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Atriums have become popular elements in
commercial, office and  residential bu ild ings
because they can  provide attractive, envi-
ronmentally controlled , naturally lit spaces.
Such  spaces, however, p resen t a challenge
for fire protection  engineers because their
height (typically greater than 20 m) decreases
the effectiveness of au tomatic sprinkler 
systems and  because they lack the floor-to-
floor separations that can limit the likelihood
of fire and  smoke spreading from the floor
of fire origin  to other areas of the bu ild ing.
Evacuation  rou tes in  atriums are of greatest
concern  because they become vulnerable to
spreading smoke unless smoke management
measures are used .

Smoke Hazards
Most fire-related  deaths are attribu table to
smoke inhalation  rather than  burns.  In  the
context of fire-safety engineering, smoke is
defined as the combination of airborne solids,
liquid particulates and gases produced when
a material burns p lus the air that becomes
entrained  (incorporated  in to the mix).[1]
Hazards from smoke in  bu ild ings include:
• Toxic gases.  Carbon  monoxide is the

most common of these.  Narcotic gases
(which  can  render a person  unconscious)
such  as hydrogen  cyanide and  irritan ts
such  as acid ic halides and  acrolein  may
also be produced , depending on  the com-
bustible materials p resen t.

• Reduced oxygen levels.  This can  resu lt
in  suffocation .

• High temperatures.  Extreme heat is
potentially hazardous to people immersed
in  the smoke or exposed  to its rad iation .

• Reduced visibility.  This can  h inder both
evacuation  and  rescue efforts.
The reduction  in  visibility is a major

hazard  in  atrium fires that needs to be con-
sidered  in  any smoke management design ,
especially as it affects occupants who are
not located  in  the immediate fire area. If
they have to evacuate th rough the smoke,
the occupants may become d isorien ted .  In
general, if there is enough visibility th rough
the smoke for people to see the emergency
exits, toxic products are un likely to prevent
them from escaping.  To achieve sufficien t
visibility, bu ild ing occupants should  be
physically separated  from the smoke or the
smoke concentration  should  be limited .  

A wide range of acceptable levels of 
visibility has been  suggested  in  the fire 
protection  literature.[2]  For occupants
familiar with a building and able to evacuate
quickly, being able to see a d istance of 
3-5 m may be sufficien t.  For those less
familiar with  the bu ild ing, a d istance of 
up  to 25 m has been  recommended.  The
latter criterion  was used  in  the tenability
requirements for escape rou tes in  h igh-rise
build ings first in troduced  in  the 1970 
ed ition  of the National Build ing Code 
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Fires in atrium buildings can pose a serious threat to occupants as a result of
smoke migration.  This Update, intended for building designers and property
managers, outlines the basic principles of smoke management in atriums
that must be understood in order to enhance occupant safety.  
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of Canada.[3]  In ternationally, a d istance of
10 m is widely accepted  and  used .[4]

The effects of other smoke hazards (toxic
gases, h igh  temperatures and  reduced  
oxygen  levels) can  be serious for occupants
who are close to the fire when  it starts or
who become immersed  in  the smoke flow.
Extensive d iscussion  of the effects of expo-
sure to smoke, including toxic gases, and  
of the tenability limits used  to estimate the
probability of incapacitation  or death , can
be found in  the literature.[5]

Object ives of a  Smoke
Management System
Where smoke from a fire in  an  atrium, or 
in  a room adjacent to the atrium, has the
poten tial to spread  to other occupied  parts
of the bu ild ing, there is a th reat to the safe
evacuation  of occupants.  This th reat is the
primary consideration  in  the design  of
smoke management systems.  It can  usually
be addressed  by limiting the production  of
smoke and  its migration , thus main tain ing a
tenable environment in  the egress rou tes
(corridors or stairs).

Smoke management systems can  also be
designed  to assist emergency response 
personnel in  conducting search-and-rescue
operations, and  in  locating and  controlling
the fire.  Generally, measures to protect
egress rou tes make it easier for firefigh ters

to en ter the bu ild ing, and  can  reduce 
property damage.  Such  measures can  aid
in  post-fire smoke removal as well.

