in Sentences (2) to (10).

(2) All public corridors leading to the required exit stairs and fire fighters’ elevator from every
floor area on a floor above the lowest exit storey are provided with permanent openings to the out-
doors that

(a) are distributed along the length of the corridor,

(b) have the top of the opening not more than 10 in. below the ceiling of the corridor, and

(c) have an aggregate open area that is not less than 10 per cent of the floor area of the corri-

dor or 10 sq ft, whichever is greater.

(3) A stairway serving storeys below the lowest exit level is protected as described in Sentence
(3) of Measure A.

(4) Any elevator shaft that passes through the floor above the lowest exit storey does not pene-
trate the floor of the storey immediately below the lowest exit storey except where there is a vesti-
bule between the elevator door or doors and each below-grade floor area as described in Sentence
(3) of Measure D.
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(5) A vertical service space within a heated floor area other than an elevator shaft is provided
with
(a) tight-fitting noncombustible fire stops located at the level of the floor immediately below
the lowest exit storey and at the level of certain other floors that are fire separations pro-
vided the space between fire stops does not exceed 5 storeys, or
(b) a vent to the outdoors as described in Sentence (10) of Measure F. !

(6) An elevator shaft within a heated floor area, other than a shaft that contains a fire fighters’
elevator, is provided with a vent to the outdoors as described in Sentence (10) of Measure F and is
protected against entry of smoke as described in Measure D or Measure F.

(7) Except for exhaust from kitchens, washrooms and bathrooms in dwelling units, air moving
fans are stopped in an air handling system that serves more than 2 storeys.

(8) Supply, return and exhaust ducts exceeding 20 sq in. in cross-sectional area at the point of
- entry to a vertical service space in an air handling system that is required to shut down by the pro-
visions of (7) are provided with dampers that will close when the air moving fans are stopped.

(9) Where a supply of air is required by the provisions of Sentence (3), it is carried in ducts de-
scribed in Sentence (13) of Measure F.

(10) The central alarm and control facility required by NBC Article 3.2.6.8. is provided with
additional controls that are capable of

(a) stopping the air handling systems and closing dampers as required by (7) and (8),

(b) opening closures to vents in vertical service spaces where required by (5) and (6), and

(c) initiating the air supply to stairshafts as may be required by (3).

MEASURE C (no restriction on the movement of smoke from floor to floor)

(1) The requirements of Sentences (2) and (3) of NBC Article 3.2.6.2. may be met by incorpo-
rating the requirements of Sentences (2) to (7).

(2) The public corridors leading to the required exit stairs and fire fighters’ elevators from
every floor area on a floor above the storey on which egress directly to the outdoors occurs are
provided with permanent openings to the outdoors that

(a) are distributed along the length of the corridor,

(b) have the top of the opening not more than 10 in. below the ceiling of the corridor, and

(c) have an aggregate open area that is not less than 10 per cent of the floor area of the corri-

dor or 10 sq ft, whichever is greater.

(3) A stairway serving storeys below the lowest exit level is protected as described in Sentence
(3) of Measure A.

(4) Any elevator shaft that contains a fire fighters’ elevator and passes through the floor above
the lowest exit storey does not penetrate the floor of the storey immediately below the lowest exit
storey except where there is a vestibule between the elevator door or doors and each below-grade
floor area as described in Sentence (3) of Measure D.

(5) Except for exhaust from kitchens, washrooms and bathrooms in dwelling units, air moving
fans are stopped in an air handling system that serves more than 2 storeys.

(6) Where a supply of air is required by (3), it is carried in ducts described in Sentence (13) of
Measure F.

(7) The central alarm and control facility required by NBC Article 3.2.6.8. is provided with
additional controls that are capable of

(a) stopping the air handling systems as required by (5), and

(b) initiating the air supply to stairshafts as may be required by (3).
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Measures D and E  Protected Vestibule Access to Stairs and Elevator Shafts
GENERAL

In measures D and E movement of smoke through stair and elevator shafts is limited by the
provision of vestibules that are either open to the outdoors during a fire emergency or have out-
door air injected into them. Stairshafts are further protected by opening a door to the outdoors at
the bottom of the shaft. Where vestibules are protected by the injection of outdoor air, the elevator
shaft is provided with a large opening to the outdoors at the bottom and a smaller opening at the
top of the shaft.

Where NBC Article 3.2.6.2. requires that movement of smoke into floor areas to be limited,
service shafts are either sealed at intervals or provided with an opening to the outdoors at the top
of the shaft already described in Measure B. A typical plan of a building in which this method of
smoke control is appropriate is shown in Figure 4 in Chapter 1.

Measure E is the same as Measure D, except that no measures are taken to limit movement of
smoke into upper storeys in Measure E.

Where a vestibule has a vent or opening to the outdoors that is much larger than the leakage
area around doors between the vestibule and other parts of the building, the air pressure in the
vestibule will be approximately equal to the outdoor pressure at the same level. This is illustrated
in Figure 7. In cold weather in storeys below the neutral pressure plane, air pressure in the vesti-
bule will be substantially higher than that in the floor area. Air will tend to flow from the vestibule
into the floor area. In upper storeys the air pressure in the vestibules will be less than that in the
floor area, and air will fiow from the floor area to the vestibule. The vent or opening at the foot of .
the stairshaft referred to above has the effect of increasing pressure in the shaft, so that it ap-
proaches outdoor air pressure at ground level (see Figure 21). On upper storeys the pressure in the
stairshaft will be higher than that in the vestibules, and smoke that may enter the vestibules will
not pass into the stairshaft.
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Figure 21 Pressure characteristics in a Measure D building with vented vestibules
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In warm weather when outdoor air may be as warm or warmer than that inside a building, the
stack effect is likely to be minimal. In these circumstances, the major problem is expansion of the
hot gases on the fire floor. This will tend to force air around doors into the vestibule. The large
vent opening, however, will create a situation where the greater proportion of the air entering the
vestibule will pass to the outdoors and a much smaller quantity may enter the shafts. The effect of
wind is variable and difficult to predict. In warm weather the effect may be to protect vestibules on
one side of the building and to allow smoke to enter those on the other side.

Where air is injected into vestibules, the pressure characteristics in cold weather are likely to be
as shown in Figure 22. The rates of air injection should be sufficient to keep the pressures in the
vestibules a little higher than the pressure in the shaft. This limits the possibility of movement of
smoke into the vestibules from the floor areas. In cold weather vents at the bottom of the stairs
and elevator shafts provide additional protection for these shafts. In addition the smaller opening
provided at the top of the elevator shaft serves to exhaust air that flows into the shaft at the bot-
tom. In warm weather the 2 openings in the elevator shaft encourage air flow from the pressurized
vestibules through the shaft to the exterior, thus providing dilution of any smoke that may enter
the shaft.

Elevator shafts and service shafts that will not be used in a fire emergency are provided with
vents at the top to the outdoors where it is required by Measure D (but not Measure E) that move-
ment of smoke into upper floors be limited. The possibility remains, however, that some smoke
may pass from top vented elevator and service shafts into the top floor or floors, because air pres-
sures at the top of the shafts and in the floor area of the top storey are approximately equal.
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Figure 22 Pressure characteristics in a Measure D building having air injected into vestibules
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Stack action and the operation of smoke control measures may provide pressures that will inter-
fere with the normal operation of certain doors. Where a vestibule is vented to the outdoors, this
may apply to any door between a vestibule and an elevator shaft that is farther above or below the
mid-height of a building than the height given by Graph 9 in Appendix A, and to any door be-
tween a vestibule and a stairshaft that is farther above grade than the height given by Graph 9.

Where a vestibule is pressurized, this may apply to any door between a vestibule and a floor
space that is farther above grade than the height shown in Graph 9.

As an alternative to the provision -of a mechanical air supply for a vestibule to an elevator shaft,
as described in Sentence (5) of Measure D, the mechanical air supply can be introduced directly
into the shaft as described in Sentence (4) of Measure F, provided there are no open vents to the
elevator shaft such as described in Sentence (9) of Measure D.

Where a mechanical air supply is required by Sentence (5) of Measure D and Sentence (4) of
Measure E, it may be desirable to heat the air supply and to provide 2 air intakes in separate loca-
tions on the building face as discussed in the general provisions to Measures F and G.

Where Measure D is adopted, and a fire is detected by an automatic device or a fire alarm box
is activated manually, it is intended that a fire alarm will sound on all floors simultaneously, and
that the occupants of the fire fioor will walk down stairs to the street floor or to a safe intermediate
floor area. Occupants of other floors may remain until advised to evacuate by the person operating
the central alarm and control facility.

Where Measure E is adopted, and a fire is detected by an automatic device or a fire alarm box is
activated manually, it is intended that a fire alarm will sound on all floors simuitaneously, and that
occupants of all floors will walk down stairs to the street floor or to a safe intermediate floor area.

MEASURE D (including restriction on the movement of smoke from floor to floor)

(1) The requirements of Sentences (1), (2) and (3) of NBC Article 3.2.6.2. may be met by in-
corporating the requirements of Sentences (2) to (18).

(2) Between each floor area and each stairshaft or elevator shaft that contains a fire fighters’
elevator, a vestibule is provided that is as described in (3). '

(3) Where a vestibule is required by (2) or by other provisions of this document

(a) a fire separation is provided between a public corridor and the vestibule that has a fire-
resistance rating of not less than % hr,

(b) a fire separation is provided between a floor area, other than the corridor described in
Clause (a), and the vestibule that has a fire-resistance rating not less than that required for
an exit in NBC Article 3.4.5.1.,

(c) a fire separation is provided between a stair or elevator enclosure and the vestibule that has
a fire-resistance rating not less than that required for an exit in NBC Article 3.4.5.1., and

(d) adoor in the fire separation described in (a), (b) or (c) (except for an elevator door) is pro-
vided with a self-closing device as required by NBC Subsection 3.1.7., and opens in the di-
rection of travel from the fioor area to the exit stairway.

(4) On each floor any vestibule that has a door to an exit stair may also have a door to a fire
fighters’ elevator, but 2 exit stairs may not open on to the same vestibule.

(5) Each vestibule described in (2) that provides access to a stair or an elevator shaft

(a) has a vent opening to the outdoors that has an opening area not less than 1 sq ft for each
door that opens onto the vestibule, but not less than 4 sq ft, or

(b) has equipment capabie of providing a mechanical air supply not less than that obtained
from Graph 3 in Appendix A for a vestibule to a stair or an elevator shaft.

(6) The vent to each vestibule referred to in (5)(a) may be provided with a closure that is open-
able manually, and in a building that is more than 120 ft in height, it can be opened from the cen-
tral control facility as provided in (18).
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(7) A stairway serving storeys above the lowest exit level is vented to the outdoors at the bot-
tom of the stairshaft as described in Sentence (4) of Measure A.

(8) A stairway serving storeys below the lowest exit level is protected as described in Sentence
(3) of Measure A.

(9) Each elevator shaft protected by a vestibule having a mechanical air supply as described in
(5)(0)

(a) has a vent at or near the bottom of the shaft, opening directly to the outdoors or into a ves-
tibule or corridor that has a similar opening to the outdoors, having an openable area not
less that 0.25 sq ft for every door into the shaft, other than doors at street floor level, and

(b) has a vent at or near the top of the shaft opening to the outdoors and not into an elevator
machinery room, having an openable area that is not less than % nor more than % of the
area of the vent at street level required in (a).

(10) The vent at the top of each elevator shaft referred to in (9) may be provided with a closure
that is openable manually and will open on a signal from a smoke detector located at the top of
the shaft and as provided in (18).

(11) The vent at the bottom of an elevator shaft referred to in (9) may be provided with a clo-
sure which is openable manually and is designed to remain open during a fire emergency.

(12) A vertical service space other than an elevator shaft is provided with

(a) a tight-fitting noncombustible fire stop at the level of the floor immediately below the low-
est exit storey, and at the level of certain other floors that are fire separations, provided the
space between fire stops does not exceed 5 storeys, or

(b) a vent to the outdoors as described in Sentence (10) of Measure F.

(13) Except as provided in (14), an elevator shaft other than a shaft that contains a fire
fighter’s elevator

(a) is provided with a vent to the outdoors as described in Sentence (10) of Measure F, or

(b) is protected against entry of smoke by a vestibule as described in Sentence (5).

(14) The provisions in (13) are waived for an elevator shaft that serves floor areas below the
lowest exit storey and does not penetrate the floor immediately above that storey.

(15) Except for air moving fans supplying vestibules as provided in (5)(b), and except for ex-
haust from kitchens, washrooms and bathrooms in dwelling units, air moving fans are stopped in
an air handling system that serves more than 2 storeys.

(16) Supply, return and exhaust ducts exceeding 20 sq in. in cross-sectional area at the point of
entry to a vertical service space in an air handling system that is required to shut down by the pro-
visions of Sentence (15) are provided at that point of entry with dampers that will close when air
moving fans are stopped.

(17) Where a supply of air is required by the provisions of (5) and (8), it is carried in ducts de-
scribed in Sentence (13) of Measure F.

