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FIRE SAFETY OF HOSPITALS – A GUIDE FOR DESIGNERS
PREFACE


This document has been prepared to give all designers a better understanding of the
key areas of hospital operations and how hospitals function which will assist designers
to achieve improved fire safety and hospital design outcomes. It is hoped that fire
safety engineers and building surveyors, as well as all other designers who have to
address fire safety design issues, will benefit from this Guide.



Details of fire incidents, fire statistics and the research findings have been provided to
inform readers of the importance of understanding the risk of fire in hospital settings.



The document highlights the important building and operational characteristics that
set hospitals apart from other buildings in terms of their design objectives and
potential design solutions.



The traditional prescriptive fire safety requirements are highlighted as well as the key
principles for design where a risk informed, performance based design approach is
adopted which involves fire safety engineering rather than a straight Deemed-ToSatisfy approach.



The means to “test” such performance based designs of hospital to ensure that
adequate levels of fire safety will be achieved have been identified.



Finally, references on hospital design and fire safety have been provided that supports
the design principles underpinning this guidance document.

The authors and any individuals involved in or consulted in the preparation of this document make no representation that they are
suitable for any particular situation, and accept no responsibility for any death, injury, loss or damage arising out of any decision to apply
to any particular situation but is a guide to assist designers.
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HOSPITAL DESIGN
General Design
The purpose of this publication is to assist with the development of an improved basis for
the fire-engineering design and fire risk assessment of hospitals.
Hospitals are complex facilities and effectively small communities, housing many different
functions and people to cater for the medical and mental health needs of a range of
patients and their well-being and recovery.
Hospitals may range in size from a small rural hospital with a few beds and no emergency
facilities, to a major regional or city hospital with emergency facilities, intensive care,
extensive diagnostic services, a large out-patient’s area, and hundreds of beds.
It is therefore important for all designers to understand how each hospital operates. And
also to appreciate that, in some fundamental sense, the hospital buildings themselves are
less important than the functions they house, although recognizing that building
construction and fire equipment and systems are important in ensuring adequate fire
safety.
Good design requires a sound understanding of the safeguarding of patients, maintenance
of critical facilities and services, as well the logistics of moving patients, food, linen, medical
equipment, drugs, records and other important hospital processes. This is fundamental to
good hospital design overall and important to fire safety design as the different hospital
areas and processes lead to different fire hazards and number of patients and staff
potentially exposed to the threat from any fire.

Fire Safety Design
The ongoing management of fire safety in hospital buildings presents some significant
challenges to designers and fire safety practitioners due to the presence of patients whose
mobility may be restricted or non-existent. Hospital patients are therefore likely to be more
vulnerable, due to their medical condition, than able-bodied occupants within a non-health
care building.
There is also a reasonable community expectation that hospitals will be “safe places” for the
treatment and care of vulnerable people, and particularly to have an adequate level of
safety in the event of fire.
Hospital designers need to be aware of trends in patient demographics and medical
treatments that impact on hospital design and patient movement, including:


Rapid advantages are occurring in medical technology with respect to treatment,
surgical and imaging techniques.



In many cases, hospital stays are becoming shorter.



Patient characteristics are changing as reflected by changes in the general
population – patients are increasing in median obesity and age.
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The obesity issue is important since it is resulting in significant design changes to
infrastructure, including the provision of hyperbaric chambers to treat a variety
of diabetes derived illnesses, and a call for larger beds and increased exit widths
[Collier, 2008].

There are many complex issues associated with the design of hospitals of which fire safety is
but one; albeit an important one. The potentially positive impact of building layout and
design on patient well-being and recovery is well recognised [Ampt, 2008]. Accordingly, it is
common for modern hospitals to be designed to take advantage of modern architectural
forms and materials of construction.
All these factors can present a challenge to designs based upon prescriptive building
regulations, and it may be appropriate to undertake a performance-based design based
around a fundamental assessment of hazards and risks. Indeed, it should not be assumed
that prescriptive building provisions are entirely appropriate for healthcare situations.
Hospitals should be viewed from a risk perspective irrespective of whether the building is
designed from a prescriptive or performance approach. A risk perspective encourages an
assessor/designer to consider the following questions with a proposed design or existing
building:


What could go wrong and what would be the consequences?



What effective measures can be incorporated to reduce the associated risk
level?



Are risks reduced to a low as reasonably practicable?

Fire Safety Objectives
Although the dominant focus of a fire risk assessment for a hospital is life safety in respect
of most buildings, it should be recognised that loss or all or part of a healthcare facility can
present a significant loss of operational capacity and a real cost to society. This can be
especially important in smaller rural hospitals which may be a considerable distance from
other hospitals. On the other hand, given the many financial constraints and demands,
hospitals must be constructed functionally and economically.
All designers therefore need to appreciate and develop designs with fire safety provisions
which take into account the key fire safety objectives of the Department of Health and
Human Services (Victoria) (DHHS), which include:


Life safety of patients, staff and visitors, including attending emergency services
- safeguarding against illness or injury due to fire



Protection of assets



Continuation of hospital operations (minimizing operational interruption)



Maintaining services to the local community



Achieving community expectations for service levels and standards

It is very important for all designers to recognize the fact that while DHHS has a primary fire
safety objective of life safety, there are other fire safety objectives such as property
protection, continuity of operations, and commitments to provide services to communities
which go beyond the National Construction Code Series 2016 – Building Code of Australia Page | 2
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Volume One1 (BCA Volume One) because of the special DHHS duty of care and the
importance of delivery of healthcare to Victorian communities.

National Construction Code Building Code of Australia Volume 1
and the Capital Development Guidelines Series 7 Fire Risk
Management 2013
From a regulatory point of view, the National Construction Code Series 2016 Building Code
of Australia - Volume One (BCA Volume One), designates hospitals as Class 9a2 buildings.
The BCA is a performance document that requires buildings to meet a set of Performance
Requirements. These Performance Requirements can be met by meeting the relevant
prescriptive requirements in the BCA, termed the “Deemed-to-Satisfy” (DtS) provisions or by
means of an appropriately justified “Performance Solution”.
There are many hospital building designs that do not easily fit within the DtS provisions, and
to do so could result in a lower level of safety, a loss of an important function, or be
prohibitively expensive. This is acknowledged by the Department of Health and Human
Services Victoria which has developed the Capital Development Guideline – Series 7: Fire
Risk Management – 20133, which must be considered by designers in relation to any DHHS
building which provides bed-based accommodation.
For hospitals, the relevant Capital Development Guideline – Series 7 Fire Risk
Management 2013 Guidelines are: 

7.1 - Fire Risk Management Policy and Procedures



7.2 - Engineering Guidelines



7.6 - Hospitals

Capital Development Guideline – Series 7 Fire Risk Management 2013 recognises that such
buildings must be designed and managed from a risk perspective. This applies to both the
design of the hospital building(s), the subject of this Guide, and the subsequent operation
and management of the building. The design of the building(s) must be documented by
means of a Fire Engineering Report developed in accordance with the International Fire
Engineering Guidelines 2005 [ABCB, 2005].
The Fire Engineering Brief should contain the Fire Safety Strategy - which is meant to explain
the design philosophy from a risk perspective (hazards, causes, fire scenarios, and potential
consequences). It should include a clear statement of the Essential Safety Measures (Fire)
and the associated Maintenance and Management requirements for the hospital building(s).
The Fire Safety Strategy should also include within it a Fire Safety Handbook which sets out
all the building fire safety measures and forms the basis for subsequent auditing of the
building. The fire-safety engineer responsible for the design of the building must be involved
in the development of this Fire Safety Strategy.

1

The National Construction Code Series 2016 © is produced and maintained by the Australian Building Codes
Board on behalf of the Australian Government and each State and Territory government.
2
Part A3, A3.2, National Construction Code Series 2016 ©– Building Code of Australia Volume One
3
Published by the Department of Health and Human Services Victoria, Australia
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This Guideline is provided to help all designers and certifiers better understand the fire
hazards and nature of the fire risks in hospitals, and ensure that the most appropriate Fire
Safety Strategy is developed to meet all fire safety and design objectives for a particular
hospital, and is appropriately documented in the Fire Engineering Report, the Fire Safety
Handbook and the Essential Safety Measures (Fire) documentation.
Understanding the fire hazards in hospitals and the fire risk statistics, and having a
knowledge of past incidents and things that can lead to casualties as a result of fire in
hospitals, is fundamental to good design and fire engineering practice.

INCIDENTS, STATISTICS AND RESEARCH FINDINGS
Incidents
The study of past fire incidents in hospitals, regardless of the country in which they occur,
can teach us important lessons about how to identify fire hazards and how to design
hospitals to either prevent such fires or minimize their impact.

US Fire Incidents
Up to the early 1970’s there were a number of very serious hospital fires in the United
States of America. The most notable incidents were:


Cleveland Clinic Hospital fire (1929) in which 125 persons perished – fire and
smoke transported through ventilation shafts and open stairs



St Anthony’s Hospital, Effingham, Illinois (1949) – 74 deaths – fire spread by
trash and laundry chutes, combustible ceiling and wall linings, and combustible
stair enclosures.



Mercy Hospital, Davenport, Illinois (1950) – 41 deaths – psychiatric hospital
where exit doors were barred.



Hartford Hospital, Connecticut (1961) – 16 deaths – fire spread from basement
to 9th floor via a vertical trash chute. It then moved across the floor assisted by
the combustible ceiling tiles.



Sac-Osage Hospital, Missouri (1974) – 8 deaths in wing of single storey hospital
after flashover fire in room. Door to the room was not closed and patients in
adjacent rooms perished. One patient died due to oxygen supply being shut
down.

The above fires illustrate the dangers of rapid fire spread due to combustible materials,
inappropriate furnishings, poor housekeeping and the presence of vertical shafts which
are not properly compartmentalised.
In 1985, a fire resulting in 8 fatalities occurred in the South Michigan Hospice [Nelson,
1989]. The fire occurred in the room shown in Figure 1 and went to flashover with the
external window breaking. The CO rich smoke, due to incomplete combustion, entered the
corridor via the open door once air from the corridor was exhausted.
The Heat Release Rate (HRR) versus time relationships associated with each of the main
burning items – mattresses (1 MW), chairs (1.25 MW each) and recliner (3 MW) were
estimated as being “fast” fires with a combined HRR of close to 8.5 MW – a value that could
Page | 4
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be supported by the combination of air from the door and external window until the door
air was depleted (door closed) at which time the HRR was estimated to drop to around 5
MW.

Figure 1 Room Details (after NFPA)

Only one of the patients in the room of fire origin perished, with the remaining fatalities
occurring in the connected spaces. The cause of the fire is unknown.
This fire incident and subsequent analysis demonstrates:


that flashover can occur in a patient room in the absence of sprinkler
protection given sufficient combustibles in the space



the importance of closing doors



the potential effect of smoke spread to adjacent ward spaces

Routley and Bush (1994) reported the results of an investigation into a fire in the Southside
Regional Medical Centre, Petersburg, Virginia in 1994. There were 4 deaths as smoke
spread from the room of fire origin (2 bed room) into the adjacent rooms via the ceiling void
and via smoke entering from the corridor via the doors to the other rooms.
Failure of the “fire-resistant” ceiling allowed significant entry of smoke into the ceiling space
and oxygen contributed to the fire within the room. Oxygen was released at some point
during the fire due to a melted regulator within the room of fire origin.
The door to room of fire origin was not closed. Flow into both the ceiling space and into the
corridor resulted in smoke entry into adjacent rooms and untenable conditions within the
corridor. The fire was initiated by a patient smoking in bed although the area was
designated as a non-smoking area.
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UK Fire Incidents
A number of significant fire incidents have also occurred in the United Kingdom. The
National Health Services [NHS, 2009] in the UK considered 5 significant hospital fires that
occurred in London during 2008- 2009.
It was unusual to have so many significant fires in one year, but none of these fires resulted
in injury or death. These are now briefly described:


Royal Marsden Hospital – 4 storey building - fire occurred in roof space during
the day resulting in smoke logging within 4 minutes of the Critical Care Unit
located directly below. Persons within this area were evacuated horizontally into
a neighbouring building. The building was entirely evacuated and use was made
of “ski-sheets” supporting mattresses to enable vertical evacuation. For those
evacuated vertically out of the building, there were difficulties negotiating the
revolving doors at the entrance to the hospital.



University College Hospital – the building in which the fire occurred was used for
outpatients, oncology and medical physics. The fire occurred in the middle of
night. This building was connected to adjacent building by underground tunnels.
Fire occurred in basement but effects were noticed in adjacent building
(maternity and neonatal). Also the fire affected the oxygen supply, IT and
compressed air supplies within the building. No evacuation was undertaken
since no patients were within the building at the time of the fire.



Great Osmond St Hospital - Fire occurred at 8:20 a.m. within the 5th floor cardiac
ward with smoke spreading to adjacent wards. A total of 23 children were
evacuated horizontally within 28 minutes. Many of these children had drips.
Cardiac patients were evacuated into an adjacent connected building whilst
other eventually moved out vertically. There was some confusion due to the
simultaneous use of radios and mobile phones during evacuation.



Chase Farm Hospital (psychiatric) – a large fire was initiated within the roof
space. Patients evacuated horizontally initially and then outside. This was a twostorey building with the fire occurring at 6:35 p.m.



Northwick Park Hospital - 10 storey building. This building was located next to St
Marks Hospital and connected with horizontal corridors. A fire (2:35pm)
occurred in the electrical plant room (below one wing of hospital) and required
partial evacuation. Smoke spread through vertical service ducts. Some 128
persons were evacuated by a variety of means, including transfer to adjacent St
Marks. Vertical evacuation of in-patients (in bed) was seen as particularly
challenging due to inadequate facilities (bed sheets) and lack of training. The
evacuation process took around 23 minutes.

In 2011, a significant fire developed in the roof of the Royal Hampshire Hospital in
Winchester in the UK. The fire occurred in the space above the enclosures housing the MRI
and computed tomography (“CT”) scanning units and interfered with the ability to deactivate the magnet which presented a threat to fire fighters. Around 50 persons were
evacuated from the building which was significantly damaged.
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The above incidents demonstrate the importance of horizontal and vertical evacuation
and the need to ensure that vertical evacuation can be achieved if ultimately necessary. It
is noteworthy that none of the hospitals considered in Section 2.1 were protected by a
sprinkler system. NHS only require sprinkler protection in hospitals with a height in excess
of 30m, but recommend that the advantages of sprinkler protection be considered for
certain patient situations or when a fire engineering solution is being considered
[Department of Health Services (DoH) 2013, 2014].

Fires in Psychiatric Facilities
In the United Kingdom, there have been a number of hospital fires that have resulted in
multiple fatalities [Lavender, 2014]. The Shelton Unit fire (1968) resulted in 24 deaths,
Carlton Hayes Hospital fire (1969) in 6 deaths, the Exeter Hospital fire (1970) in 5 deaths, the
Cold harbour Hospital fire 1972) in 30 deaths, the Warlingham Park Hospital fire (1981) in 5
deaths and the Friern Hospital fire (1988) in 2 deaths. All the above fires were in psychiatric
facilities operated by the NHS Estates in the UK.
The St Crispin psychiatric hospital in Northampton experienced a fire in 1979 which resulted
in 3 deaths [Beard, 1983]. This fire was the result of a deliberate ignition of a mattress. The
door to the dormitory was open and persons within an adjacent area were overcome with
smoke. There was only one staff member on duty and no smoke alarms. Nevertheless, the
ward which encompassed the entire floor was considered to have an adequate level of fire
safety by hospital staff prior to the fire.
Fires such as these prompted fire-safety reform within NHS Estates which commenced
during the early 1990’s culminating in the Regulatory Reform (Fire Safety) Order (FSO) 2005
which became law in the UK in October 2006.
This 2005 FSO reform order emphasizes the role and responsibility of the facility
management with respect to fire safety and the importance of ongoing risk assessment
using a documented process.
The Department of Health (DoH) in the United Kingdom have developed a comprehensive
set of documents that apply to all key safety aspects of Healthcare premises in the UK. HTM
05 applies to fire safety with HTM 05-02: Firecode [DoH, 2015] providing specific guidance in
the fire safety design of new premises and major new extensions to existing premises.
Should it not be possible to meet the prescriptive requirements of HTM 05-02, a fire
engineering design may be undertaken in accordance with HTM 05-03: Part J Guidance on
fire engineering of healthcare premises [DoH, 2008]. Irrespective of the design approach
used, all healthcare buildings in the UK are the subject of a fire risk assessment which is to
be undertaken in accordance with HTM 05-03 Part K: Guidance on fire risk assessments in
complex healthcare premises [DoH, 2013].
A deliberately lit fire occurred in a Swedish psychiatric centre in Vaxjo in 2003 [Hertzberg,
2007] resulted in 2 deaths and 3 serious injuries. Two of the victims (one dead and one
severely injured) were found in a room that was 40m away from the room of fire origin
(RFO) whereas the other death was in a closer room. The door to the RFO was left open
when the patient fled the room and heavy smoke filled the space outside of the room
making escape difficult. Many patients had to be rescued by the fire brigade by
removing/breaking windows from outside. The room was covered with a Polyvinyl Chloride
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(“PVC”) carpet which was found to be a significant factor in the injuries and deaths. The exit
doors were initially secured.
This fire incident illustrates the importance of flooring materials (and other linings) and of
the difficulties that can be faced in such buildings where the occupants are normally
prevented from leaving of their own free will. Failure to close the door to the room of fire
origin also had a significant outcome.
The above incidents highlight the particular issues associated with psychiatric facilities
where there are patients who may be more likely to initiate fires than patients in other
hospitals, but who also may require direction and assistance with evacuation. Security
measures may interfere with egress in the event of a fire.

