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EXECUTIVE

A series of studies has been undertaken with the aim of establishing a
rational basis for the review of fire safety measures in low rise
sprinklered shopping centres. The studies have addressed relevant
matters from several different angles, including analysis of statistics,
reviews of regulatory requirements, surveys of shopping centre
characteristics, and interviews with shopping centre management and
staff.
This report sets out to describe the studies and their outcomes in a
concise manner, detailed descriptions of the work being given
elsewhere. The reviews have raised a number of questions about the
effectiveness and cost of certain fire safety systems in shopping
centres, both in terms of construction costs and in running
maintenance, whilst at the same time affirming that these are places
which generally present very low risk to life from fire. The results of
the work have indicated areas where alterations to the BCA
requirements would be beneficial both in terms of the
effectiveness of the results and the functionality of the buildings
without decreasing their fire safety.
The report then goes on to describe how the amendments proposed for
inclusion within the BCA may be analysed to assess their effects. It is
proposed that fire risk assessment modelling be undertaken to
demonstrate that the effects of the changes does not have a significant
bearing on the expected risk to life. The modelling work is being
supported by a comprehensive experimental program, specific surveys
and a set of position papers on shopping centre issues
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1.

INTRODUCTION

The construction of large shopping centres is an area of commercial
development which is being pursued very actively in Australia at present. There is
a belief that the current regulatory requirements for fire protection of these
buildings may be unnecessarily onerous, imposing financial burdens on
developers and owners which may not relate to the risk to life from fire in these
buildings. The remit of Fire Code Reform Centre Project 6 is to review the
requirements in the Building Code of Australia (BCA) which apply to low-rise
sprinklered shopping centres, and to propose a more rationally based set of
requirements which will improve the cost effectiveness of these buildings both in
terms of construction costs and maintenance in operation without decreasing their
fire safety.
As part of this research Project a detailed study of the BCA requirements as they
pertain to
shopping centres has been completed
Case study and
with a view to identifying common
statistical data has been reviewed
features in serious fires and factors leading to fatalities. In addition, an in-depth
That
study of modern shopping centres in Australia has been undertaken
study reviewed all major aspects of shopping centres
they relate to
safety
issues-construction details, quantities and distribution of combustibles,
population characteristics, emergency exit layout, sprinkler systems, smoke
control systems, detection and alarm systems. The study looked not only at
aspects of hardware but sought to come to terms with significant maintenance and
management issues. It also set out to understand the concerns of designers and
shopping centre management with respect to the cost and effectiveness of current
fire safety requirements for these buildings.
The purpose of this report is to present clearly the key issues identified by the
above studies, and to propose a methodology for deriving alternative provisions.
This is not to suggest that there is no valid basis for many of the BCA fire-safety
requirements, but rather that a review of their effectiveness is required in relation
to sprinklered low-rise shopping centres. It may be that there is a sufficient
evidence to show that modification of some of these requirements is reasonable.

2.

ANALYSIS OF FIRE INCIDENTS IN RETAIL PREMISES

A set of case studies of serious fires in retail premises has been analysed
in detail and reported elsewhere
The data concerning these fires was taken
from published information in journals and reports from all over the world. They
represent a set of accounts of fires which might be considered to be of special
interest in some way where the loss was particularly large or where some
noteworthy fire safety issues were demonstrated. The level and type of detail
obtained for each tire varies, depending on the length of the article, and the
viewpoint of the writer concerning what was seen to be important- This sample of
case studies cannot therefore be considered to be statistically unbiased.
Nevertheless, the study of serious incidents can reveal trends which merit further
investigation.
As part of the same report, detailed information on fatal fires is presented,
obtained in relation to retail premises in the USA over a 10 year period from 1983
to 1993 (excepting 1986 which was unavailable). This data was drawn from a
pool of almost 78,000. fires in which there were a total of 86 deaths. The
conclusions from this part of the study can be regarded as statistically valid, since
all cases attended by the fire brigade in the data base are included. The incidence
of fire deaths in retail premises in Australia is very small’, and it is assumed here
that the broad conclusions drawn from an analysis of the much larger US database
would be valid for Australian shopping centres. This assumption is borne out by a
recent analysis of the statistics for fires in retail premises for New South Wales, to
be described in the following section of this report
The analysis of the case studies revealed a number of features. Firstly, fires tend
to become large if they start in concealed spaces or when the building is
unoccupied. Sprinklers generally serve to keep a fire small, but partial sprinkler
protection of a building may be of limited effectiveness, if the fire occurs in a
non-sprinklered part. Fire brigade intervention is particularly effective, if the fire
has not been allowed to become large.
The analysis of fatal fires from the US statistics shows that over two thirds of
fatalities involve individuals who are asleep or otherwise impaired at the time of
the fire, or were intimately involved with the ignition. A large proportion of
deaths (somewhere between 43% and 62%) occur in fires which involve
flammable liquids, especially petrol. Since incidence of people being asleep or
involved with flammable liquids in the shopping centres under discussion in this
report would be very low, it was concluded that the risk of death in fire in a
shopping centre, is much lower even than that indicated by the US statistics.
Where the building was sprinklered, multiple fire deaths were recorded in only a
single instance. In that case, despite the fact that the sprinklers confined the fire to
the object of origin, it appears that the victims died due to burning petrol. Other
details of this case are being followed up.

For fires in retail premises in New South Wales over the period 1986-1992, there were 2
ties.
2

3.