(18) The central alarm and control facility required by NBC Article 3.2.6.8. is provided with
additional controls that are capable of
(a) opening closures to vents to the outdoors in vestibules on all floors as required by (6), and
in elevator shafts as required by (9) and (13),
(b) stopping air handling systems and closing dampers in ducts as required by (15) and (16),
(¢) initiating the mechanical air supply to vestibules required by (5)(b), and
(d) opening closures to vents in vertical service spaces where required by (12).

MEASURE E (no restriction on the movement of smoke from floor to floor)

(1) The requirements of Sentences (2) and (3) of NBC Article 3.2.6.2. may be met by incorpo-
rating the requirements in Sentences (2) to (14).
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(2) Between each floor area and each stairshaft or each elevator shaft that contains a fire
fighters’ elevator, a vestibule is provided as described in Sentence (3) of Measure D.

(3) On each floor any vestibule that has a door to an exit stair may also have a door to a fire
fighters’ elevator, but 2 exit stairs may not open on to the same vestibule.
(4) Each vestibule described in (2) that provides access to a stair or an elevator shaft
(a) has a vent opening to the outdoors that has an openable area not less than | sq ft for each
door that opens onto the vestibule but not less than 4 sq ft, or
(b) has equipment capable of providing a mechanical air supply not less than that obtained
from Graph 3 for a vestibule to a stair or an elevator shaft.

(5) The vent to each vestibule referred to in (4)(a) is provided with a closure that is openable
manually, and in a building that is more than 120 ft in height can be opened from the central con-
trol facility as provided in (13).

(6) A stairway serving storeys above the lowest exit level is vented to the outdoors at the bot-
tom of the stairshaft as described in Sentence (4) of Measure A.

(7) A stairway serving storeys below the lowest exit level is protected as described in Sentence
(3) of Measure A.

(8) Each elevator shaft protected by a vestibule having a mechanical air supply as described in
(4)(b)

(a) has a vent at or near the bottom of the shaft opening directly to the outdoors, or into a ves-
tibule or corridor that has a similar opening to the outdoors, having an openable area not
less than 0.25 sq ft for every door into the shaft other than doors at street floor level, and

(b) has a vent at or near the top of the shaft opening to the outdoors, and not into an elevator
machinery room, having an openable area that is not less than % nor more than % of the
area of the vent at street level required in (a).

(9). The vent at the top of each elevator shaft referred to in (8) may be provided with a closure
which is openable manually and will open on a signal from a smoke detector located at the top of
the shaft and as provided in (14).

(10) The vent at the bottom of an elevator shaft referred to in (8) may be provided with a clo-
sure that is openable manually and is designed to remain open during a fire emergency.

(11) Any elevator shaft that contains a fire fighters’ elevator and passes through the floor
above the lowest exit storey does not penetrate the floor of the storey immediately below the low-
est exit storey except where there is a vestibule between the elevator door or doors and each be-
low-grade floor area as described in Sentence (3) of Measure D.

(12)  Except for air moving fans supplying vestibules as provided in (4)(b), and except for ex-
haust from kitchens, washrooms and bathrooms in dwelling units, air moving fans are stopped in
an air handling system that serves more than 2 storeys.

(13) Where a supply of air is required by the provisions of (4) and (7), it is carried in ducts de-
scribed in Sentence (13) of Measure F.

(14) The central alarm and control facility required by NBC Article 3.2.6.8. is provided with
additional controls that are capable of
(a) opening closures to vents to the outdoors in vestibules on all floors as required in (5), and in
elevator shafts as required by (9),
(b) stopping air handling systems as required by (12), and
(c) initiating the mechanical air supply to vestibules as required by (4)(b).
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Measures F and G Pressurized Stair and Elevator Shafits
GENERAL

Measures F and G are suitable for use in buildings that have central cores containing elevator
and stairshafts and in buildings that have a spine corridor. The objective is to inject sufficient air
from outdoors to provide air pressures in stairshafts and in 1 or more protected elevator shafts that
will be at least equal to the outdoor air pressure at ground level. Protected elevator shafts may, in
addition, be provided with vestibules on each floor in order to reduce the effect of the large leak-
age areas around elevator doors, which may otherwise require injection of excessive quantities of
air in order to achieve the desired pressurization. An opening to the outdoors at the bottom of
each stairshaft is required in conjunction with air injection in order to maintain the desired pres-
sure conditions, though some doors on upper floors may be held open for a time, and to provide
for dilution of smoke that may enter the stairshaft. A typical plan of a building where this method
of smoke control is appropriate is shown in Figure 6, Chapter 1.

Measure G is the same as Measure F, except that no provisions are made to limit movement of
smoke into upper floors in Measure G by way of service shafts and unprotected elevator shafts.

Where it is required by NBC Article 3.2.6.2. that movement of smoke into floor areas be limited,
service shafts are either sealed at intervals or vented to the outdoors at the top, as described in the
general provisions of Measures B and C. Elevator shafts that are not protected by injection of air
and will not be used during a fire emergency are also provided with vents to the outdoors at the
top in order to limit movement of smoke into upper floors, as described in the general provisions
of Measures D and E. This system is, however, likely to be more efficient than that achieved by
Measure D, because injection of air into some shafts has the effect of increasing the air pressure in
all floor areas. This is illustrated in Figure 23, where it can be seen that the pressure in the ﬂoor
area of the top storey is greater than that at the top of the vented shaft.

Treads and landings in a stairshaft present an obstacle to free flow of air. Where air is injected
only at the top of a stairshaft, there is likely to be a pressure gradient between the top and the bot-
tom of the stair. This may produce pressure differences of sufficient magnitude to interfere with

the opening of doors into the stairshaft in the upper part of the building. This is discussed more
fully in Appendix B.
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Stack action and the operation of smoke control measures may produce pressures across certain
doors that will interfere with their normal operation. These pressures may affect any door between
a floor space and a stairshaft or an elevator vestibule that is farther above grade than the height
shown in Graph 10 in Appendix A.

In order to avoid excessive pressures across doors when outdoor temperatures are appreciably
above the January design temperatures, it is recommended that the air flow into elevator shafts in
buildings employing Measures F or G be reduced to not less than that obtained by the factor
E;s= 1,100 according to the proportion of the air flow referred to in Sentence (4) of Measure F and
Sentence (4) of Measure G. The flow reduction factors are shown in Graph 7 of Appendix A.

The limits are such that no modulation is required in the following situations:

Table 1
Minimum Winter Design Maximum Height of
Temperature, °F Building, ft

+20 310

0 230
- 20 180
- 40 150

Column | 2

Heating of the air supply referred to in Sentences (2) and (4) of Measure F or Sentences (2) and
{4) of Measure G may be necessary, since to maintain the efficiency of the smoke control measures
the temperature of the incoming air should be not less than the mean of indoor and outdoor tem-
peratures at the time. To avoid damage to water systems, the temperature of air entering critical
locations should be not less than 32°F. To maintain tolerable conditions for occupants, the tem-
perature of air entering occupied spaces should be not less than 50°F.

Where a mechanical air supply is specified in Sentences (2) and (4) of Measure F or Sentences
(2) and (4) of Measure G, it is desirable that the air be drawn from at least 2 remote locations,
each on a different face of the building. Each air intake should be provided with a damper that
will close on a signal from a smoke detector in the duct following 30 sec. exposure to smoke or
other products of combustion. The damper should have a manual override to reopen it when the
smoke condition that caused it to close has cleared.

Where Measure F is adopted, and a fire is detected by an automatic device or a fire alarm box is
activated manually, it is intended that a fire alarm will sound on all floors simultaneously, and that
the occupants of the fire floor will walk down stairs to the street floor or to a safe intermediate
floor area. Occupants of other floors may remain until advised to evacuate by the person operating
the central alarm and control facility.

Where Measure G is adopted, and a fire is detected by an automatic device or a fire alarm box
is activated manually, it is intended that a fire alarm will sound on all floors simultaneously, and
that occupants of all fioors will walk down stairs to the street floor.

MEASUREF  (including restriction on the movement of smoke from flioor to floor)

(1) The requirements of Sentences (1), (2) and (3) of NBC Article 3.2.6.2. may be met by in-
corporating the requirements in Sentences (2) to (14).
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(2) A stairshaft serving storeys above the lowest exit level has

(a) a vent or door to the outdoors at or near the lowest exit level of the stairshaft, as described
in Sentence (4) of Measure A, except that the vent or door will open when the air supply re-
ferred to in (b) is initiated, and

(b) equipment capable of providing a mechanical air supply to the shaft of not less than 15,000
cfm plus 100 cfm for every weather stripped door into the stairshaft and 200 cfm for every
non-weather stripped door into the stairshaft.

(3) A stairway serving storeys below the lowest exit level is protected as described in Sentence
(3) of Measure A.

(4) An elevator shaft that contains a fire fighters’ elevator is provided with equipment capable
of maintaining a flow of air to the shaft that is not less than that obtained from Graph 5 in Appen-
dix A.

(5) Where an elevator shaft referred to in (4) is provided with a vestibule on every floor, the
vestibule enclosure conforms to Sentence (3) of Measure D.

(6) Any elevator shaft that contains a fire fighters’ elevators and passes through the floor
above the lowest exit storey does not penetrate the floor of the storey immediately below the low-
est exit storey, except where each floor area below the lowest exit storey is provided with a vent to
the outdoors that

(a) hasanet area of at least 2 sq ft for every 10,000 sq ft of floor area,

(b) will remain open during a fire emergency, and

(c) may be incorporated in the conventional exhaust duct system serving below grade storeys.

(7) A vertical service space other than an elevator shaft is provided with

(a) a tight-fitting fire stop at the level of the floor immediately below the lowest exit storey and
at the level of certain other floors that are fire separations provided the space between fire
stops does not exceed 5 storeys, or

(b) a vent to the outdoors as described in (10).

(8) Except as provided in Sentence (9), an elevator shaft, other than a shaft that contains a fire
fighters’ elevator, is provided with a vent to the outdoors as described in (10) or is pressurized as
described in (4).

(9) The provisions of (8) are waived for an elevator shaft that serves floor areas below the low-
est exit storey and does not penetrate the floor immediately above that storey.

(10) Where a vent to the outdoors is required by (7), (8) or (9) or other provisions of this docu-
ment, the vent

(a) ifitisin a vertical service space other than an elevator shaft described in (b) in a building
in which other shafts are not mechanically pressurized, has an openable area that is not less
than that obtained from Graph 1 in Appendix A, or if it is in a building in which other
shafts are mechanically pressurized, has an openable area that is not less than that obtained
from Graph 2 in Appendix A,

(b) ifitisin an elevator shaft, has an openable area that is not less than that obtained from
Graph 4 in Appendix A,

(c) ifitisin a shaft serving floor areas above the lowest exit storey, is located at or near the top
of the shaft where the top of the shaft is above the mid-height of the building, or at or near
the foot of the shaft at or near the exit level where the top of the shaft is below the mid-
height of the building,

(d) ifitisin a shaft serving floor areas below the lowest exit storey, is located at or near the top
of the shaft, and

(e) ifitis provided with a closure, is openable both manually and on a signal from a smoke de-
tector located at or near the top of the shaft and, by a control device located at the central
alarm and control facility referred to in NBC Article 3.2.6.8.
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(11) Except for air moving fans supplying stairs and elevators as provided in (2), (3) and (4)
and, except for exhaust from kitchens, washrooms and bathrooms in dwelling units, air moving
fans in an air handling system that serves more than 2 storeys are capable of being stopped as pro-
vided in (14).

(12) Supply, return and exhaust ducts exceeding 20 sq in. in cross-sectional area at the point of
entry into a vertical service space in an air handling system that is required to shut down by the
provisions of (11) are provided with dampers that will close when air moving fans are stopped.

(13) Where a supply of air is required by the provisions of (2), (3) or (4) or by other provisions
of this document, the duct system is installed in a service space conforming to NBC Section 3.5 or
is otherwise protected against the effect of fire from the point of fresh air intake to the shaft or to
the storey that contains the protected floor area, vestibule or area of refuge that is required to be
so protected.

(14) The central alarm and control facility required by NBC Subsection 3.2.6. is provided with
additional controls that are capable of
(a) stopping air handling systems and closing dampers in ducts in (11), (12) and (i3),
(b) initiating the mechanical air supply to stairshafts and elevator shafts required in (2), (3) and
(4), and
(c) opening closures to vents in vertical service spaces where required in (7), (8) and (9).

MEASURE G (no restriction on the movement of smoke from floor to floor)

(1) The requirements of Sentences (2) and (3) of NBC Article 3.2.6.2. may be met by incorpo-
rating the requirements in Sentences (2) to (9).

(2) A stairshaft serving storeys above the lowest exit level has

(a) a vent or door to the outdoors at or near the lowest exit level of the stairshaft described in
Sentence (4) of Measure A, except that the vent or door will open when the air supply refer-
red to in (b) is initiated, and

(b) equipment capable of providing a mechanical air supply to the shaft of not less than 15,000
cfm, plus 100 cfm for every weatherstripped door into the stairshaft and 200 cfm for every
non-weatherstripped door into the stairshaft.