Australian Fire Incidents
A fire occurred at the Mercy Hospital for Women in Melbourne on the 25 December 2004 at
3 a.m. in the morning [MFB, 2004]. The fire was in a switchboard within a boiler plant room
and was essentially limited to this area. Rapid smoke spread occurred throughout the
building via the lift and service shafts. The building was an 11 storey building constructed of
brick walls, concrete floors and a concrete roof with a total floor area of 28,000 m 2. It was
opened in 1971 and connected by horizontal corridors to the adjacent Mercy Private
Hospital (unoccupied at the time of the fire) on the 3rd, 4th and 5th levels.
At the time of the fire (due to the time of year) the occupation rate of the hospital was low
with only 160 staff and patients within the hospital. The building was partially sprinkler
protected – only the basement (but not within area of fire origin) and level 5, but 80 % of
the patient care areas were not sprinkler protected. The building was fitted with a smoke
detection and warning system. There was no smoke compartmentation or smoke control.
There were no deaths or injuries with patients being transferred horizontally to the adjacent
vacant hospital before being transferred to other hospitals.
Although not hospital fires, there have been two fires in Australia resulting in multiple
deaths of vulnerable residents. The first is the Kew Cottages fire in 1996 in which 9 disabled
residents perished [Kew Residential Services Coronial Inquest 1997]. This fire resulted in the
mandatory and retrospective requirement for residential sprinklers in shared
accommodation and residential aged care buildings in Victoria.
The Coroner, Graeme Johnstone in the Kew Residential Services Coronial Inquest, in his
conclusion stated the following: “Fire safety systems must be considered as a total package of risk management,
equipment, maintenance, training and fire and evacuation drills. …Where disabled or
immobile persons are concerned, the importance of the total package cannot be
underestimated…., fast response residential sprinkler systems designed to reduce fire
spread are essential.”4
The second incident is the fire that occurred in the Quakers Hill nursing home in New South
Wales, Australia (NSW) in 2011. The fire was deliberately and maliciously started in several
locations. There were 14 deaths. The building was not fitted with a sprinkler system. During

4

Kew Residential Services Coronial Inquest (1997), comments and recommendation into the fire and nine
deaths at Kew Residential Services on 8 April 1996 - item 9.15, page 311.
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evacuation, the geometry of ramps and obstructed corridors were found to be an
impediment to the evacuation of bed-bound residents.
In 2007 a fire occurred in the battery (charging) room on level 5 (top floor) of the St John of
God Hospital in Ballarat, Victoria [ABC, 2007]. This required evacuation of levels 4 and 5.
Some patients were moved in their beds or in wheelchairs to adjacent unaffected areas in
the building. Others were able to independently move to an adjacent area. There were no
injuries. The building was sprinkler protected.
In November 2014, a lift motor fire within a lift shaft occurred at the St John of God
Murdoch Hospital in Perth [Wahlquist, 2014]. Although this fire generated significant smoke
it was not necessary for the hospital to be evacuated and patients remained in place.
In November 2016, there was a fire in a ground floor space of the Mt Lawley St John of God
Hospital in Perth. The fire is described [ABC, 2016] as occurring in a kitchen (air-conditioning
unit?) and resulted in smoke being transported by the air conditioning system to the upper
levels resulting in the need to evacuate about 80 patients.
It appears that patients were evacuated vertically with staff assisting bedbound patients. It
is not clear whether vertical evacuation was via stairs or lifts or both. The fire was small and
the damage to the room of fire origin was mostly smoke damage. Two months later,
another small fire occurred in a ground floor workshop [SJOG, 2017] and some patients
were evacuated as a precaution. There were no injuries in either case. The building was
undergoing a significant upgrade during the occurrence of both fires. It is not clear whether
this was a contributing factor.
These have been many other small fires in Australian hospitals. The above incidents
highlight the following:


sprinklers are an important fire safety system



even small fires can generate significant smoke which can travel upwards throughout
the hospital via lift and service shafts and designers need to consider how to
minimise its movement



horizontal evacuation to safer locations is important



vertical evacuation may also need to be undertaken and needs to be considered

Fire Statistics
There is a great deal which fire safety professionals can learn from past incidents and fire
statistics that can inform the process of hospital design and management of these and other
healthcare facilities. A study of fire statistics can provide useful information on the causes
and origin of fire, the best means of fire prevention, the reliability of detection and
suppression systems, and likelihood of spread of smoke and heat which could impact
evacuation or other consequences of fire.

US Fire Statistics
In the United States, healthcare buildings include:


hospital and hospices (hospitals)



nursing homes
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mental health facilities, and



doctors and dental surgeries.

Kampmier (2005) notes that reported fire incidents in the US have dropped in healthcare
buildings from 13,000 in 1980 to 3000 by the year 2000. A similar trend is observed by
Ahrens (2012) which is shown in Figure 2 for hospitals.
Various reasons are postulated for this reduction in fire incidents. The effect of voluntary
and legislated smoking bans in hospitals - a movement that gathered momentum during
the 1980’s with stricter controls coming into place by the end of 1993 [Longo (1998), Fee
and Brown (2004)] – is likely to have been significant.
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Figure 2 US Reported Fire Incidents in Hospitals

Improvements in electrical safety (e.g. better equipment design and the increased use of
residual current earth leakage devices), increased control of materials and a greater
emphasis on housekeeping and management responsibility may also have contributed to
the ongoing reduction in incidents.

Australian Fire Statistics
Fire statistics are collected by fire brigades in Australia. Unfortunately, this information is
generally not available to outside agencies and is often of insufficient accuracy or detail to
be of any real assistance. Similarly, fire statistics published by the Productivity Commission
are not sufficiently specific to be of value with respect to fire safety matters. There is
therefore a dearth of recent statistical information in relation to fires in Class 9a buildings.
However, statistics and more detailed information has been provided to DHHS by the
Metropolitan Fire Brigade (MFB) in Melbourne for health care buildings within MFB areas of
operation for the years 2010 – 2015. These areas of operation are estimated to cover
around 90 public and private hospitals of various sizes and ages.
Call-outs can be initiated by smoke detector and/or sprinkler activation, and/or by people
calling the emergency 000 number. During this time period there have been 430 callouts.
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144 of these fires were associated with electrical (including lighting) and equipment causes,
32 were deliberately started and 145 were associated with burnt food which usually
resulted in activation of a smoke detector. These latter fires are a concern with respect to
both cost (fire brigade attendance) and the development of an expectation that any fire
alarm is likely to be associated with a trivial fire incident.
Given the relatively few incidents, care must be exercised in drawing conclusions.
Notwithstanding this fact, the majority of fires recorded were small, being limited to the
object of origin. In only 2 cases was a fire of sufficient intensity to activate the sprinkler
system. One fire was in a car within a carpark (fire originated within engine bay) and two
sprinkler heads were activated; whilst the other fire, which was deliberately started by a
psychiatric patient in a store room, resulted in the activation of one sprinkler head.
These statistics, while limited to Melbourne and only covering a period of 5 years, give a
clear indication that provision of smoke detectors and sprinklers are important in
providing alarms which initiate fire brigade attendance who can assist hospital staff to
manage patient rescue, evacuation were necessary, and undertake fire-fighting.

UK Fire Statistics
Data from the UK NHS Estates [Ramachandran and Charters, 2011] indicates that 60 % of
fires in hospitals are discovered by employees, 7 % by patients, 5 % by visitors. 26 % are
detected by smoke detectors and 2 % by heat detectors. 85 % of fires are detected within 5
minutes of ignition. In patient care areas, 90 % are detected within 5 minutes, with 30 % of
these being detected by smoke detectors. In non-patient care areas 73 % are detected
within 5 minutes and 18 % by detectors.
This is postulated as being due to lesser numbers of staff and smoke detectors in the latter
areas. BRE [Lavander, 2014] reports 9609 fires in hospitals (reported to brigade) over 17
years and involving an approximate floor area of 25 million square metre which gives an
average incident rate of 2.25 x 10-5 yr-1m-2.
The UK statistics illustrate the importance of hospital staff to be trained in recognizing fire
and smoke and to know how to respond to manage patient safety, and where necessary
evacuation, in the most efficient manner.

Research
Fire Tests
Australian Research
A number of fire test programs have been initiated to better understand potential fire
development within parts of hospitals. Dowling et al (2000) report the results of 4 tests
undertaken in a room that was set up with realistic furniture to simulate fires in a two-bed
hospital room (room was 5 m x 3.6 m x 2.7 m high). The only opening to the room was the 2
m high x 1.2 m wide doorway that opened into a space below a 3 m x 3 m hood. This
enabled capture of the exhaust gases and therefore determination of the heat-release rate
(HRR) versus time characteristics.
There were two ignition sources: the first was a glowing electrical coil designed to represent
a smouldering cigarette and applied for 20 minutes and then removed; whilst the second
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source was a flaming gas torch which was applied directly to the surface of the mattress for
20 seconds.
The second test was aimed at representing a deliberate fire start. The only variable with
respect to the furniture in the room was the mattress on the bed furthest from the door,
which was the bed chosen for ignition for all of the tests. In all cases, the bed closest to the
door has a non-fire retarded polyurethane mattress.
For the cases where both bed mattresses were polyurethane (Tests 2 - 4) it has been
calculated that the total calorific value for all fuel within the room, including the vinyl floor
tiles and other furniture, was 2765 MJ. The gives a calculated gross fuel load density of 155
MJ/m2. The room was fitted with both photoelectric (PE) and ionisation detectors and for
Test 4, a fast-response sprinkler head was pressurised with air and small quantity of water
to determine its activation time.
Test No.
1

2

3

4

Table 1 Summary of Tests and Some Results
Mattress Type
Ignition Type
Findings
Latex mattress
smouldering
Closest smoke detector (PE) activated at 9 mins,
no flaming but increased smouldering over about
2 hours.
Polyurethane
smouldering
Closest smoke detector (PE) activated at 95s;
smouldering continues until 39:40 at which point
flaming was apparent. Flashover at 43:42. HRR
reached 4 MW and test terminated
Polyurethane
flaming
Closest smoke detector (PE) activated at 1:26;
flashover at 6:50; HRR at time that fire was
extinguished was > 2MW
Retarded
flaming
Closest smoke detector (PE) operated at 1:15;
polyurethane
sprinkler activated at 70kW; flashover at 9:10;
fire reached almost 3 MW when extinguished.

Note: PE stands for photoelectric
The tests and findings are summarised in Table 1. In this table, flashover (involvement of all
combustible items within the enclosure) has been taken as the time at which paper targets
on the floor of the test room ignited as opposed to other criteria such as a ceiling air
temperature of 600 °C. A study of potential flashover criteria in comparison with test
findings is given by Poulsen (2013). The ignition of paper targets on the floor was one
criterion that was found to correlate well with the onset of flashover observed during
experiments.
Modelling of the above flaming tests using the computer zone model Ozone [Cadorin et al,
2001] indicates that a HRR of around 4MW can be supported (assuming combustion
efficiency of 0.8) with an opening of this size (door) assuming a ventilation-controlled fire.
This correlates with the above findings. In a real ward situation, it would be expected that
the fire would burn for approximately 13 minutes given the above assumed fuel load
density. Much of the heat would be released outside of the room.
If there was an external window to the room, a fire of even greater severity could be
supported once window breakage occurred, given sufficient fuel within the room. Once
again, significant heat would be released outside of the room. Conversely, if the door was
closed at the onset of flaming (assuming no other significant sources of air), then the fire
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would be limited and the temperatures within the room unlikely to result in failure of the
external glazing. From the test observations, it is noted that the non-recessed fast-response
sprinkler head activated when the fire was only 70kW.
The difference in size of fire between sprinklered and unsprinklered situations emphasises
the value of sprinkler protection in any hospital design to limit the size of fire and
therefore restrict the volume and spread of heat and smoke which could endanger
hospital patients and staff.

Swedish Research
Following a fire in a psychiatric facility at Vaxjo in Sweden [Hertzberg et al, 2005, 2007]
testing was undertaken to simulate the fire within the room of fire origin. The polyurethane
mattress was identified as the element that led to rapid fire development within the room.
The measured HRR associated with the bed mattress was found to result in a HRR of close to
1 MW (Figure 3).
A “mock-up” fire test of the room of fire origin was conducted in an ISO room (3.8 m x 2.4 m
x 2.4 m) and which enabled the exhaust gases to be analysed and the HRR to be determined
[Hertzberg et al, 2007].
The result of the test is shown in Figure 4 from which it can be seen that a sustained HRR of
2.4 MW is achieved prior to application of water to the fire. Once again, ventilation was
provided by means of the door through which hot gases escaped into a hood allowing
determination of the burning characteristics.
The calculated HRR includes that associated with both internal and external burning. It is
noted that the burning PVC carpet is likely to have had a fire-retardant effect on the fire by
blocking complete oxidation and increasing soot production. The resulting smoke had
significant concentrations of CO, HCN and HCl.

Figure 3 Results from Burn Experiment on Mattress (after Hertzberg et al, 2005)
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Figure 4 Results from Burn Experiment on Single Bed Room [Hertzberg et al, 2005]

This Swedish research, in a similar manner to the Australian research, shows the
controlling influence of the materials, and the importance of the door openings which can
influence ventilation to the fire and impact on fire growth and peak heat release rate.

US Sprinkler Research
Notarianni (1993) describes an experiment undertaken in a room the size of a typical twobed hospital room that was aimed at determining the activation times of both smoke
detectors and sprinklers. In this case, a wood crib was used as the fuel and this was located
within the rear corner of the room furthest from the door into the corridor and more than
1m from the closest bed location.
The beds were of non-combustible construction with the only combustibles within the
room, other than the wood crib, being a polyester privacy screen hung between the two
bed locations, as this was recognised as providing a potential barrier to smoke and heat.
Detectors and sprinklers were located at various positions throughout the room. The room
layout is shown in Figure 6 along with the sprinkler locations. The approximate HRR
associated with the timber crib is shown in Figure- 5.
Sprinkler activation times are given in Table 2 for the quick-response (QR), sidewall sprinkler
(S12), the QR pendant sprinkler above the foot of bed 1 (S4), the corresponding QR
concealed sprinkler (S10) and the normal pendant sprinkler (S8) at approximately the same
location; the QR pendant sprinkler above Bed 2 (S2) and the corresponding concealed
sprinkler (S9) at the same approximate location.
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Figure 5 HRR versus time associated with wood crib

Table 2 Sprinkler Activation Times (seconds)
Test Description
Test 1 – closed door/no curtain
Test 2 – closed door/curtain
Test 3 – open door/ curtain
Test 4 – open door/no
curtain/shielded fire

Sprinkler Numbers
S12
S4
358
422
417
619
349
520
366
378

S10
508
687
497
536

S8
549
695
596
520

S2
449
672
589
544

S9
562
753
656
599

Figure 6 Experimental Room Layout showing sprinkler locations (approx.)

