Vertical evacuation of vulnerable
persons in buildings

Ian D Bennetts, PhD
Henderikus J Van Ravenstein, EMPA
Peter Johnson, Arup Fellow
Nabeel Kurban, Principal. LCI Consultants

Contents
..............................................................................................................................................................

INTRODUCTION .................................................................................................................. 1
Vulnerable People ............................................................................................................................... 1
Evacuation Phases ............................................................................................................................... 2
Vertical Evacuation ............................................................................................................................. 3
Vertical Evacuation Risks .................................................................................................................... 3
Equipment ........................................................................................................................................... 4

USE OF LIFTS FOR EVACUATION .......................................................................................... 5
Introduction ........................................................................................................................................ 5
Potential Hazards ................................................................................................................................ 6
Smoke Contamination via Lift Lobbies and Lift Shafts ........................................................................ 7
Introduction .................................................................................................................................... 7
Piston Effect .................................................................................................................................... 7
Effect of Internal/External Temperatures ....................................................................................... 9
Pressure Effects due to Fire .......................................................................................................... 10
Wind .............................................................................................................................................. 10
Smoke Control Measures .............................................................................................................. 10
Exposure of Lift Occupants to Fire Location ..................................................................................... 11
Lift Occupants Trapped due to Lift or Power Malfunction ............................................................... 11
Malfunction due to water ............................................................................................................. 11
Loss of Power to Building .............................................................................................................. 12
Loss of Power to Lift System ......................................................................................................... 12
Lift Car Not Adequately Controlled ................................................................................................... 13
Reticence to enter Lift Car ................................................................................................................ 14
Fire in Lift Car .................................................................................................................................... 14
Structural stability of Lift shafts under fire conditions ..................................................................... 14

LAYOUT CONSIDERATIONS ............................................................................................... 14
Evacuation Travel Times ................................................................................................................... 16

REGULATORY ENVIRONMENT........................................................................................... 17
CONCLUSION .................................................................................................................... 19
BIBLEOGRAPHY ................................................................................................................ 20

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

VERTICAL EVACUATION OF VULNERABLE
PERSONS IN BUILDINGS

INTRODUCTION
Vulnerable People
We have an ageing population, greater levels of obesity and a growing awareness of the
challenges of people with disabilities. Our modern hospital designs are multi-storey, have
mixed occupancies, with wards incorporating an increasing number of high-risk patients. This
has the potential to increase the number of vulnerable people in health and aged care1
buildings who need special attention to be protected, moved or evacuated in the event of a
fire or other emergency.
In the context of this article, a vulnerable person is considered to be a person who is incapable
of moving away from a fire or smoke or evacuating without some form of assistance from
others. This vulnerability may be due to age (e.g. the very young or very old), a temporary
disability (e.g. patients in intensive care unit (ICU) or in a surgery or a recovery ward in a
hospital) a permanent disability of either a physical or cognitive nature or other characteristic.
Hospitals and Aged Care facilities are two forms of building that have a significant proportion
of such persons, although vulnerable persons may be present in other residential buildings or
work places.
Community expectations for the care of vulnerable people are continually rising, based on
better education, knowledge and technical advancements. Accountability of design
engineers and regulators has also intensified through post incident analyses, and industry
design and approval professionals must adopt more robust processes to justify their designs.
The movement of vulnerable people or their full evacuation typically requires some initial
horizontal travel to another smoke compartment or an adjacent fire compartment. However,
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if fire and smoke conditions persist or deteriorate, then further evacuation by vertical means
may be necessary, which is always more challenging for vulnerable persons.
The purpose of this technical paper is to consider the options with respect to the vertical
evacuation of “vulnerable” persons in the event of a fire or other emergency.

Evacuation Phases
Assisted evacuation of vulnerable persons can be considered to consist of the following
phases:
(a) Preparation of vulnerable persons prior to movement


communication – this is necessary to achieve occupant cooperation



preparation of mode of transportation if ambulatory difficulties – transportable
bed, type of wheelchair, or other equipment,



implementation of any occupant health care measures (e.g. oxygen, disconnecting
or connecting drips, monitors, battery packs)

(b) Horizontal movement to a safer location
(c)

Vertical movement to exit the building

Assistance from abled-bodied staff or other persons (e.g. colleagues or family members
normally present) will almost certainly be required for all phases of the evacuation of
vulnerable persons.
Phase (a) is a phase that can be potentially time consuming unless it has been carefully
considered and efficient management measures adopted and practiced. It may also need to
be sequential, evacuating only one or more persons at a time, depending on the availability
of able-bodied persons to assist. This is why trials should be conducted to test communication
protocols and proposed preparation measures.
In cases such as hospitals, the operator needs to develop an evacuation strategy around the
preparation time required per person as necessary to enable portable battery packs to be
connected to life support equipment prior to movement, which can be at least 120 seconds,
but this will depend on each facility and the number of trained staff.
The measures adopted will vary depending on the disability, whether vertical evacuation will
be required, and the means available for vertical evacuation. The time associated with this
phase is likely to form a significant component of “pre-movement” time from a fire
engineering perspective, and needs to be “realistically” assessed by staff experienced in the
preparation and movement of such persons in a healthcare or aged care environment.
“Realistic” involves explicit input from the specific facility involved in these matters so that
the correct measures can be accommodated within the design for the particular persons
being accommodated.
Due to the vertical movement of smoke in a building, it may be necessary to evacuate zones
on more than one level and not just the level of fire origin, particularly if there are no smoke
control measures in place to limit the smoke to a given zone.
The time required for Phase (b) is a function of the movement time and the cumulative time
taken by able-bodied persons to assist others to move horizontally and return to assist the
other vulnerable persons. Due to the relative ease of horizontal versus vertical movement, a
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lesser number of able-bodied persons will be required during Phase (b) compared with Phase
(c). Smoke zones are required by the Deemed to Safety (DtS) provisions of the National
Construction Code Series 2016 - Building Code of Australia - Volume One (BCA)2 for Aged Care
(Class 9c) and for Healthcare (Class 9a) in respect of treatment and patient care areas. The
Deemed-to Satisfy (DtS) provisions of the BCA require sprinkler protection for Class 9c but not
for hospitals unless the effective height exceeds 25m. However, the Capital Development
Guidelines, Series 7 - Fire Risk Management 2013 (Guidelines) in the State of Victoria which
are currently applicable to all healthcare buildings owned, operated or funded by the
Victorian Government require sprinkler protection of bed-based care areas of Class 9a
buildings.