(3) A stairway serving storeys below the lowest exit level is protected as described in Sentence
(3) of Measure A.

(4) An elevator shaft that contains a fire fighters’ elevator is provided with equipment capable
of maintaining a flow of air to the shaft that is not less than that obtained from Graph 5 in Appen-
dix A.

(5) Where an elevator shaft referred to in (4) is provided with a vestibule on every floor, the
vestibule enclosure is as described in Sentence (3) of Measure D.

(6) Any elevator shaft that contains a fire fighters’ elevator and passes through the floor above
the lowest exit storey does not penetrate the floor of the storey immediately below the lowest exit
storey, except where each floor area below the lowest exit storey is provided with a vent to the out-
doors that

(a) has a net area of at least 2 sq ft for every 10,000 sq ft of floor area,

(b) will remain open during a fire emergency, and

(c) may be incorporated in the conventional exhaust duct system serving below grade storeys.

(7) Except for air moving fans supplying stairs and elevator shafts as provided in (2), (3) and
(4) and, except for exhaust from kitchens, washrooms and bathrooms in dwelling units, air moving

fans in an air handling system that serves more than 2 storeys are capable of being stopped as pro-
vided in (9).

(8) Where a supply of air is required by (2), (3) and (4), it is carried in ducts that are described
in Sentence (13) of Measure F.
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(9) The central alarm and control facility required by NBC Article 3.2.6.8. is provided with
additional controls that are capable of
(a) stopping air handling systems as required by (7), and
(b) initiating the mechanical air supply to stairshafts and elevator shafts required by (2), (3)
and (4).

Measure H Fully Pressurized Buildings

GENERAL

Measure H is appropriate for buildings having central cores that contain stair and elevator
shafts and windows that are not normally opened, as shown in Figure 8 of Chapter 1. The air pres-
sure in the whole building is increased so that at grade level it is at least equal to outdoor air pres-
sure. When a vent to the outdoors is provided on the fire floor by a window in an exterior wall, by
an opening into a smoke shaft as described in Chapter 3 or by the building mechanical exhaust
system if the building is sprinklered, the pressure in the floor area is reduced substantially, as is
shown in Figure 24. Air will then flow from the shafts and other floor areas into the fire floor. The
combination of building pressurization and venting of the fire floor provides that smoke will not
pass into other floor areas or shafts other than the smoke shaft.

It is important that air be uniformly distributed throughout the building. This may be achieved
by supplying the air through the conventional duct system or through vertical shafts. A minimum
proportion of the air is required to be injected directly into stairshafts. This is designed to reduce
the possibility, particularly in warm weather, that a substantial drop in pressure in these shafts will
occur when a door to the outdoors at grade is opened, with the consequent danger that smoke will
enter the shafts.

It is also recommended that where venting is by smoke shafts, the air supply to the floor on
which fire occurs should be cut off by closing the dampers on that floor in order not to overload
the smoke shaft.

The total air flow for building pressurization is modulated relative to outdoor air temperature.
This is intended, in part, to limit the magnitude of the potential pressure drop in stair and elevator
shafts referred to above, and in part to avoid excessive pressures across doors to stair and elevator
shafts that would interfere with their normal use.

This requirement for modulation of air flows applies generally to higher buildings. The condi-
tions described in Sentence (3) of Measure H are such that no modulation is required where the
January design temperature and the building height are as shown in Table 1.

In Toronto, for example, where the winter design temperature is 1°F, no modulation of air flow
would be required for a building not exceeding 230 ft in height.

This measure is not appropriate for a building where windows may normally be held open. The
air flow requirements in Graph 6 in Appendix A are based on an assumed air leakage through the
external walls that is appropriate to modern air-conditioned buildings having reasonably tight-
fitting non-openable windows. If the leakage area is other than that noted above, the air flow re-
quirement must be adjusted proportionately, as described in the notes to Graph 6.

Stack action and the operation of smoke control measures may produce pressures across certain
doors that will interfere with their normal operation. This may apply to any door between a floor
space and stairshaft or an elevator shaft that is farther above grade than the height shown in
Graph 9 in Appendix A.
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Figure 24 Pressure characteristics in Measure H building

Where a mechanical air supply is required by Sentence (2) of Measure H, it may be desirable to
heat the air supply and to provide 2 air intakes in separate locations on the building face, as dis-
cussed in the general provisions to Measure F and G.

Where a floor area is subdivided by walls, provision should be made for a free air passage from
any part of the floor area to the vent or vents required by Sentence (6) of Measure H. Such provi-

sions for venting need not apply to public corridors or washrooms that normally have a minimum
of combustibles.

There should be no problem where vents are on outside walls, and each room or space can be
vented directly to the outdoors. Where a smoke shaft is used, however, a fire may occur in a space
adjacent to a stair or elevator shaft which is separated by partitions from the smoke shaft vent.
The solution may be to vent each space to the smoke shaft through the ceiling plenum or to pro-
vide suitable openings in the partitions. Where each room or space opens on to a corridor leading
to stair and elevator shafts, location of the smoke shaft vent in the corridor will be effective in lim-
iting movement of smoke to others floors, but may also present problems to the fire fighter who
may have to approach the fire through a smoke-filled corridor.

Where Measure H is adopted, and a fire is detected by an automatic device or a fire alarm box
is activated manually, it is intended that a fire alarm will sound on all floors simultaneously, and
that the occupants of the fire floor will walk down stairs to the street floor or to a safe intermediate

floor area. Occupants of other floors may remain until advised to evacuate by the person operating
the central alarm and control facility.



35

MEASURE H

(1) The requirements of Sentences (1), (2) and (3) of NBC Article 3.2.6.2. may be met by in-
corporating the requirements in Sentences (2) to (9).

(2) The building air handling system is designed and installed so that

(a) supply fans are capable of maintaining an air flow into the building not less than that ob-
tained from Graph 6 in Appendix A when the outdoor air temperature is equal to the win-
ter design temperature on a 2% per cent basis, and

(b) a portion of the air flow referred to in Clause (a) is directed into each stairshaft in a
quantity equal to 200 cfm for every weatherstripped door into the stairshaft and 300 c¢fm
for every non-weatherstripped door into the stairshaft.

(3) Exit stairs shall discharge to the outdoors through a vestibule described in Sentence (3) of
Measure D and be provided with a mechanical air supply of not less than 200 cfm per weather-
stripped door and 400 cfm per non-weatherstripped door in the vestibule, except that the vestibule
may be a corridor, lobby or other space.

(4) When smoke control measures are initiated by the controls referred to in (9)

(a) all main return and exhaust fans are stopped,

(b) supply fans provide the air flow into the stairshafts described in (2)(b), and

(c) supply fans maintain an air flow into the building controlled in relation to outdoor air tem-
perature, so that the total air flow into the building is substantially equal to the proportion
shown in Graph 7 of Appendix A of the air flow referred to in (2)(a), but not less than the
air flow obtained when the factor F¢ equals 0.5.

(5) All openings in external walls and roofs, including vents to vertical service spaces other
than those referred to in (7), have closures that will close as provided in (9).

(6) All return and exhaust ducts exceeding 20 sq in. in cross-sectional area at the point of en-
try to a vertical service space are provided with dampers that will close on the floor on which fire
occurs as required by (9), other than those covered by (7).

(7) In order to achieve a reduction in air pressure on the floor on which fire occurs relative to
that on other floors, means of venting each floor space to the outdoors are provided as described
in Chapter 3.

(8) Where a supply of air is required by (2), it is carried in ducts that are as described in Sen-
tence (13) of Measure F.

(9) The central alarm and control facility requxred by NBC Article 3.2.6.8. is provided with
additional controls capable of
(a) stopping main return and exhaust fans and mamtammg the air flow in the supply systems
as provided in (2),
(b) closing the closures and dampers required in (5) and (6), and
(c) opening the closures to the vent openings on the fire floor as provided in (7).

Measures I and J  Partially Pressurized Buildings
GENERAL

Measures [ and J are very similar to Measure H, except that they may be applied to buildings
where windows may be open during normal use. It is thus particularly suitable for controlling
smoke movement in residential buildings. Plans of typical buildings where Measures I and J are
appropriate are shown in Figures 9 and 10 in Chapter 1. The central core, that includes exit stairs,
elevator shafts and public corridors, is separated from the remainder of the floor areas. It is impor-
tant that the leakage area of walls around the core be less than that of the exterior walls of the
building.

Measure J is the same as Measure 1, except that no provision is made to limit smoke movement
into upper floors in Measure J by way of vertical shafts and ducts that are outside the core.
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Air is injected into the core so that the air pressure in the core at the ground floor is equal to ex-
terior air pressure at the same level. Provision of a vent to the outdoors in the fire suite will cause
air to flow from adjacent parts of the building into the fire suite. This is the only method, apart
from Measure B, that makes it possible for smoke to be confined to the fire suite.

Where movement of smoke from floor to floor outside the central core is to be limited a’s in
Measure I (but not J), all vertical shafts penetrating floor areas must be sealed at intervals or
vented to the outdoors at the top, as discussed in the general requirements of Measure D.

The air flow requirements in Graph 6 of Appendix A are based on the air leakage characteristics
of typical corridor walls and doors. If the leakage areas exceed those given in the notes to Graph 6,
the air flow should be increased in direct proportion.

Stack action and the operation of smoke control measures may produce pressures across certain
doors that will interfere with their normal operation. This may apply to any door between a suite
and a corridor that swings into the corridor and is farther above grade than the height shown in
Graph 9 in Appendix A.

Within a suite that is subdivided by partitions, the space that includes the vent to the outdoors
described in Sentence (4) of Measure I should be in the same space as the door to the public corri-
dor or linked to it by a leakage area of at least 0.5 sq ft.

Where a mechanical air supply is required by Sentence (2) of Measure I and Sentence (2) of
Measure J, it may be desirable to heat the air supply and to provide 2 air intakes in separate loca-
tions on the building face as discussed in the general provisions to Measures F and G.

Where Measure 1 is adopted and a fire is detected by an automatic device or a fire alarm box is
activated manually, it is intended that a fire alarm will sound on all floors simultaneously, and that
the occupants of the fire floor will walk down stairs to the street floor or to a safe intermediate
floor area. Occupants of other floors may remain until advised to evacuate by the person operating
the central alarm and control facility.

Where Measure J is adopted and a fire is detected by an automatic device or a fire alarm box is
activated manually, it is intended that a fire alarm will sound on all floors simultaneously, and that
occupants of all floors will walk down stairs to the street floor or to a safe intermediate floor area.

MEASURE1 (including restriction on the movement of smoke from floor to floor)

(1) The requirements of Sentences (1), (2) and (3) of NBC Article 3.2.6.2. may be met by in-
corporating the requirements in Sentences (2) to (10).

(2) The building air handling system is designed and installed so that supply fans are capable
of maintaining an air flow into the space that includes all required exit stairs, all shafts containing
fire fighters’ elevators and public corridors not less than that obtained from Graph 6 in Appendix

A, when the outdoor air temperature is equal to the January design temperature on a 2% per cent
basis.

(3) Any vent at the top of an elevator shaft or vertical service shaft within the central core and
all other openings penetrating the space that includes the stairs, elevator shafts and public corri-

dors are provided with closures at the point of penetration that will close in the event of fire, as
provided in (10).

(4) Means of venting each fire compartment to the outdoors are provided by

(a) an opening in an exterior wall, such as an openable window or panel, having an openable
area of at least 4 sq ft,

(b) an opening into a smoke shaft, as described in Chapter 3, operated by a smoke detector, or

(c) an exhaust system, such as a kitchen or washroom exhaust, that has an air flow to the out-
doors of not less than 400 cfm per fire compartment served, provided the exhaust system is
designed to function as a smoke shaft and meets the relevant requirements of Chapter 3.
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(5) Where a closure is provided in an opening referred to in (4)(a) or (b) it will open
(a) by operation of a fusible link, or
(b) on asignal from a smoke detector in the room or suite.

(6) A vertical service space that is outside the pressurized space referred to in Sentence (2) is
provided with
(a) a tight-fitting noncombustible seal or fire stop
(i) at the level of the floor immediately below the storey in which egress directly to the out-
doors occurs, and
(i) at the level of certain other floors that are fire separations, provided the space between
fire stops does not exceed 5 storeys, or
(b) a vent to the outdoors as described in Sentence (10) of Measure F.

(7) Except as otherwise provided in (2) and (4), and except for exhaust from kitchens, wash-
rooms and bathrooms in dwelling units, air moving fans are stopped in an air handling system that
serves more than 2 storeys.

(8) Supply, return and exhaust ducts exceeding 20 sq in. in cross-sectional area at the point of
entry to a vertical service space in an air handling system that is required to shut down by (7) are
provided with dampers that close when the air moving fans are stopped.

(9) Where a supply of air is required by (4), it is carried in ducts that are described in Sentence
(13) of Measure F.