Sprinkler response is very much a function of the fire characteristics as well as the sprinkler
characteristics (e.g. RTI). The point is that both of the concealed sprinkler heads operated in
all of the four tests, with the activation times being slower than the equivalent pendant
heads, but generally quicker than a normal response head. In the case of the fourth test, a
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non-combustible plate was used to shield the fire from the impact of water from the
sprinkler heads.
The sidewall QR (quick or fast response) head, which was located closest to the fire when
viewed in plan (1.6 m), always activated prior to the QR pendant sprinkler located above the
end of Bed 1 (2.4m). The RTIs for the QR and NR pendant sprinklers were 39 (ms) 0.5 and 167
(ms)0.5, respectively.
The test results indicate that concealed QR heads may not operate as assumed for the
identical head in a non-concealed situation. Unless the assumed QR response for the
concealed unit can be demonstrated by test, a lesser performance with respect to RTI
should be assumed in design for concealed heads.
Other testing relating to the performance of recessed and concealed sprinklers is reported
by Gill and Heskestad (1997) and Yu (2007). These data would suggest that concealed heads,
even if the heads themselves are fast response, will have a performance more typical of a
normal response pendant head with a bulb diameter of 5-8 mm. Yu (2007) suggests that the
appropriate RTI and C values for use in Bill and Heskestad’s response equation [Heskestad
and Bill, 1989] are, in rounded terms, 200 – 260 (m.s)1/2(RTI) and 1.3 (m/s)1/2 (C value).
The fire engineer needs to consider the effect of concealed heads and not assume that the
performance will be identical to that of a fast response flush pendant head or a fully
exposed fast response pendant head.
O’Neill and Hayes (1979, 1980) conducted fire tests in a space that simulated a patient room
entering into a corridor as shown in Figure 7. Representative combustibles were used in the
tests with air supply and exhaust provided to simulate the air-handling system (approx. 2 air

Figure 7 Test Layout used by O’Neill

changes per hour) with supply within the room being at high level and exhaust at low level.
There was no dedicated smoke exhaust system. Tests were undertaken with fires being
initiated in a number of locations including the bedding and mattresses and a clothing fire
within a wardrobe. The effect of fabric privacy screens on the time of sprinkler activation
time and shielding was also considered. Normal response pendant and sidewall sprinklers
were used but the performance of fast response sprinklers was also considered. After
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sprinkler activation, obscuration dropped rapidly to zero in both the patient room and in
parts of the adjacent corridor and CO levels also reached hazardous levels.
The use of fast response sprinklers was found to improve the situation with respect to
obscuration and CO levels provided the fire was not a shielded fire.
The obscuration associated with sprinkler activation, especially if the activation is delayed or
the fire is shielded, is a significant issue that needs to be considered by the designer and
emphasises the need to close the door to the room of fire origin as early as possible. The
time required for assisted evacuation can be significant as noted by Ramsay et al (1999) who
advocate the use of smoke control (extraction) for the smoke zone of fire origin.

Occupant Response
Pre-movement and travel times
A building occupant’s response to an emergency with respect to evacuation can be
considered to be a combination of pre-movement and travel time. Pre-movement time is
the time taken to initiate evacuation given the presence of audible, olfactory, or visible cues
or a combination of these cues. Audible cues include alarm sounders and verbal
instructions given by others. Olfactory cues associated with the smell of burning materials
carried by the air-handling system and may well occur prior to activation of automatic fire
detection, although such a cue, by itself, cannot indicate the location of the fire, only that a
fire may be present in the vicinity. Nevertheless, this should increase the level of alertness
of occupants to other cues.
In the case of hospitals, fitted with automatic detection and alarm systems and where staff
trained in fire-safety management are present, all of the above types of cues are likely,
which will help to reinforce each other and help to minimize the pre-movement time.
Audible cues will include automatic alarms and staff instructions, with the latter likely to be
the most effective with respect to getting a prompt response. Gwynne (2003) notes that in
trials conducted in a hospital outpatient department, occupants only responded when
instructed by staff. This finding is not surprising given the “controlled” nature of the hospital
environment, but serves to emphasize the critical role of staff in an emergency.
The travel time is normally taken as the time for the occupant to move to a safer place,
having recognized there is an emergency situation or been instructed to move by staff. In an
ASET calculation, the time from the nominal start of the fire to the development of a
particular cue is additional to the pre-movement and travel time. In situations where the
population to be evacuated is significant, queuing may occur at various locations along the
exit path and this will increase the overall travel time.
In the case of patients in hospitals who require assistance to evacuate, the most
significant component of time is the pre-movement time, although travel times may be
long as well for slow or non-ambulant patients. This is because such patients must be
prepared for and assisted with evacuation by staff, and the time for evacuation of all
patients depends on the available staff/patient ratio. Clearly, evacuation of patients will be
increasingly difficult in the presence of smoke.
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Evacuation Trials
Hunt et al (2013) describes some multiple trials undertaken with both female and male staff
with respect to moving patients with limited mobility both horizontally and then vertically
down a set of stairs for 11 levels. The transported patients were 70 kg (i.e. relatively light)
and moved by staff using 4 separate mechanisms – stretcher (4 staff involved), carry chair (4
staff), evacuation chair with stair descending mechanism (3 staff) and rescue sheet (2 staff).
Average speeds of movement were determined for each situation and are given in Table 3
with the associated standard deviation.
In the horizontal movement phase there were 5 doors to negotiate. The stair dimensions
were as follows: 1.4 m between the insides of the handrails on the flights and a clear landing
width of 3.9 m and depth 1.21 m. The simulated patient had to be moved from a bed to the
means of transport and did not assist this action in any way. The time for such action was
recorded along with the average horizontal and stair movement speeds.
Table 3 Responses (mean and standard deviation) - Mobility Impaired Patients
Transport Mode
Stretcher
Carry chair
Evacuation chair
Rescue sheet

Preparation
time (secs)
78 ± 19
33 ± 5
42 ± 8
65 ± 14

Horizontal Movement
Speed (m/s)
1 ± 0.09
1.5 ± 0.09
1.5 ± 0.10
0.9 ± 0.24

Stair Movement
Speed (m/s)
0.53 ± 0.10
0.83 ± 0.04
0.58 ± 0.12
0.67 ± 0.15

If the patient is heavier, as is likely to be the case, the above times and speeds may be
marginally longer, but the biggest effect would be that more staff (e.g. 4 persons instead of
2) would be needed, particularly in the case of stretchers, carry chairs and rescue sheets.
The evacuation trials were then simulated using a computer simulation model. This model
took into account preparation time, horizontal movement time and the time for stair
descent and ascent for staff (this time can be significant).
The calculated times for evacuation assuming that 6 staff and two stairs were available for
evacuation, ignoring fatigue, varied from 30 minutes (day shift staff) to 66 minutes (night
shift staff) for the evacuation chair to between 3.3 hours (day shift) to 4.7 hours (night shift)
if the means of transport was a stretcher. The times for the evacuation for a “rescue” or
“ski” sheet varied from 1.1 to 2.1 hours.
If fatigue is taken into account, then the above times can be increased by a factor of 1.5
(evacuation chair) to 3.8 for a stretcher. It is noted that not all patients will be able to be
seated in an evacuation chair and the movement of others by rescue sheet will present a
medical issue. The attachment of tubes and apparatus to a patient during evacuation will
further complicate matters.
In estimating the time to move patients out of a fire-effected area, account must be taken
of the time for staff to return to the enclosure after evacuating a patient. In the case of
vertical evacuation via stairs this will be significant if several or more levels of stairs must be
climbed before evacuating the next patient. This is illustrated by the substantial evacuation
times calculated previously. This is one reason that Tzeng and Yin (2014) advocate that
patients having the least mobility be located on the lower floors of a hospital building, and
note the importance of appropriate designed lifts for the evacuation of patients with limited
mobility.
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A study on the preparedness for evacuation in relation to ICU departments in the United
Kingdom is reported by Murphy and Foot (2011). This is a particularly challenging exercise
since appropriate portable equipment may need to be utilised during the evacuation. The
paper notes that there are approximately 500 reported fire incidents per year in acute
hospitals in the UK, and although most of these are small fires, there are an average of 65
injuries and 1-2 deaths per year. It was found that only 40 % had a triage policy in relation to
evacuation and 97 % did not expect to evacuate via stairs despite the fact that only 20 % of
ICU facilities would allow direct horizontal egress to ground. It was generally assumed that
patients would be moved horizontally to a safer place.
Zane et al (2010) attempt to provide a basis for evacuation decision-making in relation to
the full range of emergencies (including floods, cyclones and earthquakes). This paper
reports on an evacuation that took place at Mt Sinai Hospital in New York in which hundreds
of patients were evacuated from one hospital tower to another in less than one hour. The
evacuation was achieved by horizontal and then vertical movement, although how this was
achieved is not clear.
The evacuated tower included ICU and operating rooms; with surgical staff moving patient’s
mid-procedure and completing the operations in the emergency department of the adjacent
tower. The fire developed in a plant room on the second floor of one of the twelve storey
towers, and although the flames were confined to the plant room, the levels above were
significantly affected by smoke. There were no reported injuries to patients.
Historically, nurse to patient ratios in patient care areas were an average of 1:10 (day) and
1:15 (night) up to around 1990. Since that time ratios have changed in some parts of
Australia to be as high as 1:5 (day) to 1:10 (night) for general ward areas with higher
dependency areas such as ICU and emergency, being 1:4 during the day [Plummer, 2005]. In
design, any assumptions made with respect to staff/patient ratios need to be confirmed
with the hospital management.
These trials and research on patient response and evacuation illustrate the fact that premovement time, including the time to prepare patients for movement can be quite long.
Similarly, travel times for horizontal evacuation can also be lengthy, with vertical
evacuation even more difficult and should be avoided where possible.

HOSPITAL BUILDING AND OPERATIONAL CHARACTERISTICS
As stated earlier in this guide, hospitals are effectively complex communities for which the
logistics of movement of patients, staff, food, lined, medical supplies and equipment and
other processes are critical to proper operations. At the same time, while some areas house
very expensive medical diagnostic or treatment equipment, other areas are more patient or
staff focussed.
It is very important, therefore, for all designers and especially fire safety designers, to
understand the physical and operational characteristics of hospitals and associated facilities
from a fire perspective. It is also critical that all designers recognize and understand the
different fire hazards and risks to hospital patients and staff from the different functional
spaces in a hospital.
Another important aspect is that designers understand the inter-relationships between the
different patient and non-patient areas, such as the critical nature and inter-dependence of
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the plant and equipment serving hospital operating theatres, and oxygen supplies and
power and communication systems serving ward areas.

Physical Aspects
A number of the physical and functional areas within hospitals, which can be part of what
are complex buildings, are described below. It is very important that fire safety and other
designers understand the functions of each of these areas and the fire hazards contained
therein to ensure they develop a robust fire safety design strategy.

Carparks and Loading Docks
These are generally located at the bottom of the building but connected to the levels above
by lifts and stairs which may provide direct access to the general reception area and possibly
to higher levels. The nature of this connection via lifts and stairs between the carpark and
the rest of the hospital needs to be considered with respect to a potential fire within the
carpark space and the ability of smoke to be transported by the lift shafts given the
significant gaps around lift car and landing doors. The use of lift lobbies at the carpark levels
and sufficient ventilation/mechanical exhaust within the carpark are possible solutions to
this matter.
Loading docks typically carry even high fire loads than carparks, with trucks and vans
delivering and removing substantial quantities of materials, creating significant fire hazards.
The fire protection of these areas, and the smoke and fire separation of loading docks from
other areas of the hospital, is critical.

General entrance, shops, circulation area and Reception (Figure 8)
These can be considered to be similar to office and light retail areas in a non-medical
environment. The retail areas can be quite extensive and carry relatively high fire loads with
fire compartment sizes of up to 5000m2 (assuming retail) being permitted by the Building
Code of Australia - Volume One DtS provisions. It is noted that DoH (2015) recommends a
maximum compartment size of 2000m2 in a multi-storey healthcare building. These areas
may house a significant number of people, especially at busy times of the hospital day.

Storage Areas
Storage areas within hospitals vary in size and can be dedicated enclosures or located within
other spaces such as kitchens, patient care areas, or directly adjacent to concourses or
operating theatres. Figure 9 gives some illustrations. The trend in many modern hospitals is
to minimise on-site storage and rely on frequent smaller deliveries from suppliers.
There are a range of dedicated stores throughout a hospital. Some of these are shown in
Figure 10 and contain levels of supplies for used within the adjacent wards area. The storage
rooms are typically 3m x 4m. While storage areas are generally unoccupied, often fire loads
are relatively high. Consideration should be given as to whether such stores may need to be
enclosed in fire-resistant construction, and if so, to what level.

Patient Care Areas – Treatment Areas
According to the Building Code of Australia - Volume One, patient care areas are divided
into ward and treatment areas. The former areas are for resident patients which may
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contain sleeping, accommodation and nursing facilities, whilst the latter areas have patients
who may only be incapacitated for a short time frame.
Treatment areas include Operating Theatres, Preparation Areas, Recovery Areas, and
extensive Radiology Facilities (X-Ray, CT, Fluoroscopy, MRI, nuclear medicine, etc.). These
areas are relatively secure and can only be entered by authorised staff or patients under the
care of staff. Deliberately started fires are unlikely and may not need to be further
considered. Nevertheless, fires could be initiated due to causes such as electrical or
equipment malfunction or perhaps human error.
The equipment in some of these treatment areas can be very expensive and have significant
replacement times, so not only is the safety of patients and staff in these areas critical, but
protection of the area to provide equipment protection and minimize operational
interruption may be an important consideration.

Operating Theatres
These spaces generally consist of a theatre space (Figure 11) and attached rooms such as
anaesthetic and the scrub rooms. Typical operating theatre spaces have a plan area of 65 –
70m2. The scrub room is smaller, and will usually contain small quantities of flammable
liquids and polyester/cotton scrubs, benches and chairs and possibly some shelving. Other
adjacent spaces that may be connected to the theatre include observation rooms and rooms
containing computer hardware. From a fire perspective, the combustibles within the
operating theatre itself are associated with the equipment and machines that are used
during surgery and the minor cushioning material associated with furnishings such as seats
and the operating table.
Hybrid operating theatres are becoming common where procedures are conducted using
imaging techniques such as MRI, CT and C-Arms, the latter being used for fluoroscopy
imaging. A typical hybrid theatre is shown in Figure 12.
The areas adjacent to theatres sometimes contain computer hardware and may contain
significant combustibles similar to that expected in a light office environment (Figure 13).
There is some reticence to allow sprinkler protection of theatres. This is presumably due to
concerns about the implication of the unintentional activation of a sprinkler head which
could occur due to a fault with a sprinkler head or due to unintended impact with a sprinkler
head. It has been estimated by Factory Mutual that only 1 in 16 million heads activates
accidentally due to an inherent fault. This gives an average probability of failure, during the
time that the theatre is used over the life of the sprinkler head (typically the life of the
building) of 1/8,000,000, assuming that there are 4 heads within the space. It seems that
such concerns are misplaced. Furthermore, sprinkler heads are located at the ceiling level,
which means that accidental impact is extremely unlikely.
Fires could be initiated due to equipment malfunction leading to overheating or electrical
short-circuiting, but is it very likely that staff will be in attendance.
In the USA between 50 and 100 fires per year occur in operating theatres as the result of
surgical techniques using heat, oxygen and flammable liquids. Although these fires are
extremely serious for the patient they are rapidly extinguished and do not spread. Improved
surgical procedures can further reduce these incidents. These fires do not present a risk for
other occupants in the hospital.
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The importance of how operating theatres and their ancillary areas function and the
associated fire hazards is very important for patient safety, as it will often take a
considerable period of time to prepare patients for evacuation if fires occur during
operational procedures.

Preparation and Recovery Areas
Preparation areas where patients wait before entering theatre and the associated
anaesthesia area are often the same as recovery areas and, with the exception of bed bays,
contain a relatively low level of combustibles (Figure 14). Combustibles are generally limited
to the patient beds and screens which are able to be drawn around the beds. Such drapes
are usually not fire-retarded and are made from a cotton polyester blend. There is little
other furniture and these areas are well staffed. Recovery and preparation areas have an
adjacent office/nurses station with good patient visibility (Figure 15) and the fire hazard
appears to be similar or less than an open-plan office layout.

X-Ray and CT Facilities
These spaces have a room (typically 40 – 50 m2) which houses the high asset value
electrical/electronic equipment (Figure 16) and a smaller operator room that is connected
and used by the operator when activating the machine. The combustibles in the facility
room are limited to the plastic housing and components associated with the equipment and
the patient mattress. The location and presence of significant electrical cables and relatively
high-power equipment in some instances needs to be recognised and considered, as well as
the importance of the equipment to on-going hospital operations. The operator room has a
desk, computers and a chair and can be considered to a light office environment with
respect to combustibles (Figure 17).