EVIDENCE FROM FIRE STATISTICS

3.1
A study
has been carried out to analyse the statistical data on USA
retail fires attended by the fire brigade contained in the NFIRS
database for
the 10 years 1983 to 1993 excluding 1986 for which data
unavailable. All
fires were classified as structure fires, that is building as opposed to vehicle, ship
or outdoor fires. The conclusions of the report are very pertinent to the present
study. For comparison, a further study was carried out on data available from the
An
NSW Fire Brigades for New South Wales for the years 1986 to 1992
analysis of Australian fire statistics for commercial buildings has also been
undertaken [
3.2
Firstly it is clear both from the US data and from the rather more limited
data from Australia that retail premises do not present a significant risk to life
from fire. The US data shows that the average fatality rate for civilians (as
opposed to firefighters) is 1.12 deaths per 1000 fires, which may be compared
with the figure for residential apartments, from the same source, of 7.4 civilian
fatalities per 1000 fires. In New South Wales the comparable figure for retail
premises is 0.79 deaths per
fires, but since this is based on only two fatal
fire incidents, the figure must be used with caution. There is a general trend, as
might be expected, for the numbers of civilian deaths and injuries to increase with
size of the fire. In fact it is shown in the analysis given in
that if by some
means all fires could be confined to the object first ignited, the civilian fatality
rate would fall by a factor of nine.
As noted in
a high proportion of fatalities are associated with those who are
asleep or intimately involved with ignition and flammable liquids. Since these
factors are unlikely to be present in the shopping centres under consideration it
seems likely that the relevant fatality rate is much lower than the average US
figure of 1.12 civilian deaths per 1000 fires.
3.3
The US statistics record the extent of flame damage in the following
categories:
confined to object of origin
�
confined to part of room or area of fire origin
�
confined to room of fire origin
�
confined to fire-rated compartment of fire origin
�
confined to floor of fire origin
�
confined to structure of origin
�
extended beyond structure of fire origin
are those
Where flame damage was recorded, the largest category of fires,
confined to the object of fire origin: 80% of fires were confined to the room of
fire origin. From the NSW data is the comparable figure for the latter is 78%.
Very few tires which spread beyond the room of fire origin are confined to the
�

compartment of fire origin. Only 3% of fires where flame damage is recorded
spread beyond the structure of fire origin.
3.4
More fires occur in the day than at night. However the statistics show
that daytime fires have a greater chance of being confined to the object of origin,
whilst night time fires have a greater chance of becoming large. In parallel the
rate of civilian deaths in fire is greater at night, but the rate of injuries is greater in
the day (presumably because there are more fires in the day).
3.5
Sprinkler performance in the US statistics is recorded in one of the
following categories:
equipment operated
equipment should have operated but did not
equipment present but fire too small to require
operation
no equipment present in room or space of fire origin
The number of fires recorded where there were no sprinklers (or unknown) is
substantially greater
when sprinklers were present. Where there were
sprinklers in 69% of cases they did not operate, but the overwhelming majority
(93.5%) of these were recorded as being because the fire was too small. The
proportion of fires where the sprinklers were present and should have operated
(but did not) is therefore quite small, suggesting high reliability.
The statistics show that sprinklers are very effective in containing the fire, as
would be expected. With sprinklers present, whether they operated or not, 60% of
fires were confined to the object of origin whereas without sprinklers, the figure
do not spread beyond the room of
is 44%. With sprinklers present, 94% of
fire origin, whilst without sprinklers the figure is 78%. Another way of expressing
these figures is to note that with sprinklers not present, 22% of fires cause damage
beyond the room of fire origin, but with sprinklers present this reduced to 6%-a
fourfold reduction.
The overall rate of civilian fatalities was 0.5 per 1000 fires with sprinklers
present, compared to the average for all fires of 1.12 per 1000 fires. Average
property damage was
by one third by the presence of sprinklers. It is
likely that these figures substantially underestimate the real value of sprinklers
due to the fact that sprinklers are required in most larger buildings and the
potential damage and loss of life associated with a non-sprinklered fire in such
If the data for shopping complexes only
buildings would be very substantial
are considered, as opposed to service stations and garages, then the fatality rate
drops to zero for sprinklered buildings and is greatly reduced for non-sprinklered
buildings.
3.6
The statistics show that in less than 20% of fires where the presence or
absence of detectors was recorded were there detectors present. In about 50% of

these cases the detectors did not operate, though over half of these were attributed
to the fact that the fire was too small. The rate of civilian fire fatalities with
detectors present was found to be 0.41 per 1000 fires which may be compared to
the average civilian fatality rate of 1.12 per 1000 fires.
3.7
For fires for which times have been recorded, the fire brigade arrived in
90% of cases within 9 minutes of receiving an alarm. In 50% of cases attendance
was within 3 minutes. The fire brigade had a significant effect on the extent of
flame damage if they arrived early enough. In the 0 to 4 minute category of
arrival times, 49% of fires were confined to the object of fire origin, compared
with 35% in the 15 to 19 minute interval.
3.8
The statistical study has demonstrated that high levels of fire safety are
achieved in shopping centres, compared for example to residential occupancies. It
has also set the value of fire safety systems in context, showing that the presence
of sprinklers or detectors reduces the civilian fire fatality rate by more than a half
compared to the rate for all fires in retail premises.
The clear message is that the risk to life can be reduced significantly if the fire is
kept small. Sprinklers, detectors and fire fighters all have an influence on
containing
spread. Large fires, with increased risk to life, tend to occur at
night. Fire fatalities occur predominantly in the very young, the elderly and those
intimately involved with the fire, and are more likely to involve sleeping
individuals. Trends observed in the US database tended to be reflected in the
NSW and Australian data.
A much more complete analysis of the statistical data and its implications for
shopping centre design is given elsewhere
and will be reviewed as part of
the overall fire-safety analysis being undertaken for these buildings.

4.

BCA REQUIREMENTS

4.1
A previous report
has analysed in detail the requirements for
shopping centres as called up in the 1990 edition of the BCA. The 1996 version
of the BCA recasts the code into performance terms and the detailed requirements
then become deemed-to-satisfy provisions. Some of the provisions have changed
from those in the BCA ‘90 but little has changed that directly affects this project;
nevertheless, any changes will be considered where appropriate. One difficulty
with an attempt to review the provisions has always been that the BCA
requirements have arisen over a long period of time and from amalgamations of
earlier documents, and the reasons behind individual requirements are sometimes
far from clear. The performance-based BCA 96 goes some way towards solving
this problem, but even still the rationale behind particular requirements is often
not stated explicitly.
In attempting to determine how normal provisions may be modified in the light of
alternative solutions, the BCA frequently makes use of the term ‘concessions’. As
these alternative requirements are permitted within the code, it follows that they
must be considered to correspond to an equivalent level of safety in certain
situations-namely the situations specified in the ‘concession’. The use of the
word ‘concession’ unfortunately implies a lower level of safety, which is not the
case. The use of the term has therefore been avoided in the Project 6
documentation. In
general discussion of alternative solutions use is also
made of the term ‘trade-off’ to describe the inclusion of one fire safety system as
compensation for the removal of another such as lowering of fire resistance in
cases where a building is sprinklered. Once again, this term suggests an
unquantified process, and its use is avoided here in favour of an integrated
analysis to establish more effective combinations of
safety systems.
Many of the provisions in the BCA appear to apply to shopping centres by
default, having arisen from more general building requirements. However,
shopping centres have very particular attributes which contribute to fire safety by
means of design, construction and use. For example the layout of a typical
shopping centre is fairly simple, and the wide malls invariably lead to large exits
to outside-this being necessary to provide the “sense of openness” and to allow
the efficient movement of people. The occupants are alert and generally mobile,
and the shopping centres are subject to a high level of management control. By
allowing the regulations for shopping centres to be comparable with more general
requirements, it has not been possible in the past to take advantage of this
combination of inherent fire safety features. In fact the analysis of BCA
provisions suggests that rather the reverse is perceived to be the case: shopping
malls and atriums attract very severe requirements in terms of smoke control for
which very few if any benefits are conceded.
4.2
The fire resistance level (FRL) required for structural elements within a
shopping centre varies with the rise in
of the building. The resulting
combinations of FRL requirements are complex, probably unnecessarily so. These
have been summarised in detail in a separate report