Vertical Evacuation
The dilemma faced by designers in relation to phase (c) is: if fire severity is controlled and
compartmentation provided, is it necessary to even consider the full evacuation of vulnerable
persons from the building or is it acceptable to assume that vertical evacuation will never be
required? The answer to this question is complex and depends on many factors, including the
performance and reliability of the fire protection measures which make up the fire safety
strategy. However, it is a brave designer that assumes vertical evacuation is NEVER required.
And there are other situations to also consider, including security incidents and other
emergencies.
A robust fire safety approach from a designer will not make ad-hoc assumptions regarding
system effectiveness, but seek to:


Adequately assess the fire hazards and overall fire risk



Consider low probability - high consequence events



Ascertain the reliability and efficacy of relevant fire-safety systems, and



Evaluate the emergency management policies, procedures and practices

For example, if the sprinkler system in a hospital or aged care facility fails or the fire is shielded
and cannot be easily extinguished, then the smoke zone may only provide a limited level of
protection because smoke migration may become far reaching and toxic. Movement into
another smoke zone or vertical evacuation may ultimately be required.

Vertical Evacuation Risks
It is considered that there is a need to consider carefully how vertical evacuation could be
achieved, should it be required; albeit noting that vertical evacuation may be difficult and the
welfare of vulnerable persons may be compromised by some forms of vertical movement. In
most cases it would be of benefit to the welfare of vulnerable persons to avoid vertical
evacuation, and the fire safety strategy should address this situation.
The risks associated with vertical evacuation of vulnerable persons can be reduced by:
(i)

locating more vulnerable persons as close to ground level as possible; i.e. eliminating or
reducing the need for vertical movement.

2
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(ii)

providing more horizontal compartments to allow progressive horizontal movement to
a safer place should a fire occur in one compartment; i.e. increasing the reliability of
alternatives.

(iii)

minimising the likelihood of a significant fire event through the provision of a holistic fire
safety strategy, based on strong fire prevention measures and provision of reliable fire
protection systems; i.e. reducing the likelihood for movement.

Phase (c) Vertical movement to exit the building is the main focus of this paper and is now
considered in detail.

Equipment
Stairs are the conventional means of achieving vertical emergency evacuation. However,
these can be difficult to negotiate for able-bodied persons and even more so for vulnerable
persons who must be assisted.
Although the practical design intent should be to ensure that vertical evacuation is unlikely to
be necessary, an adequate due diligence approach will require consideration of how
vulnerable persons can be most efficiently evacuated from the building should this be
necessary. This can be achieved through the use of stairs with appropriate hardware or by
means of lifts.
Hardware for stairs may include a traditional patient stretcher, a carry chair, a “ski sheet” and
an evacuation chair. Two of these modes of transport are illustrated in Figure 1. Stretchers
and carry chairs require 4 persons to assist whereas the other rescue modes require between
2 and 4 persons depending on the weight of the person being assisted. Once a vulnerable
person has been evacuated, the equipment must be taken back up the stairs to assist with
the evacuation of the next vulnerable person.
The welfare of some vulnerable persons may be compromised by particular evacuation
equipment and therefore its suitability will need to be assessed.

Figure 1 Evacuation chair and “Ski” Sheet

Hunt et al (2013) reported the results of experiments involving the evacuation of a 70kg
person via an egress pathway that included negotiation of stairs. This was done using a
stretcher, a “ski sheet”, a carry chair and an evacuation stair. The results indicate that stair
descent speed is greatest for the evacuation stair which was found to be the least physically
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demanding. No trials were conducted on the level of difficulty involved in ascending stairs
with equipment as will be required for the return trip to assist evacuation of the next
vulnerable person. The effectiveness or otherwise of any proposed measures need to be
assessed by realistic “fire drills” rather than just assuming that any proposed measure will be
efficiently used.
However, these options do not consider current hospital design philosophies wherein highrisk patients require transport along with medical equipment. For example, patients from
wards including ICU, stroke, heart, highly infectious, etc., will need to be accompanied by their
medical survival equipment.
Not surprisingly, in the case of stairs, there is likely to be considerable interaction between
the staff and vulnerable persons evacuating down the stairs, and the staff ascending the stairs
with evacuation equipment in the opposite direction in order to assist the next vulnerable
person down the stairs. Able-bodied persons who are not assisting with evacuation are
normally assumed by designers to have evacuated prior to the evacuation of vulnerable
persons. If this is not the case, there will be further interaction within the stairs.
The other way that vulnerable persons may be evacuated is via the lifts. This is the focus of
the remainder of this paper.