(10) The central alarm and control facility required by NBC Article 3.2.6.8. is provided with
additional controls that are capable of -

(a) stopping return and exhaust fans, closing dampers in ducts and maintaining the air flow in
the supply system to the space that includes stairs, elevator shafts and corridors as provided
in (2) and (7),

(b) causing dampers and closures in the enclosing walls of the space that includes stairs, eleva-
tor shafts and corridors to close as required by (3),

(c) opening closures to vents in vertical service spaces where required by (6),

(d) opening closures in vents referred to in (4), individually or in groups limited to 1 fioor at a
time, and

(e) initiating the air flow in the exhaust system from any floor where required by (4)(c).

MEASURE J (no restriction on ‘the movement of smoke from floor to floor)

(1) The requirements of Sentences (2) and (3) of NBC Article 3.2.6.2. may be met by incorpo-
rating the requirements in Sentences (2) to (6).

(2) The building air handling system is designed and installed so that supply fans are capable
of maintaining an air flow into the space that includes all required exit stairs, all shafts containing
fire fighters’ elevators and public corridors not less than that obtained from Graph 6 in Appendix

A when the outdoor air temperature is equal to the January design temperature on a 2% per cent
basis.

(3) Any vent at the top of an elevator shaft or vertical service shaft within the central core, and
all other openings penetrating the space that includes the stairs, elevator shafts and public corri-
" dors are provided with closures at the point of penetration that will close in the event of fire, as
provided in (4).

(4) Except as otherwise provided in (2), and except for exhaust fans from kitchens, washrooms
* and bathrooms in dwelling units, air moving fans are stopped in an air handling system that serves
more than 2 storeys.

(5) Where a supply of air is required by (2), it is carried in ducts as described in Sentence (13)
in Measure F.
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(6) The central alarm and control facility required by NBC Article 3.2.6.8. is provided with
additional controls that are capable of
(a) stopping return and exhaust fans and maintaining the air flow in the supply system to the
space that includes stairs, elevator shafts and corridors as provided in (2), and
(b) causing dampers and closures in the enclosing walls of the space that includes stairs, eleva-
tor shafts and corridors to close as required by (3). '

Measure K Vertically Divided Buildings

GENERAL

In Measure K a degree of protection for occupants is achieved by providing either a spatial sep-
aration or a fire separation between 2 parts of the building as shown in Figures 11 and 12 in Chap-
ter 1. Under these conditions, except as subsequently noted, air pressures on either side of the
division will be symmetrical and smoke should not pass from one side to the other. Smoke from
fire in one part of the building may be expected to pass into the stairs, elevator shafts and floor
areas on the fire side, while the equivalent spaces on the other side will remain smoke free. Vesti-
bules and bridges are provided as means of access to refuge areas for occupants of floor areas in
the part of the building that is exposed to fire and smoke.

Vestibules or bridges are either vented to the outdoors or pressurized mechanically in order to
prevent their acting as paths for the transmission of smoke. In vented vestibules below the neutral
pressure plane of the building, air will normally flow from the vestibules to the floor areas and no
smoke should enter the vestibules. In vestibules above the neutral pressure plane, air will flow
from the floor area to the vestibule and thence to the outdoors.

If a window breaks in the fire area, the pressure in the fire area will be the same as that in the
vestibule and no smoke transfer should occur. Where vestibules are mechanically pressurized, it is
anticipated that the air flow will always be from the vestibule to the floor areas on either side, thus
limiting the possibility of smoke entering the vestibule.

Provision of an opening to the outdoors at the foot of a stairshaft will in winter increase the air

pressure in the shaft and thus reduce the probability of entry of smoke from a floor on which fire
occurs.

Where a dividing wall is used to separate the 2 parts of a building (Figure 12), breakage of a
window in a fire compartment below the neutral pressure plane can be undesirable. The pressure
in the fire compartment will increase to a level approximately the same as exterior pressure, and
this may cause substantial smoke flow through the dividing wall from the fire side to the other side
of the building. This consideration does not apply to a spatial separation as in Figure 11. Provi-
sions have been included to allow windows below the mid-height of a building on the side away
from a fire to be opened manually in order to bring the pressure in that space to the exterior pres-
sure and to eliminate the pressure difference across the dividing wall.

While it is recognized that the most efficient solution to the problem of moving occupants to a
place of safety is to have bridges or connecting vestibules at each floor level, the requirements in
Measure K are that such bridges or vestibules should be at intervals of not more than 5 storeys
apart. The approaches to the bridges or vestibules are by stairs and corridors whose width is con-
trolled by Sentence (6) and (7) of Measure K. These provisions combine to make it possible for all
occupants to reach a place of safety in about 3 min.

Stack action and the operation of smoke control measures may produce pressures across certain
doors that will interfere with their normal operation. This may apply where a building has vesti-
bules vented to the outdoors

(a) at any door that swings into a vestibule from a floor space farther below the mid-height of

the building than the distance shown in Graph 9 in Appendix A,
(b) at any door that swings out of a vestibule from a floor space that is farther above the mid-
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height of the building than the distance shown in Graph 9 in Appendix A,

(c) at any door between a floor space and an elevator shaft that is farther above or below the
mid-height of the building than the distance shown in Graph 10 in Appendix A,

(d) at any door between a floor space and a stairshaft that is farther above grade than the
height shown in Graph 9 in Appendix A.

In a building that has vestibules that are pressurized, pressures that may interfere with the nor-
mal operation of doors may occur with any door between a vestibule and a floor space where the
rate of air injection exceeds 350 cfm for each weatherstripped door, or 700 cfm for each door that
is not weatherstripped, and any door between a floor space and an elevator shaft that is farther
above or below the mid-height of the building than the height shown in Graph 9 in Appendix A.

Where a mechanical air supply is required by Sentence (11) of Measure K, it may be desirable
to heat the air supply and to provide 2 air intakes in separate locations on the building face as dis-
cussed in the general provisions to Measure F and G.

Where Measure K is adopted and a fire is detected by an automatic device or a fire alarm box is
activated manually in a smoke control region of the building, it is intended that a fire alarm will
sound on all floors in that smoke control region, and that the occupants on all floors will move
through the dividing vestibules or bridges to the other smoke control region.

Measure K

(1) The requirements of Sentences (1), (2) and (3) of NBC Article 3.2.6.2. may be met by in-
corporating the requirements of Sentences (2) to (17).

(2) The building is designed as

(a) a structure divided into 2 smoke control regions by a continuous vertical fire separation
that has a fire-resistance rating not less than that required for a floor in NBC Subsection
322, 0r

(b) two or more smoke control regions separated by spatial separations that conform to the
provisions of NBC Subsection 3.2.3.

(3) Bridges or vestibules are provided at intervals not exceeding 5 storeys to permit movement
of occupants from one smoke control region to the other.

(4) In each smoke control region referred to in (2), there is at least 1 exit stair and 1 elevator in
a shaft that meets the requirements of NBC Article 3.2.6.4. that is not common to both smoke con-
trol regions.

(5) The floor area on either side of a bridge or vestibule is of sufficient size to accommodate its
own normal population, plus the occupants of the 1 to 5 storeys of the adjacent smoke control re-
gion who may have to enter the floor area during a fire emergency, assuming 5 sq ft per ambula-
tory person and 16 sq ft per non-ambulatory person.

(6) The width of each bridge or vestibule and each connecting corridor and door on the same
storey is sufficient to provide one 22 in. unit of width for every 150 persons who may have to use
these passages to reach the floor area referred to in (5) from the adjacent smoke control region.

(7) The width of each stair or ramp that provides access to a floor having a bridge or vestibule
from intervening floors is sufficient to provide one 22 in. unit of width for every 100 persons who
may have to use the stair to reach the bridge or vestibule referred to in (6).

(8) Between each bridge or vestibule and public corridor there is a fire separation that has a
%-hr fire-resistance rating.

(9) Between each bridge or vestibule and a floor area other than the public corridor referred to
in (8), there is a fire separation that has a fire-resistance rating as required for exits in NBC Sub-
section 3.4.5.

(10) Each door opening into a bridge or vestibule conforms to NBC Articles 3.4.8.12. and
3.4.8.15. and is suitably identified as an access to an area of refuge.
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(11) Each bridge or vestibule is provided with

(a) a vent opening to the outdoors that has an open area not less than 10 sq ft and which may
be provided with a closure that is openable manually, or

(b) a mechanical air supply not less than that obtained from Graph 8 in Appendix A that will
b€ initiated as provided in Sentence (17).

(12) Where the building is divided into 2 smoke control regions by a fire separation as de-
scribed in (2)(a), each floor area below the mid-height of each smoke control region is provided
with a vent opening to the outdoors that has an open area of not less than 16 sq ft and which is
normally closed but can be opened manually. '

(13) Each stairshaft is vented to the outdoors as described in Sentence (4) of Measure A.

(14) Except as provided in (11), and except for exhaust from kitchens, washrooms and bath-
rooms in dwelling units, air moving fans are stopped in an air handling system that serves more
than 2 storeys.

(15) Floor areas below the lowest exit storey are divided by a fire separation that has a fire-re-
sistance rating of at least equal to that required in (2)(a) and is in a location corresponding to the
fire or spatial separations required for upper storeys. Doorways are provided in the separations
protected by pressurized vestibules as described in (11)(b).

(16) Where a supply of air is required by (11) and (15), it is carried in ducts as described in
Sentence (13) of Measure F.

(17) The central alarm and control facility required by NBC Article 3.2.6.8. is provided with
additional controls that are capable of ’
(a) closing doors in fire separations required by (8), (9) and (15) between floor areas and vesti-
bules,
(b) initiating the mechanical air supply to the vestibules where required by (I11)(b) and (15),
and
(c) stopping air handling systems where required by (14).

Measure L. Areas of Refuge (smoke free areas)

GENERAL

Measure L is intended to provide refuge areas which occupants may enter during a fire. It may
be used for buildings that have many openings between floors so that it is impractical to confine
smoke to one floor level.

This measure is basically the same as described in Measure D, except that larger quantities of
air must be injected into each area of refuge than into a comparable vestibule in order to maintain
tolerable conditions for the occupants. A typical floor plan is shown in Figure 13 in Chapter 1.
The area of refuge may include normally occupied space in the building, and it is because fire may
occur in one of these spaces that provision is made for alternate groups of areas of refuge.

It is permissible to have areas of refuge on every fifth floor if the access routes are made wide
enough to allow all occupants to reach the area of refuge within 3 min. (see Figure 14). In this
case, stairshafts and fire fighters’ elevators must be protected on intermediate floors by vestibules
or by pressurization of the shafts.

Stack action and the operation of smoke control measures may produce pressures across certain
doors that will interfere with their normal operation. This may apply to any door between an area

of refuge and a floor space that is farther above grade than the height shown in Graph 9 in Appen-
dix A.

Between every area of refuge and the floor space, a vent should be provided fitted with a self-
closing damper that will permit air to move from the area of refuge to the floor space but not vice-
versa. It should have an openable area not less than 1 sq in for every 10 c¢fm of air injected into the
area of refuge in excess of that specified in Measure D for a pressurized vestibule.
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Where Measure L is adopted and a fire is detected by an automatic device or a fire alarm box is
activated manually, it is intended that an alarm will sound on all floors simultaneously, and that
occupants of all floors will move to areas of refuge distributed throughout the building and await
instructions over the voice communication system.

Where a mechanical air supply is required by Sentence (9) of Measure L, it may be desirable to
heat the air supply and to provide 2 air intakes in separate locations on the building face, as dis-
cussed in the general provisions to Measures F and G.

Measure L

(1) The requirements of Sentences (1), (2) and (3) of NBC Article 3.2.6.2. may be met by in-
corporating the requirements of Sentences (2) to (21).

(2) Two independent groups of areas of refuge are distributed through the building so that
there is an area of refuge in each group at least at every fifth storey, and each group is linked by a
common exit stair to the exterior at grade.

(3) On any floor area any area of refuge that has a door to an exit stair may also have a door
to a fire fighters’ elevator, but 2 exit stairs may not open on to the same area of refuge if no other
vertical shaft is common to the 2 independent systems described in Sentence (2).

(4) Each group of areas of refuge referred to in (2) can accommodate all the occupants of
above grade storeys at the rate of 5 sq ft of floor area per ambulatory person or 16 sq ft per non-
ambulatory person.

(5) The width of corridors and doors leading to an area of refuge on the same storey is
sufficient to provide one 22 in. unit of width for every 150 persons who may have to use these pas-
sages to reach the area of refuge.

(6) The width of stairs or ramps leading to an area of refuge from intervening floors is
sufficient to provide one 22 in. unit of width for every 100 persons who may have to use the stairs
or ramps to reach the area of refuge.

(7) Between each area of refuge and a public corridor there is a fire separation that has a %-hr
fire-resistance rating.

(8) Between each area of refuge and a floor area other than the public corridor referred to in
(7), there is a fire separation that has a fire-resistance rating as required for exits in NBC Subsec-
tion 3.4.5.

(9) Each door opening into an area of refuge conforms to the provisions for doors in NBC Ar-
ticle 3.4.8.15. and is suitably identified as an access to an area of refuge.