i

Table
the BCA relates the type of construction required to the floor area
(or volume) of the compartment (or building if there is only one compartment).
Modem shopping centres, due to the substantial openings at each floor level must
be considered as one compartment. These compartmentation requirements are
therefore not usually relevant, because shopping centres generally have to satisfy
the requirements for large isolated buildings (Clause C2.3) which means that they
have full sprinkler systems, access for fire fighting vehicles (Clause C2.4 (b)) and
have smoke exhaust or smoke and heat vents. There is no BCA requirement to
subcompartment sole occupancy units, a classification which would apply to most
shops.
The Type of construction required is very sensitive to the rise in storeys. For
example, a building with a rise in storeys of two which incorporates 2 basement
levels is Type C construction (least fire resisting) whilst a building with a rise in
Type B construction is
storeys of four with no basements is Type A
required if the building has a rise in storeys of three. In Type B Construction,
according to Table 4 in Specification C1.l, fire walls, common walls, internal
columns and external walls are required to have a fire-resistance level-but there
is no such requirement for the floors or roof. Of course, because of the ‘support of
another part’ requirements noted above, Clause C2.2 of the BCA will require the
floors to have an FRL unless it can be shown that the columns can achieve the
required fire resistance without the presence of lateral support from the floors. On
a related matter, it should be noted that internal columns and loadbearing internal
walls (other than firewalls) within the top storey of a building of Type A
C1.l, Clause 3.7) require no FRL provided the rise
construction (see BCA
in storeys is not greater than 3 (and 60 minutes if the rise in storeys is greater than
3).
Because the fire resistance requirements vary with rise in
it is beneficial
from a code standpoint in some cases to separate a shopping centre with areas of
different heights by fire walls. It is not easy to identify any fire safety benefit
which flows from such separation. Access through a
wall must be by means
of a fire door. Fire doors in daily use are found be heavy and inconvenient,
subject to damage and expensive to replace.
Shopping centres frequently incorporate buildings or parts having different
classifications (car-park, retail building, cinema). According to BCA Clause
if such buildings of different classifications are adjacent to each other,
then either the elements in both buildings must have an FRL which is the highest
associated with each classification, or a fire wall must separate the two buildings.
Access between the different classes of buildings is required in practice and
openings must therefore be provided through the walls, with the associated
disadvantages of fire doors noted above.
4.3
The means of escape requirements for shopping centres are largely the
same as those for other building types, notwithstanding the relative safety which
exists within sprinklered buildings with no sleeping risk. BCA Clause D1.4 gives
requirements with respect to the maximum distance to an exit which frequently

Admittedly the basement levels must have additional exit paths to ground level.
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requires the construction of fire-isolated passages for people to evacuate from the
mall, and the introduction of fire-isolated staircases from the upper levels which
would not be required for normal circulation. These routes may, in some cases,
represent wasted space as the same tunnels cannot be used for service access to
the shops without the introduction of smoke lobbies or pressurisation. Clause
D 1.6 specifies the total width of exits required.
Emergency Warning and Intercommunication Systems (EWIS) are only required
by the BCA if the building is greater than
or contains an atrium or a cinema.
In view of the large numbers of people which could be in a shopping centre at
busy times, the question could be raised as to whether an emergency warning
system should be required for all shopping centres having a floor area greater than
a limiting size. Indeed such systems are common in larger centres.
4.4
The requirements for large isolated buildings in the BCA mean that there
has to be access for fire fighting vehicles around the whole perimeter of the
building. This requirement may interfere with efficient car park design, and its
value has to be questioned.
4.5
The deemed-to-satisfy provisions of the BCA result in quite onerous
requirements for smoke control systems in malls and atria, which are highly
expensive, and in many cases require complex control systems for successful
operation. It may be that the new performance BCA when it is adopted will give
designers the opportunity to design simpler smoke control systems in an
integrated manner which takes into account escape time in the context of
tenability of the conditions on escape routes. Proposals for how this might be
achieved, and comments on the reliability of smoke control systems will be a
subject of a future report.
There are many factors associated with the management of the smoke hazard in
these buildings. Smoke exhaust or venting systems may form part of a smoke
hazard management system. Depending on the floor area of the shopping centre
and whether there is a covered walkway or mall, smoke exhaust may be required
for the mall and this will be achieved by reservoirs and fans or vents (Figure 4.1 Shops greater than
and opening
see Figures 7.4 (a) and 7.5 (a) in
into the mall must have a dedicated smoke exhaust system, which again, will

automatic
roof vents

SMOKE
draught curtains
roof into
areas

roof vents and

L

smoke detectors on roof
activate vents
fire detection an

FIGURE 4.1 SMOKE EXHAUST SYSTEM REQUIRED
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FOR

MALL

require exhaust fans and bulkheads or baffles. If a major store is a multi-storey
single compartment then the system must satisfy the requirements shown
schematically in Figure 4.2 (see Fig 7.6 in
. Such systems are complicated
and it is important to understand the likelihood of correct operation. It is possible
that both the mall system and that associated with a multi-storey single
compartment may operate at the one time should smoke be detected in both areas.
The way in which the two systems interact needs to be studied.
4.6
4.6.1