General Approaches to Smoke
Management
Various engineering approaches, used
singly or in  combination , can  reduce the
production  of smoke or modify its move-
ment, hence mitigating its effects on  
occupants.  These approaches include
installing au tomatic sprinklers and  limiting
the use of combustible construction  
materials and  furn ish ings.[1,6]

Automatic sprinkler systems are most
effective in  controlling fires in  spaces with
a relatively low ceiling height, such  as
those found in  the areas ad jacent to the
atrium.  For fires on  the floor of the atrium,
the situation  is qu ite d ifferen t.  The smoke
in  the fire p lume (see Figure 1) cools sub-
stan tially as it rises to the ceiling, and  in
the case of h igh  atriums (more than  20 m in
height), the sprinklers will not be activated
until the fire has become large.  This means
that substan tial smoke spread  can  occur,
both  with in  the atrium and  in  the commu-
nicating spaces,2 before the sprinklers are
activated . 

Curren tly, there is very limited  informa-
tion  on  the size of sprinklered  fires in  
atriums.  As a result, a variety of approaches

are used  to design  adequate
smoke management systems
for sprinklered  build ings.[1,6]
However, there is no consensus
as to which  is the best
approach . 

In  addition  to sprinklers,
“active” approaches (requiring
a manual or au tomatic
response) to smoke manage-
ment include venting smoke
from the atrium either th rough
openings in  the ceiling or by
means of mechanical exhaust
systems (fans) to limit its
accumulation  and  reduce its
spread  to other (connected)
areas of the bu ild ing.  Venting
systems can  be activated  
manually or au tomatically in
response to heat or smoke
detectors.  

Figure 1. Smoke plume and smoke layer in an atrium fire1
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There are also “passive,” or bu ilt-in ,
approaches to smoke management based  on
limiting smoke movement; for example,
evacuation  rou tes can  be separated  from the
atrium by using barriers to fire or smoke,
thus reducing the th reat to occupants.  

National Building Code of Canada
Requirements 
The National Build ing Code of Canada 1995
(NBC) addresses the hazards from smoke in
atriums with requirements for interconnected

floor space3 (Articles 3.2.8.3. to 3.2.8.9.).[3,7]
These fire-safety requirements can be sum-
marized  as follows:4

1. Construction requirements.  The build ing
shall be of noncombustible construction .
(Heavy timber construction  is permitted
if Subsection  3.2.2. permits the bu ild ing
to be of combustible construction .)

2. Sprinklers (fire suppression).  The build-
ing shall be sprinklered  throughout.

3. Vestibules.  These are required  at each
level for exits opening d irectly in to an
in terconnected  floor space.  If an  elevator 
hoistway opens into the interconnected
floor space and  in to storeys above it,
vestibu les are required  to protect either
the elevator door openings in  the 
in terconnected  floor space or the elevator
door openings in  the storeys above the
in terconnected  floor space (see Figure 2).

4. Protected floor space.  A protected  floor
space can  be used  to accommodate peak
traffic during evacuation .  It shall be
designed  so that an  exit can  be reached
without en tering the in terconnected  floor
space and  shall be separated  from the
in terconnected  floor space by a vestibu le
(see Figure 2). 

Construction Technology Update No. 47

Figure 2. Vestibules and protected floor spaces

Figure 3. Atrium space with draft stops



(to control the fire) and  the use of noncom-
bustible materials, such  as metal, brick,
stone and  gypsum board , for major bu ild ing
elements, in terior fin ishes and  furn ish ings.
The NFC limits the quantity of combustible
conten t related  to the specific occupancy.
In  addition , exits must be protected  by pro-
vid ing them with  vestibu les.  

Evolut ion of Atriums and Related
Smoke Management Issues
When atriums had  no real function  other
than  as circu lation  space (see Figure 4), the
main  approach  to fire protection  design  was
to ensure that the atrium boundaries —
wall assemblies or glass — were fire resis-
tan t.  This approach  was frequently used
when the atrium was basically a covered
space linking separate bu ild ings — a 
“sterile tube.”[9]

Since experience with  atrium fires, par-
ticu larly in  fu lly sprinklered  build ings, has
shown that the impact on  life safety as a
resu lt of flame spread  is small compared  to
that from the accumulation  and  spread  of
smoke to other areas, there is less need  to
use fire-resistan t materials to separate the
atrium from the ad jacent spaces in  a fu lly
enclosed  atrium.[10,11]  Glazed  non-fire-
resistan t assemblies (see Figure 5) can  pro-
vide adequate protection  against smoke
spread  as long as the glass remains in tact.  