(10) Each area of refuge is provided with a mechanical air supply not less than that required
for a vestibule providing access to a stair or an elevator shaft in Sentence (6) of Measure D, and
obtained from Graph 3 in Appendix A, or not less than 5 cfm for each occupant of the area of ref-
uge during a fire emergency, whichever is the greater.

(11) Any door in an exit stairshaft or in'a shaft that contains a fire fighters’ elevator that does
not open directly into an area of refuge is provided with a pressurized vestibule as described in
Sentence (5) of Measure D, except where the stair or elevator shaft is pressurized as described in
Sentence (2) of Measure F and Sentence (4) of Measure F. :

(12) Except as provi‘ded in (11), an elevator shaft that contains a fire fighters’ elevator is pro-
vided with a pressurized vestibule as described in Sentences (2), (3) and (5) in Measure D or is
pressurized as described in Sentence (4) of Measure F.

(13) Any elevator shaft that contains a fire fighters’ elevator or opens into an area of refuge
and passes through the floor above the lowest exit storey does not penetrate the floor of the storey
immediately below the lowest exit storey, except where there is a vestibule between the elevator
door or doors and each below grade floor area as described in Sentence (3) of Measure D.
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(14) A stairshaft serving storeys above the lowest exit level is vented to the outdoors at or near
the bottom of the stairshaft as described in Sentence (4) of Measure A.

(15) A stairway serving storeys below the lowest exit level is protected as described in Sen-
tence (3) of Measure A. :

(16) Each elevator shaft protected by a vestibule or area of refuge having a mechanical air
supply as described in Sentences (9) and (10)

(a) has a vent at or near the bottom of the shaft opening directly to the outdoors or into a vesti-
bule or corridor that has a similar opening to the outdoors having an openable area not less
than 0.25 sq ft for every door into the shaft, other than doors at street floor level, and

(b) has a vent at or near the top of the shaft opening to the outdoors, and not into an elevator
machinery room, having an openable area that is not less than % nor more than ! of the
area of the vent at street level required in (a).

(17) The vent at the top of each elevator shaft referred to in. Sentence (16) may be provided
with a closure that is openable manually and will open on a signal from a smoke detector located
at the top of the shaft and as provided in Sentence (21).

(18) The vent at the bottom of an elevator shaft referred to in Sentence (16) may be provided
with a closure which is openable manually and 1s designed to remain open during a fire emergency.

(19) Except for air moving fans serving areas of refuge and vestibules as provided in Sentences
(10), (11) and (12), and except for exhaust from kitchens, washrooms and bathrooms in dwelling
units, air moving fans are stopped in an air handling system that serves more than 2 storeys.

(20) Where a supply of air is required by (10), (11), (12) and (15), it is carried in ducts as de-
scribed in Sentence (14) of Measure F.

(21) The central alarm and control facility required by NBC Article 3.2.6.8. is provided with
additional controls that are capable of

(a) closing doors in fire separations required by (7) and (8) between floor areas and areas of
refuge or vestibules,

(b) stopping air handling systems as required by (19),

(c) opening closures in vents to the outdoors in elevator shafts that may be required by (12)
and (17), and

(d) initiating the mechanical air supply to the areas of refuge, vestibules and shafts as may be
required by (10), (11), (12) and (15).

Measure M Residential Buildings with Balconies

GENERAL

In residential buildings not more than 120 ft in height, the greater part of the requirements for
control of smoke movement are waived where each suite has direct access to a balcony. The pro-
tective features are limited to stopping air handling systems, providing an opening to the outdoors
at the foot of stairshafts serving upper floors and protection of stairshafts in below grade storeys.
A typical arrangement is shown in Figure 16.

Where Measure M is adopted and a fire is detected by an automatic device or a fire alarm box is
activated manually, it is intended that occupants on the fire floor will evacuate if possible, and that
occupants of other floors may remain in their suites to await instructions.

Measure M

(1) The requirements of NBC Sentence 3.2.6.2.(8) may be met by incorporating the require-
ments of Sentences (2) to (7).

(2) A stairshaft serving storeys above the lowest exit level has a vent or door to the outdoors at
or near the bottom of the stairshaft, as described in Sentence (4) of Measure A.
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(3) A stairway serving storeys below the lowest exit level is protected as described in Sentence
(3) of Measure A. )

(4) Any elevator shaft that passes through the floor above the lowest exit storey does not pene-
trate the floor of the storey immediately below the lowest exit storey, except where there is a vesti-
bule between the elevator door or doors and each below-grade floor area as described in Sentence
(3) of Measure D.

(5) Except for exhaust from kitchens, washrooms and bathrooms in dwelling units, air moving
fans are stopped in an air handling system that serves more than 2 storeys.

(6) Where a supply of air is required by (3), it is carried in ducts as described in Sentence (13)
of Measure F.

(7) The central alarm and control facility required by NBC Article 3.2.6.8. is provided with
additional controls that are capable of

(a) stopping air handling systems as required by NBC Sentence 3.2.6.2.(8), and

(b) initiating the mechanical air supply to stairshafts as may be required by Clause (3)(c).

Measure N  Connected Buildings
GENERAL

The measures described here are intended to prevent movement of smoke from one building to
another. They are of particular significance where 2 buildings of unequal height are joined togeth-
er. The techniques suggested are the provision of a large opening to the outdoors in a connecting
vestibule so that smoke entering through leakage areas around doors will be vented to the out-
doors, or pressurization to maintain a higher pressure in the vestibule than in adjacent spaces as il-
lustrated in Figure 17 and 18.

The requirements for protection of openings are described in terms appropriate to a doorway.
Any other openings should be avoided if possible. Where they occur, they should be protected by
the provision of an air lock that gives the same standard of protection as the vestibule described in
Sentence (3).

MEASUREN

(1) The requirement of NBC Sentence 3.2.6.2.(9) that limits movement of smoke from one
building to another may be met by incorporating in the link between the buildings the require-
ments in Sentences (2) and (3).

(2) Between one building and the other there is a fire wall as described in NBC Subsection
3.1.8.

(3) Any opening in the fire wall is protected against passage of smoke by a vestibule described
in Sentence (3) in Measure D and has

(a) a vent to the outdoors that has a net area of 10 (0.25d + 0.00045a) sq ft, where d is the
number of doors having a perimeter not more than 20 ft that open into the vestibule, or if
the perimeter of doors exceeds 20 ft, the value of d is increased in direct proportion to the
increase in the perimeter, and a is the area in square feet of enclosing walls, floors and ceil-
ings whose outer face is in contact with the outside air, except that where the outer face of a
wall 1s in contact with the ground or fill, it is assumed that there is no leakage through that
portion, and the value of a is assumed to be zero, or

(b) equipment capable of maintaining a supply of air into the vestibule sufficient to ensure that
the air pressure in the vestibule when the doors are closed is higher by at least 0.05 in.
(water gauge) than that in either adjacent floor areas when the outdoor temperature is
equal to the winter design temperature on a 2% per cent basis.
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CHAPTER 3

VENTING OF FLOOR AREAS

(1

The requirements of NBC Sentence 3.2.6.5.(1) and of Measures H or I are met by incorpo-

rating in a floor area windows or wall panels as described in (2), by smoke shafts as described in
(3) and (8) or by the use of building exhaust systems as described in (9).

(2)
(a)
(b)
(c)
(d)

(e

3)

Where windows or wall panels are used for venting as required in (1), they must

be uniformly distributed along the exterior wall of each storey,

have a total area of at least 1 per cent of the exterior wall area of each storey,

be readily openable from the interior without use of wrenches or keys,

be readily identified from the interior, and from the exterior where they are accessible to
fire fighters, and

be designed so that when opened they will not endanger persons outside the building dur-
ing a fire.

Where one or more smoke shafts or vertical service spaces are used for venting to meet the

requirements of (1), they must

(a) have an opening or openings into each storey with an aggregate area of not less than that
obtained from Table 2 for the height of the shaft, the area of the largest floor area served by
the smoke shaft and the leakage characteristics of the shaft wall and dampers obtained
from Tables 3 and 4,

(b) have an aggregate unobstructed cross-sectional area that is equal to that provided in (a),
and

(c) be designed to comply with the requirements of (4).

Table 2
MINIMUM SIZE OF VENT OPENINGS(-214)
INTO SMOKE SHAFTS FROM EACH FLOOR AREA, sq ft

Floor | Leak- Building Height, ft

Area, age? T

sqft | Area,%| 60 120 240 360 480 600 720 840 960

2,000 1.0 1.1 1.3 1.5 1.6 1.8 1.9 2.0 2.1

5,000 22 2.5 2.9 3.2 35 3.8 4.0 4.2 4.4

10,000 43 48 5.4 59 6.4 6.8 7.2 1.5 7.8

20,000 8.3 9.1 10.1 10.9 11.7 124 13.0 13.6 14.1

30,000 0 12.2 13.4 14.7 15.6 16.8 17.6 18.4 19.2 19.9

40,000 16.1 17.5 19.1 203 21.7 227 23.7 | 247 255

50,000 20.0 21.7 235 248 26.5 27.6 28.8 | 30.0 31.0

60,000 239 25.8 27.8 293 312 325 339 1 352 36.2

2,000 1.0 1.2 1.5 1.9 2.3 2.8 3.5 44 5.7

5,000 23 2.7 34 4.1 4.9 5.8 7.0 8.5 10.6

10,000 4.4 5.1 6.2 13 8.7 10.2 12.1 14.5 17.6

20,000 8.5 9.8 11.6 13.5 15.8 18.3 213 252 30.0

30,000 1 12.6 14.3 16.8 19.3 225 25.8 300 | 35.1 414

40,000 16.7 18.8 219 25.1 29.0 332 383 | 445 52.3

50,000 20.7 232 270 30.7 354 40.3 46.4 | 53.8 629

60,000 248 277 320 36.2 41.7 47.4 543 | 628 73.2

Col. 1 2 3 4 5 6 7 8 9 10 11
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Table 2 (Cont’d)
MINIMUM SIZE OF VENT OPENINGS('-214)
INTO SMOKE SHAFTS FROM EACH FLOOR AREA, sq ft
Floor | Leak- Building Height, ft
Area, | age®
sqft |Area,%| 60 120 240 360 480 600 720 840 960
2,000 1.0 1.3 1.8 25 38 6.2 13.3 | 488 | 961.7
5,000 24 2.9 4.0 53 7.6 11.6 21.7 1 640 | 1011.4
10,000 4.6 5.5 7.3 9.5 13.2 19.4 33.6 | 86.2 | 10878
20,000 8.8 10.5 13.5 17.4 23.5 334 54.7 | 1253 | 12354
30,000 2 13.1 15.4 19.6 24.9 333 | 464 74.1 | 160.7 | 1378.0
40,000 17.3 20.2 25.6 322 | 427 59.0 92.7 | 194.6 | 1509.7
50,000 215 25.0 314 395 520 | 713 | 110.5 | 226.0 | 1642.5
60,000 25.7 29.7 373 46.6 61.1 83.4 | 128.2 | 258.4 | 1768.0
2,000 1.1 1.4 22 3.8 9.1 72.8
5,000 25 3.1 4.7 1.7 162 | 938
10,000 4.7 5.9 8.7 13.5 26.6 | 124.8
20,000 9.2 11.3 16.1 243 454 | 180.2
30,000 3 13.6 16.5 233 34.6 63.0 | 2309
40,000 17.9 21.8 304 44.7 80.1 | 279.3
50,000 223 26.9 373 54.6 96.6 | 326.5
60,000 26.6 321 442 644 | 1129 | 3722
2,000 1.1 1.5 2.8 7.2 | 265.0
5,000 25 34 5.9 13.6 | 309.7
10,000 4.9 6.4 10.7 23.1 | 3787
20,000 9.5 12.2 19.8 404 | 504.7
30,000 4 14.1 17.9 28.6 56.9 | 6220
40,000 18.6 23.5 372 729 | 7328
50,000 23.1 29.1 45.7 88.7 | 841.0
60,000 27.6 34.7 542 | 1042 | 944.6
2,000 1.1 1.6 37 35.0
5,000 2.6 3.7 1.7 52.8
10,000 5.1 6.9 13.9 79.0
20,000 9.9 13.3 25.6 | 1262
30,000 5 14.6 19.5 36.8 | 1705
40,000 19.3 25.6 | 47.8 | 2132
50,000 240 | 317 58.7 | 254.8
60,000 28.7 37.7 69.5 | 2953
Col. 1 2 3 4 5 6 7 8 9 10 11
Notes to Table 2:

() The minimum size of a vent opening into a smoke shaft is obtained from Table 2 and is dependant on the
floor area and total leakage area of the smoke shaft walls and dampers. This total leakage area may be esti-
mated by adding the leakage areas for the shaft wall obtained from Table 3 and for the dampered openings
obtained from Table 4 provided the cross-sectional area of the smoke shaft, the opening into the shaft and
the opening to the outdoors at the top of the shaft are equal.