B ACKGROUND

Many shopping centres have atriums to improve the level of natural light
in large deep spaces, to provide visual interest and clearly identifiable access
routes between levels. The BCA requirements for atriums are particularly
onerous. The atrium provisions only apply to multi-storey sprinklered shopping
centres which have a rise in storeys of more than 3.
4.62
An atrium well typically requires separation from the remainder of the
building by bounding wall construction, with a setback of not greater than 3.5 m
Boundary
from the perimeter of the atrium well (see Sections 8.1 and 8.2 of
wall construction is required by the BCA (Clause G3.3) at all levels, with the
exception of 3 consecutive storeys
one of these storeys is at a level at which direct egress
to a road or open space is provided; and
(ii) the sum of the floor areas of those storeys that are
contained within the atrium is not more than the
maximum area that is permitted in Table C2.2. See
Figure 4.3 (Figure 8.1 of [
Condition (i) is normally achieved within shopping centre atria; however, item
(ii) requires extensive compartmentation of the floor levels or the construction of
bounding walls within 3.5 m of the atrium well. A literal interpretation of item
(ii) refers to Table C2.2 and therefore disallows the use of the provisions for large
isolated buildings Clause C2.3.
4.6.4
As discussed in Section 8.3 of [
according to Clause G3.6 of the BCA,
depending on
the roof structure and membrane must have an FRL of
the type of construction, or be protected by a sprinkler system. Clause 5.4.3 of AS
requires roofs to be sprinklered. Clause G3.8 also specifies that sprinkler
2118
protection to be provided at the roof of an atrium, though it is likely in many
situations that the heads would be too far from potential fire sources to be
effective.
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SEPARATION REQUIREMENTS
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MANAGEMENT
Specification G3.8, Clause 3.7 does not allow the use of smoke or heat
vents in an
when a Clause 6 part of the building adjoins the atrium.
However Table E2.2 allow the use of either smoke exhaust or smoke and heat
vents in malls or walkways when required. The logic of the BCA requirement
would appear to be questionable.

4.65

Stair Pressurisation is required in fire isolated exits in a building containing an
atrium, though it would not be required in other low-rise buildings.
4.6.6

OTHER

Alarm systems required for a building with an atrium include a
glass fire alarm at each door to a fire-isolated stairway, ramp, and passage. If a
required path of travel to an exit is within an atrium, a suitable alternative power
supply must be provided to operate required safety systems, including sprinkler
systems and hydrant pumps, air handling systems, alarms, warning and
communication systems, and emergency lighting circuits. If this standby supply is
within the building, it must be within an enclosure having an FRL of
(see Section 8.5 of
4.7
Smoke control systems in shopping centres depend in their underlying
assumptions concerning design fire size on the sprinklers operating. However the
basis for the design fires used is rather scant, and needs to be reviewed. Sprinkler
reliability is clearly a serious issue for shopping centre fire safety, but the
management of sprinkler systems (as opposed to their maintenance) is not
covered by the BCA. A Grade III water supply only is required if the building has
an effective height of less than
and many modem shopping centres are less
than 25m in height. Clause 5.4.3 of AS 2118 requires roofs to be sprinklered.
This rule is currently applied to the mall roofs.
4.8

SUMMARY

The review of the BCA provisions given in
provides a useful and
succinct summary in one document of all the requirements which apply to
shopping centres which are otherwise scattered throughout the BCA. The review
has highlighted inconsistencies within some of the requirements themselves, and
has given rise to questions as to the value of some others, particularly in relation
to atriums. The points raised in the foregoing paragraphs are summarised in
Appendix A as a series of questions which need to be addressed in the course of
the Project 6 study. The purpose of the analysis to be carried out will be to
determine which of the BCA provisions are significant in protecting risk to life
from fire in shopping centres and which are not cost effective to include because
the benefits conferred are so small.
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5.

ISSUES EMERGING FROM SHOPPING CENTRE SURVEY

5.1
The survey of Australian Shopping Centres carried out as part of this
Project is described in detail
A total of 11 Shopping Centres in
Victoria and New South Wales were studied, one of which was surveyed in detail.
The oldest had been opened in 1960 and the newest in 1990. The older shopping
centres had been extended and refurbished a number of times. The aim of this part
of the study was to establish how large shopping centres are laid out, occupied,
constructed and managed. The study identified the numbers and types of retail
premises present, the numbers of people actually using the centres, the general
and local fire protection measures installed, and the management training and
policies with respect to response to an emergency. This section of the present
report summarises these findings and their implications for the review. Many of
the problems identified with BCA provisions outlined above have arisen as
comments from shopping centre owners and managers obtained as part of the
survey.
5.2
The shopping centre selected for detailed study has a rentable sales area
of 58,000m2 and. an additional concourse area of
constructed on two
levels with 187 specialty shops and 5 major stores. Information for the study
described here was obtained by a small team of experienced investigators over a
period of two months. Every shop in the centre was surveyed with a view to
establishing its construction, layout, fire load and the views of staff as to
emergency procedures. Both public and reserve areas were included in the study.
The measurements made in each shop are summarised in detail in Appendix B of
5.2.2
All shops were categorised according to the type of business conducted
there (see Table 5.1).
results are summarised in Figure 5.1 (see Figure 3.1 of
It can be seen that the greatest proportion of retail area (over 30%) is given
over to clothing shops with each other single use amounting to less than 5% of the
total The area of each shop was measured. Speciality shops have a typical area of
(45% of shops) with about 10% being less than
and about 10%
being greater than
Given the development of a significant fire in a shop, ceilings, floor coverings
and (at night) security shutters may have an influence on fire growth and
development. The survey revealed that 58% of shops had plasterboard ceilings,
which would exhibit some fire resistance, and about 23% had mineral fibre tiles
which would have less. The remainder were mixed or other construction. Floors
were marble or ceramic tile in 26% of cases, and carpet in 25%. The rest were
timber, vinyl, mixed or other covering. In 70% of shops the security grill was a
closed shutter or a solid door, both of which might have the effect of limiting fire
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growth, by restricting
supply of oxygen. In the remainder of cases there was
either no grill, or an open grill.
TABLE 5.1

