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Abstract

Aim:
The Aim of this PhD study is to study the performance of mature age

office workers descending multiple flights of stairs in trial evacuations of high

rise office buildings in the context of extrinsic and intrinsic factors.

Method:

A case study process coupled with mixed methods data collection and
analysis was selected with the unit of analysis being the office worker
descending the stairs. An Exploratory case study involving the reanalysis of data
from a similar study' was undertaken to confirm the selection of the research
method.

Six high rise buildings were selected varying from 7 to 36 storeys?. Trial
evacuations were held and data collected via survey, observation and physical
assessment. Two explanatory case studies involving a Delphi group and focus
groups classified the main contextual issues as the intrinsic ones of the occupant
and the extrinsic ones of Stair Design and Construction, Others on the Stairs and
Management/ Maintenance. The other explanatory study comprised a directed
content analysis of a two extremely relevant media documents® related to
multiple flight stair descent. The data was analysed and findings established by
generalisation where trends could be explained quantitatively and otherwise via

triangulation.

! A similar study was undertaken during the 1980°s of trial evacuations from 8 high rise buildings
where the data collection comprised mixed methods.

2 The basis of selection was defined by the Exploratory case study experience except that the
maximum height decreased from 45 to 36 storeys. The range of heights was similar (average of
24-25 storeys). The case study is known as the 2008-2010 case study.

3WTC 9/11 incident survivor study by Dwyer and Flynn of the New York Times (2004) and a
NY times facilitated Blog concerning community attitude to fitness and surviving an emergency.
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Results and Conclusions:
Fatigue predicting descent performance ability was determined by

triangulation and generalisation. Density could mask fatigue as the result of
delays that would allow people to descend at more slowly. Descent performance
ability for 50% of the population was 300 metres in 1980 reducing to 240 metres
in 2010. The risk of falling related directly to this distance and the spiralling
action of turning at each landing*. Triangulation showed this action increased the
risk of vertigo and dizziness as well as the impact of increased BMI and health
conditions on stability. The significant (p<.05) contextual extrinsic factors were
found to be stair descent risk, need for clear visibility and support from reachable
handrails, trial evacuation strategies and procedures and group dynamics. There
are other less significant findings® explained by context and the “cause and effect

directed”® case study research method.

4 3-14% of the building population which was confirmed via triangulation.

5 e.g. Occupants view of steps obstructed by others in the group, actual and estimated
performance correlated highly with fatigue (R? > 0.5, p<.05), See also Chapter 8.

6 Utilising the Ishikawa Chart as part of a process known as Root Cause Analysis (Portwood and
Reising, 2007)
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Chapter 1: The Research Problem, Questions, Aim and
Objectives

1.1 Introduction

High Rise Office Buildings have and will continue to increase in height
since studies confirm that the principle of high density commercial development
is economically sustainable (Buchanan and Partners, 2008). As these buildings
increase in height’ the risk to the occupants increases as they may have to go
down a greater number of stairs to get to ground level in event of an emergency
(Bukowski, 2009). Going down stairs is one of the most dangerous tasks that a
worker in a high rise office building may have to undertake especially as they
grow older (Reeves et al, 2008). Al-Abdulwahab (1999) shows that individuals
older than 40 years start to lose their strength and develop other problems
associated with a sedentary lifestyle. In the UK, for example, over 50% of office
workers will be 40+ years of age over the next ten years (Dixon, 2003). The
physical task of going down an increased number of stairs may be too much and
the challenge is whether the individual is fit enough and strong enough to

accomplish this task (Parker-Pope, 2008).

1.2 The Research Problem

1.2.1 Buildings increasing in height — does this require greater
effort?
As office buildings increase in height so does the distance that the

individual is required to go down the ‘fire stairs’ increase. The trend of new
office building is to generally be of increasing height (Bukowksi, 2005 and
Buchanan and Partners, 2008) so that the required physical effort, level of fitness

7 Ranging from buildings such as One Chase Manhattan Plaza constructed in 1961 with a height
of 248m to 509m high for Taipei 101 in Taiwan in 2004 and Burj Khalifa in Dubai of 828m. All
these buildings were constructed under USA Codes. Bukowski (2005) provides further examples.



and functional ability of office workers needs to increase. Studies of the WTC
9/11 incident did not really support this opinion in terms of the measure of
fatigue (Galea et al, 2008a) and also functional limitations (McConnell et al,
2010) most likely due to the reduction of descent speed because the stairs were
crowded offering people the chance to rest. Galea et al (2008) did also comment
that the number of delays experienced whilst descending the stairs may have also

allowed the individuals to rest.

1.2.2 Emergency preparedness and health and safety — evacuation
drills?
The WTC 9/11 incident did raise the need for an improvement in

knowing what to do in event of an emergency and also doing it in the minimum
amount of time, especially when the requirement is to evacuate the building
(Averill et al, 2005). Health and Safety Law in most countries such as the UK,
Australia, New Zealand and the United States® now mirror this requirement so
that building owners and employers are required to organise evacuation drills
that replicate an emergency incident so that office workers can practice what they
have to do and be familiar with the exit routes and the overall evacuation plan.
Trial evacuations may not always reflect the same findings as those of Galea et al
(2008 and 2008a). There may be the case when the evacuation plan is such that
the timing of the entry of individuals and their colleagues into the stairs results in
there being less people in the stair at any one time (Pauls 1977)°. Other studies
show that people can move at their own speed or that of the group when their
path is not blocked by others (Templer, 1992, Nelson and Mowrer, 2002). This
will result in a higher expenditure of energy over the same distance. Parker-Pope

(2008) asks whether individuals are fit enough to cope with this type of scenario.

8 E.g. UK — Health and Safety at Work Act 1974, Australia — Section 21 Model Occupational
Health and Safety Act; See Chapter 3 for further detailed discussion.