(2} Where an elevator shaft is used as a smoke shaft, the design is more complicated. The criteria for designing
such smoke shafts are discussed in the paper referred to as No. 18 in the references.

) Leakage area is the total of the leakage area of smoke shaft wall obtained from Table 3 and the leakage
area of dampered opening in smoke shafts obtained from Table 4.

I () The size of the vent opening refers to the free or unobstructed area of the opening.
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Table 3
LEAKAGE AREA OF SMOKE SHAFT WALL
. Leakage Area as a Per Cent
Wall Construction of Damper Area
Monolithic concrete ' 0.5
Masonry wall unplastered 1.5
Masonry wall plastered 0.5
Gypsum wallboard on steel studs 1.0
Column 1 2

Table 4
LEAKAGE AREA OF DAMPERED OPENING IN SMOKE SHAFT
Leakage Area as a Per Cent

Type of Damper() of%)amper a0
Curtain fire damper 2.5
Single-blade fire damper 35
Multi-blade fire damper 4.5

Column 1 2
Notes to Table 4:

1) For descriptions of dampers refer to Appendix B of the ACNBC Canadian Heating, Ventilating and Air-
Conditioning Code 1977.

2) Values include allowance for 0.5 per cent leakage between frame and wall construction.

©) These leakage data contemplate clearances applicable to approved fire dampers which have been tested in
accordance with ULC-S112-1976, “Fire Dampers.”

(4) Each smoke shaft or vertical service space described in (3) must

(a) be separated from the remainder of the building by a fire separation that has a fire-resist-
ance rating at least equal to that required for the floor assembly through which it passes, or
be designed as a chimney conforming to the ACNBC Canadian Heating, Ventilating and
Air-Conditioning Code 1977, except that flue liners need not be provided,

(b) have an opening to the outdoors at the top that has an area at least equal to the cross-sec-
tional area of the shaft which may be protected from the weather,

(c) terminate at least 3 ft above the roof surface where it penetrates the roof, and

(d) contain no combustible material, fuel lines or services that are required for use in an emer-

gency.

(5) Each opening required by (3)(a) must be located so that the top of the opening is not more
than 10 in. below the ceiling, except that the opening may be above the ceiling if the ceiling freely
allows passage of air and the opening into the smokeshaft is provided with a closure that

(a) has a fire protection rating conforming to NBC Sentence 3.1.7.1.(4), except that the temper-

ature on the unexposed face of the closure does not exceed 450°F after 30 min. during the
fire test and there is no combustible material within the distances described in Table 5, and
except that paint or tightly-adhering paper covering not exceeding 0.036 in. thickness shall
be exempted from these requirements when applied to a noncombustible backing,
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(b)
(c)

(6)

Table 5
MINIMUM DISTANCE FROM DAMPER TO COMBUSTIBLE MATERIAL T
Area of Damper,V Minimum Distance in Front of or [Minimum Distance to the Side‘;‘
sq ft Above Damper, ft Below Damper, ft
5 1.2 0.6
10 1.6 0.8
15 1.9 1.0
20 22 1.1
25 5 25
Column | 2 3
Notes to Table 5:
() For damper areas between those given in Table 5, interpolation may be used to determine the appropriate
distances.

2) For damper areas greater than 25 sq ft, the minimum distance in front of or above the damper shall be '
the square root of the damper area, and the minimum distance to the sides or below the damper shall be '
the square root of the damper area.

can be opened from a remote location such as a stairshaft, the storey immediately below or
the central alarm and control facility, and

must not open automatically on any floor, other than the fire floor, when smoke or hot
gases pass through the shaft.

Closures for openings described in 4(b) are to be openable from the outside and will open

automatically on a signal from a smoke detector in the shaft, by operation of the fire alarm system
and when a closure required in (5) opens.

¢)

A smoke vent opening referred to in (2) or (3) that is less than 42 in. above the floor must

| conform to NBC Article 3.3.1.12.

(8)

An elevator shaft, other than a shaft and an associated machinery room that contains a fire

fighters’ elevator and equipment, may be used for venting provided

(@)
(b)
(©
(d)
9)
(a)

(b)

(10)

the building is sprinklered,

the shaft conforms to (3),

provision is made for the return of all elevator cars in the shaft to the street floor level on
the activation of any fire alarm signal, and

the cars in the shaft are rendered inoperative during a fire emergency.

In a sprinklered building the air handling system may be used for smoke venting provided
the system can maintain an exhaust to the outdoors at the rate of 6 air changes per hour
from any floor area, and

emergency power to the fans required by (a) is provided as described in NBC Article
326.11.

Where a damper is required by (5), the leakage area between damper components and be-

tween damper and frame must not exceed 3 per cent of the openable area of the damper.
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Notes to Graphs 1 and 2:

() Curve A applies to a vertical service space that is enclosed by unplastered unit masonry or by
plaster and steel stud construction with all openings in the shaft sealed to the degree required
by Article 3.1.7.6. of the NBC 1977.

@) Curve B applies to a vertical service space that is enclosed by monolithic concrete or by plas-
tered unit masonry with all openings in the shaft sealed tightly to minimize air leakage.

(3 A shaft having a vent that is 100 per cent of the cross-sectional area of the shaft is acceptable
for buildings up to 1.5 times the height shown by the appropriate curve in Graphs 1 and 2.

) The total leakage area, based on measurements arrived at in typical high buildings, is assumed

to be % sq ft for every 100 sq ft of shaft wall area in the case of Curve A and ' sq ft for every
100 sq ft of shaft wall area in the case of Curve B.
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Graph 3 Factor for mechanical air supply to a vestibule
Notes to Graph 3:
(1 The air supply to each vestibule in cubic feet per minute = Fi;d + 150e + 200s
where

F; is a factor obtained from Graph 3,

d = the number of doors having a perimeter not more than 20 ft between each vestibule
and a floor area,

e = the number of doors having a perimeter not more than 20 ft between each vestibule
and an elevator shaft, and

s = the number of doors having a perimeter not more than 20 ft between each vestibule
and a stairshaft.

The quantity “F3d + 150e + 200s™ represents the total leakage from the vestibule.

2 If the perimeter of a door exceeds 20 ft, the value of d, e or s must be increased in direct pro-
portion to the increase in the perimeter.

3 A double leaf door is counted as 2 doors in this formula.
4 A door provided with tight-fitting weatherstripping is counted as % door.

) The height of the building is the number of feet between the roof and the floor level of the low-
est basement floor.
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¢ Curve A applies to a vented elevator shaft where no other shaft in the building is pressurized or

where the number of pressurized shafts is less than as described for Curve B.

@ Curve B applies to a vented elevator shaft where at least 2 stairshafts and 1 other elevator shaft

in the building are pressurized.

) The area of the vent opening at the top of each vented elevator shaft in square feet

= F,0.25d, + 0.0014a,)
where
F, is a factor obtained from Graph 4,

d, is the total number of doors having a perimeter not more than 20 ft that open into the

elevator shaft, and
a4 1s the area of the enclosing walls of the elevator shaft in square feet.

The expression “0.25d, + 0.0014a,” represents the total leakage area in the walls of the shaft.

“

to the increase in the perimeter.
A double leaf door is counted as 2 doors in this formula.
A door provided with tight-fitting weatherstripping is counted as ' door.

5

(6

7

one side, the value of a, may be halved.
8

If the perimeter of a door exceeds 20 ft, the value of d, must be increased in direct proportion

If the enclosing walls of the shaft are of monolithic concrete or of unit masonry plastered on

If an elevator shaft is provided with vestibules on each floor, the enclosing walls considered in

this formula may be taken as including those of the vestibules if it would lead to an economy in
air supply requirements. In this case d, above refers to doors between the vestibules and the
floor areas, and doors between the elevator shaft and the vestibules do not enter into the calcu-

lation. .
I

A top vent area that is 100 per cent of the shaft area is acceptable where calculation by the for-
mula described in Note (3) indicates a need for a vent that is between 100 per cent and 150 per

cent of the shaft area. Where the calculation indicates a need for a vent area that is greater than

150 per cent of the shaft area, top venting of the shaft is not acceptable.
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Graph 5 Factor for air supply to an elevator shaft
Notes to Graph 5:

(Y The air supply to each elevator shaft in cubic feet per minute = F5(0.25ds + 0.0014as),
where

F; is the factor obtained from Graph 5,

d; is the total number of doors having a perimeter not more than 20 ft that open into the

elevator shaft, and

as is the area of enclosing walls of the shaft in square feet.
The expression “0.25d; + 0.0014a5” represents the total leakage area in the walls of the shaft.
If the perimeter of a door exceeds 20 ft, the value of ds must be increased in direct proportion
to the increase in the perimeter.

(2

3

A double leaf door is counted as 2 doors in this formula.

@) A door provided with tight-fitting weatherstripping is counted as ' door.

) If the enclosing walls of the shaft are of monolithic concrete or of unit masonry plastered on 1
side, the value of a5 may be halved.

If an elevator shaft is provided with vestibules on each floor, the enclosing walls considered in
this formula may be taken as including those of the vestibules if it leads to an economy in air

supply requirements. In this case ds above refers to doors between the vestibules and the floor
areas and doors between the elevator shaft and the vestibules do not enter into the calculation.

(6)
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Graph 6  Factor for air supply for building pressurization

Notes to Graph 6:

h

(2)

(3

(4

(5

(6

()

(8)
9

If Measure H is used,
the air supply delivered to whole building in cubic feet per minute = F¢ X a,
where
F¢ is a factor obtained from Graph 6, and
a, = the area of all exterior wall surfaces of the building in square feet measured between
ground level and underside of the roof.
(Where the outer face of a wall is in direct contact with the ground or fill, it is assumed that there is no
leakage through that portion, and the value of ag is assumed to be zero.)
Graph 6 is based on an air leakage rate of 0.6 cfm per sq ft of exterior wall at a pressure differ-
ence of 0.3 in. of water, based on the measured leakage rate in high buildings having fixed win-
dows and curtain wall panels.

This is equivalent to a leakage area in exterior walls of 0.45 sq ft per 1,000 sq ft of wall area. If the
leakage area in a building differs significantly from this, the air supply should be adjusted in di-
rect proportion.

The height of building is measured between the underside of the roof and the floor level of the
lowest basement floor.

If Measure I or J is used, the air supply delivered to the space that includes stairshafts, elevator
shafts and corridors in cubic feet per minute
= Fé(a') + 550d7),
where
F¢ 1s a factor obtained from Graph 6 that is not less than 0.5,
a; = the area in square feet of the walls enclosing the space that includes stairshafts, eleva-
tor shafts and associated corridors on all floors, and
d; = the total number of doors having a perimeter not more than 20 ft in the wall area de-
scribed in a,.
If the enclosing walls described above are of monolithic concrete or of unit masonry plastered
on one side, the value of a; may be halved.
If the perimeter of a door exceeds 20 ft, the value of d; must be increased in direct proportion to
the increase in the perimeter.

A double leaf door is counted as 2 doors in this formula.
A door provided with tight-fitting weatherstripping is counted as % door.
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Graph 8  Air supply to vestibule in a vertically divided building
Notes to Graph 8:

(1 Curve A shows the air supply to each vestibule in cubic feet per minute for a vestibule that has
4 doors (or 2 double doors), each door having a perimeter of not more than 20 ft between the
vestibule and the floor areas on either side of the building.

Curve B shows the air supply to each vestibule in cubic feet per minute for a vestibule that has
2 single doors, each door having a perimeter of not more than 20 ft between the vestibule and
the floor areas on either side of the building.

If the perimeter of a door exceeds 20 ft, the air supply must be increased in direct proportion to
the increase in the perimeter.

) 1f the doors are provided with tight-fitting weatherstripping, the air supply may be halved.

) The height of building is the number of feet between the roof and the floor level of the lowest
basement floor.

2

3
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ASSUMPTIONS USED IN DEVELOPING FIRE
SAFETY MEASURES

The objectives of the measures for fire safety in high buildings are .

(a) to provide for the safety of the occupants of a building, either by maintaining the tenability
of the occupied floor spaces during the period of a fire emergency or by making it possible
for occupants to move to a place of safety,

(b) to maintain tenable conditions in exit stairs leading from floor spaces to the outdoors in
which occupants may remain,

(c) to maintain tenable conditions in elevators that can be used to transport fire fighters and
their equipment from the street floor to the floor immediately below the fire floor.

It is assumed that the fire fighters will use one of the protected stairshafts referred to in (b) to
walk up to the fire floor from the floor below.

It has also been assumed that the first of these objectives may be met by the evacuation of all
occupants to the outdoors in from 7 to 10 min. (as provided in NBC Article 3.2.6.1.), by the move-
ment of occupants to safe areas within the building in from 3 to 5 min. (as in Measures C, E, G, J,
K, L and M) or by maintaining the tenability of all floor areas except those on the fire floor and
the floor immediately above the fire floor (as in Measures A, B, D, F, H and I).

The requirements that have applied in the National Building Code covering widths of exits and
travel distances to exits make it possible for occupants of a floor on which a fire occurs to leave
that floor within 1 or 2 min. provided their escape route is not cut off by the fire.

