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UNIVERSITY OF MANCHESTER

ABSTRACT OF THESIS submitted by: lan Hall

For the Degree of: Masters of Philosophy

And entitled: Efficient Evacuation of Tall Buildings in Fires Using Lifts
Date of submission: September 2010

The objective of this thesis is a study into the feasibility of lift evacuation within
high-rise buildings during a fire, in particular, those buildings used as office
accommodation. Lift evacuation has been debated theoretically by a number of
researchers. A summary of the main methods of evacuation discussed can be
summarised as follows:

e Evacuation from a dedicated refuge floor
e Evacuation from an occupied floor, which is within a zone of floors provided
with lift evacuation.

Whilst some researchers have sought to assess the suitability of these methods by
conducting simulations and devising calculations to determine the evacuation time
from a building, there is limited information available with regards to the
assumptions made in these assessments to allow the reader to determine its
applicability. Furthermore, the assessments noted above focus on a single method
of evacuation and do not compare the different evacuation strategies available.

The aim of this thesis is to compare evacuation times achieved in a theoretic
building which is designed in accordance with current design codes (i.e. Approved
Document B), with those achieved when the building is provided with either of the
lift evacuation methods discussed above. This will allow the most efficient
evacuation time to be determined.

Based on the simulations conducted as part of this thesis it can be demonstrated
that the simultaneous evacuation of a high rise office building may be achieved in
less time when occupants escape via code compliant stairs designed for phased
evacuation rather than using lifts provided in accordance with current design
guidance to evacuate. However, these simulations also demonstrate that once the
percentage of occupants using the lifts for evacuation decreases, or the lift
performance values are increased, the evacuation time from a number of refuge
floors or evacuation zones is less than the evacuation time achieved using code
complaint stairs.

Based on the findings of this assessment, it was considered necessary to develop a
programme for preliminary design which is capable of determining if the use of lifts
for evacuation is more efficient than a code compliant design, and which
evacuation strategy is the most effective.
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Nomenclature

a = constant = 0.266

D = density in persons/m2

f = mean evacuation flow (persons/second/metre effective stair width)
H; = vertical distance between ith floor and jth floor (m)

j = number of lifts

k = constant = 1.08

L = vertical distance for the lift movement (m)

m = is the number of round trips

Ngw = the number of people entering the lift during the dwell time
Ny = flow factor of lift doors (persons/m/s)

p = actual evacuation population per metre of effective stair width
P: = number of occupants on the ith floor

P.wi = number of evacuees by stairs on the ith floor

S = speed along line of travel

T = minimum time in minutes

T, = acceleration time (s)

T, = constant velocity time (s)

T; = deceleration time (s)

t, = lift start up time

T, is the closing time of lift doors (s)

ty = time for the doors to open and close once

T. = time for evacuees to get on and off a lift (s)

t; = time for people to enter the lift

t,, = the average time for one person to enter the lift

T, is the lift transfer time (s)

t, = the travel time from the lift lobby to the outside or to another safe location
Top = opening time of the lift doors (s)

t;;= time for round trip j

t,= standing time

t; = the travel time for the lift car to go from the furthest floor to the discharge floor
t, = the time for passengers to leave the lift

Ve = lift velocity (m/s)

Vinax = maximum lift velocity (m/s)
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W, = available lift door width (m)

a = basic transfer inefficiency (generally 0.1)

a = lift acceleration (m/s?)

B = lift deceleration (m/s?)

Y = other inefficiencies in people transfer into or out of lifts
€ = door inefficiency

N = trip inefficiency

K = is the total transfer inefficiency

p is the evacuation population (persons per metre effective stair width)
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CHAPTER 1 - INTRODUCTION

The means of escape in new buildings in England and Wales should be designed in

(1]

accordance with Approved Document B~ of the Building Regulations. This Approved

Document defines a very tall building as any with a top floor level more than 45m in height.

It is proposed to review all code compliant means of escape assessments in accordance
with the guidance of Approved Document B™ (AD-B), which is applicable in England and
Wales. Where necessary to support this study, additional reference will be made to the

building codes of other countries.

Whilst there are numerous buildings within England and Wales that exceed this limit, the
number of super-tall buildings is limited. The tallest building in the UK is currently 1 Canada
Square, which is approximately 235m in height and provided with 50 storeys. However, due
to the development of a number of city skylines in the UK this height will be exceeded in

the near future.

Code Compliant Means of Escape

High rise buildings often contain thousands of persons over many floor levels. However,
due to the limited plan area of these buildings, high rise buildings often contain only a few
stairs. Whilst it is noted that the occupancy of a stair increases with the number of storeys
it serves, due to the additional ‘stacking capacity’ within the stair, the number of occupants

entering the stair generally significantly exceeds this additional ‘stacking capacity’.

For example, based on the theoretical building used as part of this study (as described in
Section 1.4), and assuming an entire stair is discounted due to fire fighting operations in
accordance with Section 4.27 of AD-B, each stair is required to be 3100mm wide based on
the guidance of Section 4.25 of Approved Document B to provide sufficient escape and

stacking capacity within the notional evacuation period.

However, to allow a reduction in the required escape width of the stairs, current guidance
in the UK™ recommends that a high rise building is provided with phased evacuation and
compartment floors separating each storey, as well as the provision of sprinklers

throughout.

15



Phasing the evacuation of a high-rise building allows only a handful of storeys to evacuate
at any one time. Therefore, the escape routes, such as stairs and doorways, can be
designed based on the relatively low number of occupants using them compared to those

during the simultaneous evacuation of the building, reducing the required width.

Phased evacuation generally requires the floor of fire origin to evacuate upon detection,
then after a set time delay, usually of two and a half minutes, the next two floors above will
evacuate. Once the floors above the floor of fire origin evacuate, those below commence
evacuation. However, based on a two and a half minute interval of the evacuation of floor
levels, and a fire on the 20" floor level of the theoretical building used as part of this study,
the time for the final floor of the building to evacuate is 62.5 minutes (i.e. final stage of

phased evacuation occurs after 62.5 minutes).

In addition to the time taken for evacuation to commence, it is also necessary to include

the additional time required to descend the stairs.

For example, based on a 4m floor to floor height, the fiftieth floor is approximately 200m
above Ground floor level. Based on a riser dimension of 182mm and a going dimension of
270mm, the total horizontal travel distance is approximately 297m (270mm x 22 steps per
floor x 50 storeys) while the total vertical travel distance is approximately 200m (182mm x
22 steps per floor x 50 storeys). Therefore, the hypotenuse (travel distance down the
centre line of the stair) can be calculated as 358m. If it is assumed that occupants will travel

I® an additional 1.4m is added for every level to account

350mm from the central handrai
for the travel distance on the landings. On this basis, the total travel distance down the

stairs is approximately 428m.