° As aresult of applying an Evacuation Code or Standard



1.2.3 The individual office worker, questions of age and physical
condition to complete trial evacuations.
The occupants of high rise office buildings usually comprise white

collar office workers whose vocational lifestyle is sedentary (Bee, 2011). A small
cross sectional European Study shows that, regardless of an individual’s
occupation, sedentarism!® or lack of physical activity during leisure time is as
high as 84% (Gal et al, 2005). Bee (2011) shows that sitting at a desk all day can
result in many chronic cardio respiratory and metabolic conditions. NSW Health
in Australia is concerned about this problem since over 40% of the population
are physically inactive and over 50% are classified as obese (Centre for Health
Advancement, 2008). Steele and Mummery (2003) in an Australian study
confirm that the level of energy expenditure (METS!!") associated with leisure
activity was generally higher for the professional and white collar workers. Their
study (Steele and Mummery, 2003), however, was mainly confined to the
measurement of energy expenditure of white collar, professional and blue collar
workers in the workplace, with the age group of respondents ranging from 18 —
62 years. In discussing the impact of ageing Gal et al (2005) also indicate that
increasing age is associated with increased sedentarism!®In the Steele and
Mummery study (2003) over 50% of the white collar respondents exceeded 42.9
years in age and 40.9 years for the blue collar workers. This matches the UK
trend where over 50% of the workers over the next decade will be >40 years old
with the 50-64 age group accounting for over 30% of the workforce (Dixon,
2003). The same projections also apply generally to New Zealand and North
America (Ovseiko, 2008). Is sedentarism'® therefore a risk factor for those over

the age of 40 years and does this mean that over 50% of the workers will be

10.e. where a person’s level of energy expenditure is less than 4 METS. See footnote 13 below
for definition of METS.. It is a risk factor associated with a sedentary lifestyle such as an office
worker who is not really active during their leisure time.

' METS is a measure of human energy. It stands for “metabolic equivalent”. A body at rest uses
1 MET to maintain its function. Physical activity over and above this is measured in multiples of
METS. The more vigorous the exercise the greater is the METS/minute (energy expenditure per
minute.



classified as mature age? The research literature tends to set “mature age” at 45
years (Warr, 1994 and Government of South Australia, 2000).

Al-Abdulwahab (1999) in a study of the functional ability and strength
of males showed a marked deterioration of strength and a decrease in functional
ability commenced at about the age of 40 years. Pauls et al (2007) is concerned
about the impact of age and lack of fitness on stair climbing and this concern is
borne out by others who confirm the impact of age and a sedentary lifestyle on
the loss of strength and the increase in levels of obesity (Booth et al, 2002 and
Lauretani et al, 2003).

The NSW Department of Health (Centre for Health Advancement,
2008) have organised an intervention programme with employers to modify the
lifestyle of office workers (white collar and professional) at work through diet,
working conditions and practice. Other simpler intervention programmes such as
opening up the fire stairs to promote inter floor communication and therefore an
option for some vigorous exercise (Eves et al, 2008) could offer other options
where energy expenditure levels would be greater than 8 METS. A lifestyle
associated with inactivity will speed up the loss of strength (Booth, 2002). The
overall intervention discussed above would need to include leisure time activities
as well if the level of energy expenditure at work for white collar and
professional workers is compared with that of blue collar workers (Steele and
Mummery, 2003).

A further examination of the Steele and Mummery study results (2003)
reveals that the office worker generally expends 85% less energy in their
occupational setting than blue collar workers. The daily level of energy
expenditures for office workers confirms sendenterism!°.

Seeing the mean age across all the occupational categories in this study
(Steele and Mummery, 2003), was approximately 40 years and, that this is the
approximate age where functional abilities start to decrease together with a loss
of strength (Lauretani et al, 2003 and Booth et al, 2002), the author considers that

it is entirely appropriate to focus the research on the performance of this age



group in the descent of stairs in trial evacuations. This consideration is confirmed
by the concern expressed by a number of eminent researchers in pedestrian

movement (Pauls, Fruin and Zupan, 2007).

1.2.4 The extrinsic factors — the stairs and the surrounding stairwell
High Rise Office Building stairwells for buildings over 25m in height

are of fire rated construction'? The entry doors are therefore fire doors on self-
closing devices. This enclosure needs to maintain this fire rating until it
discharges to a place of safety on the ground floor or the level where it leads to a
place of safety'. In high rise buildings the footprint of the fire stair may change
between the high, mid and low-rise sections of the buildings in order to navigate
around the mid-level plant rooms. Examination of some of the WTC9/11 Tower
1 and 2 floor plans presented in some post WTC 9/11 incident studies (Averill et
al, 2005) confirm this type of layout. The internal stairwell environments contain
the stairs which may comprise different configurations (e.g. dogleg and box
shape) and stair geometry. Pauls (1984 and 2007) shows the impact that the
various extrinsic features of the stairs and the surrounding environment and other
people have on the individual. The impact is discussed further in the Literature
Review.

The most critical issues in terms of the engineering science studies have
been the minimum stair width (Blair, 2010), the width of the goings (treads)
(Roys, 2006) and availability of handrails (Pauls, 1984). The health science
literature shows amongst other things that the steeper the stair the greater the
power exerted through the joints in the lower limbs (Riener et al, 2002) so that
strength is an issue (Lauretani et al, 2003).

Most of the earlier engineering science studies have also shown that
density is the factor that influences descent speed (Fruin, 1987) but recently one

of the post WTC9/11 trial evacuation studies (Peacock et al, 2009) confirmed

12 Approved Document B. Fire Safety, The Building Regulations for UK; Section C of the
Australian Building Code 2011 and NZ Compliance Document C/AS1 Fire Safety.



Pauls concerns re the minimum width of stairs being sufficient for users to
overtake the slow movers or allow emergency responders to climb the stairs in
the opposite direction without causing a blockage. Peacock et al also (2009)

showed that distance had an impact on descent speed.

1.2.5 Others on the stairs at the same time — the group
Templer (1992) identifies the impact that others may have on the

individual whilst descending the stairs. Not only does this deal with the number
of people on the stairs at any one time, which is known as density'® (Fruin,
1987), but also the impact of the slow unfit mover being assisted by a group
holding up others behind, known as “platooning” (Templer, 1992). Groups have
been considered in some studies (MacLennan, 1989; Fahy and Proulx, 2005 and
Dwyer and Flynn, 2004), but were not directly concerned with the impact of the
slow mover. Boyce et al (2011) studied merging behaviour at the entry into the
stairwell. The study showed some interesting group behaviours especially in
terms of the pattern of deferment and the impact of different stairwell layouts or
configurations. This merging behaviour may have been seen by Peacock et al

(2009) as a delay.