The objectives of the measures are to maintain certain spaces substantially smoke free for a sig-
nificant period of time during a fire emergency, and hence some criterion of tenability is called for.
It has been agreed that the criterion for long term tenability should be that a space shall not in-
clude more than | per cent by volume of the contaminated atmosphere from the fire region. The
criterion of tenability is based on considerations of visibility and carbon monoxide concentration.

MECHANISMS OF SMOKE MOVEMENT IN BUILDINGS

Movement of a smoky atmosphere within a building is not significantly different from that of a
normal atmosphere at the same temperature. The principal constituent of both atmospheres is ni-
trogen. The fact that the concentrations of other component gases will differ and that a smoky at-
mosphere will contain particulate matter will not influence its overall density to an extent that will
significantly affect its movement. The mechanisms to be discussed do, therefore, relate to the
movement of a smoky atmosphere as well as a normal atmosphere.

Air Circulating Systems

Reviewing the various mechanisms for the dispersal of smoke within a building, an obvious one
is the recirculating air handling system. Assuming that the system has been competently engi-
neered, the approximate extent of the recirculation under any particular circumstances is known,
and hence the build-up in any one area of contamination can be predicted.

Effect of Wind

Exterior winds create pressure differentials within buildings, which lead to internal air move-
ment, principally horizontal. Some upward movement also results, however, from the non-uni-
formity of the wind profile up the side of a building in combination with the fact that, if one side
of the building is facing the wind, only that face will be subjected to a positive pressure, the re-
mainder experiencing negative pressure.
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Expansion

Another smoke movement mechanism, which is of considerable significance during the early
stages of any fire that is not well vented to the outdoors, is the expansion process associated with
heating. The leakage characteristics of virtually any building are such that the rate of temperature
rise occurring in the fire region cannot create pressure differentials greater than an inch or'so
water gauge. Instead, the volume of the atmosphere increases linearly with absolute temperature.
During the development of a fire in a compartment, absolute temperature may be expected to tri-
ple, and the volume of gas will increase by approximately the same factor. At least % of the origi-
nal atmosphere in the fire region will, therefore, be displaced by this mechanism.

Generation of gases as a result of combustion has also been considered. The volume created by
this phenomenon cannot, however, exceed 20 per cent of the original volume, and is not likely to
be significant compared to expansion due to temperature rise.

r
T €=
WARM
A IR
hy
COLD
AlR I NEUTRAL
Py __r__ o __ __ PRESSURE
° 1 1 PLANE
h)
-'—_-—_’
I

Figure B-1 Stack action

Stack Effect

Whenever a temperature differential exists between the interior and exterior of an enclosure, a
phenomenon known as stack or chimney effect prevails. Figure B-1 illustrates the case where the
interior temperature is higher than the exterior, and there is an inflow of cold air at low levels and
a corresponding outflow at high levels.
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This effect can result from building heating and from temperature differentials created by the
fire itself and is of particular importance in relation to Canadian buildings because of the cold
winter conditions. The pressure differentials generated by stack effect can be calculated by consid-
ering the densities of the internal and external atmospheres.

Figure B-1 represents a simplified model in which air flows in at a low level and out at a:high
level, while there is an intermediate level where there is no pressure differential between interior
and exterior. This level is referred to as “the neutral plane.” Taking the pressure at the neutral
plane as Py, the pressures at the lower or upper openings can be derived, for they are associated
with the weights of the columns of gas above them.

The resulting expression for the pressure difference across the lower opening is
8p = higpt/ T,
where 8p = pressure difference,
h, is defined in Figure B-1,
Ty = the absolute outdoor temperature,

6 = the difference between indoor and outdoor temperature,
s = density of indoor air, and
g = the acceleration due to gravity.

Substituting H = (h; + hy) will give the total of the pressure head (the sum of the pressure differ-
entials across the upper and lower openings) generated by stack effect.

Relative Importance of Mechanisms Responsible for Smoke Movement

Expansion due to heating of the atmosphere in a fire compartment is largely a transient phe-
nomenon occurring at the development stage of a fire. Two-thirds of the atmosphere of the fire re-
gion is likely to be displaced and, if the region were not vented to the exterior, there could be a
significant movement of smoke laden atmosphere to other parts of the building. Dispersed evenly
throughout the building and taking into account leakage to outdoors, this displaced atmosphere
could render untenable a space equal to about fifty times that of the fire region.

Pressures Due to Stack Effect

In discussing the steady state conditions responsible for smoke movement, total pressure heads
generated may be compared. These pressure heads are tabulated in Table B-1 together with the
flow rates that they will create beneath a typical door having a free space of 3 ft 0 in. x '3 in. be-
neath it. In Columns 2 and 3, it will be seen that the total head given by stack action resulting

from a fire in a single storey is also given by stack action associated with building heating during
cold weather in a building 3 to 4 storeys in heigbt.

Assuming that a building is compartmented, fire other than one in a shaft should be confined to
a single storey. The total pressure head generated by the fire is thus not likely to exceed about 0.1
in. water gauge. As buildings are generally heated in their entirety, stack effect associated with
building heating can give a total head significantly more than 0.1 in. water gauge if the building is
more than about 4 storeys in height. It can thus be seen that combating stack action associated
with building heating in high buildings is likely to pose more of a problem than combating stack
action directly associated with a fire. An examination of the flow pattern created by the 2 phenom-
ena further demonstrates that in high buildings emphasis should be placed on the building heating
rather than the fire stack action problem.

Effect of Wind

Column 4 of Table B-1 indicates that pressures resulting from winds can be substantial. As
mentioned earlier, the greatest component of the resulting airflow is horizontal. This does not cre-
ate as great a hazard as vertical movement via the shafts in a building. An upward component
does exist, however, and its effect is virtually identical to that of stack action associated with build-
ing heating. Combating the latter will, therefore, take account of the more hazardous influence of
winds.



Table B-1
MAGNITUDES OF PRESSURES DEVELOPED BY THERMAL AND WIND EFFECTS
Height of Heated Compartment, ft Flow Beneath
Pressure . .
° ° Windspeed, | Door with Gap
_ Head, L0 F® BV | g9 pe (s0Co)above | mph 30" x 05",
in. of water above ambient ambient ofm
(i.e. on fire)
0.1 9.5 33.9 14.4 95
0.2 19.1 67.7 204 135
0.5 41.7 169.3 322 212
1 95.5 339 45.6 301
2 191 677 64.5 425
Column 1 2 3 4 5

Contribution of Air Handling Systems

The effect of recirculating air handling systems is not shown in Table B-1, but it is of substantial
significance and hence it must, of necessity, be considered when smoke control techniques are be-
ing devised for buildings including such systems.

Significance of Smoke Movement Mechanisms

From the considerations just discussed it has been concluded that the most significant smoke
movement mechanisms to be combated are

(1) operating recirculating air-handling systems,

(2) the expansion process occurring during the initial stages of a fire, and

(3) stack action associated with building heating.

Techniques for Avoiding Widespread Smoke Contamination

Techniques for avoiding wide-spread smoke contamination in a high building can be divided
into the following categories:

(1) Avoidance of any significant fire. The first approach falling in this category is to exclude or
limit combustible materials from a building. Calculations of air movement due to stack effect,
however, have indicated that the destruction by fire of very small quantities of combustible mate-
rial can produce enough smoke to produce untenable conditions in upper floors and vertical shafts
of a high building. Limits on the use of smoke producing materials are thus unlikely to be ade-
quate as a sole means of smoke control. Automatic extinguishment of a fire can also be considered

as an approach to limiting smoke generation provided the quantity of combustibles destroyed is
held within strict limits.

(2) Compartmentation. Where a floor area is divided into a number of fire compartments, the
potential size of a fire will be limited to the contents of 1 compartment. In addition there will be, in
some circumstances, dilution of smoke moving from the fire compartment to other floors.

Where the fire occurs below the neutral plane, in cold weather the path of smoke travel may be
along a corridor to stair and elevator shafts. In this case the smoke in the corridor will be diluted
by clean air coming from other compartments. In an ideal situation (uniform compartments, no
expansion and no wind), dilution of the smoke laden air will be in proportion to the number of
compartments. Breaking of a window in the fire compartment will, however, increase the pressure
in that space and will reduce the effect of dilution.

Where smoke travel occurs through a vertical shaft from a compartment involved in fire to
higher compartments, the level of contamination will not be related to the number of units on one
floor, but will likely be restricted to units on other floors that are adjacent to the vertical shaft.
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The result of compartmentation is, therefore, likely to be beneficial, but does not eliminate the
need for smoke control measures. -

(3) Location of Shafts Outside the Building Envelope. The vertical transfer of smoke to the up-
per storeys of a building from fire on a lower storey occurs largely by the vertical shafts in,the
building rather than through the floors, to the extent of about 95 per cent or more in the case of a
typical 20-storey building. Separation of the shafts from the building would thus largely solve the
problem. This approach constitutes one of the suggested methods of smoke control.

(4) Dilution. Dilution by a factor of about 100 of the smoke gases issuing from a fire region
will provide a tenable atmosphere. This feature could form the basis of a smoke control method,
air being injected into the building at appropriate rates at those locations where smoke is being
discharged from the fire region into adjacent parts of the building. When cold weather conditions
are considered, however, dilution alone is not likely to be very practical. In general, it would be
better if the injection of air were directed to modifying the pressure pattern within a building in or-
der to limit undesired movement of smoke.

The value of dilution as a means of reducing smoke pollution should, nevertheless, be consid-
ered as an important secondary factor governing a designer’s choice of smoke control method. Its
importance is in dispersing contamination that might develop as a result of delay in implementing
smoke control measures, or of other occurrences such as the opening of a number of doors that
might interfere with the operation of a smoke control measure. The amount of air required to di-
lute a contaminated atmosphere to a tenable level can be calculated approximately. If no mixing
were to occur between the contaminated and clean air, and the contaminated air were to move out
ahead of the clean air, 1 volume of clean air injected into a compartment would produce a smoke
free atmosphere. In practice, however, some mixing does occur. If perfect mixing is assumed in a
compartment that has reached a level of contamination equivalent to that of the fire compartment,
and no more smoke is entering, the amount of clean air needed to create the 1 per cent tenable at-
mosphere discussed would be 5 times the volume of the compartment. If, however, we are consid-
ering a compartment isolated from the fire compartment by a fire separation and self closing
doors, it is more reasonable to assume that the level of contamination likely to occur is about 1/5
of that in the fire compartment. In these circumstances, injection of 3 volumes of clean air would
be sufficient to produce a tenable atmosphere. If clean air is injected at the rate of 1 volume every
2 min., the atmosphere in the compartment would be satisfactory in about 6 min.

Note: These figures are based on the expression
c = ¢pet

where ¢, = initial concentration of contaminant,
¢ = final concentration of contaminant,
a = rate of diluent air flow in number of air changes per minute,
t = time in minutes between occurrence of initial and final concentration, and
e = 2718

Based on this calculation, assuming perfect mixing of the contaminated air and the diluent air,
c/cy = 0.368 after injection of 1 volume of clean air,
0.135 after injection of 2 volumes of clean air,
0.050 after injection of 3 volumes of clean air,
0.018 after injection of 4 volumes of clean air, and
0.007 after injection of 5 volumes of clean air.

(5) Adjustment of Pressure Differential Distribution. This category of smoke control technique
involves modification of the pressure pattern within the building. The pressure distribution within
a building is illustrated by the pressure characteristic diagrams in Figure B-2. The graphs repre-
sent, in an exaggerated manner, the pressure differences between floor areas, shafts and exterior at
the same height above ground. The pressure difference shown amounts to little more than 2 in.
water gauge, whereas the total pressures involved are about 400 in. water gauge. The graphs do re-
late pressure to heights, and thus cannot be used to determine pressure difference between one
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floor and another at a different height. Given any set of characteristics as in Figure B-2, the impor-
tant feature is that, during cold weather, air flow from one region to another at the same level will
be towards the region that is at a lower pressure. In the typical building whose characteristics are
illustrated, smoke generated at a low level will flow into shafts, up through the shafts and out into
floor spaces at the higher levels.

'

Shafts provide the major paths for the spread of smoke within a building, so one should note the
effect of venting on their characteristics. Figure B-3 shows the characteristics of a simple heated
shaft under 3 different venting arrangements, the second and third (Figures B-3(b) and B-3(c))
having obviously useful advantages in controlling smoke movement in buildings.

In Figure B-3 the shaft is vented to the outdoors at the top, and smoke entering the shaft at any
level would not leave it until it reached the top opening. If a corresponding condition were estab-
lished within a building, the shaft would, therefore, not constitute a path for the transmission of
smoke from low level to high level floor spaces. In Figure B-3 the shaft is vented to the outdoors at
the bottom, fresh air enters the shaft at the lowest level and leaves it through any leakage area at
any other level in the shaft. Such a condition for a shaft in a building would be most valuable, for
as well as being eliminated as a path for smoke dispersal, the shaft also has a clear atmosphere.
These conditions, however, may not be sustained long as the atmosphere in the shaft will cool as a
result of the influx of cold air, and the characteristic will approach that of the exterior atmosphere.
Injection of warm air into the shaft is necessary to maintain these conditions over a prolonged
period.