Based on a speed of 0.95 m/s for travel down a stair® the time taken to descend the
centreline of the stair is equal to 451 seconds, or approximately seven and a half minutes.
However, this speed is for a person with an un-impeded flow. However, in reality, there will
be multiple merging flows of occupants within in the stair, as well as fatigue of the

occupants descending the stair, which will increase the evacuation time.

Nevertheless, based on the provision of good internal Fire Service access and passive fire
protection, it is likely that the fire will be confined to a single floor and will not require the

simultaneous evacuation of the buildings occupants. Kinsey et al”! notes that ‘since the

16



1.2

wide scale adoption of sprinkler systems in high rise buildings, there has been an
expectation that there would rarely, if ever, be a need to undertake full building
evacuations’. Whilst this may be a concern in the event of a bomb threat, the risk of a fire
in a high-rise building, which requires the simultaneous evacuation of the whole building, is

unlikely.

However, there has been an increased interest in the simultaneous evacuation of high-rise
buildings since the World Trade Centre attacks in 2001 Lane et al® states that “many
people are now unwilling to stay in a building on fire even if it is remote from their location

and want to be reassured that they can evacuate in a timely fashion.”

Use of Lifts for Evacuation

Notwithstanding the above, it is necessary to provide a suitable means of escape for
building occupants located at high level. The physical effort for some of the occupants to
evacuate from the 50™ storey may be too strenuous. This is recognised by design guidance
in Hong Kong[e], which requires refuge floors to be provided a minimum of every 25 storeys
from any other refuge floor, or above street level, to provide occupants with a place to rest
in relative safety. The provision of these refuge floor may be supplemented with lift
evacuation to assist those occupants from the upper storeys evacuate within a reasonable

time and without undue stress.

The use of lifts and stairs for evacuation of a high rise buildings is supported by experiences
from the World Trade Centre attacks”’ in 2001, which have shown that occupants of a high
rise building are prepared to use the lift for evacuation irrespective of the risk posed from a

fire on a floor level below.
The use of lifts for evacuation has been reviewed by a number of researchers since the
1960’s, using a number of different operation modes, which can generally be summarised

as follows:

e Evacuation from the floor of origin, within an evacuation zone (Figure 1.2(a))

e Evacuation from a dedicated refuge floor (Figure 1.2 (b))
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The evacuation from the floor of origin is considered to be the most simplistic evacuation
to manage, on the basis that occupants are required to assemble in the lift lobby of their
floor of origin and exit via a route they used to enter the building, and are, therefore,
familiar with. This will allow a relatively small protected lobby to be provided at each floor
level, based on the requirement to accommodate the occupants of that floor level only,
rather than dedicating a whole floor as a refuge floor level to accommodate the occupants
of multiple floor levels, as required for evacuation from a refuge floor. However, this
method of evacuation is considered to require a greater overall evacuation time, based on
the increased distance the lift is required to travel to evacuate the higher floors within the

zone it serves.

— A —T 8| A1 A

Lift moving up
P shaftfrom floor
of fire origin

Discharge
floor

Figure 1.2 (a) — Evacuation of occupants from floor of origin

Evacuation from a refuge floor requires occupants to descend the stairs to a dedicated
floor, which is served by evacuation lifts. Whilst this may require a larger floor area to be
provided as a protected refuge, this is considered to be a more efficient evacuation method
based on the lower overall travel distance of the lifts, and a lower number of partially full

round trips.
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Figure 1.2 (b) — Evacuation from a refuge floor
Research Objectives

Whilst these evacuation strategies have been discussed by previous researchers, none of
the previous research studies has directly compared the evacuation times of a building
using both of these evacuation strategies to identify the most suitable method, or to

determine the effectiveness against a code compliant escape time.

The purpose of this thesis is to review the information available with regards to the use of
lifts for evacuation, including previous research on lift evacuation strategies, to determine
the most effective of both possible methods of providing lift evacuation. This will be
conducted using existing calculation methods to determine the evacuation time of each
method from a theoretical building and by comparing the results of the lift evacuation
simulations and with those achieved when escape is provided via the code compliant
method (i.e. escape stairs). The evacuation time of the escape stairs assumes that all
occupants seek to simultaneously escape, as may be accommodated by lift evacuation, in a

building designed to accommodate phased evacuation.

In addition to assessing the overall building evacuation times for comparison to the

equivalent stair evacuation times, comparison will be made to ascertain whether the
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conditions within the building during the means of escape would be feasible for building
occupants to use lifts for evacuation. Details of this assessment are provided in Chapter 6.
In addition, this thesis will review the information available with regards to human
behaviour in fire and how it relates to the use of lifts for evacuation as well as the design
and performance of the lift system required to achieve a reduction in the code compliant

evacuation time.

Based on the results and findings of this thesis, a computer programme will be created to
calculate the most effective evacuation strategy for a conceptual building based on various
lift performance values and occupant ratio, using Microsoft Excel and Visual Basic. This will
allow the user to determine the effectiveness of lift evacuation compared to the code

compliant evacuation time and therefore, determine which strategy to implement.

Theoretical Building

The calculations will be performed for a theoretical building with the following details:

¢ The building is provided with 51 storeys of accommodation (i.e. Ground — Fiftieth).
Based on a floor to floor height of 4m, the top floor is 200m above the discharge

level.

¢ The occupancy of each floor level (with the exception of Ground) is equal to 150
persons. On this basis, the total building occupancy is equal to 7500 persons.

However, refuge floor are assumed to not contain a permanent occupancy.

¢ In accordance with Table 3 of Approved Document B, it is necessary to provide a
minimum of two storey exits for a storey level with an occupancy greater than 60
persons, and less than 600 persons. Therefore, the building is provided with two

stairs serving each floor level.

¢ In accordance with Section 4.27 of Approved Document B, it is assumed that a
single stair is discounted due to fire fighter operations as a conservative
assumption. Therefore, the occupancy of each floor level is required to escape via a
single stair. In accordance with Table 8 of Approved Document B, each stair is

provided with a clear width of 1400mm.
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Occupancy per floor equal to 150 persons
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Figure 1.4 — Plan of upper floor level of theoretical building

Thesis Layout

Chapter 1 is a brief introduction to the issues of evacuation from high rise buildings for fire

and non fire events.

Chapter 2 is a literature review with regards to lift performance values and concerns with
using lifts for evacuation, disabled evacuation, existing lift evacuation systems and
occupant behaviour during evacuation, in particular, panic behaviour and occupant

gueuing times, which are considered to be most relevant to this study.

Chapter 3 is a review of the methods of analysis which assess the analytical and simulation
assessments used as part of this study and includes validation studies, for the simulation
programmes used as part of this study, including STEPS and ELVAC, and assesses how these

may be accurately applied to this study.