1.2.6 The Emerging Research Problem
The Emerging Research Problem is therefore one that comprises the risk

associated with evacuation drills in terms of the individual’s functional ability
and physical fitness. The main question has been asked by the Author in the
public arena (MacLennan, 2011) and is similar to that asked by Parker-Pope
(2008):

“Do we think we are fit enough to survive a high rise building

evacuation using the stairs?”

13 Strictly defined as the number of people per unit area e.g. 4 persons /m?



There are others. The general issues identified in sections 1.2 and 1.1
show that the performance of an individual descending the stair as part of a trial
evacuation needs to be to be studied in context. so that a framework can be
selected to interrogate the literature and establish the research questions, aim and
objectives: The context is represented by the factors described in Section 1.2
each of which affect the individual’s estimated or actual performance. The
contextual factors are:

=  Emergency preparedness and health and safety — extrinsic factor.
»  The individual office worker (questions of age and physical condition to

complete trial evacuations) — intrinsic factor.
»  The individual and others on the stairs — the group

*  The stairs and the surrounding stairwell — extrinsic factor

1.2.7 Conclusion
The research questions, aim and objectives are developed in the

subsequent sections using these contextual factors as a framework. The use of
this framework is continued on as part of the study to examine the literature,
extract data from the PhD Study Delphi'* and Focus Groups, to interrogate two
user based studies and observations from the WTC 9/11 incident and then to

underpin the design and execution of the PhD Study.

1.3 Research Questions, Aim and Objectives

1.3.1 Aim
The aim of the PhD Study is:

14 The Delphi Group was also used to challenge and/or confirm this framework.



“To study the performance of mature age office workers descending multiple
flights of stairs in trial evacuations of high rise office buildings in the context
of extrinsic and intrinsic factors'”.

The main thrust of this aim is to study the performance of mature age
office workers in descending multiple flights of stairs in the context of the

intrinsic and extrinsic factors that impact significantly on this task similar to

those factors mentioned in section 1.2 of this chapter.

1.3.2 Objectives:
There are four Objectives that are used to help in delivering the Aim. The

objectives are formed in association with the Research Questions. The Research
Questions appear in the next section. The Objectives are listed below with the

associated Research Questions (RQ):

Objective O-1 (Refer to Research Question RQ1)

Establish which factors are the main extrinsic factors in terms of their
“measured” impact on an individual’s performance in terms of their
functional ability to safely descend multiple flights of stairs.

The main factors will be established in the literature review in Chapter 2
and then via actual case study and analysis that will involve Delphi and focus

study groups.

Objective O-2 (Refer to Research Questions RQ2, RQ3, and part RQ4)

Explore the impact of the intrinsic factors associated with an individual’s
performance

Many of the intrinsic factors have been established by the author in the
previous incomplete study carried out at the University of Technology, Sydney in

the 1980’s that will be incorporated into this PhD Study as an Explorative Case

15 The framework representing the contextual factors are further tested by Objective 04 as part of
an inclusive planning and assessment toolkit




Study. Additional factors will be added as suggested by others (Booth et al, 2002
and Pauls et al, 2007) and as determined in the literature review and tested

further by case study and analysis.

Objective O-3 (Refer to Research Questions RQ7 and RQS)

Establish the extent and location of group formation together with their size,
structure, likely behaviour, and impact on the individual members.

The rate of group formation has been explored by the author as per
Objective 0-2 but will be explored further via literature review, case study and
analysis. Group behaviour is also of interest in terms of the risk involved with
assisting those members who are unable to cope and the estimated threat of the
group to members with functional limitations e.g. where members feel too

embarrassed to ask the group to slow down for any reason.

Objective O-4 (Refer to Research Questions RO3 and RQ6)

Establish whether or not the performance of office workers in descending
multiple flights of stairs can be measured as a function of a maximum number
of storeys that can safely descend without a rest in the context of the relevant
extrinsic and intrinsic factors. This level of measured performance is seen as
their functional ability.

There is no doubt that this issue has been discussed in the past so that
generalisations may have been made from organisation to organisation and
internationally. Generalisations need to be underpinned by rigorous study where
the practice is built into the research method. Case Study research is such a
method (Yin, 2009) so that it will be used as the predominant method in this PhD
Study.

Individual human performance is shown in Chapter 2 to be directly linked
to fitness, functional limitations and distance to be traversed down the stairs. Self
designation of functional limitations and level of fitness is extensively challenged
because of the value of self reporting (Sjostrom et al 2005). Validated self
reporting and designation tools are available (Ottevacre et al, 2011) and can

therefore form the basis of inclusively based planning.




The framework proposed in Section 1.2.6 presents individual
performance as the unit to be analysed within the contextual framework using a
Root Cause Analysis Model. This model shows up the reasons for alteration in
individual performance e.g. an increase in distance often results in fatigue so that
any functional limitations that will hasten fatigue will show up. Seeing the
framework referred to in Section 1.2.6 is used to search the literature and
structure the research its value needs to be tested. The framework is in the form
of an Ishikawa Chart commonly used in Health and Safety as a Root Cause
Analysis tool to establish the level of success or failure delivered via a process or

task. See Section 1.4 for further explanation.

1.3.3 Research Questions
The research questions that need to be addressed in the functional ability

model referred to in section 1.2 and the Objectives in Section 1.3.2 together with
the analysis of typical trial evacuations are'®:

Research Question RQ1 (Objective O-1)

What are the extrinsic and intrinsic factors in a high rise stairwell (both
Physically observed and estimated) that would impact on an individual’s
performance going down the stairs?

The extrinsic and intrinsic factor classifications are established in two
ways. The first is from the literature review in Chapter 2. The results are then
compared with the advice reached by consensus from the PhD Study
international Delphi Group comprising experts from the two schools of research
on stair use of engineering science and health science.

Research Question RQ2 (Objective O-2)

What are the functional abilities and other intrinsic factors associated with an
individual that would affect their safe descent and can these be measured (e.g.
reduction in descent speed)?

16 Each research question is provided with a numbered reference as they are referred to again in
Chapters 6 and 7.
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Two measurement techniques are involved here that can be answered by
a validated survey system augmented by focus group and benchmark studies.
Descent speeds will need to be measured and compared to show the extent of the
impact of functional limitations (Spearpoint and MacLennan, 2012)

Research Question RQ3 (Objectives O-2 and O-4)

Can the level of fitness of an individual be reliably established via self-
reporting methods such as that established by Sjostrom et al (2005)?