USE OF LIFTS FOR EVACUATION
Introduction
The use of “emergency lifts”3 in a building for assisting with vertical evacuation in the event
of fire is usually recognised as a possibility by building management but is often not explicitly
considered by the fire safety engineer as part of the design strategy. The use of lifts by the
fire brigade is entrenched in the BCA through mandatory ‘fireman controls’, and use of lifts
should therefore be included within the fire safety strategy.
In buildings such as hospitals and aged care, where vertical evacuation is more difficult, lifts
should have an important role in evacuating vulnerable people and therefore should be
considered as part of the fire engineering design strategy for assisted vertical evacuation. The
possibility of using lifts to assist with vertical evacuation is recognised by BCA Performance
Requirement DP7 which states:
“Where a lift is intended to be used in addition to the required exits to assist occupants to
evacuate a building safely, the type, number, location and fire isolation must be appropriate
to: –
(a)

the travel distance to the lift

(b)

the number, mobility and other characteristics of the occupants; and

(c)

the function or use of the building; and

(d)

the number of storeys connected by the lift; and

(e)

the fire safety system installed in the building; and

3

In the context of this paper, an “Emergency lift” is one that has an emergency power supply and in the case
of a Class 9a building, minimum dimensions of the lift car are given in National Construction Code Series
2016©– Building Code of Australia Volume One, Table E3.4.
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(f)

the waiting time, travel time and capacity of the lift; and

(g)

the reliability and availability of the lift; and

(h)

the emergency procedures for the building “

The Australian Building Codes Board (ABCB) has recognised the potential role of lifts for
evacuation in the advisory (non-mandatory) handbook “Lifts Used During Evacuation” (ABCB,
2012).

Potential Hazards
The use of lifts for emergency evacuation has been a subject of interest since the 1980’s (e.g.
Klote (1986), Groner (1995), Kose and Hokugo (1995), Quiter (1996), Bukowski et al (2002),
Lincolne Scott (2003), Sekizawa et al (2004), Bukowski (2005, 2010), Cai and Chow (2011) and
Turhanlar et al (2013)) with some authors noting the potential hazards and issues associated
with the presence and use of lifts during a fire event. ELVAC calculation software (Klote 1993)
was developed in 1993 as a detailed method of analysis of people movement by elevators
during emergency building evacuation.
The potential hazards with use of lifts for evacuation include:


Untenable conditions within the lift lobby or the lift shaft due to smoke contamination
caused by smoke being drawn into the lobby or shaft via various mechanisms.



Occupants being taken to a fire directly adjacent to the lift landing doors on the level of
fire origin.



Occupied lift ceases to operate due to effects of heat, smoke or water on lift controls.



Lift infra-red door safety devices prevent door closure if smoke is present.



Failure of power to the building due to a fire that causes the lift system to cease
operation prior to, or after, persons have entered lift.



Uncertainty about using a lift in a fire situation due to signage normally required
adjacent to lift landing doors “Do not use lifts if there is a fire” (e.g. BCA Clause E3.3).



Lift not controlled adequately – untrained or incompetent operators or confused
management protocol.



Lift doors jamming due to pressure differentials within the building



Lifts getting stuck in travel due to structural fire impacts on the lift shaft



Fire within a lift car or shaft and effect on lift occupants.



Lift takes persons to ground level where fire is located or adjacent space is smoke logged
and they cannot disembark

Each of these hazards are now considered in relation to buildings such as hospitals and aged
care which is the focus of this publication. These buildings are typically less than 10 storeys
and will be assumed to have full sprinkler protection, smoke detection and alarm systems
throughout.
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Smoke Contamination via Lift Lobbies and Lift Shafts
Introduction
Smoke from a fire can enter lift lobbies and lift shafts leading to untenable conditions within
the lobbies and shafts and prevent use of lifts for evacuation. Smoke can also be transported
to other parts of the building and pose a threat to building occupants. Instances where this
has occurred are documented by Stroup (2003). Measures adopted to counteract this
possibility include lift shaft pressurisation (rare) and lift lobbies which may also be
pressurised. Protected lobbies may also be used to provide a refuge for persons prior to lift
evacuation.
Mechanisms for the transfer of smoke into a lift shaft include the natural buoyancy of hot
gases, the effect of differences in the building exterior and internal temperatures (stack and
reverse stack effects) and the “piston” effect associated with the movement of lifts within the
building. Wind effects may also be significant. Wind and stack effects exist because of the
natural leakage of the external façade of the building. These effects will be reduced, although
not eliminated, by the use of “tighter” facades which are commonly used to reduce energy
losses from the building. However, lift shafts are usually ventilated which adds another level
of complexity to air movement calculations. Klote and Milke (2002) present basic methods of
assessment for each of the above mechanisms, each of which is now considered in relation
to hospital and aged care buildings.
Piston Effect
Lifts used in hospitals or aged care are typically low speed lifts which travel at around 1.5m/s
and may have smaller drive motors located directly within the lift shaft4 (see Figure 2) so that
a lift motor room is not required. Such lifts can be configured to carry patient beds. A 25
person lift car capable of carrying patient beds has a car plan area of 1600mm x 2280mm and
fits within a shaft with internal dimensions of 2750mm x 3000mm5 and is powered by a motor
within the shaft.