Chapter 4 provides the reader with a brief overview of previous studies into lift evacuation,
from the initial simulations of Bazjanac and Pauls in the late 1970’s, through to the most
recent studies by the BRE. The chapter highlights the relevant parts of these studies to this

research.
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Chapter 5 details the variables used in the calculations conducted for this study and the

sources these have been selected from.

Chapter 6 details the results of the STEPS modelling assessment and compares these values

with previous assessment detailed in the Literature Review.

Chapter 7 contains an analysis of the results and compares the lift evacuation times with

the associated stair evacuation times and code compliant stair evacuation times.

Chapter 8 contains the Conclusions and Recommendations based on the analysis of the

results, as listed in Chapter 7.
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CHAPTER 2 - LITERATURE REVIEW

Impact of the World Trade Centre Attacks (2001)

The 2001 attacks of the World Trade Centre provided an insight into the complications
involved in the simultaneous evacuation of a high rise building. Media reports showed
crowded conditions within the stairs, as some occupants reportedly queued for hours to
evacuate. Whilst it is acknowledged that the conflicting flow of fire fighters up the stairs
reduced the flow rate, it is noted that the limited escape capacity of the stairs, which had
been designed to accommodate a much smaller flow of occupants, was significantly under

sized to accommodate the simultaneous evacuation of the building.

Based on the recommendations of Approved Document B™, it is likely that the evacuation
of the World Trade Centre towers would have been phased to limit the required width of
the escape stairs. However, due to the impact of a passenger airliner, multiple floor levels
were involved in the fire, which is not considered in Approved Document B for a building
provided with phased evacuation. Whilst a 1400mm wide stair may accommodate
additional occupants to those that evacuate during the initial phase, who may queue on
the stair, the escape width provided in a phased building is considered unlikely to provide
sufficient escape width for those occupants of the affected floors (i.e. impact floors and
above) to simultaneously evacuate the building, therefore, leading to substantial crowding

within the stairs.

Galea et al'®¥, estimates that there was a total building population of between 10,000 —
14,000 persons, occupying the towers at the time of impact. Based 110 occupied floors,
this equates to between 90 and 127 persons per floor level. However, the maximum

building occupancy is considered to be equal to 25,000 persons.

Following a review of a large number of survivors of the 2001 attacks of the World Trade
Centre Fahy and Proulx, as quoted by Murphym noted that a number of occupants used
lifts as their only means of escape, or to supplement their escape, once conditions in the
staircases deteriorated. Of the occupants who evacuated using just stairs, the time to exit

the building ranged from 20 to 53 minutes depending on the location of the occupant.
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However, evacuation of the occupants using the lifts took between 14 and 24 minutes to

reach a place of safety remote from the building from their floor of origin.

Further evidence of the enhanced escape capacity of a building supplemented with lift
evacuation is provided in BRE research’®, which notes that ‘in the 16 minutes before the
impact of the aircraft, 27% of those who evacuated used the lifts for part of their escape
route. In addition, the investigation found some evidence that the flow rate from WTC2
during those 16 minutes was approximately twice that for WTC1 (where only stairs were

available for evacuation).’

Based on the above references one can only assume that the use of lifts to supplement
evacuation reduces the overall evacuation time. However, in this scenario, the lifts were
used by a limited number of persons and did not result in the optimum reduction of the
evacuation time via the stairs. Therefore, as well as comparing the evacuation times of the
theoretical building using stairs and lifts, it is necessary to assess the impact on the overall

evacuation time using a combination of stairs and lifts.

Evacuation of Disabled Persons

It is a functional requirement of the Building Regulations that adequate means of escape
are provided, which includes provisions of disabled persons, without the requirement for
Fire Service assistance. This may be achieved using a number of methods, which includes
the provision of evacuation lifts. In low rise buildings the provision of evacuation lifts are
designed to accommodate non-ambulant occupants only. However, the lift evacuation
system in a high-rise building will also be required to accommodate ambulant patients. On
this basis, it is necessary to assess the impact to the lift system when evacuating disabled
occupants with ambulant occupants. Disabilities are defined by Proulx'™® as people who

have limitations in the following:

e Mobility
e Agility

¢ Intellectual

* Hearing
e Seeing
e Speaking

24



People who have hearing or speaking limitations are not included in the group known as
disabled occupants, as these occupants may escape via conventional means using simple
management procedures. However, occupants with other limitations will require the
evacuation strategy to be adjusted according to their needs. For example, a blind occupant
will be able to evacuate in a lift, which is fully occupied, where as an occupant using a large

wheel chair may fully occupy a single lift.

The evacuation of a building should include provisions for disabled occupants. These
occupants are quoted as consisting of different percentages of the building occupancy,
which vary between 1% and 15%. Whilst it is noted that these occupants may have
difficulties walking multiple flights of stairs, the number of occupants who may require
additional space within the lift, such as wheelchair users, is less than the quoted

percentage of occupants considered to be disabled.

Researcher Percentage of occupants
Lane et al”” 15%
Charters et al® 11%
Pauls™! 6%
Pauls*? 3%
Smith!"’! 1%

Table 2.2 - Estimated percentage of building occupants unable to evacuate via stairs

It is recommended that disabled occupants are given priority to escape. This will ensure
that should occupants be required to evacuate via the stairs, the maximum flow rate will be

achieved in the stair, based on the use of the stairs by able bodied occupants only.

If the evacuation is from a refuge floor it is unlikely that any disabled occupants will be the
first to arrive at the refuge floor. Therefore, to ensure that the evacuation time of these
occupants is minimised it is recommended that disabled occupants should be located as

close to the refuge floor as possible to reduce the travel time required to reach the lifts.
Based on the number of wheelchair based occupants contained within a building, it may be

necessary to include a single round trip for each occupant to account for the additional

space occupied by this person in a lift.
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2.3.2

Existing Lift Evacuation Systems

Lift evacuation is currently used in a small number of buildings worldwide for the

evacuation of a building. Three notable examples are described below:

Eureka Place Tower, Melbourne

The Eureka Place tower is an 88 storey building located in Melbourne, Australia. Details of

the lift evacuation strategy are provided by Kuligowski*".

‘The Eureka Place Tower is separated, according to the lift arrangement, into vertical
evacuation zones. The plan states that occupants within the vertical zone that indicates the
fire floor would evacuate via the stairs until they reach the next transfer floor. At the
transfer floors, which are located on levels 24 and 52 of the Eureka Place tower, the
occupants would then take the express lift to the Ground floor. The express lifts will be
located in separate shafts in order to avoid water and smoke damage, and will be

accompanied by the other lifts provided for fire fighter access.’