MRI Facilities
MRI facilities (Figure 18) utilise equipment that creates strong magnetic fields generated by
superconductors cooled internally with cryogenic materials such as liquid helium and
nitrogen and usually assisted by specialised mechanical cooling systems. Due to the low
resistance of material at very low temperatures, large currents can be carried with little heat
by the superconducting materials, and this allows the generation of high magnetic fields.
These strong magnetic fields are utilised by scanning technology to enable “visualisation” of
aspects of the human body.
The scanning machine is located in a space known as the MRI scanner room, which must be
protected around its perimeter by a metal shield designed to provide radio-frequency (RF)
shielding. The space that must be shielded includes the floor below, the walls and above the
ceiling close to the soffit above. Such shielding is not to keep the magnetic field “in” but to
prevent stray radio frequencies out of the scanning space. Ferrous metals close to the
equipment are to be avoided for two reasons – potential interference with the magnetic
resonance system, but also to avoid such ferrous metal objectives becoming “missiles”
should they be attracted by the magnetic field. Sprinkler systems incorporating ferrous
metal components must be avoided, and this frequently results in sprinkler protection being
deleted from the MRI scanner rooms. However, sprinkler systems made from non-ferrous
metals are available, and should be considered in relation to these scanning rooms.
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Adjacent to the scanning room is a technical room (Figure 18) which houses the necessary
hardware to operate the MRI unit, such as the mechanical cooling system and an operator
room (Figure 19). As can be seen, the operator room is similar to an office with respect to
fire load whilst the technical room has equipment that has combustible components within
it. The need or otherwise for sprinkler protection of MRI spaces will be considered in a later
section.
It is possible that an occurrence called “quenching” could take place whereby an
abnormality develops within the superconducting medium such that the resistance at a
location increases locally resulting in an increase in heat which further increases the
resistance and heat resulting in boiling of the cryogenic liquid. This can occur rapidly and
due to the expansion of gas, if contained, can result in an explosion.
Other possible outcomes are the injection of inert (cryogenic) gas into the room
(asphyxiation hazard) and an increase in pressure within the space if the doors do not open
outwards. It is for these reasons that a vent to allow the venting of cryogenic gas to outside,
in the event of an emergency, must be provided as well as adequate pressure relief within
the room. The wall construction surrounding the MRI room will often consist of layers of
fire-resistant material but this needs to be carefully checked if it is to be assumed that it
offers a level of fire resistance. There is always an observation window between the
operator room and the technical room.
Given the high value of MRI facilities and importance as a critical diagnostic tool to hospital
operations, as well as the hazards outlined above, fire protection of MRI facilities requires
special consideration.

Consulting Suites/Outpatients Areas
Outpatients’ areas normally consist of spaces where patients can be seated before being
called to see a consultant. There is a staff desk from which the sequence and processing of
patients is controlled. The consulting rooms are located in an adjacent area and may or may
not have glazing to the exterior of the building. The fire load within consulting rooms is
typical of that encountered by a lightly furnished office but will normally include a mattress,
desk and several chairs.

Patient Care Areas – Ward Areas
Patient Rooms (see Figure 20)
Patient rooms always have a bathroom consisting of a toilet and shower and various
numbers of beds. The maximum number of beds per room is typically 4, but can be more in
older hospitals, with 2 or 1 being typical of private hospitals and newer public hospitals. The
combustibles are the mattresses and bedding, the privacy screens around the bed, a set of
drawers for belongings and a soft chair, although visitors can bring in other combustible
materials, particularly during visiting hours, and particularly in children’s wards. Oxygen is
supplied at each bed, with oxygen being routed from within the walls to a location near the
beds. Localized oxygen isolation valves should be provided in each part of the hospital
noting that isolating oxygen over too large an area may result in adverse medical outcomes.
Isolation of the oxygen supply requires judicious manual intervention rather than being an
automatic function.
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Nurses Stations
A typical nurse’s station is shown in Figure 21. These are generally of open construction with
the fire load being typical of an open-plan office situation, with office type equipment,
paperwork, filing cabinets, and nurses’ personal items.
Sitting Rooms
These are rooms that typically consist of a TV, coffee table and chairs with a fire load
equivalent to a lightly furnished office.
Patient Care Areas – ICU
ICUs are parts of the hospital (see Figure 22) that have a higher staff/patient ratio and
contain more highly specialised equipment. As will be noted later, parts of ICU may well be
divided into rooms which permit isolation of the patients and contamination control. ICU
units are therefore critical to on-going hospital operations as areas to treat high risk
emergency patients.

Plant rooms
Plant rooms are potentially distributed throughout the building and are used to house a
variety of equipment including:


Emergency power generation (Figure 23) including UPS



Electrical switchboards rooms (Figure 24)



Air-conditioning hardware including fans, chillers, condensers and switchboards



Fire alarm, fire protection, communication, controls and other IT equipment



Boilers and compressors



Incidental storage

Plant rooms are often occupied by equipment constructed from non-combustible materials
and the fire load in such areas can be low. Fuel tanks associated with diesel generators
require special attention, as does the storage of lubrication oils. These spaces are also often
used for “incidental” storage, and the potential presence of such combustibles creating an
unwanted hazard should be considered, unless strict management procedures are in place.
The proximity of plant rooms containing significant combustibles to the treatment and
patient care parts of the hospital can be important with respect to the potential impact of
smoke should a significant fire develop within these spaces. Their locations should be
considered at the design stage, so as to minimise any potential impact.
This point is illustrated by the fire that occurred at the Mercy Hospital in Melbourne in 2004
[MFB, 2004]. In that case, short circuiting occurred within a mechanical services switchboard
located within a boiler plant room located in the basement. Although the fire was relatively
small and was largely confined to the location of the switchboard, smoke permeated
through the upper levels of the building. The main mechanisms of smoke transport were airhandling and service shafts and the lifts shafts due to smoke entering the lower level lift
lobbies and being drawn into and up the shafts.
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Pharmacies
These areas can contain significant quantities of combustible and flammable materials
(Figure 25) and vary in size ranging from large spaces to smaller areas on particular levels, it
being more convenient to move items from a main pharmacy to satellite pharmacies
located throughout the hospital. Cool rooms are also provided within these spaces (Figure
26). The material used in the construction of cool rooms need to be considered to ensure
that the core materials are sufficiently fire resistant.
Sprinkler protection is usually provided within cool rooms, and particular care is to be
exercised with the mounting and locations of electrical switches and equipment. Where
necessary, compliant flammable liquid cupboards should be provided for larger quantities of
flammable liquids and/or external storage facilities to limit the risk of flammable liquid fires.

Lifts and Stairs
Lifts are the normal means of transporting patients vertically throughout hospitals. Lifts
must be sufficiently large to permit the transportation of bed-bound patients and attending
staff. Not all lifts in a hospital need to be capable of transporting beds, but clearly this is a
critical function prior to and following surgery and for shifting patients between wards.
Given that there are significant gaps around the lift car and landing doors, some
consideration needs to be given to whether, in the event of an adjacent fire:


Lifts which may be required for vertical evacuation of vulnerable patients may
become untenable.



Smoke may be transported to upper levels.

The possible use of lift smoke lobbies should be considered if these smoke spread issues are
to be avoided. Stairs can be used by patients and others who are mobile, but in the case of
bed-bound patients, evacuation is more problematic. Due to handling difficulties,
evacuating bed-bound patients vertically is usually seen as a last resort, with the preferred
strategy of horizontal movement, at least initially, into an adjacent smoke isolated space a
first choice approach where possible. Nevertheless, experience with overseas hospital fires
suggests that a mechanism for vertical evacuation should exist. This can be done using “ski”
or slide “sheets” or similar technique where patients are moved slowly down the stairs to a
safer level. This is time consuming and may require up to 4 staff per patient.
Alternatively, or as well, a lift strategy is probably the most practical option for moving
vulnerable patients vertically. This design must be developed from a fire engineering
perspective, since the prescriptive DtS provisions do not permit lifts to be used in the event
of a fire. Lifts for this purpose must meet a number of special design considerations to
ensure safety and reliability. Publications such as BS 8300 [BSI, 2010] and PD ISO/TS 18870
[BSI, 2014] provide some guidance on this matter. HTM 05-03 Part E: “Escape lifts in hospital
premises” [DoH, 2006] should also be consulted.

Atria and Voids
These are spaces which may connect many levels of a building and are increasingly being
incorporated in modern hospitals to increase the sense of ambience and space and visual
connectedness. Their presence can present significant fire safety challenges which will be
considered later in this publication, particularly in relation to smoke spread.
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Physical Aspects – Services
The functionality and reliability of services such as air-handling, electricity, gases and water
are fundamental to the successful and continuing operation of a hospital. Aspects of these
services are now considered from a fire-safety perspective.

Air-Handling
The provision of conditioned air within a hospital can be complicated and differs depending
on the function of the part and the degree of infection control required [Ninomura, 2006].
Infection control in acute care hospitals is very important since patients are particularly
vulnerable given their state of health. In particular, the need to separate those infected and
needing isolation from other patients and especially those who are immune deficient and
therefore vulnerable and require a different form of isolation is particularly important. This
is achieved through dedicated air handlers and filtration systems, and carefully managing air
pressures and flows.
(a)

Operating Theatres and Adjacent Spaces – due to the need for strict infection control,
operating theatres and connected adjacent spaces have dedicated air-handling units.
Air is typically supplied at the centre of the theatre by supply air ducts. High-level
return air ducts along with low-level extraction ducts (air is extracted from the system
to outside) are also provided [Drake, 2006].
In the event of a fire in the hospital, the air-handling system will continue to run,
unless smoke is detected within the theatre, since the medical risks associated with
shutting down the air-handling system outweigh any fire risk.

(b)

Isolation Spaces – these are spaces which are protected for the purpose of infection
control and are maintained at either a negative (Class N space) or positive pressure
(Class P space), depending upon whether one is trying to limit infection spread to or
from an adjacent space.
Typically, air supply rates will correspond to at least 12 changes of air per hour with
10% more extraction (negative) or supply (positive) air depending on the intent.
Filtration systems may not be required depending on the system. Once again, in the
event of a fire alarm, these systems will continue to operate. Healey (2012) describes
an innovative approach used for the new ICU at the Alfred Hospital in order to
minimise the spread of infection and fungus spores and provide conditioned air to the
ICU and each Class P and N space, as required.
This was achieved by a combination of ensuring that the ICU space was “well-sealed”
and pressurised with respect to the outside, use of specific air flows within parts of the
space, door air-locks, specialist filters and use of 100% outside air (no re-cycled air).
Particular care was taken with respect to the location and design of air intakes to
minimise the impact of wind on air movement within the space. The use of specialised
glazing to the exterior surfaces so as to negate the need for curtains (which are
difficult to clean and keep sterile) was also a feature of the design.

(c)

Ward Areas – in this case, air is supplied by a general ducted system. If the air is
supplied from a central air-handling plant within a multi-storey hospital, it will be
delivered by means of vertical risers to horizontal ductwork at each level. As far as the
patient rooms are concerned, the air is normally introduced into the rooms via lower
Page | 26
Fire Safety of Hospitals – A Guide for Designers - 2017

level vents, with return air being drawn into upper level vents rather than using the
adjacent corridor as the return air path. Corridors and open areas are serviced by
separate ductwork.
This is done to provide greater control and isolation of the conditions within the
patient rooms. Ward areas will usually be considered to be a smoke zone, such that if
a fire occurs, the smoke will be contained within the zone by physical construction. If
zone smoke control is required, this will usually be achieved through exhausting from
the smoke zone of fire origin with pressurisation of the adjacent zones.
This can be achieved by using the normal air handing system in “fire” mode but with
air being extracted and supply being controlled appropriately via motorised dampers
and controlling fan speed by means of associated variable speed drives. Some rooms
in retrofitted older ward areas may have small dedicated air-handling units for cooling
and heating and which may condition only the air within the room (no outside air) or
may introduce a level of outside air. In fire mode, these systems may continue to
operate.

Figure 8 General Retail/Commercial Area
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Figure 9 Storage adjacent to concourses and within kitchen

Figure 10 Storage Areas near Wards
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Figure 11 Operating Theatre

Figure 12 Hybrid Operating Theatre - Fluoroscopy
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Figure 13 “Control Centre” Adjacent to Hybrid Theatre

Figure 14 Pre-and Post-Operative Area
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Figure 15 Adjacent Nurses Station

CT Scanning room

X-Ray lab

Nuclear medicine
Figure 16 Scanning rooms
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Figure 17 Operator Room for Radiography Lab

Figure 18 MRI and Mechanical Services Room
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Figure 19 “Control Room” for MRI

Figure 20 Patient Room

Page | 33
Fire Safety of Hospitals – A Guide for Designers - 2017

Figure 21 Nursing Station

Figure 22 Intensive Care Unit
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Figure 23 Emergency Power

Figure 24 General Retail Area
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Figure 25 General Pharmacy Area

Cool store

Figure 26 Cool room within pharmacy

(d)

Treatment Areas - Once again, these will normally be divided into smoke zones which
may be required to have zone pressurisation.

(e)

Non-Medical Areas – these spaces will be designed as appropriate assuming that they
are smoke separated from the medical areas.

An important issue from a fire perspective is the penetration to and from vertical service
risers and through fire and smoke walls by air-handling ducts and other services. Any such
penetrations should be fire/smoke stopped at the lines of fire separation as appropriate.
The duct and riser construction should be non-combustible and in the case of vertical
service risers should have a sufficient fire resistance to limit the likelihood of fire spread
between levels.
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Supply of Power
Power is normally distributed from a substation and is then distributed throughout the
building by means of switchboards and cables that are routed via vertical risers to each level
and then horizontally above the ceilings with each level. In 2004, a switchboard fire
occurred in the basement of the Mercy Hospital in Melbourne.
The switchboard was in a plant room, but smoke spread throughout the basement and into
the two levels above. This incident was considered previously in this publication and serves
to highlight the potential effect of a relatively small fire (relatively low heat release rate),
but which generated significant smoke which found its way throughout a significant
proportion of the rest of the building. Once again, the penetration of smoke and fire walls
by electrical services can be problematic in that significant unstopped penetrations can
result. There is probably a greater likelihood of unstopped penetrations associated with
later building modifications than with the initial building construction due to more limited
access. Auditing following construction works is important.

Supply of Water and Waste Management
In the case of multistorey buildings, water and waste services are again generally routed via
vertical risers to each floor and then via the ceiling space. Again, fire stopping of
penetrations through smoke and fire-resistance barriers is important. A key design task is to
determine how to route services throughout the building so as to enable ready access, but
at the same time minimise the number of penetrations that need to be made through
smoke and fire-resistant barriers, both at the time of construction and in the future.

Supply of Gases
Gases required in hospitals include oxygen, compressed air, nitrogen, nitrous oxide and
carbon dioxide. Oxygen is normally supplied from a high-pressure tank located outside the
building (Figure 27) and reticulated throughout the building. Such tanks are also used to
supply nitrogen, nitrous oxide and carbon dioxide. Compressed air is provided by in-house
compressors. Gases are reticulated throughout the building via service risers, above ceilings
and, in the case of wards down the walls to specific outlets adjacent to beds. Emergency
shut-off valves are usually located at each ward (Figure 28) and enable the manual shut off
of medical gases in the event of an emergency. The combination of fire and oxygen can be
potentially disastrous.

Vertical Transportation
Lifts are an essential part of transportation within hospitals and are provided to allow the
following essential movement within hospitals:


Staff and visitors between floors



Goods such as kitchen and other supplies to storage areas within the building



Patients in wheelchairs and trolleys between floors. Note that trolleys are smaller
than orthopaedic beds

Sometimes the lifts to be used for patients are separate to those provided for the general
public and those provided for goods movements.
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Figure 27 External Medical Gas Tanks

Figure 28 Gas Isolation Valves at Floor

Klote (1986) in his review of smoke control systems in Veterans Association hospitals in the
United States questioned the value of pressurised stairs in comparison with lift smoke
control achieved through pressurised lift lobbies. Such lobbies are seen as reasonably
forming part of the horizontal evacuation strategy which will enable vertical movement of
vulnerable persons lifts to occur in a more efficient manner than use of the stairs. In the
absence of protected lobbies, lift shafts can act as chimneys in the event of a lower level
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fire. However, if adequately protected, lifts can provide a suitable means of vertical
evacuation.
Table E3.4 in the Building Code of Australia - Volume One gives the minimum clear
dimensions for a lift that is designated as an emergency lift as 2280mm in depth and
1600mm in width. It is noted that these are typical dimensions for a 25-person capacity lift
that is capable of transporting beds. Alternatively, if emergency lifts are not required, one
of the lifts must be capable of having a stretcher facility which requires that the car has
minimum internal dimensions of at least 2000mm length by 600mm wide. Efficient
movement of patients between levels is essential.

Communication, IT systems
There has been a vast increase in the need and use of communication and IT based
information and control systems in hospitals. These systems, such as security, duress and
fire alarm systems, as well as medical information and many other telecommunication
systems essential to normal and emergency hospital operations, lead to a very large number
of cable runs throughout hospitals.
Like other hospital services, these cables need to run though smoke and fire rated
construction at shafts, floors and walls. Fire stopping of all penetrations of smoke and fire
rated construction is essential to prevent smoke spread beyond the area of origin of any
fire.
IT based technologies are changing rapidly in hospitals. System upgrades are very common.
Inspections of service penetrations in hospitals has shown that it is often at the passage of
IT cables through fire or smoke rated construction that holes are made by contractors for
new IT systems and never made good. An associated problem is that redundant cables from
old systems are left in place and not removed, and over time can significantly increase the
total fire load of cables and create an additional fire hazard.