Figure 2 Machine Room Less (MRL) Lift System (After2)
4
5

About Elevators – Otis Elevator Company
Specification Sheet, Eastern Elevators Pty Ltd, Patent No. 20072211937
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Alternatively, a lift motor room may be provided at the top of the shaft and this allows the
shaft size to be reduced to 2600mm x 3000mm. As far as lift shafts are concerned, there are
significant gaps between closed landing doors and the front face of the shaft. A typical
maximum gap tolerance is around 6mm which gives a total leakage area associated with the
landing doors of 0.055m2 per set of doors. Klote and Milke (2002) suggest a leakage area per
landing door set of between 0.03m2 and 0.06m2.
As a lift car moves up pressures will increase ahead of the car and reduce behind the car so
that if a fire is on the lowest level and adjacent to the shaft, smoke may be drawn into the
shaft and be mixed throughout the shaft as the lift car returns. The reverse occurs in the case
of a fire on one of the upper levels. As would be expected, this piston effect is accentuated
by lift speed and by the clearance around a lift car. If the space is “tight” considerable suction
can be developed.
In the case of a building without lift lobbies, the suction pressures of interest, is that between
the lift shaft and the rest of the floor as the lift travels to the top or bottom of the shaft. If lift
lobbies are provided, the relevant suction pressures are those between the lobby and the
remainder of the floor since this will indicate whether smoke is likely to be drawn into the
lobby and therefore into the lift shaft.
Modelling has been undertaken in relation to a 10 storey hospital building (gross floor plate
area approx. 25m x 65m, floor-to-floor height of 3.8m, lobby perimeter length 26m) to
determine the maximum suction pressures that could be experienced considering a single lift
shaft that may contain one or two lift cars. The input variables are summarised in Table 1 and
the results in Table 2. The analysis results presented in Table 2 demonstrate the following:
i.

Significant differential pressures can be developed by the movement of lift cars even at
speeds as low as 1.5m/s.

ii. Provision of an enclosed lift lobby will result in lesser differential pressures across the
boundary between the lobby and rest of the floor compared with those experienced
between the lift shaft and the rest of the floor if there was no lobby.
iii. The piston effect will be reduced by having more than one lift car per shaft since this
provides a greater “relief” area.
Table 1 Values Adopted for Analysis
Variable
Cross-sectional area of single shaft (m2)
Cross-sectional area of double shaft (m2)
Free area around a lift car within single shaft (m2)
Free area around a lift car within double shaft (m2)
Leakage area – external wall of building per level (m2)
Leakage area – lift lobby walls per level1 (m2)
Leakage area – lift shaft per level1 (m2) (single shaft)
Leakage area – lift shaft per level1 (m2) (double shaft)
Lift car speed (m/s)

Value Adopted
7.5
15
2.5
9
0.20
0.06
0.03 (tight)
0.06 (loose)
0.06 (tight)
0.12 (loose)
1.5

Note 1 – includes contribution of gaps around doors
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Table 2 Results of Analysis of Piston Effects
Single Car or Double
Car Shaft?

Lift landing doors fit
(tight or loose)

Differential Press
between lift and floor
(no lobby) (Pa)

Differential Press
between lobby and
floor (lobby) (Pa)

Single

loose
tight
loose
tight

16
17
3.2
4

8.5
3.5
3.2
2

double

The above analysis has not allowed for any openings at the top of the lift shaft. Such openings
are commonly provided to assist with shaft ventilation. Some manufacturers recommend an
opening in the top of the lift shaft of not less than 0.10m2 but larger openings are sometimes
specified.
The effect of a top opening will reduce the suction differential pressure when the lift is at the
top of the shaft but will have little effect when the lift car is at the bottom. A 0.1m2 opening
at the top of a single car shaft area results in a reduction of suction pressure by 20% when the
lift car is at the top but has almost no effect when the lift car is at the bottom of the shaft.
Russett (2008) reviews the various natural ventilation requirements for lift shafts and notes
that such openings are unlikely to be specified or at least minimised for buildings that are
designed to minimise energy usage.
Effect of Internal/External Temperatures
The difference in ambient external and internal temperatures can result in stack and reverse
stack effects whereby small differential pressures can cause smoke to be drawn into vertical
shafts such as lifts shafts and transported vertically. In temperature climates such as Victoria,
the difference between internal and external ambient temperatures is unlikely to exceed 25
C with higher temperatures being experienced outside of the building. This will cause air to
be drawn out of the building at the lower levels and into the building at upper levels (i.e. the
reverse stack effect). If the fire is on an upper level, smoke will be drawn into and down the
lift shaft, but the natural buoyancy of the smoke will resist this downwards movement. This
buoyancy will be affected by the smoke temperature and therefore sprinkler control/failure
scenarios.
Considering the same building as considered in Section 2.2.1 and assuming that the building
is symmetrical with respect to openings, the maximum differential pressure and flow down
the lift shafts can be determined for the above temperature difference. A maximum pressure
differential of 18 Pa is calculated between the interior and exterior spaces. At the bottom of
the building air (and therefore smoke if it is present) will be drawn out of the shaft into the
internal spaces and then to outside. Should the building be reduced from 10 storeys to 5, the
differential pressure will be reduced to 9 Pa. Pressurisation of the lift shaft (or the adjacent
lobby) to overcome this pressure differential will be required to prevent inwards smoke
movement.
Putting aside any such pressurisation, the calculated flow of air within a single car lift shaft
with tighter tolerances on the lift landing doors and with (unpressurised) lobbies at each level
is 7kg/s which corresponds to a speed of vertical flow down the shaft of 1.3 m/s.
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Pressure Effects due to Fire
If a fire occurs in an enclosure, then the rise in temperature will result in an increase in internal
air pressure. If the enclosure of fire origin has significant openings to outside, then the
pressure relief provided by these openings is very significant and the pressure increase is
sometimes determined using simple hydrostatic calculations (Klote and Milke (2002)). For a
3m high enclosure, it can be shown that the pressure increment associated with the flow of
gases into and out of the enclosure through the opening is about 13 Pa assuming an enclosure
air temperature of 1000 C. Such temperatures are associated with flashover fires and these
fires can only occur if significant air is available via openings that have formed in one or more
of the walls of an enclosure during the development of the fire. The formation of these
openings provides the necessary relief to limit pressure increases.
In the event of a sprinklered fire, the temperature increases are much smaller but still may
result in a significant increase in pressure due to the fact that such fires do not cause window
breakage as is likely with a flaming/flashover fire. Nevertheless, pressure increases can be
limited to less than 20Pa in an enclosure due to leakage to the outside and to adjacent leaky
spaces. Bathroom exhausts and the like can also provide pressure relief.
Wind
The effect of wind is to move smoke from one side of a floor to the other. External pressure
occurs on the windward side and suction on the other sides of the building. In the event of a
fire during a severe wind, this pressure differential may result in some movement of air across
an open floor; however, calculations indicate that any such air movement will result in air
movement speeds of less than 0.05m/s assuming representative façade leakage and that is it
is reasonably uniformly distributed.
As far as fire is concerned, the effect of wind on smoke movement can be accommodated
through the distribution of intakes/exhausts on multiple sides of the building to counteract
the impact of wind direction. Designing for wind is otherwise a very onerous exercise.
Smoke Control Measures
As noted above, if lifts are to be used for vertical evacuation, particular care must be taken to
prevent the entry of smoke into the lift shaft or into “safe” lift lobbies where persons may
reside prior to entering a lift. Smoke control measures to achieve this include:
(a)