It is noted that the Eureka Place Tower uses the transfer floor or refuge floor method of lift
evacuation, first proposed by Pauls™, despite having a relatively low occupancy compared
to an office building of the same height. Whilst it is not stated within the reference, this is
assumed to be the result of a requirement for a high efficiency evacuation system as a
result of the relatively low number of lifts generally provided in a residential building, such
that a suitable lift evacuation time is achieved, which does not require the lifts pick up

small numbers of occupants on different floor levels.

Stratosphere Tower, Las Vegas

The Stratosphere Tower is located in Las Vegas in the United States of America and is
essentially an eleven storey building sited atop a 250m tower. Details of the lift evacuation

strategy for the building is provided by Quiter'™ as summarised below.
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Figure 2.3.2 — Stratosphere Tower

Some floors of the building may include an occupancy of more than 500 persons. Strict
compliance with the building codes at the time would require the provision of three
remotely located escape stairs. However, based on the restricted plan area of the tower it

was not considered possible to meet this requirement.

The primary evacuation method for this building is the use of stairs for the occupied floors,
which discharge into an area of refuge on the lowest two floors of the pod. These two areas
of refuge are used for no other purpose and are completely non-combustible. A diagram of

a refuge floor level is shown below.

From the area of refuge, a single stair leads down through the shaft of the tower to Ground
floor level. However, the primary evacuation route from the area of refuge involves the use
of lifts. These lifts are double deck lifts which travel at 1800 feet per minute (approximately
9m/s) and can discharge either within the main casino (at podium level) or at two specially
designed discharge levels at the roof of the podium building. These discharge levels are
enclosed in two hour, fire rated, construction in accordance with NFPA 5000, from the roof

to grade, and are separated from all other areas by two hour, fire rated, construction.
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Evacuation Lifts

Figure 2.3.2 (a) — Lower refuge floor level of Stratosphere Tower

The high level accommodation is provided with the two lowest floors as refuge floor levels.
This is based on the use of double deck lifts to evacuate the upper storeys of
accommodation within a reasonable time. However, to ensure that lift evacuation is
economically feasible it is necessary to limit the area of refuge floor required within a
building. Therefore, it is necessary to determine the level of lift performance required to
ensure that only a single level of refuge floor accommodation is required to accommodate

occupants waiting for the lifts to arrive.

Petronas Twin Towers, Kuala Lumpur

The Petronas Twin Towers were originally designed to accommodate evacuation by
stairways only. However, following the attacks on the World Trade Centre, the evacuation

strategy of the building was modified to accommodate lift evacuation!®..

During Stage 1 of the previous evacuation strategy occupants of the fire floor and a single
floor above and below were required to evacuate their floor and re-enter 3 floors lower.
Occupants of the two floors above and below the affected floor would have been put on

alert. If the Stage 1 event could not be contained (i.e. fire and smoke spread to multiple
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floors), the Stage 2 evacuation would be implemented, which necessitated the

simultaneous evacuation of the whole building via the following procedure:

¢ Low Zone (Level G to 37) — Down the stairs to Concourse and exit building

e Middle Zone (Level 40 to 60) - Down the staircase to Level 41, cross over sky bridge

to adjoining tower, use shuttle lifts to Ground and exit building.

e High Zone (Level 61 to 77) — Down the staircase to Level 42, cross over sky bridge

to adjoining tower, use shuttle lifts to Mezzanine and exit building.

e Top Zone (Level 78 to 86) — As similar to High Zone evacuation

This was amended such that in the event of both towers being affected, each tower would

be provided with independent means of escape, as follows 161,

e Low Zone (Level G to 37) — Down the stairs to Concourse and exit building

e Middle Zone (Level 40 to 60) - Down the staircase to Level 41, use the designated

shuttle lifts in the same tower to Ground and exit building.

e High Zone (Level 61 to 77) — Down the staircase to Level 42, use the designated

shuttle of the same tower lifts to Mezzanine and exit building.

e Top Zone (Level 78 to 86) — As similar to High Zone evacuation

A fire drill was conducted to assess the implementation of lift evacuation. The total building
evacuation time was equal to 32 minutes. Based on the information available, it is not
possible to determine the exact reduction in the evacuation time as a result of the
provision of lift evacuation. However, this is considered to be a significant reduction in the

[17]

‘several hours’ quoted by Bukowski prior to the implementation of the amended

strategy.

Occupants of the ‘Top Zone’ are required to travel 44 floors to reach the refuge floor level.
This is considered to be an excessive travel distance for occupants of the Top Zone and is
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likely to require large refuge floors to accommodate the occupants of 44 storeys waiting for

the lift.

Summary

Lifts are currently in use as a means of escape route from a few high rise buildings in
different countries worldwide. Case studies of these buildings have shown that the number
of floor levels, or number of occupants per floor level, may exceed those used in this study
based on the provision of lifts with a higher performance value than those stated in

Chapter 5.

Concern of the Use of Lifts for the Evacuation of Building Occupants

Occupants of buildings throughout the world have previously been told to not use the lifts

in the event of a fire.

“The danger of lift failure, the need for the emergency personnel to get to the area in
danger without delay, and the opinion that existing lift configurations cannot evacuate

people fast enough are reasons given most frequently for the elimination of lift service.”™®

A number of situations, which could render a lift evacuation system inoperable are
considered by Klote et al™. Additional issues were raised by Klote et al®” at a later date. A

summary of these concerns and possible solutions are listed below:

Doors Opening into the Fire - One of the main causes of fatalities when using lifts in a fire is
due to the lift doors opening onto a fire floor due to the call button being activated due to
the high levels of heat. However, this is considered to be a result of the lift doors opening
directly onto the floor plate, and therefore, not being provided the protection of a
dedicated lobby. The recommended method of preventing lift doors from warping due to
exposure to high temperatures is to provide access to the lift doors via a protected lobby

with compartment construction.

Lift System Activation - Identification of the fire location is important for lift evacuation

from an evacuation zone to the extent that the lift system must respond differently to the
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fire floor (i.e. lift evacuation from an evacuation zone should answer calls from the fire

floor first).

Lift doors jamming open - Lift doors may be jammed open during a fire due to the changes
in pressure created by a fire. When a lift door is jammed open the lift will not move.
However, in the event that lift doors are jammed open, occupants will be able to add the

small additional amount of closing force required to close the doors.

Fire or Heat Penetration of Lift System Barriers - An approach for the selection of the fire
resistance rating of these assemblies is that the lift evacuation system should be able to
withstand fire exposure for long enough to allow for relocating or evacuating people to
safety. However, based on the provision of sprinklers and protected lobbies accessing the
lifts, it is considered reasonable to assume that heat will have a minimal impact on the lift

system barriers.