Occupant and Staff Characteristics
The characteristics of patients, staff and visitors within a hospital vary widely. Capital
Development Guideline – Series 7 Fire Risk Management, Guideline 7.2 gives 6 client
profiles ranging from clients who are able to understand and respond to an alarm without
assistance (Type 1) to those that cannot be evacuated at all (e.g. on life support) (Type 6).
Capital Development Guideline – Series 7 Fire Risk Management recognises 4 staff profiles
ranging from staff not present (Type 1) to staff present and awake at all times (Type 4). The
combination of clients unable to respond to an alarm and non-existent staff is clearly a
higher risk situation.
In hospitals, due to the need for 24-hour staffing for patient care, such higher risk situations
will be rare, although it must be noted that staff/patient ratios are lower at night. Ratios
depend on the location within the hospital, with greater ratios applicable to patients with a
greater level of incapacitation, such as in ICU.
It is critical that fire safety engineers determine the number and profile of hospital patients
as well as expected staff/patient ratios in order to determine the egress strategy and overall
fire safety design of a hospital. For example, hospitals designed for children compared with
those hospitals designed largely for much older patients could potentially have very
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different staff/patient ratios. Similarly, patients could have very different reaction or premovement times, and different travel speeds to exits or areas of relative safety.

PRESCRIPTIVE FIRE SAFETY REQUIREMENTS AND POTENTIAL
NON-COMPLIANCES
Introduction
In Australia, the relevant prescriptive measures for hospitals are those specified in Volume 1
of the Building Code of Australia - Volume One, as they apply to the relevant parts of the
building and any additional state and territory regulatory requirements. Hospitals are
buildings of mixed occupancies and may include carparks (Class 7), storage (Class 8), office
(Class 5), retail (Class 6) and healthcare (Class 9a) occupancies.
In Victoria, as noted in Section 1 of this publication, all public hospitals are required to be
designed in accordance with the DHHS requirements detailed in Capital Development
Guideline – Series 7 Fire Risk Management, Guideline 7.6 Hospitals. This document specifies
both Mandatory and Other Specific Measures. Examples of Mandatory Measures include
sprinklers for all bed-based and accommodation parts of the building, an appropriate
detection system in the building, an Emergency Warning and Intercommunication System,
and appropriate fire and smoke compartmentation.
Section 4.2 of this Guide summarises some of the key prescriptive requirements of the
Building Code of Australia - Volume One, and the basis for these requirements, where this is
known. These requirements are frequently varied for a variety of reasons as will be
described. Where appropriate, the Building Code of Australia - Volume One, provisions will
be compared with those of overseas codes, including those of DoH (2015) which are
relevant in the UK.

Overview of key prescriptive requirements and variations
Fire resistance levels
Prescriptive Requirements
The levels of fire resistance specified in the Building Code of Australia - Volume One, are
given in relation to the Class of Building and Type of construction. For Class 9a buildings of
Type A and B construction (2 storeys – Type B; >2 storeys – Type A), the required fire
resistance levels5 (FRLs) range from 90 minutes for residential parts, to 120 minutes for
office and healthcare parts, 180 minutes for retail parts and 240 minutes for laboratory and
storage parts. These levels apply to elements that have a loadbearing function and/or a fire
separation function.
These fire resistance levels (FRLs) were originally based on the results of enclosure fire tests
in a fixed enclosure with fixed ventilation, but with fuel loads considered to be
representative of particular classes of occupancy. The effect of alternative ventilation
conditions, or the presence of fire safety measures such as sprinklers, have generally not
been considered in determining the DtS provisions for FRLs. In the case of buildings of Type
A construction, it is often presumed that the level of fire resistance specified by the DtS
5

Part A1, A1.1 Definitions, National Construction Code Series 2016 ©– Building Code of Australia Volume One.
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provisions will be sufficient for the structure to resist a burnout. This may not always be the
case.
Potential Non-Compliances
The protection of structures to achieve a higher fire-resistance level can involve significant
cost, and the fire load conditions and ventilation may be such that a lesser level of fire
resistance could be appropriate. It is common for designers to seek a reduction in FRL from
180 or 240 minutes (retail and storage) and to 120 minutes or less for retail, laboratory and
storage areas within hospital buildings. Designers may also seek to reduce fire resistance
levels within patient care or parts of patient care areas.
Part of the rationale can be that if the structural or fire separating elements are designed
with a common FRL of say, 120 minutes throughout a hospital building which has sprinklers,
then all areas will have the same level of protection for structure and compartmentation, as
well as a consistent approach to protection of penetrations. This makes construction and
long-term maintenance easier and more cost effective, rather than having a great mix of
FRLs across the building.
It is of interest to note that DoH (2015) in the UK permits fire resistance levels for elements
of structure within multistorey healthcare buildings having a height of less than 30 m to be
60 minutes (with sprinkler protection) or 90 minutes for unsprinklered buildings. If
healthcare buildings have a height greater than 30 m, they are required to be sprinkler
protected and to have a fire resistance of not less than 90 minutes.

Sprinkler protection
Prescriptive Requirements
Unless the building contains an atrium or has an effective height of more than 25m, the
Building Code of Australia - Volume One, DtS provisions do not require sprinkler protection
in hospital buildings. However, sprinkler protection is required by the Victorian Government
(Capital Development Guideline – Series 7, Fire Risk Management, Guideline 7.6 Hospitals)
as a Mandatory Measure in all parts of hospital buildings containing bed-based care. If
sprinklers are not provided in other parts or in particular rooms within the sprinklered parts
(e.g. operating theatres), these areas are to be separated from the sprinklered parts by fully
compliant compartmentation as per AS 2118.
Sprinkler protection has been specified for public hospitals in Victoria due to:
(a)

the ability of sprinkler protection to limit the fire size (and therefore its effects), and
therefore restrict the impact of the fire hazard, as well as start evacuation or
emergency response procedures and call the fire brigade

(b)

an understanding that patient care areas will require significant time to evacuate, with
staff providing the necessary assistance. This is more likely to be successful if the fire
hazard is minimised.

Potential Non-Compliances
The deletion of sprinklers from particular parts of the building, due to concerns about the
potential effect of unintentional sprinkler activation on equipment or hospital procedures is
frequently proposed, as is the use of construction between these parts which will not meet
the DtS requirements with respect to fire compartmentation. Where sprinklers must be
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deleted, then a risk assessment (i.e. fire engineering assessment) must be undertaken to
demonstrate that the design is acceptable.

Fire and smoke compartmentation
Prescriptive Requirements
The Building Code of Australia - Volume One DtS provisions currently specify the following
area limits for fire and smoke compartmentation.
Table 4 Maximum Area of Compartments
Part
Patient Care Areas
Treatment Area
Ward Areas
Ancillary Areas*

Smoke Compartment

Fire Compartment
2000m (120/120/120)
2

1000m2 (smoke proof)
500m2 (smoke proof)

1000m2 (60/60/60)
60/60/60 bounding construction

*Ancillary areas include kitchens, room containing a hyperbaric chamber, store and laundry

Smoke proof wall construction refers to the use of non-combustible walls extending up to
the underside of the floor above, or roof, or to a ceiling having a resistance to the incipient
spread of fire of not less than 60 minutes.
Any penetrations through fire or smoke walls are expected to be protected to the same FRL
or smoke rating. Air-handling ducts, unless they form part of a smoke control system, are
required to be protected with smoke dampers where they penetrate the smoke walls. Airhandling ductwork penetrating a fire-resistant wall is expected to be protected in
accordance with AS/NZS 1668.1.
The limiting areas for smoke and fire compartmentation for healthcare buildings have been
proposed so as to limit the effects of a fire within a healthcare building to a relatively small
part of the building and to assist horizontal evacuation prior to potential vertical evacuation.
The basis for these numbers is unknown. As noted previously, the Building Code of Australia
- Volume One, DtS provisions do not require sprinkler protection for buildings with an
effective height of less than 25 m. Therefore, the above smoke and fire compartment area
limits were proposed without any consideration of the potential benefits of a sprinkler
system should one be provided.
It is interesting to note that in the UK [DoH, 2015] for levels over 12m above ground, which
contain patient access areas (ward and treatment areas), these are to be divided into at
least 4 compartments, but the area of each compartment is not to be less than 500 m2
unless the area is sprinklered or one of the adjacent compartments is a “hospital street”, in
which case the area must not be less than 350m2.
If the area of a fire compartment exceeds 750m2 or contains more than 30 patients, then in
the UK it must be sub-compartmented with walls having an FRL of not less than 30 minutes
(i.e. divided into sub-compartments). Whereas the fire resistance of sub-compartment
boundaries is permitted to be at least 30 minutes, that for compartments is required to be
at least 60 minutes.
All walls must extend to the floor or roof above. Walls having a fire resistance of 30 minutes
are also required for store rooms including chemical stores, staff changing rooms, kitchens,
accommodation rooms (overnight stay) and patient bedrooms for those suffering from
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mental illness or having a learning disability. These walls are similarly required to extend to
the floor or roof above. Cavity barriers are required:
(a)

to prevent the interconnection of vertical and horizontal cavities;

(b)

at the intersection of fire-resisting construction and elements containing a concealed
space;

(c)

within the void behind the external face of rain-screen cladding, at every floor level
and on the line of compartments walls abutting the external wall.

Potential Non-Compliances
A common significant DtS non-compliance that is sought is for an increase in floor area for
smoke and/or fire compartments within patient care areas, often to meet building
functionality or other design objectives. Such non-compliances must be met with a full fire
engineering assessment.

Smoke detection and alarms
Prescriptive Requirements
The DtS requirements of the Building Code of Australia - Volume One require Class 9a
buildings to be:
(a)

fitted with an Australia Standard AS 1670.1 fire detection system

(b)

photoelectric detectors smoke detectors must be installed in patient care areas and in
paths of travel to exits from patient care areas

(c)

manual call points (MCP) must be installed in paths of travel so that no point on a floor
is more than 30m from a MCP.

(d)

The detection system must automatically notify the fire brigade and activate a
building occupant warning system which, in the case of a Class 9a building, can have
its volume modified in a ward area to minimise patient trauma.

For Victorian public hospitals, Capital Development Guideline – Series 7 Fire Risk
Management 2015 Guideline 7.6 additionally requires that the smoke detection system is an
addressable system (if more than 20 patients) and annunciation of fire alarms must be
provided at staff bases in ward areas, such that the room of detector activation is identified.
Capital Development Guideline – Series 7 Fire Risk Management, Guideline 7.6, permits the
deletion of warning speakers from patient rooms if 24-hour staffing is provided; however,
provision must be made for public announcements, and a reliable method of two-way
communication between staff must be provided.
MCPs must be provided in operating theatres if these are not sprinkler protected.
The basis of the above Capital Development Guideline – Series 7 Fire Risk Management
provisions, in association with the Building Code of Australia - Volume One DtS provisions, is
to provide warning of a fire as soon as possible to allow investigation and action prior to the
event escalating.
Potential Non-Compliances
These include deletion of MCPs in paths of travel, and minor variations to the requirements
of AS 1670.4:2015 Emergency Warning and Intercom Systems, which is referenced by AS
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1670.1. Increases in detector spacing to that required for activation of smoke control
systems (AS 1668.1) is also sometimes proposed.

Horizontal and vertical egress – number and spacing
Prescriptive Requirements
The Building Code of Australia - Volume One DtS provisions generally consider that exits
associated with a storey above ground refer to required stairs; however, in the case of
healthcare buildings, fire compartmentation within a floor and the presence of associated
horizontal exits (i.e. a fire-protected doorway into the next fire compartment) can be taken
into account in terms of complying with various travel and exit spacing limits. Such a
horizontal exit can be taken as one of the required exits, provided the immediately adjacent
compartment contains at least one fire-isolated exit. Each fire compartment must have at
least one required exit, subject to travel distance requirements.
A minimum of two fire-isolated stairs is required from each storey for a healthcare building
which has an effective height of more than 25 m or contains more than 6 storeys.
Otherwise, subject to the travel distance requirements, only one fire-isolated stair is
permitted.
Each location on a storey must be such that it is not more than:


For non-patient care areas – 20m to a required exit or a point of choice in which case
the maximum distance is 40m. Also, exits must be no greater than 60m apart.



For patient care areas (ward and treatment areas) – 12 m from a required exit or a
point of choice, in which case the maximum distance is 30 m. Also, exits must be no
greater than 45 m apart.

The above limiting distances are similar to values specified in other prescriptive codes. For
example, DoH (2013) specifies:


There must always be a choice of direction for escape in relation to both subcompartments and compartments.



Horizontal or vertical exits (stairs) may be counted as exits.



For non-patient access areas – 18m to a point of choice



For patient access areas – 15m to a point of choice



The maximum distance of travel is 3 m if travelling within a sub-compartmented area
or 60m if travelling through a part that has been divided into compartments.

The basis for either of these sets of requirements is unknown.
Potential Non-Compliances
It is common for travel distance and exit spacing limits to be exceeded. The fact that the DtS
travel distances and exit spacing are measured in relation to a fire-isolated stair or to the
entrance to the adjacent fire compartment (i.e. horizontal exit), as opposed to the entrance
to an adjacent smoke compartment, is often challenged in design proposals.
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Smoke hazard management
Prescriptive Requirements
The Building Code of Australia - Volume One, DtS provisions specified for buildings having a
rise in storeys of more than 2 include:


An automatic smoke detection and alarm system



Stair pressurisation, including any associated fire-isolated passageway



Either a zone smoke control system or a sprinkler system in patient care areas. The
smoke control system is to be in accordance with AS 1668.1. This standard states
that zone smoke control must apply to smoke and fire compartments as appropriate.
Therefore, where parts of the Class 9a building are divided into smoke
compartments, zone smoke control will be applied to the smoke compartments as
opposed to the fire compartments. In other parts of the building that are classified
as Class 9a, but are only divided into fire compartments, zone smoke control will
apply to these compartments.



Air-handling systems which are not part of the zone smoke control system must shut
down on fire alarm, except for individual room systems less than a certain capacity
and those serving critical spaces.



If the building has an effective height of >25 m, then all of the above, including
sprinkler protection, are required.



Smoke dampers are required at smoke zone boundaries (see AS 1668.1 Section 6).

Potential Non-Compliances
A common non-compliance is the omission of pressurisation in one or more stairs or fireisolated passageways. Another relates to the proposal to apply zone smoke control to fire
compartments, as opposed to individual smoke zones where a zone smoke control system is
required.

Exposure protection
Prescriptive Requirements
The Building Code of Australia - Volume One DtS provisions require an external wall to be
located at a sufficient distance from a boundary (≥ 3m) or other building on site (≥ 6m) so as
to minimise the possibility of fire spread to (or from) the boundary or to (and from) the
adjacent building. If within the limiting distance, all parts of the external wall, including nonloadbearing parts must have an FRL. These walls may contain openings such as windows and
doors. Similarly, there can be openings within compartment boundaries within a building
and these may be closer than a limiting distance from each other. The limiting distance
depends on the relative orientation of the openings. Any openings within the limiting
distance within such fire-resistant walls must be protected by:
(a)

Internal or external wall wetting sprinklers, as appropriate

(b)

Glazing or shutters have an FRL of -/60/-

These measures apply equally to a sprinklered and unsprinklered building.
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Potential Non-Compliances
There are frequently situations where an external wall of the building is closer than 3 m
from an allotment boundary or closer than 6 m from an adjacent building. The measures
required to protect such openings within sprinklered buildings are often a subject of
conjecture, and design options are commonly proposed that will not meet the relevant DtS
requirements.

KEY PRINCIPLES FOR DESIGN
Importance of Fire Engineering
Although a design that meets all of the prescriptive measures of the Building Code of
Australia - Volume One and the Mandatory Requirements of DHHS Capital Development
Guideline – Series 7 Fire Risk Management, Guideline 7.6 is deemed as achieving the
relevant Performance Requirements from a regulatory and DHHS point of view, it is
simplistic to assume that the Building Code of Australia - Volume One prescriptive measures
are always appropriate for modern buildings, given that many of the prescriptive measures
appear to be somewhat arbitrary and were written to cover a broad range of building
situations within each Class of building.
In some cases, the Building Code of Australia - Volume One, prescriptive measures may not
be sufficient, whilst in others they may be of limited relevance and impose excessive cost for
little or no return in safety. In one sense, the prescriptive requirements should be put aside
when undertaking a fire engineering assessment (or fire risk assessment) of a building. A fire
engineering assessment will be more effective if the following is the case:


the fire safety engineer has early involvement in project;



the engineer provides advice to the client independently of that of a consulting
building surveyor should one be involved in the project;



the engineer has an understanding and awareness from the literature of
previous incidents and the fire safety record. This is partly the purpose of this
publication;



the engineer has a comprehensive understanding of building layout and details
as they relate to fire hazards in hospitals, for example:


the likely type of equipment and contents in given spaces – potential
causes of ignition and combustible quantities



how various services (electrical, air-handling, gases) are likely to be routed
through the building from supply to delivery and return



understand proposed architectural materials and where they are likely to
be used



identify all possible avenues for smoke and fire spread via cavities



identify more “critical” areas within the building where evacuation will be
difficult.
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identify potentially high hazard spaces (e.g. switch rooms, back-up
generator rooms, large store rooms, etc.) and their positions with respect
to the locations of critical areas;



a risk perspective is adopted as a framework in which to view fire safety design
as further explained in Sections 5.2 and 5.3.



the fire safety engineer is accredited by DHHS and has the required level of
competency for the design and fire engineering and fire risk assessment tasks
involved.