CATEGORIES FOR SPECIALTY SHOPS
Specialty Shops

accessories

ac

chemists/cosmetics ch
Cl
clothing
CO
coffee lounge

food

food shop

fd

gifts

hb

en
jewehy
fn

ms

footwear

hairdressing/beauty
entertainment
eyewear
financial

miscellaneous

beverages

medical

toys/games/bobbies ty
travel
variety/discount

va

md

SPECIALTY SH~PS---MEASUR.I~~ FIRE
The average fire load densities expressed in wood equivalent were
estimated for all shops. During the survey it was observed that the fire load
density in the reserve areas of shops was generally lower than the average value.
A notable exception was footwear shops where the fire load density in the reserve
areas is much higher than in the public areas. The fire load density
(when
measured in wood equivalent) gave a mean of 41
but varied widely from
for stationers. Though
virtually nil for jewellers to values approaching 180
much emphasis is placed on fire load density for certain purpose, it is a crude
measure of fire dsk. One carpet shop in the study gave a very high value of 270
for fire load arising from the fact that rugs were piled fiat one on top of
which would not permit rapid
growth. In other cases a
significant proportion of the fire load came from furniture or shelving used to the
display goods, rather than from the goods on sale.
5.2.3

5.2.4

MAJOR STORES
Major stores were taken as those in excess of
in area. A
department store and a discount variety store were assessed in detail with respect
to tire load.
5.2.5
The number of people passing through the entrances to the shopping
centre under study is routinely measured by door count devices. Details on a
hourly basis for the first two weeks on November 1996 are given in Figure 3.12
of
More general information by week for several years is shown in Figure
3.13 of
A monthly summary is given in Figure 5.2. Management advice is
that people spend an average of 2 hours in the Centre, which permits the flow
figures to be converted to population values.
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5.3
5.3.1
The shopping centres studied were from 2 to 5 storeys in height and
incorporated major stores, specialty shops and associated uses such as cinemas.
Most of the shopping centres surveyed had around 200 specialty shops, though
the smallest had only 152 and the largest 370. Each had between 5 and 8 major
stores though the largest had 10. Each major store was in excess of
in
area. The shopping centre studied in detail had 43% of its sales floor area given
over to specialty shops with 57% being occupied by major stores. This ratio was
data as being typical for Australian
confirmed by a study of BOMA
shopping centres.
For each of the centres, interviews were conducted with management staff to
understand their approach to various matters relating to fire incidents and
evacuation strategies, construction and refurbishment practices and maintenance
of fire safety systems. A detailed summary of the findings in given in Appendix F
of
5.3.2
It was found that records of fire incidents are not kept and details of
incidents must rely on memory. Fires are not uncommon but are almost invariably
small, involving cooking fires, fires in rubbish bins, and small electrical fires.
Such fires are usually extinguished by the occupants
5.3.3
As noted above and in
walls are only full height between specialty
shops or between specialty shops and major stores, if there are security issues
such as with banks or jewellery stores. Walls between specialty shops rarely
extend to the floor slab above-it being easier to run services within the ceiling
space. The void as a result serves a large number of shops. In some specialty
shops the ceiling in the reserve area is removed to allow additional storage space,
and it has even been observed that some shops extend storage onto the ceilings of
adjoining shops. Similarly, it is rare that a fire wall is provided between reserve
and public areas in major stores. As noted above, the BCA has no requirements
for these situations, unless in the case of the latter, the reserve area is classed as a
warehouse. The significance of this practice of discontinuing walls at the ceiling
level with respect to potential fire spread needs to be considered and alternatives
possibly suggested.
Walls between major stores, and between major stores and specialty shops are full
height extending up the floor slab above. This is not a BCA requirement but
reflects the desire for store security. Many of the older centres have fire shutters
scattered throughout the centre, which close automatically on activation of a
smoke detector. The shutters appear to have been provided for a number of
reasons:
�

to provide compartmentation between a major store
and a mall
fire separation of different classes of buildings

to restrict compartment sizes in accordance with
of the BCA
to restrict compartment sizes to limit fire hydrant
requirements
to restrict compartment sizes which determine smoke
control requirements
Numerous accounts of the problems and costs associated with these shutters were
received as a result of them closing due to false detector operation. Re
instatement of the shutter was seen to be time-consuming and expensive, and to
result in a loss of business for the affected stores. Moreover, the closing of
shutters is reported to have resulted in near-casualties, with people almost being
trapped under the shutter as it descends, or with damage to the shutter itself due to
items of hardware being placed unintentionally below them.
�

The lease agreements for specialty shops in many shopping centres are re
negotiated every 5 years with a significant number of lessees changing at this
of the shop will almost inevitably occur, with changes to the
time.
ceiling being significant in the context of this report because of shutdown of the
sprinkler system, to be discussed later. Complete shopping centres are typically
refurbished every 5 years, with department stores being upgraded about every 10
years.
5.3.4
Apart from the issue of fire shutters, outlined above, a number of key
issues were raised by centre management in relation to the maintenance of
safety systems. Damage and repair of fire doors was seen as a major cost in most
centres. Such damage results from impact by goods trolleys as fire-isolated
passageways, or parts of these, are often used for the supply of provisions into
and out of the centre.
O&her issues raised by management were in relation to the provision and
maintenance of fire hoses and extinguishers. One centre, which provided
extinguishers in public areas, has found that large numbers of extinguishers are
stolen each year. Other centres require the lessees or major store owners to
provide and maintain extinguishers.
The provision of fire hoses with hydrants is seen by many as unnecessary as it is
noted that they are often damaged or stolen. In addition, it appears that the fire
brigade will always supply their own hoses due to concern about reliability.
The cost of maintaining a complex smoke control system was also raised as an
issue by one operator.
of
phones and malicious operation of break-glass points were
centres.
also noted as giving rise to considerable costs in

As a general rule, shopping centre management has the perception that
sprinklers are provided primarily for property protection or insurance purposes,
not for life safety. This perception possibly comes from insurance companies who
attempt to exercise some control over sprinkler isolation in these buildings.