Physical smoke-resistant barriers around lift lobby areas are important to restrict the
movement of smoke. Significant combustible materials should be excluded from these
spaces.

(b)

Direct pressurisation of the lift shafts. This will keep the lift shaft clear of smoke but not
the adjacent spaces.

(c)

Pressurisation of the lift lobbies. This is preferable to pressurising the lift shaft directly
since pressurising the shaft only protects the shaft and not the adjacent lobby areas
that will be occupied by persons waiting for the lift. Pressurisation of the lift lobbies can
be combined with zone pressurisation and may be necessary to prevent significant
ingress of smoke from a fire in an adjacent space into the lobby. The design of such
systems must include consideration of relief to prevent excessive pressure differentials
on lift doors.
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Exposure of Lift Occupants to Fire Location
One concern is that a lift that is being used for evacuation may take the occupants into a more
hazardous situation. Such situations could be associated with a space adjacent to lift landing
doors that has a flaming fire or is filled with dense smoke. Such situations have occurred in
the past (FEMA, 1988). It is therefore important that spaces adjacent to lift landings are kept
as “sterile spaces” and that measures are adopted to minimise the likelihood of fire or smoke
penetrating into this space. This can be achieved by:
(a)

Limiting combustibles within the lift lobby spaces and within the final egress route from
the lifts to a safe area within the building or outside

(b)

Where possible, providing pressurised smoke lobbies adjacent to lift landing doors. If
there is no enclosed lobby adjacent to the landing doors, then it will be important to
demonstrate that significant flaming and dense smoke will not present an impediment
to evacuation (e.g. at the ground level) or entry of the lift.

Smoke detectors within these spaces could be used to inform the lift control system and
prevent a lift going to a location where smoke has been detected or if smoke is detected at
the final destination, go to another destination (level) from which horizontal evacuation is
possible. However, this level of sophistication must be clearly established by the fire safety
engineer via detailed system interfaces and fire matrices.