Risk Perspective
A risk perspective encourages a designer to consider the following questions when
considering the significance of fire hazards with respect to a proposed design:


What would it take to “mobilise” the hazard to initiate a fire event?



What is the likelihood of such an event?



What are the likely consequences?



What preventative and/or mitigation measures will be most effective?

The term “risk level” is a combination (usually the product) of the likelihood of an event and
its consequence. It is useful in that it recognises that both elements are important. It is
interesting to note that a probability of 0.1 and a consequence of 1 gives the same level of
risk as a probability of 0.01 and a consequence of 10. However, high consequence events
attract much greater societal (and political) intolerance than low consequence events,
particularly with buildings such as hospitals. Therefore, the “tolerable” risk level likely to be
accepted is lower for such high consequence events than for those events which have a
lower consequence but occur more often. This is the basis for indicative “F-N acceptability”
plots such as those given in NSW (2011).
In practice, acceptable levels of risk are rarely definitively specified, but a risk methodology
can be used to think through the above questions in a systematic way. As noted in Section
5.1, this risk assessment approach can only be adequately informed by a sound knowledge
of fire safety engineering. Some risk-reducing measures will be less effective than others
depending on the situation and may add little, if any, benefit. Engineering knowledge is
essential in determining whether this is the case and what measures will be most effective
in reducing the risk level.
A useful way of working through a design from a risk perspective is to undertake a causeconsequence assessment using what is commonly called a bow-tie diagram. This process
can be used to facilitate a qualitative and/or quantitative risk assessment as explained
further in Section 5.3.

Cause-Consequence Assessment
A qualitative and/or quantitative cause-consequence assessment should be undertaken as
part of developing a Performance Solution, as this will provide a process to identify key
design issues and design responses.
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This process enables a systematic approach to undertaking an assessment of Hazards and
Preventative and Protective Measures as required by Section 1.2.6 of the International Fire
Engineering Guidelines (IFEG) [ABCB, 2005].

Figure 29 Cause - consequence (or bow-tie) concept

All credible worst-case (loss of control) (LoC) fire events should be identified. These can be
defined as fire events that would be likely to result in loss of life given the particular
occupant characteristics (e.g. bed bound patients).
At this stage, it is necessary to exclude the positive impact of any preventative
(precautionary) measures so as to more accurately determine potential LoC and the
associated hazard combinations. At this stage, mitigation measures should also be excluded.
Examples of such possible events may include:


fire spreading up a vertical wall cavity such that flame and smoke passes to
levels above;



fire causes premature failure of part or all of structure;



dense smoke from a fire in a lower space in building (e.g. kitchen stores or
pharmacy) finds its way into patient care areas above;



flaming fire next to operating theatre with heat and dense smoke entering
theatre;



flaming fire in ceiling space of patient care ward such that smoke enters air
handling system;



flaming fire (flashover?) in room within patient care room and smoke and flames
entering corridor and adjacent rooms via corridor and ceilings;



flaming fire at nurse’s station causing fire spread and smoke to enter adjacent
spaces;



flaming fire in patient room with involvement of oxygen supply at room wall
such that fire spread to adjacent spaces including the ceiling space;



ceiling fire enhanced by failure of oxygen pipe in some part of the hospital;
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multiple car fire in carpark with dense smoke entering lift shafts and levels
above;



flaming fire (flashover?) in pharmacy causing dense smoke to enter adjacent or
upper levels;



vehicle fire next to building causing fire spread into building;



serious electrical switchboard fire within plant room causing dense smoke to
enter service riser and be conveyed to other parts of building;



serious fire involving significant quantities of flammable liquids and impact of
smoke on critical spaces above and/or impact on the building structure so that
column or floor failure occurs



electrical transformer explosion or fire – smoke movement within building plus
effect on structural adequacy



internal fires in kitchen exhaust ducts spreading into cavity spaces – smoke and
fire spread within the building (see AIRAH, 2016)



electrical cable fire in horizontal or vertical cable runs – resultant fire severity
and impact on rest of building;



fire involving cool storage construction in either laboratory or food preparation
areas;



fire in the vicinity of gas storage (particularly oxygen);



fire involving the release of gas due to its impact on the gas reticulation system;



fire involving combustible features either temporary or fixed (e.g. Xmas trees);



severe fire in retail part of building – impact of heat on structure and smoke on
rest of building;



If heliport, a fire associated with vehicle on landing

These are some possible LoC events that may be relevant. There are likely to be others.
Fire engineering knowledge is clearly needed to “visualise” the range of possible LoC events
and their likely impact. Once LoC events have been identified, the combination of hazards
needed to bring about the relevant LoC events should be determined and the consequences
from each LoC event determined.
This should not be a trivial exercise, but one that demonstrates detailed knowledge of the
building, the fuel loads and ignition sources and of previous incidents reported in the
literature. This must be undertaken by a competent fire safety engineer, and is often best
undertaken in a risk workshop setting involving a range of stakeholders, including clinical
and hospital engineering personnel, fire brigade officers, and members of the design team.
Once this has been done, it is possible to consider the range of possible preventative
(precautionary) and mitigation measures. In Figure 29, these measures are shown as
barriers, with the preventative measures aimed at reducing the likelihood of getting an LoC,
whereas the mitigation measures are barriers aimed at reducing the consequences of an
LoC event.
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The legal due diligence position in relation to risk management and ALARP or SFAIRP
concepts is that it is always better to attempt to prevent an LoC event by preventative
measures than by relying on mitigation measures which are adopted after the event has
occurred to try to recover the situation [R2A, 2015].
This is not to suggest that mitigation measures are unnecessary, but that from a legal duediligence point of view it will be necessary to demonstrate that all available practicable
precautions have been undertaken. This, clearly, generally requires a level of engineering
judgement; however, the risk approach does recognise that a preventative or mitigation
measure should not be adopted irrespective of the cost, since financial resources are
limited. That is the concept of cost being disproportionate to the risk and must be
reasonably applied.
The above cause-consequence assessment provides a structured and comprehensive
approach to meeting the IFEG requirements in relation to “hazards and preventative and
protective measures available” (Section 1.2.6 of IFEG 2005).
The potential preventative and mitigation measures should be identified as part of this risk
assessment, with the initial findings included as part of the Fire Engineering Brief for the
project and the final consideration of all measures included in the Fire Engineering Report
(Fire Engineering Brief). Fire events with greater consequences attract a disproportionate
level of attention, and it follows that for such events, the combination of fire safety
measures adopted will probably need to be disproportionately greater.

Proposing a Performance Solution
Any Performance Solution should be based on the outcomes from the above causeconsequence assessment and from a consideration of the Building Code of Australia Volume One DtS provisions and any other regulatory requirements. Proposed aspects of the
Performance Solution need to be well described, including those that do not meet the DtS
provisions. These are required by the IFEG to be detailed in the Fire Engineering Brief.
Each DtS non-compliance should not be considered as a separate Performance Solution; but
rather, as an aspect of a Performance Solution. This is because the aspects or parts of a
Solution are often inter-related and cannot be considered in isolation.

TESTING THE PROPOSED PERFORMANCE SOLUTION
Introduction
Once the proposed Performance Solution has been detailed in the Fire Engineering Brief,
the adequacy of the design must be tested against the Building Code of Australia - Volume
One Performance Requirements and from a “due diligence” perspective, taking into account
the DHHS Capital Development Guideline – Series 7 Fire Risk Management, Guideline 7.6
provisions required as mandatory.
The outcomes from this testing should be fully described in the Fire Engineering Report (Fire
Engineering Brief). In a sense, the findings from the cause-consequence assessment
described in the Fire Engineering Brief will have already provided a level of justification for
aspects of the Performance Solution, but the effectiveness of the proposed preventative
and mitigation measures need to be more carefully considered, assessed and specified. The
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outcomes from these considerations, including any appropriate fire, egress or structural
modelling and analysis, should be described in the Fire Engineering Brief.
The cause-consequence modelling described in Section 5.3 provides a good conceptual basis
for developing a design. Where considered necessary at the Fire Engineering Brief stage, the
assessment of a proposed design could be undertaken using a risk assessment methodology
utilising fault and event trees and stochastic inputs for both fires and fire safety system
behaviour.
In this process, the resulting risk level should then be compared against an acceptable level
of risk or the calculated risk level associated with an essentially identical building which
meets the prescriptive DtS requirements. In this process, all potential fires should be
theoretically considered, with the more extreme fires having a lower probability of
occurrence due to the presence of various fire-safety systems and preventative measures in
the building.
In practice, a full numerical or quantitative risk assessment is a difficult exercise and a
simpler approach to design is usually followed, whereby a qualitative risk assessment
methodology, combined with the analysis of a range of fire scenarios and associated “design
fires”, is proposed. How are such fires to be chosen? This question is now considered.

Fire scenarios and design fires
Various approaches to choosing design fires have been proposed by Yung (2002), Johnson et
al (2009), Steffensson (2010), Engineers Australia (2012) and Borg, Ove and Torero (2015).
The LoC events considered in Section 5.2 are fire scenarios which prompt the addition of
relevant preventative and mitigation measures to avoid the serious consequences that
would otherwise occur. The chosen Design Fires should not necessarily be the fires
associated with these LoC events; since it may not be possible, without preventative or
mitigation measures to design against these fires.
This is equally true for a building that is compliant with the DtS provisions. For example, the
choice of a sufficiently rapid fire in a “compliant” smoke zone will cause loss of tenability
before evacuation can be achieved by patients who require assistance. Similarly, a fire that
spreads up the external wall cavity and initiated fire on multiple levels cannot be designed
against and must be avoided.
An important aim of any design is to maximise the effectiveness of the preventative
(particularly) and mitigation measures. In this context, the effectiveness of a fire safety
system is taken as the combination of the efficacy of the system (i.e. how well it will work if
it operates) and its reliability (i.e. the likelihood of it operating). Design Fires can only test
the efficacy of the system, not its reliability. Achieving sufficient reliability is an important
and necessary design task, but one that is frequently overlooked.
A Design Fire is typically characterised by a Heat-Release Rate (HRR) versus time
relationship. The characteristics that are important depend on the design issue being
considered. In the case of tenability of a space, it is the rate of rise that is mostly important
although mitigation of the HRR by a fast-response sprinkler system will limit the loss of
tenability.
On the other hand, if the design issue is the fire-resistance of an element of construction,
then the important characteristics are the magnitude of the HRR and the duration. HRR
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versus time relationships are commonly assumed to be based (initially at least) on the
results of burning item calorimetry (e.g. chair or bed) [Kim and Lilley, 2000] or to have some
assumed t2 response (slow, medium, fast, ultrafast). The initial rate of rise obtained from
tests will frequently exceed that of a fast fire if this fire involves lightweight plastics or
vertically orientated lightweight materials.
The ignition source will also have an effect, noting that frequently, small quantities of
flammable liquids have been used as the ignition source. This is probably more relevant to
some deliberate fire initiation scenarios but not to a more typical situation where fires of
significance are normally associated with electrical and equipment malfunctions (see
Section 2.2). Deliberate fire starts being much less likely, particularly in spaces that are
frequented by staff. For occupied ward areas in a hospital, a reasonable expression for rate
of rise is (t/700)2 MW up to 600 seconds after ignition. Beyond this time, the rate of rise
increases significantly if sprinkler activation does not occur and/or there is no restriction of
air to the fire.
The eventual HRR versus time relationship associated with a particular design fire may also
include the effects of such events as sprinkler activation, the closing of doors to restrict
ventilation and flashover. Olssen (1999) illustrates the construction of such HRR versus time
relationships in relation to a hospital situation – although the situations chosen are only
several of many possible scenarios.
Flashover is more likely in smaller enclosures and more likely where fuel packages are in
close proximity to each other throughout a space. Flashover in a room within a ward is
possible if the sprinkler system does not operate but it is very unlikely that fully developed
fire conditions could occur throughout an entire ward (usually a smoke zone) given the
presence of walls (albeit having a low fire resistance) and the associated separation of fuel
packages. The absence of combustible linings is an essential factor in avoiding flashover
conditions.
What effect should the presence of fire-safety measures, such as sprinklers, have on
assumed design fire characteristics? A common design approach with respect to assessing
the tenability of a space is to assess the time at which sprinkler activation occurs and “cap”
the HRR at the corresponding magnitude. This is justified because it is “conservative” and
easier to handle from an analysis perspective. In practice, an effective sprinkler system must
result in reduction of HRR, otherwise the system will be overwhelmed with more and more
heads activated and insufficient water delivered by each head.
If the building is sprinkler protected, it is still prudent to consider the impact of an
unsprinklered fire on structural elements or on elements provided for compartmentation –
although it is recognised that there is an absence of severe fires in sprinklered hospital
buildings (see Sections 2.1 and 2.2). De Sanctis, Faber and Fontana (2014) have considered
the effect of fire-safety measures such as sprinklers on structural fire resistance
requirements, considering the probability of ignition, the variability of gravity loads, the
variability of fire severity (as reflected by fire load variability and ventilation) and the
effectiveness of fire safety systems capable of preventing a fully-developed fire.
The target level of safety chosen for the assessment of these structural elements is the
same as that adopted for ambient temperature structural design. If this comparative basis is
adopted, then the presence of sprinklers may permit a significant reduction in required fire
resistance. In a similar vein, EN1991-1-2 (2002) permits a reduction in fire load density for
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sprinklered buildings. Such calculations assume a nominal level of sprinkler effectiveness.
Should this be able to be improved, then this method would permit a greater reduction in
fire resistance if the above basis of comparison with ambient temperature design is
considered valid.
It is probably better, in the case of hospitals, to adopt the following approach to
determining the required level of fire resistance for elements of construction.
(a)

Begin with the FRL required by the DtS provisions of the Building Code of Australia Volume One.

(b)

Assess the potential real fire exposure associated with the situation, ignoring the
presence of sprinklers. Consider whether the fire could be localised or a fullydeveloped “flashover” fire within the space under consideration. Flashover fires are
unlikely in hospitals in larger spaces, particularly those with higher ceilings and/or
where fuel packages are well separated from each other or where there is an absence
of fuel.

(c)

Consider the consequences of failure of members within the space due to fire
exposure. Collapse of all or part of the building is not acceptable, but localised failure
may be acceptable, provided this does not lead to fire spread between floors.
Members for which collapse is unacceptable should be designed to resist at least the
standard fire exposure required by the DtS provisions or the estimated fire severity
based on the estimated 80 percentile fire load (or fire load density), whichever is less.
For elements that are not critical with respect to structural adequacy of the building or
maintaining vertical fire separation, the fire resistance could be reduced given the
presence of sprinklers provided the fire resistance is not less than 30 minutes.

(d)

Assess the nominated members in accordance with the above approach.

Further comments on Design Fires are given in Section 6.3 in the relevant sub-section.

Consideration of Issues associated with DtS Non-Compliances
Some of the potential Building Code of Australia - Volume One DtS non-compliances
summarised in Section 4.2 are now considered with respect to possible approaches for
justification.
In seeking to justify an aspect of a Performance Solution that does not meet particular DtS
provisions, the following questions should be considered as part of the approach:


To what extent is the Building Code of Australia - Volume One DtS requirement
relevant given the details or factors (e.g. fire loads, ventilation) associated with
the building situation when understood from a fire-engineering perspective?



What is the significance of the Building Code of Australia - Volume One DtS
requirements for the risk to occupants compared with other factors? Can
improvements in other more significant measures be made to “offset” any
increase in risk associated with the non-complying aspect?