Today, both  sterile tube and  fu lly
enclosed  (with  glazing) atriums are consid-
ered  too restrictive from both  design  and
use perspectives.  In  more recent designs,

4 Construction Technology Update No. 47

5. Draft stops.  These shall be installed  at
each  floor level, immediately ad jacent to
and  surrounding the opening to provide a
smoke reservoir at the ceiling so that the
smoke can  be detected .  Draft stops must
be at least 500 mm deep , measured  from
the ceiling level to the bottom of the stop
(see Figure 3, p . 3).

6. Mechanical exhaust system.  This type 
of system shall be provided  to remove
smoke from the in terconnected  floor
space at a rate of four air changes per
hour.  Its purpose is to aid  firefigh ters in
removing smoke, and  it is designed  to be
actuated  manually by the responding fire
department.

7. Combustible content limit.  The in tercon-
nected  floor space shall be designed  so
that the combustible conten ts, excluding
in terior fin ishes, in  those parts of a floor
area in  which  the ceiling is more than
8 m above the floor, are limited  to not
more than  16 g of combustible material
(e.g., fu rn ish ings and  items related  to the
occupancy) for each  cubic metre of the
in terconnected  floor space.  This require-
ment is also referenced  in  the National
Fire Code of Canada (NFC), Sentence
2.3.1.4.(1).[8]
These smoke management requirements

provide build ing designers with  the basic
approach  for meeting one of the objectives
of the NBC, which  is to protect human life.
Such  approaches are based  primarily on
reducing smoke production  by requiring the
installation  of au tomatic sprinkler systems

Figure 4. “Sterile tube” atrium Figure 5. Atrium with glazed walls



the ad jacent spaces are often  partially or
fu lly open  to the atrium (see Figures 6 
and  7) so as to maximize the use of the
space.  This evolu tion  in  the design  and  
use of atrium spaces presen ts two major
concerns: 
1. The greater the in terconnection  between

the atrium space and  the ad jacent spaces,
the greater the possibility of smoke from
a fire on  the atrium floor, or from a room
adjacent to the atrium, spreading through
the atrium to other parts of the bu ild ing.
The complexity of the smoke manage-
ment system design  is d irectly related  to
the degree of in terconnection  of the
spaces.

2. Any change in  or in tensification  of use
almost certain ly means a change in  the
type and  quantity of combustible materi-
als (the fuel load), which  in  tu rn  affects
the size of the fire and  the (related) rate
of smoke build-up , and  hence the
demands p laced  on  the smoke manage-
ment system. 

Use of Engineered Design
Approaches
While the NBC provides prescrip tive
requirements for the design  and  construc-
tion  of atriums, there are some circum-
stances that require a performance-based
approach  to determine whether a particu lar
use and  design  will meet the in ten t of 
the code.  Such  circumstances include the
following:

5

• When a new use for an  existing atrium is
contemplated

• When it is d ifficu lt to meet the require-
ments for p rotected  floor spaces

• When a new atrium is designed  for a use
that is not covered  by the NBC

• When the atrium design  features a h igh
degree of connectivity between  the
atrium(s) and  the ad jacent spaces.  
Engineered  approaches to the design  of

smoke management systems, as found  in
design  guides such  as NFPA 92B (published
by the National Fire Protection Association),
provide performance-based  tools in  the
form of empirically based  equations and
numerical models.  The basics of th is type
of approach  are ou tlined  in  Construction
Technology Update No. 48.
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Figure 6. Partially open atrium Figure 7. Fully open atrium
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Footnotes
1. Although the figures show a raised  roof system, th is

is not a requirement of the National Build ing Code
of Canada 1995.

2. “Communicating spaces” refers to those spaces in  a
build ing with  an  open  pathway to the atrium such
that smoke movement between  the spaces and  the
atrium is un impeded .  This includes spaces that
open  d irectly in to the atrium as well as those that
connect th rough passageways.

3. An “in terconnected  floor space” (as defined  by the
NBC, Article 1.1.3.2.) refers to superimposed  floor
areas or parts of floor areas in  which  floor assem-
blies that are required  to be fire separations are 
penetrated  by openings that are not p rovided  with
closures.

4. The requirements provided  in  th is Update are 
limited  to those included  in  the NBC.  The specific
requirements of locally applicable bu ild ing and  fire
codes must be met for all bu ild ings.  
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