is an important issue in the context of the present
The management of
study and this is done in various ways. Isolation of a sprinkler system is necessary
whenever modifications are required to a ceiling or when a wall must be shifted.
It is also required, at some stage, when a major upgrade is being undertaken. If
such isolations are not managed properly then the building, or part of the
building, will be without sprinkler protection for some period of time. For the
larger shopping centres, it appears that written approval must be sought from
management (with a copy to the insurance company) before isolation of a system
is undertaken. The anticipated time of isolation and the duration must also be
stated. The time that
system is re-instated must be entered on the form and it
is signed off after the system is re-instated. However, in some centres, this
practice is not always followed. Also, in many centres, the management of
sprinklers for the major department stores may be the responsibility of the store
itself. If this is the case, then in some centres, centre management will be notified
of any isolations. In other centres, there may be little or no communication on this
matter.
Sprinkler isolation always requires notification of the fire brigade with a
statement as to when the system will be re-instated.
Information on the frequency and duration of sprinkler isolations has been
obtained for three large centres. The records for each centre cover a time period
and are recorded in
in Appendix C and
of up to two
summarised in Figures 4.1 to 4.3). During this period of time there were no major
modifications to any of these buildings. For two of the centres, drawings were
obtained showing the relationship of sprinkler zones to shops. In the other case,
this information was not available.
time of the year
The total number of sprinkler zone isolations as a function of
for each of the centres has been analysed. It was noted that the number of
isolations around December (when the population is highest) appears to be lower
than at other times of the year. Some sprinkler zones are found to be common to
both major stores and specialty shops where a sprinkler zone covers more than
one level and the major store occupies only one level with specialty shops on the
others. It was noted that in two of the centres the sprinklers are really only
isolated during hours of occupation of the centre. This correlates well with the
known fact that insurance companies generally insist that isolations should only
occur when the building is occupied.
In addition to the above detailed information, centre managements were asked to
comment on the frequency and duration of sprinkler isolations. Responses are
It was suggested by one manager, that as an
summarised in Appendix F of
average figure, 10% of specialty shops per year require sprinkler isolation for up
to one day and that the frequency of isolations for major stores is very much
lower-although this appears to be at variance with the above detailed
information. As far as major modifications to the building requiring isolation of
the sprinklers, it was stated that sprinklers to the occupied areas adjacent to the
new construction could be maintained during this process by:
ensuring that the new construction has a separate
sprinkler system if it is large enough, or
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constructing the sprinkler
in the new part of
the building and then connecting the new system to
the old in a single day
It appears that for some buildings the above approaches have not always been
used.
The implications of the above data for sprinkler reliability must be carefully
considered in the light of the activities being undertaken during the periods of
isolation. It is important not to draw premature conclusions. The above data are
being analysed and the results will be presented in a future report
5.3.6
Most centres have a plan of action on notification of a fire. Many have a
fire warden scheme where the fire is investigated by an individual (frequently the
chief warden or designate) who will then take responsibility for evacuation. Chief
wardens are always associated with centre management although other wardens
are chosen from the tenants within the shopping centre-usually the longer term
tenants associated
the larger stores.
Some fire wardens are of the view that the public would not wish to use fire
isolated tunnels in the event of an emergency, since they cannot tell where they
lead, but would in preference select a major entrance. Some fire wardens would
not wish to guide the public along these routes for much the same reasons.
Fire drills are held in some centres yearly, but are advertised in advance and are
conducted when the centre is quiet.
5.3.7

COMBUSTIBLES

MALL

It is common for retail areas to be located within the mall. These can
arise as a result of show materials being placed outside shops, kiosks being used
on a permanent basis within the mall, and exhibitions and temporary shows taking
place within the open spaces. In addition, there may be food courts in mall or
atrium spaces. Due to their temporary and mobile nature these areas are often not
sprinkler systems or are too far below sprinklered roofs for the
protected
sprinklers to be effective.
5.4
The comments outlined above arise from the interviews with shopping
centre management and from the review team themselves. They have been
included as part of the list of questions which must be addressed by the project
and summarised in Appendix A.
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6.

OPPORTUNITIES FOR CHANGE

Traditionally, fire safety measures in buildings have been dealt with
independently within the design team by the different disciplines involved:
architects would design means of escape and positioning of exits; ventilation
engineers would design smoke control systems; electrical engineers detection
systems and structural engineers fire protection of structure. Each of the different
aspects of the total fire safety package could in principle be designed in isolation,
and often this was the case. With the introduction of fire safety engineering
concepts into design, it has become widely recognised that an understanding of
safety measures in a building is central to an
the, interaction between
understanding of the safety of the people within it and the protection of property.
Fire safety engineering approaches to building design have begun to be adopted
world-wide, and are especially suited to large and complex buildings where the
inefficiencies introduced by the separated disciplines approach can be reduced by
integrated design. It is proposed to adopt such an approach in the present study to
to the
develop a new a set of deemed-to-satisfy requirements which are
particular circumstances for shopping centres.
6.2
The issues identified in the studies described so far in this report are
summarised in Appendix A, in the form of a series of questions which need to be
answered in the course of this Project. Several very important additional pieces of
information have come out of the studies, which may help to provide some of the
solutions.
Firstly, the incidence of death and injury in retail premises in extremely low when
in other premises. The
incidents have
compared to the risk of death by
shown that there have been serious incidents from time to time in various parts of
the world, but the statistics have made it clear that these tragedies are not
common, and can in many cases be attributed to combinations of adverse
very positive results emerging from the analysis of the fire
circumstances.
statistics can give confidence that the fire safety levels achieved in retail premises
are high.
The BCA review has highlighted areas where the adoption of an alternative
approach to fire safety in shopping centres would be beneficial, and has helped to
focus the direction of Project 6 activity. The questions posed by the review have
been reinforced and extended by the results of the interviews held with shopping
centre management. The detailed and general surveys of shopping centres have
provided hitherto unavailable information on a number of important issues. The
range of fire loads which arises in practice has been established, and will permit
probabilistic estimates to be made of the likelihood of the extremes being
encountered. Realistic layouts for shops and storage areas have been recorded, so
that it will be possible to answer questions related to potential fire growth rates as
loads. Actual population figures can be deduced from the flow
opposed to
figures obtained which will remove much speculation in this field. Finally, and
most importantly, the frequency of sprinkler isolations has been studied, and the
probability of the sprinkler system being unavailable can be estimated.