Establishing levels of fitness using self-reporting techniques can provide
unreliable answers so that alternative methods need to be explored (Sjostrom et

al, 2005).

Research Question RQ4 (Objective O-3)

Is the task of the descending multiple flights of stairs a challenge for an
individual in terms of the impact of the extrinsic factors established by the
Delphi Group and how can this impact be measured?

There are conflicting reports of high rise evacuation being a challenge
because of contextual factors which may be directly attributed to the risk of

falling (Spearpoint and MacLennan, 2012)

Research Question RQ5 (Objective O-1)

What inclusive modifications can be made to the construction of stairs and
their environment to improve the individual’s performance, confidence and
lessen the risk of falling?

The answer could most likely be provided directly from such seminal
studies as Templer (1992) but it may not answer the construction requirements
required to assist users who may be fatigued because of distance so that findings

may need to be enhanced further by focus group analysis.

Research Question RQ6 (Objective O-4)
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Is individual self-designation of functional limitations an appropriate
evacuation planning tool?

Personal emergency evacuation planning is an example (DCLG, 2007)
and self-designation does encourage inclusive participation. This aspect will be

explored via literature review and survey.

Research Questions RQ7 and RQOS8 (Objective O-3)

What factors increase the risk to group members in assisting others in their
group who may be in difficulty?

and

What are the threats to individual performance posed by the group and
management?

Pauls et al (2007) is convinced that the population has been less fit and
more obese over the last three to four decades which is substantiated elsewhere
(Booth et al, 2002) so that the members of a group run the risk of injury from
assisting morbidly obese individuals when they are not trained in lifting
techniques (Hignett et al, 2007). There may be others which can be investigated

further using focus groups.

1.4 Framework for reviewing the literature and directing the

research.
The framework is presented in the form of an Ishikawa Chart (Figure 1-1)

which is simply a cause and effect diagram (Battino, 2006). It is commonly

called a ‘fishbone’ diagram.
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THE

INDIVIDUAL
(ingl. the OTHERS / THE
mature office GROUP/
worker)
WARDENS
FITNESS
TODESCENDA
PREDETERMINED
DISTANCETO A
EMERGENCY
STAIRS AND RESPONSE LEVELOF SAFETY
STAIRWELL PLAN
’
ENVIRONMENT MANAGEMENT
AND STAIR

MAINTENANCE

Figure 1-1- Framework for Interrogating the Research Literature where the outcome

reflects the Aim of the Research!’

The main horizontal arrow represents the spine and is where the factors
listed on the bones (diagonal arrows) link into the spine. These points are where
the interaction between the factors needs to be considered in terms of their effect
on the outcome noted in the outcome box highlighted in blue.

Section 1.5 provides an overview of the Research Process and Method.
The cause and effect framework provides a view of the context, the classification

of which is used to direct the research.

1.5 Summary of Research Process and Method
The scope of work for the PhD Study outlines the work necessary to

complete the tasks shown in Figure 1-2 below:

17 Developed from the Functional Capacity Model developed by Matheson (2003), See Chapter 2.
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F igure 1-2: Research Process for PhD Study

Selection of the research process and method
The choice of the research method is vital. It not only establishes the

extent of the research but provides the rationale for its choice. Figure 1-2 defines
the case study process (Yin, 2009). Chapter 3 shows the development of the
method using the “research onion” (Saunders et al, 2007) combined with an
exploratory case study to test the choices between methods involving the re-
analysis of data from a 1980 trial evacuation study carried out by the author. The
original aim of this study was similar to that of the proposed PhD study and
involved the use of mixed data collection and analysis methods!®. The
Exploratory case study therefore confirmed the choice of methods.

Multiple case studies can be integrated to form one study (Yin 2009) so
that this allows for patterns and relationships to be established between buildings

and explained by further explanatory studies! together with triangulation

18 As defined by Amaratunga et al (2002) and Gray (2009)

19 ].e. trial evacuations in each associated building
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between data gathered and analysed via mixed methods (Amaratunga, 2002).
Real world studies had been attempted in the past which confirmed the existence
of noisy data in stair descent (Blair, 2010; Templer, 1992; Archea, 1979 and
Beck, 1977). A real world contextual study of stair descent was therefore

required and this is reflected in the aim.

Exploratory case study
The Exploratory case study involved re-analysing hard copy data?® from a

study of trial evacuations in Australia during the 1980°s. The exploratory case
study showed that the functional ability of the stair user was defined by the
distance they had to travel and the resultant level of fatigue they experienced.
Their degree of fitness was also unknown. The selection of buildings took into
account the existing regulatory definition of high rise as being a building with the
height to the uppermost floor of >25metres. The group therefore selected 8
buildings ranging from 7 storeys to 45 storeys in height with an average height of

21 storeys (see Figurel-3 below). 45 storeys was the maximum permitted by

oOwners.
Exploratory Case Study (1980 data) Selection of buildings
50
45
45
40
36 -
= 30 -
= =l
E 5t
i B 21
2 bries]
2 B e 7 16
- —
15 r;;f
=
10 ﬁ
;| i
0 it

1 2 3 4 5 6 T 8 Average
Building Numbers

Figurel-3: Selection of buildings from the 1980 study

20 Original data was stored on magnetic tapes which were dispensed with by the author’s previous
employer in 1994-1995. The results were not published as the project was incomplete due to the
lack of resources and funding towards the programmed end of the project.
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Full trial evacuations were held in each one of the buildings?! and a
survey carried out using a questionnaire designed by the group and reproduced in
Appendix AS.

Seven extrinsic variables as outlined in Chapter 3 were created from the
available hard data along with two intrinsic variables. The frequency tables were
reorganised into a master table and patterns established between the buildings
that could be explained. Significant relationships could not be established
because of the absence of the original data tying the data to each respondent. The
trial evacuations also included observers who descended with the groups and
they provided strategic times and comments of stair use and actions in
accordance with an observation checklist prepared by the group. The only video
observations were at the point of final exit so that the time of exit for each
observer could be established and descent times established. The lack of intrinsic
information gathered from the 1980 data was supplemented by the inclusion of a
content analysis of a health science study of three similar office buildings in
Ottawa, Canada, carried out by Beck (1977). The Canadian population statistics
were compared with the Australian equivalents at the time (Rowland, 1991). The
main intrinsic characteristics were found to be broadly equivalent. The Beck
(1977) Study was then used to fill in some of the contextual factors and their
associated relationships.