The response to these questions must be developed in sufficient detail and have an
engineering basis. Statements of unsubstantiated “opinion” or so called “expert judgement”
do not constitute a sufficient basis.
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Under the Building Code of Australia - Volume One, a Performance Solution is acceptable,
provided it can be demonstrated that it meets the relevant Performance Requirements. One
of the Mandatory Measures specified in Capital Development Guideline – Series 7 Fire Risk
Management, 7.6 is that building parts containing bed-based care must be sprinkler
protected, even though this is only required by the Building Code of Australia - Volume One
DtS provisions for Class 9a buildings if the effective height of the building exceeds 25m or
the building contains an atrium. The presence of sprinklers when they are not required by
the Building Code of Australia - Volume One DtS provisions provides a potential basis upon
which other Building Code of Australia - Volume One, DtS provisions may be able to be
varied.

Fire Resistance Levels
The levels of fire resistance required in various parts of a hospital by the Building Code of
Australia - Volume One, DtS provisions are 120 minutes for Class 5 (office) and Class 9a
(healthcare) parts, 180 minutes for Class 6 (retail) parts and 240 minutes for storage (Class
7b). In the case of sprinklered carparks (Class 7a), the columns and slabs are only required to
have an FRL of 60 minutes. If residential accommodation (Class 3) is provided within the
hospital, this is typically required to have an FRL of 90 minutes for loadbearing members
and 60 minutes for walls between sole occupancy units. In practice, acoustic requirements
are likely to govern the construction requirements for accommodation parts.
In the case of retail and storage parts, there is often a desire to reduce the fire-resistance
levels downwards to a lesser level to achieve uniformity of construction details throughout
the building.
The following approach should be considered when evaluating any proposed reduction in
FRL for members within an enclosure, subject to the recommendations of Section 5.2:
(a)

undertake a fire-severity assessment of the space using a justified fire load density and
ventilation. An appropriate methodology is to use the method given in EN (2002)
which may be used to generate a “real fire” curve. Subject to (c), the presence of
sprinklers, when they are not required by the Building Code of Australia - Volume One
DtS provisions, can be used to justify a lower design fire load density than might
otherwise be considered.

(b)

Determine the equivalent standard fire resistance by undertaking a thermal analysis of
a “representative” protected member when exposed to the real fire curve and the
standard time versus temperature curve.
The maximum steel temperature (Tmax) reached due to the real fire curve should be
noted. The equivalent fire resistance level is the time of standard fire exposure at
which a temperature equal to Tmax is reached when exposed to the standard fire test
heating curve.
The characteristics of the “representative” member (insulation thickness and thermal
conductivity, exposed surface are-to-mass ratio) should be chosen to ensure that
when exposed to the real fire curve, the member temperatures will not result in
member failure. In the case of structural steel members, this can be taken as 500 °C.

(c)

Overall collapse of the building or significant parts of the building is not acceptable in
the event of sprinkler failure. The significance of member failure on the overall
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stability of the building and any sensitive parts directly supported (e.g. operating
theatres) should be taken into account when considering a reduction of fire
resistance. The advice of the structural engineer, working in conjunction with the fire
safety engineer, should be sought on this matter.

Sprinkler Protection
System Reliability and Efficacy
One matter that should be considered by the fire-safety engineer is the reliability and
efficacy of the sprinkler system. This is a function of the design, subsequent commissioning
and maintenance of the system. As far as efficacy is concerned, the designer should ensure
that the nominated sprinkler system is commensurate with the hazard and any architectural
features that could introduce significant shielding.
Sprinkler reliability is mostly affected by the frequency of isolation of the system. Building
works and maintenance may require isolation of the system and future issues with
underground pipe corrosion may also present a problem, particularly if the system has to be
taken off-line. These are matters that should be considered at the design stage, since the
more reliable the sprinkler system, the greater is the reliance that can be placed on the
system, particularly when considering DtS non-compliances. From a design perspective, the
system should be designed so that:
(a)

Wherever possible, parts of the system should be able to be isolated without isolation
of the rest of the system. That is, sufficient monitored subsidiary valves should be
provided and aligned with smoke and fire compartments.

(b)

Supply to the building should be from a high reliability water supply, such that repairs
to the on-site supply and supply to the site will enable the system to remain
functional.

The following management protocol should be considered:
(a)

Isolation of sprinkler systems should be required to be approved by building
management with isolated/non-isolation signed off by contractor. Isolation periods
should be limited to less than 24 hours.

(b)

Only the zone (sub-zone) affected should be isolated.

(c)

The fire risk associated with the part that has been isolated should be considered
carefully, and additional measures adopted (observer) if the smoke detection system
is also to be isolated. If extended isolation of the system occurs, then consideration
should be given to reducing the fire load within the protected area.

Interface between Sprinkler Protected and Non-Sprinkler Protected Areas
Sprinklers are sometimes not considered appropriate for all areas within a hospital (e.g. MRI
and X-Ray scanning rooms, operating theatres) and non-sprinkler protected parts are
required to be fire separated from the sprinkler protected parts. Compartmentation is
required so as to prevent a significant fire in the non-sprinklered part spreading into the
sprinkler protected part and overwhelming the sprinkler system. If confronted by a
sufficiently severe fire, too many sprinkler heads will be activated and there will be
insufficient water available to impact the fire. The desire to delete sprinklers is often based
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on a misunderstanding of sprinkler operation and the frequency of accidental activation.
These aspects were considered earlier in Section 3.1 (Operating Theatres).
Sometimes it is impractical to meet all of the compartmentation requirements between
sprinklered and non-sprinklered parts. If the non-sprinklered areas are protected by an
alternative system, such as a hypoxic environment or gas suppression system, the absence
of compartmentation at the boundary is unlikely to be an issue, provided the effectiveness
of the alternative system can be demonstrated as being similar to that of a sprinkler system.
In situations where an alternative suppression system is not provided, any deletion of
sprinklers, if this is considered necessary, should be confined to the individual space of
concern, with all immediately adjacent spaces protected.
The combination of relatively low fire load and robust wall and ceiling construction in the
relevant space may be sufficient to justify that any fire within the non-sprinklered space will
not spread and overwhelm the sprinkler protection in the adjacent spaces. If that is not the
case, then the entire space should be strictly compartmentalised or protected with a drypipe pre-action sprinkler system.

Sprinkler Response Assumptions
An issue that is important with respect to fire engineering calculations is to make
assumptions with respect to sprinkler performance that are appropriate. This issue was
considered in Section 2.3.1 where it was indicated that the performance of concealed fastresponse heads (often specified for architectural reasons or so as to discourage deliberate
activation) will be different to that of an exposed fast-response pendant head. Also, as
discussed in Section 2.3.1, activation of the sprinkler head will force smoke downwards
locally and possibly into adjacent spaces.
If the activation time is sufficiently delayed, untenable conditions may occur in both the
room and locally in the adjacent corridor. Unfortunately, it is very difficult to model this
interaction and for this reason it is never done.
It can be reasonably assumed by fire-safety engineers that the activation of exposed fastresponse heads will reduce visibility locally, but that conditions further from the fire can be
modelled by ignoring the interaction between water and smoke. Obviously, closing the door
to the SOU of fire origin once the occupants have been evacuated is an important action as
this will limit smoke movement into the adjacent spaces. If the fire occurs in an “open”
space, obscuration will be reduced locally with conditions better if the sprinkler heads are
exposed fast-response sprinkler heads.

Fire and Smoke Compartmentation
Smoke Compartment Sizes
As also explained in Section 4.3, smoke compartmentation in patient care areas is useful to
assist in the progressive “evacuation” of occupants from the space. The basis for the 500m2
and 1000m2 limiting areas for ward areas and treatment areas, respectively, is unknown but
aligns approximately with the 750m2 required in the UK which further requires the
boundary elements to have a level of fire resistance. In the USA, the permissible area of
smoke compartments is 2090m2 with a recent proposal to increase the area to 3700m2.
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Ramsay et al (1999) have considered the issue of smoke compartment size from a fire
engineering perspective. Account is taken of this paper in the following discussion.
The risks associated with a smoke zone space are directly a function of the number of
occupants, the number and type of non-ambulatory patients and the number of staff
available to assist. On the other hand, an increase in the volume of the space will generally
increase the time to untenable conditions.
Table 5 Summary of Results
Assumed Fire

Time (secs) and corresponding temperature (°C)
Enclosure Plan Area (m2)
500
1000
2000
120 (70 °C)
210 (60 °C)
410 (50 °C)
120 (74 °C)
170 (82 °C)
300 (67 °C)
160 (46 °C)
360 (65 °C)

0.5 MW fast
1 MW fast
1 MW med

This is illustrated by the results summarised in Table 5 which gives the times at which the
smoke layer drops to 2 m when various areas of compartments are exposed to arbitrary (but
not unreasonable) fires shown in Figure 30. The soffit height has been taken as 2.4 m.
The modelling was done using the zone model CFAST [Peacock et al, 2015]. The
corresponding upper layer temperatures are also given. If the times associated with the 500
m2 enclosure are considered, it is clear that the time from the start of the fire to the point at
which the smoke layer drops below 2 m is short and it is possible to imagine situations for
which a given fire may result in conditions in which patients would have to be evacuated
through smoke.
It is noted that increasing the area of the compartment also increases the time to poor
visibility, but this is not proportional to the area; nevertheless, larger area enclosures have a
greater capacity to contain smoke than smaller compartments.
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Figure 30 Various fires assumed for analysis
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From a historical perspective, it seems reasonable to consider that the 500 m2 area could
accommodate up to 20 patient beds with associated service areas including corridors, etc.
The corresponding staff/patient ratio applicable at the time of formulation of these
requirements is unknown, but probably can be taken as less than 1/5 given the time at
which these requirements were adopted into the Building Code of Australia - Volume One.
It appears that in the United States, the effective number of patients per unit area is
significantly less than what has been acceptable in Australia in the past. This could explain
the significant difference in limiting compartment areas permitted (i.e. 500m 2 versus
2090m2) between Australia and the United States.
From a simplistic fire engineering perspective, the ability of a given space to permit
successful evacuation depends on:
(a)

the fire characteristics assumed which affect the time to reduced visibility (which may
interfere with evacuation process) and loss of tenability

(b)

the time of detection

(c)

the time at which evacuation starts, and

(d)

the time required to successfully move patients

Notwithstanding the above, the following matters are relevant and could be used in
assessing whether an increase in smoke compartment size is acceptable:
(a) Sometimes a smoke compartment size is increased due to the incorporation of other
services and facilities but the number of beds remains similar (or less) than that which
could be incorporated within a 500 m2 space. The larger space will increase the time to
untenable conditions but the evacuation time is likely to be similar despite the
increased travel distance given the significant component of time involved in getting
patients ready for evacuation. Therefore, the risk is not likely to be greater.
(b) The rate at which patient movement can be achieved (and therefore the evacuation
time) is dependent on the staff/patient ratio. If this can be reasonably increased in the
event of an emergency, then the evacuation time can be reduced even if the number of
patients requiring assistance increases. The effect of staff/patient ratio has been
considered in a report by Long and Martin (2015) which describes a US study
undertaken to assess the impact of increasing the smoke zone size from 2090 m 2 to
3700 m2 on movement time.
The smaller area was assumed to have 16 patients requiring assistance, whilst the larger
area was assumed to have 32 patients. The effect of various staff/patient ratios on
movement time was considered. It was found that if a ratio of 1/4 was assumed for the
smaller compartment, then an increased ratio of 1/2 compensated for the effect of the
additional persons on movement time giving an almost identical evacuation time. If the
effective staff/patient ratio in the event of an emergency can be reasonably increased
due to staff assistance from adjacent smoke zones or other areas, then this may provide
a basis for increasing the smoke zone area.
(c) One of the important actions necessary in a ward situation is to close the door to the
room of fire origin once the occupants have been removed. This point has been made
by Purser (2014) in reviewing several fire incidents in residential homes, but is also valid
for hospital ward situations.
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This is essential to restrict the movement of smoke throughout the space and will
obviously have a significant effect if modelling the space from a smoke tenability
viewpoint. Smoke zones are commonly divided into multiple rooms and advantage
must be taken of the doors that are provided. It is, of course, possible for a fire to
develop in an open space such as a nurses’ station (an example of an area that cannot
be locally confined with respect to smoke). However, in that case, the following could
be considered in relation to such a fire:


The frequency of fires in staff areas



The increased likelihood of fires being noticed at an early stage



The likely characteristics of the fire (if not noticed at an early stage) – e.g. office
workstation fire, length of smouldering phase. A slower developing fire will
increase the chance of detection.

(d) Another option that could be considered is the provision of significant smoke exhaust as
suggested by Ramsay et al (1999). Zone pressurisation (if provided) would normally
involve extraction from the smoke zone of fire origin and pressurisation of the adjacent
zones. This is meant to create a differential pressure of at least 20Pa in sprinkler
protected buildings between adjacent smoke zones and prevent the spread of smoke.
However, removal of smoke from the enclosure of fire origin will also be beneficial and
consideration should be given to increasing the level of extraction if that is possible
Zone smoke control is normally only required when the effective height of the building
exceeds 25m. One of the common criticisms of zone smoke control systems is that due to
the large number of components normally associated with these systems (e.g. motorised
dampers), their reliability may be significantly lower than is desirable.
Such systems can be difficult to maintain in an operational hospital and some thought needs
to be given at the design phase as to how to facilitate maintenance of the system. This point
is made by Hui (2013) who describes the design of an alternative smoke control system for a
major NSW hospital that utilises the following approach instead of zone pressurisation:


Extraction from the smoke zone of fire origin



Other than critical patient care areas (theatres, ICU), air-handling systems shut
down



Pressurisation of stairs



Pressurisation of lift shafts if not protected by pressurised lobbies at all levels



Pressurisation of significant lobbies around stairs and lifts where possible

The above approach is predicated on having sufficient make-up air to permit the extraction
system to operate and for service penetrations through smoke zone boundaries to be
effectively smoke sealed.
Fire Compartmentation
This refers to the limit of 1000m2 for Ward areas and 2000m2 for Treatment areas
respectively. Once again, these area limits appear to have been chosen more or less
arbitrarily and with no regard for the potential presence of sprinkler protection within the
building.
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Figure 31 Schematic Plan showing Fire Compartments

The purposes of the fire compartment envisaged for Ward and Treatment areas are to
provide:
(a)

protection against fire spread from a fire external to the fire compartment, and

(b)

contain a fire within the compartment, and

(c)

minimise the extent of building affected by a fire, and

(d)

provide a further refuge for occupants of adjacent smoke zones in the event of failure
of the smoke zone boundaries

The effect of increasing compartment size is now considered with respect to purposes (a) –
(d), using the diagram shown in Figure 31. The oversize fire compartment is broken into
smoke zones (blue lines). Also shown by the red dotted line is the position of an additional
fire-resistant wall that would be provided for the DtS situation but not for the hypothetical
oversize fire compartment. Table 6 summarises the findings from a comparative analysis of
purposes (a) – (d) for the DtS compliant and oversize fire compartment situations.
As far as purpose (b) is concerned, the length of the wall is the same for both DtS and the
larger compartment and therefore the probability of failure of the wall will be the same
given the same construction details assuming the same fire severity for both cases.
The fire load is generally taken as proportional to the area and this would indicate that a
longer burning duration could occur in the event of a classical compartment fire. However,
these spaces are divided into many enclosures and although these are not fire-resistant, the
progression of fire throughout the space (assuming sprinkler failure) will be limited by the
spaces and would not be expected to result in a fully developed fire that would occupy the
entire space at the one time. Nevertheless, the fire safety engineer should consider whether
in increase in the fire resistance of the bounding construction should be considered due to
the increased area.
As far as purpose (c) is concerned, a greater proportion of the building could be subjected to
severe burning but the effect of either this fire or that associated with a compliant fire
compartment will both be very serious from a facility loss perspective due to extensive
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smoke damage outside of the enclosure. The most effective means of preventing loss of a
significant part of the facility due to fire damage is to have early detection (and response)
and a reliable sprinkler system.
As far as occupant safety is concerned, purpose (d) is the most significant. In this regard, it is
necessary to demonstrate that the occupants within the larger fire compartment can be
either evacuated directly via the stairs and that patients requiring assistance can be
accommodated within the immediately adjacent fire compartment until vertical evacuation
whether this be via the stairs or the lifts.
Table 6 Effect of Compartment Size on Purpose
Purpose

Effect of Increased Compartment Size

(a)

No effect

(b)

Fire duration may increase due to
increased area.

(c)

Greater area potentially exposed to
burning damage and loss although
smoke damage will be serious in both
cases.

Facility best protected by good
detection and a reliable sprinkler
system

More persons to accommodate in
adjacent compartments

It is necessary to ensure that the
adjacent compartment can
accommodate patients from larger
compartment.

(d)

Comment
Wall properties are important, not
the length of the wall.
Wall fire-resistance may need to be
checked against any increased fire
duration.