Lift Occupants Trapped due to Lift or Power Malfunction
Malfunction due to water
The entry of water into a lift shaft from a sprinkler system or from firefighting hose lines could
lead to a lift malfunction if water makes contact with control hardware. Sprinkler protection
will minimise the need for the use of excessive volumes of water from hose lines. The most
likely scenario is that sprinkler activation and associated firefighting (“mopping up”) in a space
away from the lobby. Sprinkler activation within the lobby is unlikely However, water may
find its way under the lobby boundaries (if there is an enclosed lobby) and into the lift shafts
entering lift cars and accumulating at the bottom of the shafts. In the past, lift shaft pits have
been sized to accommodate this water.
Klote (1994) considered that potential water entry could be dealt with by providing a camber
or lobby floor slope away from the landing doors, and provision of appropriate floor waste
outlets. Electrical equipment can be protected against water damage by specifying an
appropriate level of water resistance (AS 60529, AS 1939 Supp 1 and Supp 2).
Gatfield (1991) recommended the use of sidewall sprinklers fitted on the same plane as the
lift landing doors in order to minimise the quantity of water being sprayed directly on to the
landing doors (and therefore into the lift shaft) in the event of a fire in a space directly
adjacent to the landing doors. If the fire is located in such a space, it is very unlikely that lift
evacuation could be used from this level.
If an addressable detection system is used and the sprinkler system is designed such that
sprinklers serving the lobby have a separate flow switch, then the location of the fire could
be detected and the lift prevented from accessing this level, or at least, provide a warning
regarding accessing this level via the lifts. Alternatively, a multi-criteria smoke detector
operating in thermal mode could be located within this space to similarly indicate the
presence of a significant fire.
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The preferred approach is to avoid fires within these spaces by minimising combustibles
within the lobby areas.
Loss of Power to Building
Loss of electric power to a building could occur due to a power “blackout” in the locality or
failure of the transformer between the main supply and the building or due to closing one of
the Electric Authority Service protection devices (e.g. fuse or circuit breaker). It is unlikely that
such occurrences will occur at the same time as a fire within the building.
Mains power is distributed to a General Installation Distribution Board and separately to two
Life Safety switchboards (Evacuation Equipment and Fire Control Equipment) via fire-resistant
cabling to ensure that if there is a fire within the plant room, the cables will continue to
function for longer. The switchboards are also constructed to a higher level of integrity to
reduce the likelihood of short-circuit switchboard fires.
Emergency power, in the form of a generator, may be supplied to the Life Safety switchboards
as well as to the General Board (depending on the building requirements). For example, a
hospital will require continuity of power to operating theatres and the like. Figure 3 illustrates
schematically the distribution of power within the building. For most major buildings, multiple
mains supplies will be provided to guard against localised supply failure.
A fire within one of the life safety switchboards is likely to be rare but this possibility can be
managed by: - (i) undertaking routine inspections using thermal imaging cameras; (ii)
providing early detection within switchboards to provide advanced warning of a fire during
its early stages; and (iii) providing adequate means of early suppression via extinguishers. If
the fire is within an electrical cabinet, and if adequate smoke sealing is provided to the space
in which the switchboard is located, it is unlikely that evacuation of other parts of the building
will be necessary since smoke movement will be limited throughout the rest of the building.
Loss of Power to Lift System
A lift used for vertical emergency evacuation should be powered via the Evacuation
Equipment switchboard (Figure 3). Failure of the supply to this switchboard or failure of the
switchboard will result in loss of power to the lift system but this is considered to be a rare
event.
Power for the lift system is taken from the Evacuation Equipment switchboard and then
routed vertically via a fire-resistant service riser to the lift motor room at the top of the lift
shaft. This power is used for the electric motors and the control system located in the lift
motor room. The electrical cabling would normally be of a fire-resistant type and should be
located to avoid water damage should water enter the lift shaft.
In the case of a lift system that does not have a lift motor room; power is supplied directly to
a location within the lift shaft via fire-resistant cabling and then distributed to the motor
(located within the shaft, the control system and the start junctions for the travelling cables
which provide power directly to each lift car. This power is used for control, lighting and
communication. Once again, power cables and junctions should be located (or protected) so
that they will be unaffected by water that may enter via the landing doors.
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Figure 3 Simplified Schematic of Power Supply

Since the lift shaft is a fire-resistant shaft, it is generally protected from adjacent fires,
although it should be understood that lift landing doors have a fire resistance with respect to
integrity but not with respect to insulation. This means that in the event of a flaming fire
directly adjacent to the landing doors, the steel landing doors may get very hot but substantial
flames will not be able to pass into the shaft. The performance of lift landing doors in fire has
been considered by Bennetts et al (2005).
The purpose of providing sprinkler protection throughout a building and sterile lift lobbies is
to avoid the development of significant fires directly adjacent to the landing doors.
Despite all these design considerations and separation and protection of cables, switchboards
and controls, designers should consider availability and reliability of electrical systems for
emergency lifts, and considerations given to duplication of electrical power systems to
provide a required level of redundancy, noting that duplicate power systems are a
requirement of use of lifts for disabled people in the United Kingdom.

Lift Car Not Adequately Controlled
Using a lift car for evacuation will be ineffective if there is not adequate control of the lifts.
Measures are required to enable adequate control. In this regard, particular levels of the
building should be “earmarked” as potentially needing vertical evacuation and designated
wardens should be available on each of these floors.
The use of lift cars for evacuation requires that:
(a)

In the event of a General Fire Alarm, the lift cars will ignore any external calls and
proceed to an agreed location (e.g. ground floor lobby) where they will cease automatic
operation
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(b)

Subject to control of the chief warden or designate and taking into account information
from the fire panel and feedback from wardens on the levels requiring potential
assistance, the cars will be dispatched manually to the required level. This will generally
be the fire level and above when assisting with evacuation of vulnerable persons. Each
lift will require a trained operator who will operate the lift during the vertical evacuation
phase and communicate with the chief warden who will communicate with the floor
wardens. Radios should be used for communication between lift wardens.

(c)

Vulnerable persons should be evacuated progressively via the lifts to ground level (or
agreed location). The fire brigade may also assist with lift evacuation in consultation
with the chief warden.

Reticence to enter Lift Car
The normal signage provided in lift lobbies to the effect “Do not use lifts if there is a fire” (e.g.
BCA Clause E3.3) discourages the use of lifts in a fire situation. Since the proposed use of lifts
for evacuation should be managed by a system of wardens, this is not an issue and particularly
since the lifts should be primarily used for evacuation of vulnerable persons.

Fire in Lift Car
Due to the traditional use of timber construction for lift cars and combustible interior linings,
a significant fire could develop within a lift car. However, such fires are extremely rare and in
almost every case due to an act of arson (Bennetts et al (2005)). It is understood that the lift
construction has changed such that heavy combustible construction is less frequently used
for lift cars and there is greater control over interior linings.
In any case, if a fire occurs in a lift car, it would be inappropriate to use the lifts for evacuation.
A properly designed and protected lift system used for evacuation will also serve to mitigate
spread of a lift car fire to occupied areas of the building.