The outputs from each study were compared and a combined Ishikawa
chart prepared. The rival theory was confirmed and partially explained as density
may well have masked fatigue as suggested (Galea et al, 2011). There was

sufficient evidence to establish the need for a further current study.

2008-2010 case study
The design sequence of the 2008-2010 case study process is shown in

Figure 1-4. The main study comprised the conduct, survey, observation and

2! Building number 4 was 45 storeys in height so that only a partial evacuation of floors 17-21
and 41-45 were permitted at the same time using different stairs on the grounds of safety.
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physical measurement of trial evacuations from six high rise office buildings
selected in accordance with the criteria from the Exploratory case study. After
detailed enquiries in Australia and New Zealand it was established that 36
storeys was seen by Building owners as being the safe limit for overall
evacuations. The selection was such that the 25 storey limit that 50% of the
population estimated they could cope with without a rest closely coincided with
the average number of storeys?? of the selection (see Figure 1-4).

The next criteria, was that the buildings should be located in a number of
countries where fitness and hence fatigue could be an issue. The USA was
investigated as a logical choice but permission was not forthcoming. A decision
was therefore made to include a high rise office building in the United Arab
Emirates as buildings were generally designed and constructed in complete
accordance with Codes from the USA. Also the level of obesity and hence level
of physical activity (Booth et al, 2002) was equivalent to the USA. Other
countries that were included were the UK, Australia and NZ. The buildings were
each given a code number as shown in Figure 1-4 below (M1-M6). The two
representative exemplar buildings included for further comparisons from the

Exploratory case study were buildings 3 and 7.

40

35

30

257 ]

20 —

Ml M2 M3 M4 M5 M6 Mean Expl Study

Figure 1-4: Selection of 2008-2010 Case Study Buildings

22 The average was 24.
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Trial evacuations were carried out in all six buildings and data was
gathered using fixed video cameras and observers evacuating with the office
workers. The observers gathered information on Dictaphones®® in line with a set
of instructions of the observations required during descent. Observers also
provided sound “time stamps” at each landing. Questionnaires developed from
the exploratory case study questionnaire®* were handed out and collected about
two days later, coded and the data abstracted to spread sheets. The same
procedure was repeated for memory cards from the cameras and the sound files
from the observer Dictaphones. Stair descent charts such as those in the
Appendix A7 were prepared ready for triangulation with data from the survey.
Descriptive statistics, regression and factor analysis was used to analyse these

data. Details of the analysis may be found in Chapter 3 and 7.

Delphi Group input

Concurrent with the trial evacuations a Delphi Group was formed of
international experts® to identify the intrinsic and extrinsic issues that affected
the performance and/or functional capacity of office workers to descend multiple
flights of stairs in a trial evacuation. A variation of the original Delphi approach
known as Policy Delphi (Turoff, 1970) was used where the medium of a
facilitated committee meeting of experts was used to identify the issues. The
opinions of the experts varied?® somewhat. The process was such that all the
issues were identified on the basis that the committee members did not object to

their final inclusion. The detailed process is discussed in Chapter 3. The main

23 See Appendix A3 for Observer instructions and check lists
24 See Appendix A3
25 See Appendix A3 for names and summary CV’s of members.

26 The exact differences were not identified in detail. The differences related to their backgrounds
and siciplines.
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issues identified were classified as shown on the Ishikawa Chart in Figure 1-1.
One other concern was the tools being used to assess fitness. A validated tool
known as the International Physical Activity Questionnaire (Sjostrom et al, 2005)

was adopted and used.

Focus group and Content Analysis input
The opinions of the experts were complimented by the use of focus groups. The

Delphi classifications, other than management, were used as prompts. Three

office worker focus groups were assembled as follows:

= Benchmark BMI Focus Group
= “Fuller Figure” Focus Group

=  “Mature Age” Office Worker

The Benchmark group comprised office workers who were classified as fit
using the IPAQ self reporting system (Sjostrom, 2005) to identify this level. This
group were also asked to go down multiple flights of stairs as they would in a
trial evacuation except that they were on their own. The resultant descent speed
was therefore individually selected. On completion of the stair exercise they were
asked to complete the same questionnaire as the respondents from the trial
evacuations in Buildings M5 and M6 in the third cycle of the 2008-2010 case
study (Figure 1-2). Each member also carried a Dictaphone and recorded their
progress in the same manner as the observers in the “survey”. This procedure
allowed their descent speeds to be plotted on a stair descent graph?’ together with
any other relevant intrinsic information.

The same process was repeated for the Fuller Figure and Mature Age
focus groups except that the stair descent part was replaced with a walking test

where the measured speeds were converted to a descent speed (Riener et al, 2002

27 The graphs may be found in Chapter 6.
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and Fujiyama and Tyler, 2004) because of the safety concerns of the building
owner in whose building the tests were carried out. On completion of the
questionnaires each member was asked to complete an Ishekawa Chart shown in
Figure 1-1 individually with any additional issues to those covered in the
questionnaires. The completed documents were returned to the facilitator of each
meeting. The meeting was then opened up for discussion (Kruger and Casey,
2000). These responses were transcribed and coded (Insites, 2007).

The data from each of the focus groups was analysed in turn and the
resultant descent speeds between the two groups compared. The outcome of the
analysis showed that the individual functional capacity and/or performance were
different. The reasons for the differences showed up in the questionnaire
responses and the analysis of the group discussions?®. This analysis satisfied the
requirements of the Delphi Group re comparisons with descent speed. The data
was also used for triangulation with equivalent data from the trial evacuation
surveys in the main case study?’. This comparison provided a measure for
establishing the risk of falling for survey respondents".