Increased Travel Distances
Under the Building Code of Australia - Volume One, travel distances are measured to either
a horizontal or vertical exit, and therefore the distances are with respect to fire-isolated
stairs or horizontal fire compartmentation. In practice, at least initially, it is the distance to
the next smoke zone that matters, and therefore increased travel distances to horizontal
exits and/or stairs may not present an issue with respect to fire safety.
Smoke detection and alarm – varying the detection and alarm system
Smoke detection is a critical fire safety system in a hospital and it is unlikely that increasing
the detector spaces will be able to be justified especially in patient-care areas. In other
areas, the justification would need to determine the likely effect on detection times and the
significance with respect to initial firefighting.
It has been noted that many fire brigade call-outs for hospital facilities are associated with
burning food (33%), often in residential and small kitchen areas within the hospital, despite
the fact that the use of toasters and sandwich makers is discouraged. One way that this may
be addressed is to provide an additional but more sensitive detection system within such
areas to provide earlier detection of smoke, and link activation of these detectors with
shutdown of power to the specific circuits used for such electrical equipment.
Early shut down of power can be used to circumvent these potential “fire incidents”. In the
event of an actual fire, the AS 1670.1 detectors will operate as normal.
Capital Development Guideline – Series 7 Fire Risk Management, Guideline 7.6 requires the
use of addressable smoke detection systems in areas with more than 20 patients, with
alarm indicators provided at staff bases in ward areas to indicate the room of fire origin. It
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also permits deletion of warning speakers in ward areas where there is 24-hour staffing, on
the condition that the means to make a public announcement exists, as does the ability to
have two-way communication between staff.
Exposure Protection of “Openings”
There are commonly four situations involving the possibility of fire spread via openings
within fire-resistant walls. In the context of this section, an opening should be taken as
glazing or other construction that does not have the required fire resistance. The four
situations are:
(a)

Openings within 3 m of boundary

(b)

Openings in adjacent buildings within 6 m of each other on the same allotment

(c)

Opening in a fire compartment wall separating two fire compartments

(d)

Opening in a fire compartment wall that is too close to an opening in an adjacent fire
compartment wall

The Building Code of Australia - Volume One DtS provisions to some extent allow for
protection of such openings via the use of shutters or wall wetting sprinklers. Nevertheless,
it is helpful to consider the above situations from a fire engineering and risk perspective.
Situation (a)
Unless the building is of Type C construction according to the Building Code of Australia Volume One, the issue of fire spread must be considered from both directions. In this
regard, CV1 of the Building Code of Australia - Volume One can be adopted to give levels of
radiation that must be resisted at the façade of the building due to a fire on the adjacent
allotment. Values can be interpolated as shown in Figure 32.
Another way that this could be assessed is to recognise that under the DtS provisions of the
Building Code of Australia - Volume One, buildings without any opening limitations can be
constructed at 3 m from each side of the boundary. If the level of radiation required for
non-piloted ignition is taken as 20 kW/m2 then a virtual radiator can be located as shown in
Figure 33 and chosen to give a radiation of 20 kW/m2 at a point 6m away.
The source radiation is 114 kW/m2 for the situation shown in Figure 33. The radiation at
locations closer to the boundary can then be determined. Radiators with an aspect ratio of 1
give the greatest intermediate levels of radiation. The calculated values of incident radiation
need to be able to be resisted by the openings within the hospital building for a significant
period of time (e.g. 30 minutes). This may require the use of particular forms of glass or wall
wetting sprinklers.
The potential spread from the hospital building to the adjacent allotment also needs to be
considered. This issue can be considered by taking into account the presence of sprinklers
within the building. The temperatures associated with sprinklered fires are low and will not
present a radiation hazard to the adjacent allotment.
Situation (b)
The difference between this situation and Situation (a) is that in this case, the openings
associated with the emitting building are known. If the emitting building is not sprinkler
protected, then the incident radiation levels from a fire in this building can be determined
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using Building Code of Australia - Volume One CV2 or by modelling the radiation from a
flashover fire at one level within a compartment and determining the associated radiation
level. Flame extension out of the openings should be considered and a realistic flame
temperature adopted.

Figure 32 Variation of Radiation with Distance (CV1)

Figure 33 Location of Virtual Radiator

The flame extension will be increased if there is through-ventilation due to breaking of
windows on both sides of the enclosure. The flame emissivity may be taken as 0.9. Relevant
references with respect to flame temperature and flame length are Klopovics (1999),
Carlsson (1999) and England and Eyre (2011).
If the incident radiation is excessive, then wall wetting sprinklers should be provided
externally at the openings. It is reasonable to connect these directly to the sprinkler system
associated with the building. However, it is desirable that the sprinkler system for each
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building is connected to separate isolation valves to reduce the likelihood of both systems
being isolated at the one time.
Situation (c)
This situation is illustrated in Figure 34. If compartmentation is to be maintained, wall
wetting sprinklers should preferably be provided on both sides of the non-fire resistant
barrier such that:
(i)

The wall wetting sprinkler system is connected to an isolation valve that is separate to
that of the sprinkler system, or

(ii)

The sprinklers in each compartment are controlled by a separate isolation valve and
the wall wetting sprinklers on each side of the barrier are connected to the sprinkler
zone on the other side.

Figure 34 Adjacent fire compartments with non-fire resistant barrier between

The aim is to maintain the integrity of the barrier against heat and smoke and to minimise
the probability of loss of both wall wetting and ordinary sprinklers on the same side.
Situation (d)
This situation is shown in Figure 35. If compartmentation is to be maintained, the incident
radiation due to a fire in one compartment can be calculated assuming sprinkler failure in
that compartment.
The orientation, “opening” size and distance of the openings may be such that incident
radiation levels are sufficiently low that no special measures are required to protect the
receiving surface. If this is not the case, external wall wetting sprinklers should be provided.
These sprinklers can be connected to the associated compartment sprinkler zone provided
the sprinklers for each compartment are connected to separate isolation valves.

Figure 35 Openings in adjacent fire compartments
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Design of Atria
Modern hospitals usually have at least one atrium. The presence of an atrium within a
hospital building offers significant architectural advantages, but also presents some
challenges with respect to limiting potential fire and smoke spread throughout the building.
The use of glazed walls as bounding walls separating the atrium from the adjacent occupied
levels is common.
Localised fires at the base of the atrium are normally considered as the design cases to be
considered. However, it is also relevant to consider what would be the effect of a fire on a
level above ground should the sprinkler system fail to operate. That is, what would be the
effect of a fully-developed fire on the non-atrium side should the normal sprinkler system
fail? If the natural or mechanical exhaust system is insufficient, will the smoke be drawn into
the levels above the fire? Will the heat build-up result in fracture of glass located around the
internal perimeter of the atrium? These matters need to be considered by the fire safety
engineer.

Figure 36 Schematic View of Atrium

It is noteworthy that Building Code of Australia - Volume One Volume 1, Specification G3.8
requires the use of fire-resistant bounding wall construction, but permits toughened glazing
protected with wall wetting sprinklers. Such walls are to be constructed as smoke proof and
to incorporate a -/60/30 fire-resistant barrier directly above the glazed wall and extending
to the floor above. However, both sides of the glazing must be protected with wall wetting
sprinklers which are to be controlled by sprinkler isolation valves that are separate to those
associated with the adjacent sprinkler system. The requirement for separate isolation valves
suggests a level of redundancy such that if the ordinary sprinkler system has been isolated,
the wall wetting sprinklers are likely to operate.
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The water supply required, which is additive to that associated with the normal sprinkler
system is based on the atrium side requirements. If there is no set-back to the atrium wall a
density of 15 litres/m2/min (0.25 litres/m2/sec) is required for protection of glazing on the
atrium side. For a boundary wall that is set back, a water density of 10 litres/m 2/min is
required to be applied to the glazing.
The same water density application is required for the non-atrium side. It can be shown
that 4 litres/m2/min is required ideally to absorb a heat flux of 175 kW/m2 (typical of heat
fluxes experienced in fully developed fires) assuming perfect application of water based on
the heat of vaporisation of water. The above water density requirements are well in excess
of this value, and are therefore likely to be effective in preventing glass failure unless the
fire is of such an extent that the water supply is overwhelmed.
The required design area and corresponding water supply requirements specified in Building
Code of Australia - Volume One Specification G3.8 are dictated by the external wall wetting
requirements. Assuming Class 9 building parts, the wall wetting system protecting glazed
walls which are within 3.5m is required to be capable of supplying (0.25 litres/m2/min x 12
m x 6 m x 60 sec) 1080 litres/min. If the set back is at least 3.5 m, then (0.167 x 12 x 2.8 x 60)
337 litres/min is required assuming a floor-to-ceiling height of 2.8 m.
The Building Code of Australia - Volume One DtS requirements for wall wetting sprinklers on
both sides of the glazing, and for the wall wetting sprinklers to be controlled by a separate
sprinkler isolation valve, suggests that the DtS provisions require these walls to prevent the
passage of flame in the event of failure of the ordinary sprinkler system which is required
for all buildings with atria connecting more than 3 levels.
If the Building Code of Australia - Volume One DtS requirements for the atrium are not to be
met, the fire safety engineer needs to consider the implications of a fully developed fire on
the non-atrium side as a result of normal sprinkler isolation. In this regard there are two
possible design approaches:
Approach 1 Design the bounding construction to limit heat and smoke entering the atrium
This can be achieved by a combination of fire and smoke resistant bounding construction or
the use of wall wetting sprinklers controlled by a separate isolation valve to the floor
sprinkler system. If this approach is adopted, the following matters should be considered:
(a)

What are the characteristics of the fully developed fire? This requires consideration of
ventilation and fuel and the area likely to be occupied by the fire. Is it reasonable only
to consider a localised fire? Is there glazing that will break at the outside of the
building that would allow the development of a fully developed fire but would also
allow external venting of heat and smoke?

(b)

If wall wetting sprinklers are used to protect the bounding wall construction, what
water supply will be required and what are the details for the wall wetting sprinklers?
In this case the width of the glazing required to be protected will be need to be
determined based on the extent of burning.

(c)

How much smoke will enter the atrium and will the atrium exhaust system be
effective?
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Approach 2 Permit the boundary construction at a level to fail
This approach would not require protection of glazing other than that offered by the normal
sprinkler system. There would therefore be no wall wetting sprinklers. However, in this case
it would need to be assumed that any glazing or non-fire-resistant bounding construction
would fail, allowing a fully developed fire with venting of heat and smoke directly into the
atrium. If this design approach is considered, the fire safety engineer will need to consider
the following questions:
(a)

What are the characteristics of the fully developed fire, given that in this case,
ventilation is available directly from the atrium? Other potential sources of ventilation
should also be identified and the effects of this on the resulting fire characteristics
need to be considered.

(b)

Given the potential flame extension from the fire into the atrium, is fire spread to the
level above or to an adjacent enclosure on the same level likely? If so, what protection
measures are appropriate?

(c)

Is the atrium exhaust system capable of handling the smoke and heat from the fire
such that the smoke and heat will not enter the levels above the fire due to build-up
of smoke and heat within the atrium? The efficiency of a natural smoke venting
system improves as the temperature and buoyancy of the smoke increases. It may be
necessary to consider the possibility of providing natural heat vents as well as
mechanical exhaust.

The fire safety engineer should also consider the impact of localised fires at the base of the
atrium as such fires will be associated with high levels of air entrainment resulting in a
greater rate of production of smoke.
The design of mechanical extraction systems for atria requires careful consideration,
particularly with respect to the location and position of make-up air and the location of the
fire. The effect of wind must be considered, and appropriate shielding for exhaust/make-up
air provided should wind be an influencing factor.
The mass extraction rates are usually determined on the basis of empirical plume equations
and will be different, depending on whether the fire is at the centre of the base of the
atrium, at a side wall or corner of the base of the atrium, at a balcony, or is a fire from a
window directly facing into the atrium. Reference is made to Klote and Milke (2002) for
details regarding determining exhaust rates for various situations and for a consideration of
such matters as “plugholing” at the mechanical extraction points.
The mass extraction rates can be large and the issue is to provide sufficient make-up air
below the smoke layer, such that the inlet air velocity is no greater than 1m/s [Chow and Li,
2005] and that the distribution of make-up air vents is such that it will not increase
turbulent flow [Kerber and Milke, 2007].
The effect of make-up air on the smoke layer is best considered using Computational Fire
Dynamics (CFD) modelling but care is required in using such models. CFD models may be
used to investigate the effect of extraction rates that are less than those determined using
empirical models although care must be exercised in justifying significant reductions of rates
determined using empirical equations. Reference should be made to Klote (2012) for a
summary of key design issues associated with atrium smoke control.
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Facades
The Building Code of Australia - Volume One requires all elements of an external wall for
buildings like hospitals to be non-combustible. However, the demands for energy efficiency
require the use of insulating materials forming part of the external envelope of the building.
Great care should be exercised in choosing insulation materials and architectural panels for
hospitals, and consideration should be given to both their resistance to flame spread and
the effect of any “off-gassing” associated with burning of part of the product should this
occur. Stec and Hall (2011) provide information on toxic gas yields associated with the
burning of various forms of insulation material.
Even if non-combustible materials such as stone wool, glass fibre and ceramic fibres are
incorporated in the proposed insulation, there will be a level of combustible material
associated with either binders or adhesives – albeit the use of these materials may be
sufficiently limited that the overall insulation product may be either deemed to be noncombustible (e.g. Building Code of Australia - Volume One Clause C1.12 (f)) or be
demonstrated as being non-combustible by passing the requirements of Australian Standard
AS 1530.1.
The use of façade systems incorporating a higher level of combustible material than
permitted by the Building Code of Australia - Volume One would need to be very carefully
assessed by the fire safety engineer with respect to both fire and smoke spread throughout
the building. In this regard, the fire safety engineer needs to look at all components of the
external wall construction forming the building façade, including any waterproofing layers,
insulation layers, cavity barriers and methods of fixing.
As far as assessing the likelihood of fire spread up the outside of the building is concerned,
the results of external wall fire tests described by AS 5113 Fire propagation testing and
classification of external walls of buildings (Standards Australia 2016) will be important as
many façade ACP and other panels currently available or installed in Australian buildings will
not pass this test method due to their excessive combustibility.

CONCLUSIONS
There are many complex issues associated with the design of hospitals of which fire safety is
but one; albeit an important one. It is critical that fire safety engineers and other designers
fully understand how hospitals function, appreciate the logistics involved, and are aware of
the specialized nature of many areas of hospital buildings and their fire hazards.
From a regulatory point of view, Volume 1 of the Building Code of Australia - Volume One
designates hospitals as Class 9a buildings. The Building Code of Australia - Volume One is a
performance document that requires buildings to meet a set of Performance Requirements.
These Performance Requirements can be met by meeting the relevant prescriptive
requirements in the Building Code of Australia - Volume One (termed the Deemed-to-Satisfy
(DtS) provisions) or by means of an appropriately justified Performance Solution. However,
there are many building designs that do not easily fit within the DtS provisions and to do so
could result in a lower level of safety, a loss of important function or be prohibitively
expensive. This is acknowledged by the Department of Health and Human Services (DHHS)
of Victoria which has developed the Capital Development Guideline – Series 7 Fire Risk
Management Policy and Procedures, 2013 which must be considered by designers in
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relation to any DHHS building which provides bed-based accommodation. For hospitals, the
relevant documents are:


7.1 Fire Risk Management Policy and Procedures



7.2 Engineering Guidelines



7.6 Hospitals

Serious fires have occurred in hospital buildings but the likelihood of such occurrences and
the consequences of fire can be minimised by utilising a risk-based fire engineering design
approach as part of the design process for the building and by implementing an ongoing
risk-based audit program.
An adequate fire safety engineering approach to developing a Performance Solution will be
facilitated by early involvement of the fire-safety engineer in the design process such that
the engineer has a sound understanding of the proposed functionality, construction details
and fire hazards, and an ability to foresee “loss of control” events as developed through a
thorough understanding of hospital buildings in conjunction with cause – consequence
modelling. Such an assessment should be done at the Fire Engineering Brief stage prior to
undertaking detailed analysis and justification. An outline of such an approach has been
given in Parts 4 and 5 of this publication.
The adequacy of a Performance Solution can be demonstrated by showing that the risk level
is not significantly increased over that associated with the building if it complied with all of
the relevant DtS provisions. This will normally require the use of quantitative analysis and
data. Unsubstantiated “opinions” are not acceptable.
In the section above headed “Testing the Proposed Performance Solution” of this
publication considers some of the design approaches and fire safety measures in hospitals
which commonly are varied from the DtS provisions, and provides suggestions as to how
some of these matters could be considered and justified.
Therefore, designers must understand and recognise that hospital buildings must be
designed and managed from a risk informed approach to fire safety engineering. This
applies to both the design of the building and its subsequent operation, management and
life cycle costings for maintenance.
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