Structural stability of Lift shafts under fire conditions
Lift shafts are required to be constructed to a Fire-Resistance Level6 (FRL) relevant to the
classification of a building or part of a building (building class) as prescribed in the BCA DtS
provisions. Where vertical evacuation using lifts is included within the fire safety strategy,
the FRL must account for the extended evacuation times plus fire brigade intervention
activities. This may fall within the prescribed FRLs, however, the fire safety engineer must
assess these issues of structural stability of the lift shafts under fire conditions within the Fire
Engineering Report.
The analyses should include non-sprinkler protected scenarios within the lift shaft if the
design omits sprinklers from these areas. A risk based methodology is also useful in this
regard to assess the likelihood of individual system failures within the strategy.

LAYOUT CONSIDERATIONS
If lifts are to be used for the evacuation of vulnerable persons, then they must be accessible
to the relevant zones where vulnerable persons are located. If vulnerable persons are located
in more than one zone (e.g. adjacent hospital wards) then the lift lobby needs to be located
6

Part A1 Interpretation, Clause A1.1 Definitions - The National Construction Code Series 2016 ©, Building Code
of Australia - Volume One.
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to allow horizontal access to and from adjacent zones and to allow access to the lifts from
each zone. This is illustrated schematically in Figure 4 for situations with 2 and 3 smoke
adjacent smoke zones. Obviously, the relevant layout must be carefully considered at the
earliest stage of the design process. A layout for a multi-storey aged care facility that utilises
the above concepts is shown in Figure 5.
As noted previously, the hierarchy of operation in the event of a fire is to move persons
horizontally from one zone into an adjacent zone from which vertical evacuation can take
place, if that is needed. In the case of the layouts shown in Figure 4, evacuation can be either
via the lifts or the stairs, although it will be argued that it is far more effective to utilise the
lifts for evacuation of persons unable to negotiate the stairs.
Lift lobbies have only limited space and therefore it is necessary for persons to wait in the
adjacent (safer) smoke zone prior to entering the lift lobby. As observed earlier in this paper,
the lift lobby must be pressurised with respect to the smoke zone of fire origin on the level of
fire origin. This is required to prevent smoke entering the lobby but also the lift shaft.
An estimate of evacuation travel times associated with use of lifts versus the stairs is now
undertaken for a situation assuming that persons are confined to a bed or chair for
movement.

Figure 4 Position of lift lobby with respect to adjacent zones

Figure 5 Layout for multi-storey Aged Care facility7

7

Architectural plans provided by Axiom Architects Pty Ltd.
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Evacuation Travel Times
As far as stair movement is concerned, the information used is that obtained by Hunt et al
(2010) in relation to the methods of stair movement considered earlier in Section 1 of this
paper – in particular, the evacuation stair and the rescue sheet. Assuming that a disabled
person is to be evacuated vertically via a stair from the 6th floor, the following is required for
analysis.
Evacuation chair or Rescue Sheet


4 persons will often be required to assist with each evacuation chair, or rescue sheet



Descent time required per person is 100 seconds (rescue sheet) or 80 seconds (rescue
chair) assuming no rest and no stops. If rest stops are included at each landing, which
is likely, the descent time could be considerably longer than the above estimates.



Staff must then ascend back up to assist the next person – ascent time will be more
than the descent times estimated above due to the extra effort ascending the stairs.
The ability of some staff to repeatedly ascend the stairs must be seriously questioned.
If an evacuation chair was used, then the chair must be carried back up the stairs.

Lift Evacuation (assuming bed-bound person)


Descent time is 15 seconds per patient (lift speed of 1.5 m/s)



Waiting time at the bottom before returning for next patient is 30 seconds



Ascent time is 15 seconds

It can be seen that from a time and labour perspective, the use of lifts for evacuation of
disabled persons is a much more efficient form of evacuation. The additional benefit of a lift
evacuation where equipment must be transported with the patient is obvious (see Figure 6).

Figure 6 Lift evacuation by bed-bound person
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Irrespective of whether stairs or lifts are used for the evacuation of disabled persons, site staff
must have a very clear understanding of the strategy for vertical evacuation should this be
required. It is not sufficient to merely “leave it up to the fire brigade” as evacuation may have
to be started or completed before the fire brigade arrive.
The strategy will include a set of procedures giving the roles and responsibilities of staff,
correct use of equipment, which lifts (or stairs) are to be used and how they are to be used.
Any set of procedures needs to be practiced by staff who may be involved in assisting with
vertical evacuation.