The findings from the focus groups were supplemented by including a
directed®! content analysis of two media instruments (Hsieh and Shannon, 2005
and Fahy and Proulx, 2005). Two instruments were analysed being a record of
interviews with survivors and others involved in the WTC 9/11 incident (Dwyer
and Flynn, 2004) and a record of responses to a question asked in a NY Times
Blog about the physical challenge of descending multiple flights of stairs
facilitated by Parker Pope (2007). Most of the issues extracted related mainly to

28 See Chapter 6
2 See Cycles 1-3 as shown in Figure 1-2 in Chapter 7

30 The measure of risk was established where the descent speeds of the survey respondents
exceeded the range for the members of the “Fuller Figure” and “Mature Age” focus group
members (Mademli et al, 2008)

31 Directed by the contextual classifications set down by the Delphi Group.
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the “group” and the impact of “management”. The frequencies of the responses
were established and used to compliment the Focus group findings on an

Ishikawa Chart in Chapter 6.

Additional case studies to complement content analysis findings
Two additional author based studies (Yin, 2009) were conducted to

enhance the 2008-2010 case study. Case studies are flexible so that when there
are contextual issues that require further investigation or explanation additional
studies can be undertaken. The matters that required further study were stair

width and assisted evacuation involving groups.

Analysis of 2008-2010 Trial Evacuations including triangulation
The analysis of the data from Cycles 1-3 of the 2008-2010 case study

comprised the following tasks along with a description of the analysis:

= Data from survey responses were coded and analysed using descriptive
statistics®” to establish frequencies which could then be compared to
establish a distinct trend that could be generalised between the buildings.

= Data from the surveys were further analysed to establish internal
significant relationships between factors within each classification and
then also externally between classifications. This allowed for conclusions
to be drawn about the impact of the context on the performance of each
individual.

* (Coded multi variable data for the stair design and environment
classification and the impact on the individual were reduced by factor
analysis®>. Two new variables were derived being descent risk and
visibility/ support which were then triangulated with physical

measurements taken from each stairwell. The measurement templates are

32 Using SPSS V16

33 Using SPSS V16, Varimax method.
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shown in Chapters 4 and 7. The triangulation is significant as it
confirmed the results from the survey factor analysis (see Chapter 7).
Video data and observer data were analysed and transferred on to stair
descent charts with individual schedules. The charts plotted the path and
descent speed of each of the participants in the trial evacuation for each
stairwell. The Y-axis of each chart represented height or level number.
The X-axis represented the adjusted elapsed time.

Observer and survey respondent positions and progress were also plotted
and determined. Sound files from the observers combined with the sound
from the video files were used to enhance information gathered from
each individual image. The results were recorded in schedules associated
with each stair descent chart.

The additional internal triangulation permitted the preparation of
additional schedules for triangulation with survey data concerned with:

o Comparison of focus group and trial evacuation descent speeds
for respondents whose intrinsic characteristics were the same as
the members of the focus groups (risk of falling)

o Verification of group formation

o Extent of overtaking and delays caused by slow movers including
causes.

o Verification of conditions in the stairs especially in terms of the
degree of crowding via comparison between the measured density
(people/m? of stair) and the survey respondent estimation of
“crowdedness”. This provided further information used to explain
whether or not the descent speed was physically reduced by
“density”. The reduction in descent speed coupled with other
delays provides opportunities for people to rest thereby reducing

fatigue.
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Comparisons were made between the distances actually travelled by
survey respondents and whether they felt the distance comprised “too many
flights”** or how the response related to the answer to the direct question in all
the questionnaires concerning estimated descent ability®>. Responses to this
question were also analysed to establish the number of storeys that could be
coped with by the 50% of the surveyed population. This provides an overview of
the level of performance of the office worker as it has a significant relationship
with their trial evacuation experience (measured and estimated). The findings

from the analysis were determined and are presented in Chapter 8.

1.6  Thesis contents
This chapter introduces the intrinsic and extrinsic issues that impact on

the performance of office workers going down stairs in trial evacuations. It
shows that these issues were not really considered in previous stair safety and
evacuation studies. The research problem is established together with the aim and
objectives. The appropriate research method briefly described. The chapter
concludes with the cause and effect framework that is used to direct and co-
ordinate the research.

Chapter 2 provides an extensive introduction to multi flight stair descent
safety commencing with real world engineering science based studies and
comparing these with health science based studies carried out in the laboratory.
This Chapter is a literature review and shows how these engineering based
studies were concerned about stair design and construction issues and safety
whilst the health science studies concentrated on the intrinsic issues (age, gender,

fitness and health conditions) affecting descent. Rival theories are identified as a

34 A direct question asked in the questionnaires for cycles 1-3 of the 2008-2010 case study and
further compared with the effects of the descent such as fatigue. Also a

35 Coping — i.e. the maximum number of storeys the respondent estimated they could cope with
without a rest — this is taken as a measure of their estimated functional capacity/ performance.
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result concerning fatigue and distance. The chapter concludes with the context
summarised in a cause and effect framework with individual performance and
safety as the outcome.

Chapter three identifies the need for the real world study and the need for
the individual office worker to be included as the focus of future research.
Various research strategies are examined and a mixed methods multiple case
study process selected. The process is described and its component part described
in detail. Chapter 3 also introduces the cause and effect framework that is used to
drive the collection, analysis and discussion of the data. The chapter concludes
with the method used to triangulate the data so as to reinforce findings developed
from the individual analyses.

Chapter 4 provides the plans and measured stair details for each of the
buildings re-analysed for the Exploratory case study and those selected for the
2008-2010 case study. This chapter also describes the trial evacuations for each
of the case studies.

Chapter 5 presents the results of the Exploratory case study being a re-
analysis of hard copy data from an author based trial evacuation study carried out
in the 1980’s. The re-analysis of results of a real world study connected with the
origins of the Exploratory case study are presented and integrated with the 1980
results. The chapter concludes with the summary of the results and associated
discussion within the cause and effect framework. Possible performance
predictors are presented as outcomes using this framework and the selection of
the mixed method multiple case study is confirmed.

Chapter 6 presents the results of the embedded explanatory case studies
ahead of the 2008-2010 trial evacuation case study results in the next chapter.
The Delphi group design and process is described with the outcome of their
opinions being the contextual factors of stair descent. The chapter continues with
the results from the focus group studies sessions supplemented by two Content
Analysis Studies directed by the Delphi Group’s contextual classification

framework. A quantitative analysis of the focus group tests and Content Analysis

24



factors is presented and integrated with the other results in a cause and effect
framework ready for further integration with the 2008-2010 trial evacuation
study results in Chapter 7.