Water Damage of Lift System Components - A building which is evacuated using lifts is likely
to be in excess of 30m in height and therefore, in accordance with Approved Document B,
will be required to have sprinklers[l]. In addition, large amounts of water may be released
within the building during fire fighting operations. Water from fires away from the lift
system can flow into the shaft and damage system components. However, there are
currently lifts operating throughout the world on the outside of buildings where the system
components are exposed to water in the form of rain. Therefore, the provision of water
resisting components has shown that this issue can be overcome. A number of alternative
methods may also be provided to prevent water from flowing into a lift shaft including the
use of sloping floors to include floor drains. This method is considered more suitable as it

requires much less maintenance and therefore increases reliability.

Reliability of Electrical Power - This is not considered to pose a significant problem to the
design of the lift evacuation system. Under current guidanceml, fire-fighting shafts are
required to be provided with an alternative power source which is achieved using a number

of methods which are above the scope of this study.

Fire in the Evacuation System — lifts which are protected from smoke and fire by protected

lobbies can be considered to be a place of relative safety. On this basis, the evacuation

[22]

system should be maintained as a fire sterile place. Proulx'“* recommends that smoke and
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heat detectors are provided in the lift lobby. Once the detectors have been activated a
recorded message could be played telling occupants that the lift will not stop at that floor

and to move to the appropriate floor below.

Smoke in the Evacuation System - The main reason that it is recommended that occupants
do not escape via lifts in the event of a fire is the risk of fire and smoke causing
malfunctions in the lift motor room which can trap people in a potentially smoke filled lift
shaft. Lift systems should not operate when significant levels of smoke are in a lift lobby,

hoistway or machinery room.

Trapped Lifts - Under the guidance of BS EN 81 73* in the U.K, lifts are required to return
to the discharge floor once the alarm has sounded. This allows the Fire and Rescue Service
to identify the locations of all the lifts and prevents people from becoming trapped in a lift
during the evacuation. Nevertheless, it is considered reasonable to keep the lifts in

operation if the lifts are protected against the effects of a fire as mentioned above.

Myth of Panic - Klote™®” states that “panic behaviour is rare even among people aware of
an ongoing fire, and he indicates that the most frequent mode of behaviour during fire
I”.

emergencies is deliberate and purposeful”. Further review of occupant behaviour has

shown that people act in a calm and deliberate manner during a fire evacuation.

Fire Spread Via Lift Shafts - There is large concern based on past experiences of fire spread
via lift shafts and of fire fighter and civilian deaths in lifts over the use of lifts for
evacuation. However, these have generally been in buildings without protection to the lift

shafts (i.e. protected lobbies etc).

Although the concerns are many, they can be considered to be minor technical issues,
which may be overcome in a correctly designed building. Therefore, there is no reason why

lift evacuation should not be used.

Protection of Refuge Area’s

Whilst early studies into lift evacuation assessed the use of unprotected lifts, in relatively
low rise buildings, during the early stages of a fire evacuate the floors immediately affected

by the fire. This study assumes that, due to the longer times associated with evacuating
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multiple floor levels, occupants may be required to wait for a significantly greater time
before boarding a lift. Therefore, the lift evacuation simulations conducted as part of this
thesis assumes that the following level of protection is provided to the areas of refuge

where occupants are assumed to wait for a lift to arrive.

Fire Resisting Construction

The refuge area should be maintained as a place of relative safety during the period of
evacuation. To ensure that the refuge area is maintained as a tenable space for occupants
to wait for the lift car to arrive, it is considered necessary to provide the refuge area with
fire resisting construction.

7} recommends that the level of fire resistance provided to the structure forming

Bukowski
the escape route is equal to twice of that required for occupants to escape the building.
Based on the evacuation times achieved as part of this study, this would require in excess

of 120 minutes fire resistance to be provided.

Ventilation

It is noted from the STEPS assessment detailed later within this study that occupants
located on refuge floors may be required to wait on a refuge floor for between four and a
half minutes to ten minutes for a lift to arrive. Whilst the occupants waiting in these places
of relative safety are protected from the immediate effects of a fire, they may become
exposed to high concentrations of smoke. This may be via a number of different scenarios
such as smoke flow into the refuge area during the escape phase. Based on this prolonged
time within the refuge, it is considered necessary to prevent the ingress of smoke into the

refuge. This may be achieved using one of the methods listed below:

e Provide extract ventilation to the refuge area
¢ Provide ventilated lobbies between the refuge area and adjacent accommodation,
* Pressurise the lift shaft and/or refuge area to prevent smoke movement into the

refuge.

Stroupml details experiments carried out by Tamura and Klote at the NRCC on lift

operations during a building fire, which concluded that without mechanical pressurization,
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lethal concentrations of carbon monoxide were reached on all levels of the building 45
minutes after ignition. With lift shaft pressurization, the lift shaft was free from smoke;
however, the lift lobbies were still above the critical level 15 minutes after ignition. On this
basis, it is noted that the best results were obtained with both lift shaft and lobby

pressurization.

Provision of Refuges

The design of the refuge area is considered to be a critical component of the evacuation lift
system design. The refuge is required to be suitably large enough to accommodate the
number of occupants required to wait for the lift in relative comfort, but also be of a
sufficient size to be accommodated within the building floor plan without significantly
affecting the cost. Building designers and owners are unlikely to implement lift evacuation

if this will affect the rentable space of the building.

The refuge occupancy will increase based on the arrival of passengers at the refuge floor
who cannot be transported down by the express lifts at the same time as they arrive, such

that congestion will occur on the refuge floor.

The results of this study have shown that the refuge floor is required to accommodate a
large percentage of occupants during the evacuation. It is noted that the refuge floor will
not be required to accommodate all of the zones occupants, as some of the will be
required to travel from their floor of origin to the refuge floor (i.e. occupants will be

‘stacked’ in the stair), while some will have exited the building.

As the first occupants reach the refuge floor they will be immediately evacuated by the lift.
However, the refuge floor should be sized to accommodate the occupants that may be
required to wait there due to the higher flow rate of stairs on to the refuge floor compared

1% and the results

to that of occupants escaping via lifts. Based on the work by Wong et a
of this study, it is considered necessary for a refuge floor to be able to accommodate
approximately 70% of the occupants it serves. A lift lobby in an evacuation zone is required

to accommodate all the occupants of the floor level it serves.

In an article in the Fire Prevention and Fire Engineers Journal®', Taylor recommends a floor

space factor in lift refuges of between 0.6m?/person and 0.7m*/person based on research
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[26]

and the Fruin levels of service. However, Lay”” recommends that this may be reduced to

0.5m? per person, which is the same floor space factor recommended for a bar.

6] states that the use of a floor space factor of 0.5m? allows conditions to be achieved

Lay
in the refuge area which will allow occupants to move in the refuge area and allow fire

fighters to exit through the lobby if required.