6.3

SUMMARY OF FUTURE
study is being undertaken in a number of ways:

�

position papers
experimental program
modelling of fire risk

The number of issues identified in Appendix A is large, and it would be
impractical to include all of them in an assessment of fire risk. Where the issues
have a significant bearing on one another, such as the design of smoke control
systems and the design of means of escape then they are being analysed as part of
an integrated risk assessment model. However, where the issues may be identified
as largely independent of other systems such as those of fire doors and of
phones, these are being addressed by means of position papers which will set out
the relevant issues and provide recommendations. These position papers will draw
heavily on the results of the shopping centre surveys, as these provide the best
record available of what actually takes place in practice as opposed to what might
These position papers are being currently prepared. All
be envisaged by the
will be published in a future report.
An experimental program is required to answer some fundamental questions
about design fires for shopping centres, and the effectiveness of sprinkler
protection for input to the fire risk model. The program will be described briefly
in this report and more extensively together with results and measurements in a
future reportThe modelling of fire risk will be described conceptually here, and as the ideas
are developed will be addressed more fully in a future report.
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7.

SUPPORTING EXPERIMENTAL PROGRAM

7.2
One of the debates which arises on the fire safety design of shopping
centres is the design fire sizes which should be adopted to calculate the
requirements for smoke control systems. There is very scant experimental
evidence and controversy exists as to how the effects of sprinkler systems should
be taken into account. Accordingly an experimental program has been devised as
part of this Project.
7.3
The experiments are being carried out in a full scale test rig, which
represents a shop located in a mall. The fires are located in the shop, which is laid
out to represent a typical retail area. Three types of fire load have been selected
for study, chosen to represent reasonable worst cases for rapid fire development.
These are a retail area in a toy shop, a storage area in a shoe shop and a clothes
shop. The shop space in the experimental layout has an area of
x
and a
height of 5m. The soffit is composed of heavy cement sheeting with additional
insulation and is laid on bare steel beams supported by unprotected steel columns
and carries a sprinkler system laid out in accordance with AS 2118. In the
sprinklered tests the sprinkler system was arranged so that is in the most
disadvantageous position with respect to the shelving system, so that the water
spray does not directly impinge on the burning material and extinguish the fire at
an early stage. The opening from the retail area is dependent on the rig layout.
The rig is located in a large containing building
x
x
high to the top
of the pitched roof. The fire loads selected for the fires represent realistic layouts
material likely to be
of the types described, making use of actual
found in the retail areas under study.
It should be emphasised very clearly that the test arrangements set up represent
the worst cases which can be envisaged for the types of shopping centre under
study. In no sense can the experimental fires be regarded as typical for the
both
occupancy. The care which has been taken in selecting the shop
in terms of fire load and layout and in arranging for the sprinkler system to be in
the most disadvantageous position are there to ensure that the most serious angles
have been addressed. There is no evidence in this survey which indicates that
these fires could be regarded as likely to occur, but rather that they represent
extremes which must be borne in mind when addressing design issues.
7.4
The experimental program compares sprinklered and unsprinklered fires
in each layout. The fire severity is assessed by mounting the material to be burnt
on load cells, which measure mass loss. These measurements are only be relevant
in sprinklered fires up to the point where the sprinklers operate, at which time the
water delivered from the sprinkler head on the load platform interferes with fuel
mass loss measurements. However, it is theoretically possible to study fire growth
rates, and to estimate the heat release rate when the sprinkler operates. In the
unsprinklered case it is possible to investigate fire development throughout the

fire growth period. The fires are terminated when it is judged that it is past its
peak or in the unlikely event that there is a threat to the containing building.
Air and structure temperatures are also being measured by more than one hundred
thermocouples and radiation levels at various positions.
Smoke production rates are not be measured directly, but video records and direct
observations are being used to study smoke layer height. Temperature and smoke
obscuration measurements are being taken within the smoke layer. The containing
building is nominally sealed against egress of smoke: the smoke filling rate can
therefore be compared with that which would have been predicted using
conventional calculation methods, and the impact of similar fires in a shopping
mall estimated.

PROPOSED METHODOLOGY FOR MODELLING OF FIRE
RISK
8.1

PHILOSOPHY

In order to try to improve the fire safety measures for shopping centres to
make them better fit the building use and increase cost-effectiveness, it is
necessary to establish firstly a rational basis which will justify changes, and
secondly to develop a method which will demonstrate that fire safety has not been
compromised by the change. Accordingly a model is being set up which describes
in a time-dependent manner the evacuation of a shopping centre and incorporates
the effects on the evacuation process of the fire safety measures which are
required by the BCA. In parallel the model will predict the fire growth and smoke
spread characteristics associated with the range of design fires (each of which has
on the building structure.
a probability of occurrence) and the effect of these
This fire development part of the model will include the effects of installed
systems such as sprinklers and smoke extraction. The model will rely on
deterministic calculations to estimate parameters such as fire growth and the time
it takes people to move to exits and leave the building. But it will also have to
protection systems are
allow for the probabilities that, for example, active
inoperative, or that
protection barriers have been breached. The outcome of a
run of the model would be an expected number of deaths (END) for the
particular scenario posed. The
of the Project is to pose changes which
will not increase the END whilst improving the commercial and functional
operation of the centre.
8.2

PARAMETERS FOR STUDY

It would be too large a task to discuss all possible variations of fire safety
provisions within a shopping centre and the combinations of them. So attention
must be focused on those matters which are likely to yield greatest benefits. The
foregoing sections of this report have highlighted a number of matters which have
come out of the various studies undertaken, and which provide pointers as to the
most productive directions for study. The shopping centre managers have
expressed their views on the fire safety measures which make shopping centres
difficult or expensive to run: the BCA study has shown areas where the current
requirements seem to be excessive, especially when considered in the light of the
statistical evidence, and the incident reports. It is proposed therefore that a set of
measures is selected for particular study and that the fire safety model is run by
varying each of these in turn to establish the effect on the END. The measures
will then be considered in pairs and variations in the provisions considered, one
deemed to have a negative effect and the other a positive. The pairs of measures
informed by the outcomes of the various studies. On that
investigated will
basis, the following are currently considered to be worthy of further analysis:
�
�
�

management role
detection systems
sprinkler systems
smoke control systems
warning systems
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evacuation routes
exit widths
�
structural protection
As an example, an improved sprinkler system might be coupled with longer
escape distances and the outcome on END analysed, and so on.
�

8.3

TYPICALLAYOUTS
Clearly shopping centres can take on an enormous range of layouts,
dependant on the size and shape of the centre and local conditions. For the
purposes of the study it is necessary to develop typical layouts which will
represent all the main features of the centres without being overly complicated.
They must be representative and must give adequate recognition to smoke control
and evacuation issues. Four design layouts have been chosen such that a typical
layout for a single floor can be overlaid to form a multi-storey building up to 4
levels above ground plus a basement level. A cinema is to be located at the
topmost level. The shopping mall is to be from 1 to 4 storeys, and will include
parking, department stores, and a multi-level department store. One of the
selected layouts is shown in Figure 8.1.
8.3.2
The number of people expected to be in a centre at a busy time can be
deduced from the surveys undertaken. The evacuation modelling will be assisted
A number of features particular to shopping
using the model
centres will be included in the model. In particular the model will take careful
account of the role of the shopping centre management. In order to do this
adequately, a questionnaire has been developed and used in conjunction with
shopping centre staff and the results have provided a basis for understanding the
manner in which staff would guide people in an evacuation. Such experiences are
not unknown and many of the staff will know what actually happens in practice.
8.3.3
The fire load surveys have indicated which shop categories have the
greatest quantities of combustible material, and are therefore likely to give rise to
the most serious fires. As noted above it is the storage areas of shoe shops, and
the public areas of large toy shops which potentially have the largest amounts of
highly combustible material, stacked in such a way as to be likely to give rise to
very rapid fire development. It is possible, in principle, to estimate the heat
releases rate as a function of time from such a shop fire, but it has been decided
that this should be supplemented by a full scale fire tests using realistic fire loads.
This fire test program, described in the previous section, is also examining the
effects of sprinklers, and alternative sprinkler designs will be considered for effect
on the fire growth and suppression rate.
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8.3.4

FIRE BRIGADE

Advice is being sought from the
brigade on the provisions which are
needed to attempt to mount effective fire fighting operations in a shopping centre.
The involvement of the fire brigade as part of the fire-safety system is being
considered and the time for intervention will be included as part of the fire safety
model.
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9.

CONCLUSIONS

A series of studies have been carried out in relation to fire safety in
rise sprinklered shopping centres. These have served to clarify the areas where
there could be benefits in reviewing shopping centre requirements. These have
been pulled out as a series of questions which have to be addressed by Project 6
and which are given in Appendix A of this report.
The most important points to emerge are as follows:
current levels of fire safety achieved in shopping
centres are very high
the risk of large fires which would threaten lives is
greatest at night when the shopping centre is
unoccupied
�
the greatest protection to life is to keep the fire small,
and detectors, sprinklers and fire fighter intervention
all have an important role to play
�
many of the fire safety requirements for shopping
centre do not appear to have any rational basis
�
the fire safety benefit from some requirements is
difficult to identify
many provisions cause financial and operational
burdens on shopping centre developers and
management
As a result of the questions identified, a methodology has been developed to
assess what changes
be made to shopping centre design without affecting
the high safety levels currently achieved. Current work involves an experimental
program, coupled with further surveys of evacuation management. The modelling
exercise is being supplemented with the results from an extensive experimental
program, as well as the preparation of a series of position papers on specific
issues.
The outcome will be a rational approach which can be used to propose changes to
requirements which can be developed and amended as time progresses.
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APPENDIX A
QUESTIONS EMERGING FROM THE STUDIES
TO BE ADDRESSED BY PROJECT 6

Fire Separation and Compartmentation
�

Are the BCA provisions for large isolated buildings appropriate for shopping
centres?

�

Under what circumstances is it reasonable to require separation between parts
of different classification or of different height and what separation
requirements, if any, are appropriate?

�

What are the consequences of having non-compartmentalised ceiling spaces
running over many shops in the centres?

�

To what extent do floors need to be fire resisting?

�

What fire resistance level is appropriate for fire doors?

�

Under what circumstances should mall roofs be fire resisting or sprinklered?

�

Why are roof lights restricted to a maximum of 20% of the roof surface?

Fire Resisting Construction
Is the relationship between type of construction and number of
�

correct?

What level of fire-resistance is appropriate and what allowance should be made
for the presence of sprinklers?
In requiring that structures should be stable in fire conditions is it fair to
assume that the structure on floors apart from the fire floor remains intact?

�

What is the basis of these travel distance requirements? Can they be increased
for these buildings?

�

Are required exit widths appropriate for these buildings?
Are fire-isolated passages useful?

Smoke Hazard Management
What is a reasonable basis for designing a smoke hazard management system
for shopping centre buildings?
What

location should be considered for design?

What is the effect of sprinklers ? How effective will the system be in
exhausting the smoke from a sprinklered fire?
Are the exhaust fan capacities and air flow requirements specified in BCA
G3.8, Clause 3.4 appropriate?
How will the smoke management system in a major store and the one in the
mall interact if both were to operate together?
How reliable are smoke management systems?
Why is it not acceptable to use heat and smoke vents in an atrium where a
Clause 6 part of the building adjoins the atrium, but this would be permitted in
a mall?
When should stair pressurisation be required in these buildings?

Atriums
�

In the case of sprinklered shopping centres is it appropriate for the atrium
requirements to be applied? What is different compared with a building having
a rise in storeys of 3 to which none of the atrium requirements apply?

�

What is the basis for the required boundary wall construction for an atrium? Is
this justified in sprinklered shopping centres?

�

Why are break glass
alarms required at doors to fire-isolated exits and are
they an effective fire safety measure?

�

Under what circumstances is it necessary for the atrium roof to be sprinklered?

0 What is the basis of the atrium standby power requirements? Are they justified
for the buildings under consideration?
Sprinklers
�

Is it appropriate for these buildings to have a Grade III water supply for the
sprinkler system or should they have a Grade I or II supply?

�

What is the reliability of sprinkler systems in shopping centres?

�

How can sprinkler reliability/performance be improved?

�

How can sprinkler isolation be better managed?

�

What, if any, sprinkler protection is required for situations where there are
combustible materials in the mall?

Communication
�

Should all shopping centres over a certain size have EWIS systems?

�

Are WIP phones and manual call points useful, or do they represent outmoded
technology?

�

Are other communication systems such as voice alarms appropriate?

�

How can the role of centre management in communicating to the public be
accounted for?

Fire-fighting
�

Are hand-held fire extinguishers useful?

�

Where should hydrants be located and what water supply is required for these
buildings?

.

Are fire hoses needed as well as hydrants?

�

Are the requirements for fire service access around the whole building
perimeter necessary?
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