Chapter 7 commences with the results of the trial evacuation survey and
trends across the buildings M1-M6. Results from the observers and video
analysis are included in Appendix A7. The three data sets are triangulated
extensively with the details included in Appendix A7. The outcome of the
triangulation is presented in Chapter 7 and further summarised and discussed in a
cause and effect framework. The chapter concludes with the “analysis” of the
trial explanation results within the context of the outcomes from Chapter 6.

Chapter 8 shows how the aim and objectives have been delivered and
presents the other significant findings within a contextual framework. The rival
theories of fatigue, distance and falling are resolved. Research methodology is
reviewed including the associated limitations, the contribution to knowledge

defined and the contribution to the future suggested.
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Chapter 2 — Literature Review

2.1 Introduction
This Chapter reviews the literature dealing with the performance of

individuals descending stairs in the context of a number of associated extrinsic
factors. The intrinsic factors associated with the ability and capacity of individuals
are also included in the search. The approach is based on a combination of earlier
real world research (Pauls, 1974; Templer 1992; Beck, 1977 and Archea et al, 1979)
coupled with experimental research nested in health science (Bohannon, 1997,
Fujiyama and Tyler, 2004; Riener et al, 2002; and Reeves et al, 2008).

The contextual issues of multiple flight stair descent in trial evacuations have
been researched individually but studies with their impact on individual performance
but never integrated. This changed with an extensive UK study of the WTC 9/11
incident by Galea et al (2008a). The study is, however of a single incident, and it
may not be able to generalise findings because of the specificity of the incident. This
chapter looks at other associated studies of this incident (Gershon et al, 2007) where
a participative action research method was used. Contextual issues of management
and individual performance were raised. When this was coupled with a seminal
paper by Pauls, Fruin and Zupan (2007) concerned with how the intrinsic
characteristics of the population had changed over the last three decades then it was
determined that any potential body of knowledge on multiple flight stair descent
needed to incorporate all the issues.

An Ishikawa Chart (Battino, 2006) is used in association with this chapter, as
presented in Chapter 1, to clarify and simplify the contextual issues and to show that
each of the issues (both extrinsic and intrinsic) can affect the performance of the
individual in some way.

In summary the literature search in this chapter therefore examines research
carried out in the real world and in the laboratory. The WTC9/11 incident studies
provide the tool to link the real world and experimental studies together and apply

the findings to multiple flight descent.
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2.2 Overview
As high rise office buildings increase in height so does the distance an

occupant has to travel from the floor which they occupy at the time of an evacuation
alarm to a place of safety. The place of safety is normally outside or a place of refuge
within the building®®. A refuge in traditional terms is one that provides the necessary
shelter for a person who is unable to go down the stairs due to certain functional
limitations *’Current amendments to NFPA 5000 (NFPA, 2012) will also permit the
use of specially designed elevators. In the United Kingdom guidance is also given in
BS5588 Part 2 on the design and installation of elevators for evacuation. These
strategies may not always be entirely suitable for every type of emergency where it is
possible that the elevators may be taken out of service. This PhD Study does not
include an appraisal of alternative evacuation systems. It is only concerned about the
use of stairs as part of a trial evacuation exercise most likely required by the relevant
Occupational Health and Safety legislation in the light of the WTC 9/11 incident
(Averill, 2005).

Research into emergency egress®® starting with the study of trial evacuations
in the early 1970’s (Pauls, 1977) and the movement of crowds at the same time
(Fruin, 1987) provided the building industry with valuable reference data. The two
important aspects of the research was the match between the needs and
characteristics of the occupant (individual office worker) and the egress stair and its
surrounding environment (Pauls, 1977 and Bukowski, 2009).

International building regulations such as those in the UK, US, and
Australasia created a surrounding environment for the stairs where these ‘egress’

stairs were required to be housed inside enclosed fire rated shafts that in the main led

36 E.g. Such as may be required by a Code such as the NFPA5000 Construction and Safety Code
(NFPA 2012) or D1/AS1 (NZ Department of Building and Housing, 2008)

37 Refuge and Fire resistance rating as defined in Approved Document B (Fire Safety — 2006 edition),
(Office of the Deputy Prime Minister (2010).

38 Emergency egress is the act of responding to and safely evacuating the area under threat to a place
of safety that is located either outside the building or within the building. The building needs to be
designed with the necessary systems to allow this to happen.
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directly to the outside of the building or discharged within a safe ground floor area™.
This form of construction provided a fire resisting barrier to keep people safe as they
passed the floor on which the fire was located and to prevent fire from spreading up
through the building®®- Other studies (Proulx et al, 2007) focussed on this challenging
environment in terms of providing guidance for the individual in terms of signage
and clearly defining the steps in each flight along with the handrails so that the
individual could find their way and be provided with support for the such a
challenging task (Reeves et al, 2008). More recent studies of two fire incidents
(Proulx et al, 2004 and Kuligowski and Hoskins, 2010) show that safe egress
involving going down the egress stairs depends on many other elements such as the
emergency evacuation and response plan, the associated emergency communication
systems and whether or not people are familiar with what they have to do. These two
studies showed that the occupants were confused by a complex evacuation strategy
and plan.

Office stairs were generally designed to accommodate two individuals to
descend side by side (1100mm between walls or equivalent) (Pauls, 1984). This
minimum width was based on data gathered over 40 years ago. Pauls has challenged
this width based on findings from the WTC 9/11 incident and has shown that this
width should be increased to between 1200-1500mm (Pauls et al, 2007). Pauls is
supported by other studies such as that of Blair (2010). Pauls et al (2007) maintain
that the characteristics of the individual have changed over the last 40 years
especially in terms of lifestyle both at work and at home. They (Pauls et al, 2007)
simply state that the average body size has changed due to obesity and that people
are not as fit as they used to be. Some people are still fit and therefore can go down
the stairs at a faster rate than others who are less fit and able. Stairs need to be wider
to allow the fitter people to overtake and to allow fire-fighters and other emergency
personnel room to climb up the stairs so that they can rescue other occupants who
may be trapped on a higher level. The need to increase the minimum width has been

confirmed in a more recent study carried out as a result of two main studies the first

39 Part 24, Former Australian Model Code developed by the Interstate Standing Committee on
Uniform Building Regulations prior to 1979.
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by Galea et al (2008) being the UK Study of the WTC 9/11 incident*® and the second
by Peacock et al, (2009) where they showed that the width of the stairs was one of
the main reasons for increases in evacuation time.