The conditions on the refuge floor are considered to be a significant factor in the comfort
of occupants waiting for the lifts to arrive and therefore the percentage of occupants who
may use the stairs as an alternative means of escape. Suitable floor space factors have
been suggested in the latest BRE design guidance' similar to the area within 2m of a

[ However, this is considered to create unsuitable conditions for occupants to

crowded bar
wait for relatively prolonged periods of time for the lift to arrive. On this basis, it is

considered that 0.5m*/person is the lowest limit for a refuge floor.

Summary

It has been demonstrated from the event of the World Trade Centre attacks that stairs
designed for phased evacuation become congested when occupants attempt to
simultaneously evacuate. Whilst lift evacuation may help to reduce this congestion it is
important that the lift system is designed to accommodate the building occupants likely to
use the system in comfort. This include adequate provisions for the likely numbers of
disabled persons that will use the system, as well as enough space to hold the occupants

required to wait for the lift before evacuating.
Lift Technology
The simulations conducted as part of this assessment use default values as a base case,

which are based on current design guidancem]. Sections 2.6.1 to 2.6.4 below discuss the

selection of these values.
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Lift Controls

In the event that the lifts are required to be used for evacuation, the activation of the lifts
may be automatic (i.e. on activation of the fire alarm), or manually by the Fire Service, as

discussed below!?®,

Manual Control is to have persons in a command centre direct lifts to where they are most
immediately needed. The co-ordinators would communicate with and direct these

operators.

Automated control with human oversight is to use a computer programme to set priorities,
send lifts to the appropriate floor and determine which floors should be evacuating into the
stairwells. Depending on how the evacuation decision rules, additional input could be

8] hote that monitors would not be

provided by co-ordinators. Whilst Groner and Levin
assigned to operate lifts, to ensure an acceptably high level of reliability it is assumed that

some sort of human oversight over the computer programme will be needed.

Barlund'®® recommends that if evacuation time is critical then an automatic evacuation
mode of the group controller is necessary. Manual dispatching, as in a fireman’s drive

mode can never compete with the efficiency of automatic dispatching.

Charters and Fraser-Mitchell® note that peak down mode is used at the end of the working
day in office buildings to facilitate the efficient egress of most occupants over a relatively
short period of time. This mode may provide a good starting point for the development of a
lift operating mode for emergency evacuation. However, peak down mode still allows
occupants to access the building from the ground floor travel up the building and move
between floors. Therefore, Charters and Fraser-Mitchell recommend the peak down mode
should be modified for emergency evacuation. Examples of the modified modes of

operation are as follows.

e Ignore up calls

Top call first
* Non-stopping on the way down, and/or

¢ Non-stopping at the fire floor
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2.6.1.2

2.6.1.3

Ignore all up calls

Ignore all up calls means that the evacuation lifts will not respond to any up calls. This
should increase the quality and quantity of service for floors with a down call. It may mean
that if someone places an up call only, they may be waiting for a lift that will not arrive. This
can be addressed through training and/or programming the lift to respond, but only travel

down to ground floor once the occupant has entered.

Top call first

Top call first means that the lifts will prioritise lift calls from the top floors. When a floor
has been evacuated, the lifts will then prioritise the next top call and so on. This method of

[9]

operation is similar to that used in the BRE studies™. This is a very efficient way of reducing

the evacuation time for those at the top of the building, but may lead to;

* Extended waiting times for those on lower floors using lifts and/or

¢ Lack of service for all floors, except the top floor.

This may be improved by having the one lift from each bank serve adjacent floor levels, in
the same manner as the STEPS lift operation mode. However, this is considered to be
effective only if the occupancy on each floor level is approximately equal. An unequal
occupancy on different floor levels will require some lifts to make a greater number of
round trip times, therefore, increasing the time taken to evacuate a floor level which may

not have access to a lift that has completed the evacuation of the floor levels it serves

Non stopping on the way down

Non-stopping on the way down can be a way of avoiding delays due to the lifts stopping at
additional floors until it is full. This may improve the quantity of service because lift door
opening and closing times can form a significant proportion of a lifts journey time.
However, this may also mean that on the last call for a floor, the lift may travel to the
ground floor with only a partial load of occupants, therefore, increasing the inefficiency

factor of the lift.
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2.6.2

Whilst this is not considered an issue for evacuation from a refuge floor, due to the limited
number of inefficient trips, this significantly increase the time to evacuate from an

evacuation zone due to the increased number of inefficient round trips required.

Non stopping at the fire floor

If lifts are used for means of escape from fire, they may be programmed not to travel to
any floor where the fire alarm system has operated. This should mean that the lift will not
stop at a fire floor and so will prevent occupants being exposed to fire hazards. It may also
mean that people on the fire floor are waiting in a lift lobby for a lift that will not arrive.
This also applies to people on other floors where smoke leakage is sufficient to activate
detectors or where occupants see smoke and operate a manual call point. This can be
addressed through training, and programming the lift to avoid only those floors where

automatic detectors have been activated.

Whilst it is not possible to specify a method of operation in the computer simulation
programmes or the analytical calculations, it is noted“” that the lift efficiency during
evacuation may be improved on compared to the times calculated as part of this

assessment.

Lift Speeds

727 racommends

Guidance provided in CIBSE Guide D “Transportation Systems in Buildings
a rated speed of 6m/s and an acceleration rate of 1.2m/s® for a lift car in a shaft that is

120m or more in height.

However, the lifts used for the evacuation of the Stratosphere Tower in Las Vegas are

(15]

provided with a rated speed of 1800 feet per minute'™™, which is approximately equal to

9.1m/s.

The fastest lifts in the world are provided in the Taipai 101 building and are provided with a
rated speed of approximately 17m/s®. However, these lifts were specially designed for
use in this building and included may additional features, including a pressurised and
aerodynamically shaped lift car. For lifts to be a more feasible means of evacuation it is

considered necessary to assess the evacuation based on commercially available lifts.
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[31]

Fortune™™ states that a lift with a descent speed which exceeds 7m/s or the vertical travel

distance which exceeds 300m will cause passenger discomfort if the lift is not pressurised.

Therefore, it is proposed to assess the evacuation times based on the maximum speed

B1 and 16m/s to approximately represent the

recommended by CIBSE Guide D, Fortune
fastest lift in the world. A sensitivity study will also be conducted using a lift with a lower

speed of 5m/s.

Lift Acceleration

Whilst it is proposed to carry out the study using a number of different lift speed to find the
most efficient scenario it is recognised that the maximum lift speed is governed by the
acceleration of the lift and the number of floors the lift car is required to travel before
achieving maximum velocity.

[27]

The guidance contained in Table 3.5 of Guide D" recommends that a lift serving a building

of 120m should be provided with a lift speed of 6m/s and an acceleration rate of 1.2m/s%.

D! recommends that passengers are

However, the guidance provided in CIBSE Guide
uncomfortable when subjected to values of acceleration greater than about one sixth of

the acceleration due to gravity (approximately equal to 1.5m/s?).
On this basis, the evacuation times will be assessed based on an acceleration and
deceleration value of the 1.2m/s* and 1.5m/s” to determine the impact on the evacuation

time.