Where a smoke control method is concerned with changing the pressure pattern within a build-
ing, many of the measures involved are based on the preceding concept of changing the pressure
characteristic of a shaft. Since shafts are the principal paths by which smoke disperses throughout
a building, the aim will be either to decrease or to increase shaft pressures substantially. Both
measures will eliminate vertical smoke transfer by the shaft between floor spaces. Top venting the
shaft as in Figure B-3 or use of mechanical exhaust to approach these pressure characteristics will,
however, also result in the entry of smoke into the shaft, while pressurizing the shaft such as by
mechanical injection will maintain a tenable atmosphere in the shaft.

(6) Smoke Shafts. A smoke shaft differs from a vented service shaft in that an opening is pro-
vided into the shaft from the fire floor in addition to the opening to the outside at the top of the
shaft.

Until windows in outer walls are broken, a smoke shaft alone can be an effective means of limit-
ing movement of smoke into other floors and shafts. In cold weather, the shaft air is warmer than
the outdoor air and the shaft will begin to function as a vent as soon as the dampers are opened.
During warm weather there will be some delay, as the smoke shaft cannot function as a vent until
hot air has entered the shaft as a result of initial expansion in the fire region. The pressure condi-
tions that prevail during cold weather are shown in Figure B-4. The air pressure on the fire floor,
having an opening into the smoke shaft, is below that in adjacent unvented shafts and adjacent
floor areas. Air flow will be from the adjacent floor areas and shafts into the fire floor, and from
the fire floor into the smoke shaft. If, however, a window is broken on a fire floor at a lower level,
the air pressure in the fire region will be increased to approximately that of outdoor air pressure at
the same level. Smoke may then flow into stair and elevator shafts and adjacent floor areas. Dur-
ing warm weather, breaking of a window will allow venting of smoke to the outdoors for a fire on
any floor, except when wind is blowing towards the open window. In this event, breaking of the
window will cause the action of the smoke shaft to be overwhelmed. The smoke shaft, therefore, is
not fully effective as a sole method of smoke control in a floor area with windows, but can be used
in conjunction with building pressurization as part of a smoke control method. The size of a
smoke shaft is related to conditions to be established in the event of a fire at a lower level of the
building and is dependent on the leakage characteristics of the building. Any increase in the air
leakage through the walls of the building and the shafts requires a corresponding increase in the
size of the smoke shaft. In Figure B-4 the idealized smoke shaft pressure characteristic is indicated
by a dotted line and assumes no pressure losses inside the shaft. As the smoke shaft is open to the
outside at the top, pressure at the top level of the smoke shaft is equal to that of outside.
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Assuming an air temperature inside a smoke shaft equal to that of the building, as may occur in
the case of a small fire, the slope of the smoke shaft pressure characteristic is the same as those of
the vented shafts. In Figure B-4 the total pressure (APy) acting across the vent opening at the bot-
tom is represented by the horizontal distance between floor space and smoke shaft pressure char-
acteristics. The value of APy is about % of the total pressure head generated by stack action over
the height of the building. The values of AP are plotted against building height for various outside
temperatures in Figure B-5. The movement of air through the smoke shaft causes a decrease in
building pressures, which results in the shifting of the floor space pressure characteristic to the left
in the pressure diagram. This results in a lower effective value of APt. The values of AP in Figure
B-5 have been adjusted to take this factor into account. So far it has been assumed that no pres-
sure losses occur inside the smoke shaft. Friction, momentum and dynamic pressure losses can,
however, occur inside the smoke shaft, as a result of air flow through the open vent of the fire
floor, as well as through leakage openings in the walls of the smoke shaft. The smoke shaft pres-
sure characteristic including pressure losses is also shown in Figure B-4 as a solid line. The actual
pressure difference across the open smoke vent AP, is less than APy; the difference between the 2
values representing the pressure losses inside the smoke shaft. The flow requirement to achieve the
desired venting action depends on the pressure differences across the fire floor enclosure caused by
stack action, and on the air tightness of the various interior and exterior separations of the build-
ing. The flow rates shown in Figure B-6 were calculated initially in relation to a 20-storey building
having a floor plan measuring 120 ft by 120 ft, with assumed leakage through walls and floors con-
sistent with the results of air movement measurement obtained in several multi-storey buildings.
Extrapolation was made for buildings of various heights, floor areas and outside temperatures us-
ing the following relationships:

(I) QVis proportional to FA,
(2) QV is proportional to (H)", and
(Ti - To)”

(3) QV s proportional to To

Where QV is the required flow rate through the floor vent of the smoke shaft,
FA is the flow area of a typical floor,
H is the height of building in feet,
Ti is the indoor absolute temperature, and
To is the outdoor absolute temperature.

There are a number of other considerations that may have to be taken into account in applying
measures for control of smoke movement.

Breaking of Windows on the Fire Floor

Where the room in which a fire occurs has windows, it is likely that they will be broken at a
fairly early stage. This will result in a change of pressure in the fire region to a value that is sub-
stantially that of outdoor air pressure at that level. In Figure B-2 it can be seen that for a fire at a
low level in the building during cold weather, breaking of windows will greatly increase the pres-
sure in the region involved. As a result more smoke may be expected to pass into adjacent floors
and vertical shafts. This has been taken into consideration in the measures described in Chapter 2.

Pressures Across Doors

Problems may occur where air pressures across typical hinged doors and sliding elevator doors
interfere with their normal use. This may occur when the pressure across a door exceeds 0.4 in.
water gauge. Pressure differences of this magnitude may occur in cold weather where a door com-
municates with a space that is substantially at outdoor air pressure. This commonly occurs at the
entrance doors to high buildings during normal use. The problem is resolved in this case by use of
revolving doors or by special hinges which permit the door to rotate about the centre until a
sufficient opening is formed to relieve the pressure on the door. It may also occur when windows
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on a fire floor are broken or where vestibules vented to the outdoors are employed as in Measure

D in Chapter 2. Situations where such problems may arise are indicated in the explanatory notes
to each smoke control measure.

Possibility of Explosions in Smoke Shafts )

There is a possibility that an explosion may occur in a smoke shaft during a fire. The maximum
over-pressure predicted on the basis of a British report would probably not exceed about 2.4 psi.
This has been considered, and because it is a somewhat remote possibility, no special precautions
are recommended.

Pressure Drop in Stairs

Recent studies have shown that air supply requirements for stairwells with an open door at
grade level can cause a substantial pressure drop due to friction. If the air is injected only at the
top of particular designs of stairwell in a high building, a non-uniform pressure distribution over
the height of the stair shaft may occur. This may produce an undesirably high pressure differential
across stairwell doors at high levels. This problem may be avoided by injection of the air at several
levels rather than only at the top.

Warm Weather Conditions

The smoke control techniques have been developed to function under cold weather conditions,
their performance under warm weather conditions has, however, been carefully considered. Unde-
sirable pressures may be created across certain doors, and there is a possibility of contamination
of certain spaces such as a stairshaft at times when the door to the outdoors is open. Where air in-
jection is used, modulation of the supply with exterior temperature can be a solution to the prob-
lem, although such action reduces the effect of the air supply in diluting transient smoke contami-
nation. Where no interior-exterior temperature differential exists, the influence of building heating
causes stack action as a smoke movement mechanism disappears and, assuming air handling sys-
tems to be shut down, expansion becomes a major factor in spreading smoke throughout a build-
ing. Under these conditions the influence of a simple vent opening in an external wall can be read-
ily assessed. Flow through all openings in the walls around the fire region will be roughly in
proportion to their area. If the area of the vent to the exterior is 10 times the area of the openings
communicating to the remainder of the building, it can be assumed that only about 10 per cent of
the displaced smoke laden atmosphere will pass into other parts of the building.

During cold weather, expansion may be considered as being responsible for a slight overall in-
crease in pressure of about 0.1 in. water gauge in the fire region for a period of about 20 min.
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CHECK OF A SMOKE CONTROL SYSTEM

Where the efficiency of a smoke control system is to be checked, it may be done by measuring
pressure differences and the directions of air flows around doors and through separating walls of
compartments. A pressure meter can be used to measure pressure differences on either side of a
door or partition. Where this is impractical, a punk stick or the smoke from a cigarette held near a
crack will give an indication of the direction of air flow. Measurements of air flow may be taken
on the intake side of supply fans or in supply ducts to determine whether the specified air flow is
being provided.

In general, air flow should be from the spaces which may be occupied during a fire emergency,
e.g. stairshafts, toward the space in which the fire is assumed to have occurred. For each method
of smoke control there are certain critical locations where measurements may be taken to check
the overall efficiency of the system.

In buildings designed by Measures B, C, D or E, where protection is obtained by venting corri-
dors or vestibules to the outdoors, inspection of the building to determine whether the require-
ments have been met should be sufficient. In buildings incorporating measures B, C, D, E, F or G,
there may be service shafts vented to the outdoors at the top. In this case a check may be made of
the wall between the shaft and the uppermost occupied floor areas, to ensure that the direction of
flow is from each floor area into the shaft, when the vent to the outside is open and the outdoor air
temperature is significantly less than that indoors. In a building incorporating Measures D or E,
where mechanically pressurized vestibules are used, and in a building incorporating Measure L, a
check may be made to ensure that the pressure in each vestibule or area of refuge is greater than
that in the adjacent floor areas at each floor level.

In a building incorporating Measure F or G, the efficiency of a protected elevator shaft can be
checked by using a meter to measure pressure differences between the shaft and the outdoors at
grade, before and after activation of the air injection system. The difference between the 2 read-
ings gives the magnitude of mechanical pressurization of the shaft, which should be at least equal
to Y the calculated pressure difference caused by stack action over the height of a building for the
winter design temperature and the design flow rate specified in Sentence (4) of Measure F or Sen-
tence (4) of Measure G. Where the air flow is modulated, the magnitude of mechanical pressuriza-
tion should vary between 0.2 in. of water when the outdoor temperature is equal to that indoors,
and % of the pressure difference noted above when the outdoor temperature is equal to the winter
design temperature. Flow rates into the elevator shaft may be checked against that specified in
Sentence (4) of Measure F and Sentence (4) of Measure G. Stairshafts may be checked with the air
injection system operating and the door or vent to the outdoors open. Flow rate through the shaft
should be equal to that required by Sentence (2) of Measure F and Sentence (2) of Measure G.
Top vented elevator and service shafts may be checked as described for a building incorporating
Measures B, C, D or E.

In a building incorporating Measure H, the efficiency of the system may be checked by mea-
suring pressure differences between floor areas at grade and outdoors before and after activation
of the air injection system. The magnitude of the mechanical pressurization is obtained as de-
scribed above in the case of elevator shafts in a building incorporating Measure F or G and should
be equal to half the pressure difference caused by stack action over the height of the building for
the winter design temperature and the design flow rate specified in Sentence (2) of Measure H.
The effect of modulating air flow for different temperature conditions is also as described for ele-
vator shafts. Flow rates into the building may be checked against those required in Sentence (2) of
Measure H. A check may be made on each floor individually, with the air injection system operat-
ing and the damper to the smoke shaft or panel to the outdoors open. Under these circumstances,

air flow should be from the stair, elevator and service shafts into the floor area that has a damper
or panel open.
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In a building incorporating Measure I or J, pressure differences should be measured between
the central core at grade and a suite that has a number of windows open to the outdoors before
and after activation of the air injection system. The magnitude of mechanical pressurization is ob-
tained as described above in the case of elevator shafts in a building incorporating Measure F or
G and should be equal to % the pressure difference caused by stack action over the height of the
building for the winter design temperature and design flow rate specified in Sentence (2) of Mea-
sure 1. The effect of modulating air flow for different temperature conditions is also as described
for elevator shafts. Flow rates into the central core may be checked against those required in Sen-
tence (2) of Measure 1.

In a building incorporating Measure K, inspection should indicate whether or not there is a
continuous separation between 2 parts of the building, extending from the roof through below
grade storeys. Where pressurized vestibules are used, a check may be made to ensure that the di-
rection of air flow is from each vestibule into adjacent floor areas at each level. The check should
also be made on a low level floor with the floor space vents referred to in Sentence (12) of Measure
K, or other windows in the 2 halves of the building open on that floor. This represents the condi-
tion when the fire has broken windows in one half of the building and the compensating vent in
the other half of the building has been opened manually.

In a building incorporating Measure L, the method of checking is the same as in a building in-
corporating Measure D or E, except that flow rates into areas of refuge should be measured to en-
sure that they meet the requirements of Sentence (9) of Measure L.

Doors to stairs, elevator shafts and vestibules that are indicated in the notes relating to each
Measure as being in locations subject to pressure differences that may interfere with normal open-
ing should be checked when the outdoor temperature is near the winter design temperature, with
the air injection system operating and a number of windows open to the outdoors on each floor in
turn.
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