REGULATORY ENVIRONMENT
The National Construction Code Series 2016 - Building Code of Australia Volume One8 (BCA)
details the minimum set of technical requirements to meet community expectations for the
safety and amenity as it relates to the average person but these are essentially “building”
requirements rather than “people” requirements and even these can be very subjective.
It is however acknowledged that the BCA is a performance-based document, with the
options of compliance by prescriptive measures; DtS provisions demonstrating equivalence
to the DtS provisions, or by demonstrating compliance with the Performance Requirements
directly, or some combination of DtS provisions and Performance (Alternative) Solutions.
The Performance Requirements rely on a complex interaction between human factors,
building types, construction types, locations and the operation of the passive and active
systems to detect, warn and delay the spread and/or suppress the fire and as such are
considered more in line with the required needs of a particular person type.
The fire safety design of a health or aged care building must take into account the expected
range of occupant movement capability such as vulnerability, ageing and disability (both
intellectually or physical). While it is acknowledged that disabled persons’ needs’ have been
partly addressed in the BCA, primarily with regard to access to and within buildings; the BCA
does not really take into consideration any emergency egress provisions, except to say the
Performance Requirements require consideration of disabled evacuation where varying the
DtS egress provisions. For example, in the National Construction Code Series 2016, Building
Code of Australia Volume One, Part D3 Access for People with a Disability has no equivalent
DtS requirements corresponding to egress. However, this situation can be rectified by
adopting a Performance Solution9 (Alternative Solution) approach that recognises a person’s
vulnerability in providing an equitable fire-safety solution, especially for healthcare and aged
care facilities.
It is acknowledged that there is no design solution that can provide 100% guarantee against
loss of life. However, the question that must be asked is what price are we, as a society,
prepared put on a human life. The value of human life cannot be measured in just monetary
terms, but rather on what could have been reasonably done to prevent that loss of life. In
other words, we must strive for the highest standards we can readily achieve within a
reasonable cost, which is encompassed in the principles of the risk assessment methodology
So Far As Is Reasonably Practical (SFAIRP).
8

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.
9
Part A0, A0.3 and Part A1, A1.1, National Construction Code Series 2016©– Building Code of Australia
Volume One.
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A judgment is still required as to whether a regulatory, or for that matter a performance
requirement, would be cost-effective by comparing it against the cost and ease of
implementation and ongoing maintenance, and the potential impact on human life. The test
is whether a measure could have been reasonably provided that would have saved that life
and this is what is considered in hindsight after the event. For example, it is sometimes said
that absolute safety costs an infinite amount of money but dangerous conditions are free.
Although performance solutions for egress provisions are common in fire engineering design,
they rarely include consideration of vulnerable people within the evacuation scope. The
design objectives to which these performance solutions relate may not be based on a realistic
assessment of the particular building situation or community expectations but have been set
by regulators based on historical precedent that may not be relevant given changes in
community expectations and technology. That is, there needs to be a greater use of evidencebased regulation to which performance solutions can relate. This concept is not new but
represents an important development.
Building practitioners who undertake the assessment and approval functions for building
design, construction, operation and maintenance are required to account for quality,
structural integrity and life safety of the public, including the requirement to commit to the
highest standard of professionalism, technical competence, and independence. However,
some practitioners have failed in part to realize that mixing the “DtS requirements” with
“Performance (Alternative) Solutions” can be a recipe for failure, unless all fire safety
measures and their interactions are evaluated in a total and holistic fire safety strategy.
The use of Performance Solutions should take into consideration any “DtS provisions” that
have a relationship to each other, even though the BCA deems the DtS provisions to meet the
Performance Requirements.
The standard of assessment must be reasonable, considering what a reasonable person would
do in the particular circumstances, noting the degree of probability of occurrence and the
level of consequences which determine the magnitude of the risk of all building occupants to
fire, as well as the expense, difficulty and inconvenience of taking alleviating action and any
other conflicting responsibilities that may exist.10
A very important consideration for any building project, and particularly for hospital or aged
care buildings, is the standard and integrity of the approval process for the building permit,
construction, and occupancy permit. Those involved in the review and building approval
process should not be involved in the design, and need to have fire safety engineering skills
equal to the design fire safety engineer to ensure they can challenge the design and fire safety
strategy, and ensure its robustness. This is particularly important for buildings using lifts for
vertical evacuation in fires and other emergencies, as they are a relatively new technology,
and the design and controls are complex.
Where approval authorities lack the skills or experience to properly evaluate buildings using
lifts for evacuation, including for vulnerable persons, consideration should be given to
appropriate peer review by a suitable skilled fire safety engineer.

10

Wyong Shire Council v Shirt (1980) 146 CLR 40
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CONCLUSION
Evacuation of vulnerable people is often omitted in the design process due to a lack of clarity
within the regulatory provisions and the complexity involved. The fire engineering design
approach provides a means to address this issue with stakeholders and therefore to consider
vulnerable people within the egress solution. This paper outlines some of the complex design
issues and factors which may need to be considered when designing to use lifts for evacuation
from a performance perspective.
With the increased scrutiny on post-incident reviews and accountability, it is increasingly
necessary for design professionals and approval authorities to justify their decisions and to
exercise due diligence in fire safety. It can be argued that evacuation of vulnerable people is
required to be considered in the National Construction Code through the Performance
Requirements for every design which includes a DtS variation; and DP7 is an example which
exists for that purpose. Lifts provide a means to achieve this outcome provided the system
and the building is properly designed with input from an experienced fire safety engineer.
Irrespective of whether stairs or lifts are used for the evacuation of disabled persons, site staff
must have a very clear understanding of the strategy for vertical evacuation should this be
required. It is not sufficient to merely “leave it up to the fire brigade”. The strategy will need
to include a set of procedures giving the roles and responsibilities of staff, correct use of
equipment, which lifts (or stairs) are to be used in particular circumstances and how they are
to be used. Any set of procedures needs to be practiced by staff who may be involved in
assisting with vertical evacuation.
There are many complex issues associated with design for the evacuation of vulnerable
people in emergencies of which fire is only but one; albeit it a very important one. It is
therefore critical that stakeholders such as fire safety engineers, service engineers, building
certifiers and authorities seek early advice from those with expertise in the field of
movement of vulnerable people to ensure that such persons can be evacuated as safely as
possible in the event of emergencies including fire.
An adequate Performance Solution in relation to this matter is best facilitated by early
involvement of all such stakeholders in the design process.
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