Multiple Deck Lifts

The most effective method of increasing the lift capacity without increasing shaft area is to
provide double deck lifts. There are a number of buildings throughout the world that utilise

double deck lifts which serve as shuttle lifts between an access floor and sky lobbies.

This concept may also be applied to evacuation where occupants are expected to evacuate

to the refuge floor or floors, where they can board a double deck lift to ground floor.
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B2 3nd includes:

The benefits of using double deck lifts is discussed by Fortune
e Reduction in the number of lifts required compared to single deck lifts which will

save expensive lettable space within the building.

* Double deck lift arrangements save approximate 30% of the core space compared

to a single deck lift group.

¢ Individual lift cars may be provided with a reduced capacity in a double deck lift

system due to the stacking of cars within a single shaft.

However, when used as express lifts in an evacuation, double deck lifts require two levels

of entry and exit.

This may be accommodated by providing an increased floor to ceiling height, which allows
both lifts to discharge into the same zone, which is provided with a mezzanine level for the

top lift car.

Whilst it is recognised that the size of these refuge levels will be smaller when compared to
a single refuge level it is considered unlikely that this method will be adopted due to the
reduction in the amount of lettable space over two levels when compared to a single level
for a building provided with single deck lifts. However, this may be effective for evacuation
from the floor of fire origin, based on a limited floor to floor height, such that two lifts may

serve two separate floors.

It is currently not possible to accurately calculate the evacuation time using any of the
computer simulation programmes or analytical calculations discussed in this paper.
However, an approximate comparison is provided by Siikonen et al®* using the Building
Traffic Simulator (BTS) programme, which demonstrates that the times required for a

building to be evacuated using single, double and triple deck lifts, as shown in Figure 2.6.4.
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Simulated Evacuation Times with
SD, DD and TD Elevator Systems
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Figure 3: Simulaled passenger egress {imes with single-deck (SD), double-deck
(DD) and triple-deck (TD) elevalors requiring the same shaft space

Figure 2.6.4 — Simulated evacuation times with Single Deck, Double Deck and Triple Deck

lift systems
According to Figure 2.6.4 the evacuation time with double deck lifts are 50% to 60% of the
time taken using single deck lifts while the time for a triple deck lift is about 40% of the

time of double deck lifts.

Summary of Lift Performance Values

The highest rated speed currently recommended in design guidance is 6m/s?”.. However,
these speeds have been exceeded in certain buildings throughout the world, particularly
those where lifts are used to supplement evacuation. On this basis, it is proposed to use
this speed as the base case during the simulations, as well as conduct additional
assessments using alternative lift speeds to assess the impact on the total building

evacuation time.

The assessments of the lift acceleration value will be conducted using the value of 1.2m/s?
recommended by CIBSE Guide D*” as the base case. An additional assessment will also be
undertaken for the maximum tolerable lift acceleration value of 1.5m/s’ for an

unpressurised lift.

Whilst it is noted in Section 2.6.4 that a double deck lift will reduce the evacuation time, it
is not proposed to include for the provision of these lifts in the simulations due to the

inability to accurately simulate the movement of these lifts.
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Occupant Behaviour

There are multiple signs within modern buildings of all heights warning occupants not to
use lifts in the event of a fire. Therefore, based on an occupant’s behaviour to avoid the
lifts when evacuating, it is considered necessary to assess the likely human behaviour when

occupants are required to wait for the lift to evacuate, as discussed below.

Escape via Entry Route

There are a number of documented cases, where occupants have tried to escape via the
route which they entered the building despite documented cases of occupants passing a
number of well signed alternative exits. This has caused a number of fatalities due to
crushing of large numbers of people trying to escape via a single exit, or, via smoke
inhalation caused by an increased evacuation time.

Johnson®

notes that “this reluctance to follow emergency signage and instead retrace the
path back to an initial entrance is a common feature in many accidents. It does not
represent ‘irrational’ behaviour given that many fire exits can be blocked or alarmed.
Arguably, individuals exhibit a preference to follow what they believe to be a ‘sure route’ to
safety rather than take a chance on following fire exit signs in a direction they are not
familiar with.

h[13]

This theory is supported by Smit who states that people “will do this even if this route is

smoke filled or other alternatives and safe routes are available.”

However, based on the use of the general circulation lifts as evacuation lifts, which are
therefore provided with additional protection, it is considered reasonable to assume that
occupants will be familiar with the escape route, when compared to escape stairs, which is
considered to reduce occupant anxiety during means of escape, and reduce the need to
provide distributed lifts throughout a building, therefore allowing a greater grouping of

lifts, and improving the performance of the lift evacuation system.
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Waiting Times

As a result of lift evacuation, building occupants will be required to wait for a lift to arrive in
a protected lobby or refuge floor. This lack of movement is considered to cause agitation

with the awaiting occupants.

There is currently no guidance on the acceptable waiting times in protected lobbies or

refuge floors. In the study carried out by Lane et al®

a waiting time of eight minutes is
proposed based on the time taken to evacuate a stadium as it is assumed that this will

meet the patience levels of the occupants.

However, it is not considered unreasonable to provide a longer waiting time if the
occupants are located in a place of relative safety and provided with a continuous update

1¥! also notes

of the evacuation procedure. Whilst the work by Charters and Fraser-Mitchel
that there is very little research in this area, some high rise office occupants have been
noted to wait for up to 30 minutes or more for an evacuation lift during evacuation

exercises.

Notwithstanding the above, Heyes[as] notes that an implicit assumption [of lift evacuation
strategies] is that occupants will be willing to wait indefinitely for a lift until it arrives, which

may not reflect the actual behaviour of people in such situations.

Research by Heyes®®, shows that between approximately 5% to 15% of occupants will seek
to find an alternative means of escape after waiting five minutes for a lift. It is considered
worth noting that these results were collected by research from a number of participants
for a hypothetical building. Therefore, these values are not considered to be the results of
actual occupant waiting times but rather a perception of a number of occupant groups with
regards to how long they feel they will be willing to wait for a lift before seeking an

alternative.

The research of Pauls recognises that occupants may be required to wait at a certain floor
level for longer than required when using stair evacuation. However, as noted in Figure
2.7.2 the overall lift evacuation time is less than that via stairs despite a prolonged waiting
time. Whilst this information may be known to the building designers and fire safety

managers, this will not be available to the general building occupants. Therefore, to reduce
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2.7.3

occupant stress while waiting for the lift it is recommended that information is provided to
the refuge floor occupants with regards to the lift location, such that a decision can be

made to wait for the lift to arrive or seek an alternative escape route via the protected

escape stairs.
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Figure 2.7.2 — Comparison of occupant traces
Based on the above, it is considered necessary to calculate the lift waiting times for the
most onerous situations and assess the likely impact this will have on occupant behaviour

during the evacuation.

Panic Behaviour

It is widely believed that panic is the most common response to an emergency situation,
but studies by social scientists argue that panic behaviour in a fire is rare. This is supported
by Fahy"®® who notes that “today, it is largely unknown that in the face of the extreme
stress of a disaster, there is an absence of widespread, irrational antisocial and
dysfunctional behaviour that has often been described as panic”. Thus, the false but
common belief that people will panic in disaster situations is a myth. In human behaviour

fire research, it is found that panic behaviour is extremely rare.
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28] \who state that:

This is supported by Groner and Levin
“studies of behaviour during actual fire emergency situations have shown that social norms
are not generally abandoned, and people do care and assist one another. However, fear
and the desire to avoid pain, injury and death are great motivators and will affect the
decisions of the occupants. Normally, people will follow a fire plan only if they believe that it
will provide them with personal safety....Therefore, we would anticipate that occupants will
willingly wait their turn to use the lift or stairs if they believe that they still would be able to
safely evacuate and the delay permits an orderly evacuation for all and a more rapid
evacuation for those closer to the fire.”

371 which recommends that a

Based on observations within the Post War Building Studies
“crowd which is not in immediate danger, especially a disciplined crowd, may not show any
great urgency in the use of exit” it is assumed that all code compliant means of escape
provisions are designed based on the assumption that occupants do not behave in an

irrational manner.

On this basis, it is assumed that occupants will behave in an orderly fashion during
evacuation and lift boarding will occur with minimum delays. This is considered to be an
important assumption as door opening and closing times make up a large percentage of the
round trip time. Therefore, an increase in this time is considered to significantly increase

the overall evacuation time.

This is considered to support the recommendations of the BRE research, which considers

occupants are willing to wait approximately 30 minutes for a lift to arrive.

Summary of Information

Based on the above research, the assumption that occupants may be required to wait on a
refuge floor for approximately 30 minutes is not considered to be unreasonable based on

known occupant behaviour research with regards to evacuation.

Based on occupants escaping via the route they entered the building, and waiting for the
lift in an area which is not in immediate danger, it is considered that occupants will not

suffer increased anxiety and make irrational decisions.
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Nevertheless, it is recognised that prolonged waiting times increases the discomfort
amongst passengers wanting to evacuate. Therefore, based on previous research it is

recommended that the lift waiting time does not exceed 30 minutes.

Summary

Based on the accounts of a number of survivors of the World Trade Centre attacks in 2001,
it has been demonstrated that the use of a combination of stairs and lifts, can significantly
reduce the overall evacuation time. However, as demonstrated by the review of the
evacuation strategy for the Petronas Twin Towers™® the proposed evacuation strategy
should contain some redundancy in the system to allow for the safe evacuation in the

event of certain lifts or staircases becoming unsafe.

The provision of building specific lift evacuation strategies has been included in a small
number of tall buildings worldwide. It is noted that the two buildings with a high density of
occupants are provided with lift performance values which exceed the design guidance
used as the basis of this thesis, to ensure that the round trip time is sufficiently low enough
to evacuate the building before conditions become untenable. On this basis, additional
simulations have been conducted using higher lifts speeds of 7m/s and 16m/s to assess the

impact on the total building evacuation time.

Each of the existing buildings utilising lifts for evacuation are provided with refuges that are
constructed from high levels of fire resisting construction and maintained as a place of
relative safety. On this basis, lift evacuation is provided to serve all of the floors within the
zone of fire origin, rather than those floor levels immediately affected by the fire, as

discussed by early researchers.

Therefore, the simulations conducted as part of this assessment are based on the
assumption that occupants will be provided with an area of relative safety where they may
wait for the lift to arrive. This refuge area will be provided with a number of active and
passive fire protection systems that will ensure tenable conditions are maintained in the

refuge area, allowing occupants to wait for up to 30 minutes before boarding a lift.

It is also assumed that occupants will be provided with access to the protected escape stair

from this refuge area.

46



3.1

3.2

CHAPTER 3 - METHODS OF ANALYSIS

Introduction

Evacuation in the UK is provided in accordance with the guidance contained in Approved
Document B (AD-B), based on a notional two and a half minute evacuation time. This
requires exit routes to be provided with a sufficient width to allow the occupants located
on any floor to flow through the available escape routes to a place of relative safety within
this evacuation period. However, the place of relative safety may be the enclosure of an
escape stair. Therefore, the total evacuation time (i.e. the time to travel the flight of stairs)

will exceed the notional evacuation time of two and a half minutes.
Therefore, this study assesses the total evacuation time from the theoretical building
discussed in Section 1.4, based on the assumption that occupants use stairs, lifts or a

combination of both to escape.

A number of methods exist to calculate total evacuation time. This chapter will review

these methods in order to identify the most suitable ones.

Calculation of Evacuation Time Using Stairs

The calculation of the evacuation time via stair is based on a number of different

components which can be briefly summarised as follows:

¢ Fire alarm sounds and evacuation commences.

e Occupants exit their floor of origin via storey exits into a protected staircase. The

rate at which occupants enter the staircase is dependent on the width of the stair.

¢ Occupants descending in the stair merge with occupants from the lower levels
simultaneously entering the stair. The speed at which the merged crowd of
occupants descends the stair is based on the occupant density in the stair which is

itself controlled by the width of the stair.
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¢ Once the occupant density decreases to a certain level within the stair, the flow of
occupants within the stair stops. The escape capacity in the stair is limited to the

standing area within the stair, also known as the ‘stacking capacity’.

¢ Occupants from the lowest floor levels will continue to evacuate due to the higher
density of the floor levels immediately adjacent to the final exit. Once those
occupants of the lowest floor levels have evacuated the density of occupants in the
stair above these floor levels slowly decreases allowing the flow rate of occupants

to increase.

*  Once the density within the stair exceeds approximately 1.85 m*/person occupants

will move at their own pace and the optimum stair flow rate will be achieved.

Advanced guidance on calculating the evacuation time of a building is provided in BS 7974-
68 which makes reference two articles contained in the SFPE Handbook™ *® when

calculating the total evacuation time of a whole building.

Based on the results of the evacuation time calculations using these two calculation
methods, it is proposed to assess the lift evacuation times against those calculated in

accordance with the flow rate of Approved Document B.

Based on the provision of lift evacuation in a building in the UK, it is considered necessary
to demonstrate a reasonable evacuation time when compared to the times achieved using
the flow rates in Approved Document B. Therefore, to ensure that a suitable strategy is
selected, the lift evacuation times will be assessed against the stair evacuation times from

the relevant building code.

Additionally, the assessment of the stair evacuation times using flow rates from Approved
Document B is conside