Peacock et al (2009) also showed that there were still other things that
required further research and this was confirmed by Blair (2010) in a separate study
using the same raw data from the Peacock et al study (2009). In analysing the data
she found that the data was extremely ‘noisy’ due to other behavioural factors*! that
she was not able to examine any further. One of the examples of this ‘behaviour’
which has been studied recently is the interaction of the individual with others in
such actions as ‘merging’ when entering the stairs (Boyce et al, 2011). Survivor
responses from the WTC9/11 Incident (Dwyer and Flynn, 2004) show the marked
presence of other forms of group such as altruistic behaviour*”. This type of
behaviour can cause the group to go down the stairs at a slower rate (Fahy and
Proulx, 2005) and possibly test the patience of those behind by holding them up
(Parker-Pope, 2008). Conversely it should be noted here that a member of the group
may be too embarrassed to ask the others in the group to slow down so that this
member may increase their risk of falling by travelling at a faster rate*. Group
behaviour can even be affected by the emergency evacuation plan where special
provisions are made for an individual requiring assistance to be assisted by their
work colleagues or other specially trained workers (Kuligowski and Hoskins, 2011).

One of the recommendations made from an analysis of the WTCY9/11

Incident made in two separate studies was the importance of the occupants and their

40 Galea et al, (2008) mentioned how people were held up by fire-fighters and other emergency
responders — problem of counter flow.

41 Behavioural factors in trial evacuations are the major concern of the thesis, but the number of other
factors may quite well increase during an actual emergency. An example of occupant confusion
caused by a complex evacuation and alarm system in a real fire is presented by Proulx and Reid,
(2006).

42 Altruistic behaviour here means when members of the group are prepared to and do help another
member of their group with some kind of impairment or functional limitation.

43 Increasing walking speed for mature workers increases the risk of falling due to tripping (Loo-
Morrey and Jeffries, 2006). This is to be explored further as part of the PhD Study via the use of
Focus Groups.
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organisations being prepared for an emergency (Gershon et al, 2007 and Averill et
al, 2005). The recommendations from these two studies showed the importance of
training where the occupants actually completed the evacuation task in its entirety
and that this should be done regularly and that if that involved going down the stairs
then the occupants should do so. This would be the only way for everyone to find out
whether they were able to cope with the physical challenge of going down the stairs
or whether they should be evacuated in another way (wait at a safe refuge, evacuate
by properly designed elevator or by some other means) (Gershon et al, 2008).
Completion of the evacuation task therefore involves trial or practice evacuations
carried out at least once or twice per year.

Emergency preparedness centred on trial evacuations is now a legal
requirement for high rise office buildings in such countries as the US, UK and
Australasia. This requirement is typically either enshrined in a performance
requirement such as in Section 21 of the Model Occupational Safety and Health
Code for Australia (Safe Work Australia, 2011) or via a set of prescriptive
regulations such as the New Zealand Fire Safety and Evacuation of Buildings
Regulations (Department of Internal Affairs, 2008). Where the requirement is
performance based (i.e. the employer is required to provide a safe place of work) this
is usually reinforced with a Code such as the Australian Standard AS 3745:2010
(Standards Australia, 2010). Usually the occupants are required to practice the
implemented procedures at least once or twice per year such as in New Zealand
(Department of Internal Affairs, 2008). The UK Fire Safety Reform Order requires
fire risk assessment of buildings from time to time. This assessment will involve the
development of evacuation strategies and the associated planning and training. The
employee is required to participate in the practice evacuation and this means that this
participation is one of the conditions of employment (DCLG, 2007).

Gwynne (2008) shows that evacuation procedures need to be inclusive. This
means that the occupant needs to be consulted and become involved in the

preparation of their own plan. Guidelines already exist in the UK for the preparation
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of such a personal emergency evacuation plan (PEEPS*!) (DCLG, 2007a) which
cater for those with certain designated ‘disabilities’.

The question can be asked as to whether the term “disability” encompasses
all the individual characteristics that would place any particular individual at risk
going down the stairs twice per year. Some of the functional limitations such as
sarcopenia and its associated causes mentioned by Al-Abdulwahab (1999) may not
be included or be readily apparent in the definition of disability (e.g. NFPA, 2007).
Many studies link lack of fitness, especially for those over the age of 40 years, to
such things as strength and stability (Bergland et al, 2008; Browning and Kram,
2008 and Corbeil et al, 2001) so that there may be a greater risk to the individual and
also others in their group in requiring any occupant to use the stairs in every trial
evacuation which would be held at least once or even twice per annum. This risk
may be greater than that associated with a lesser frequency which is during an actual

emergency. This is seen as the research question as discussed in Chapter 1.

2.3 Literature Sources
The literature was gathered from a number of sources* that were concerned
with the study of people going negotiating stairs:
e Health science literature which deals mainly with individual characteristics,

functional abilities/limitations and functional capacity.

e Fire safety and science literature where it focuses on both the individual and

others/ groups in terms of human movement studies.

e Occupational health and safety literature where it is concerned with

emergency planning and organisation

4 PEEPS is a fully documented set of guidelines covering the process of preparing “Personal
Emergency Evacuation Plans

45 Similar approach used by the author in his contribution to a review article on the impact of obesity
and functional limitations on stair use in evacuations (Spearpoint and MacLennan, 2012).
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e Architectural literature on stairs and stair environment as extrinsic issues

2.4 Health Science Literature
This literature source is mainly concerned with the stair user (Individual)

which is known as a study of the intrinsic issues. It also includes the rights of the

individual in terms of health and safety.

2.4.1 Office Workers and their associated activity levels
The occupants of high rise office buildings (office workers) have a style of

work that is predominantly sedentary (Steele and Mummery, 2003). Steele and
Mummery carried out an interesting study that established the amount of energy
office workers expended each day in the work place as compared with those in
manufacturing. The amount of energy expended was measured in METS*. There are
a number of levels of activity that vary in intensity as follows (Australian Institute of

Health and Welfare, 2003):

e Light Intensity physical activity: Defined as 1-2.9 METS which is taken as

walking at a comfortable pace in terms of stepping.

e Moderate Intensity physical activity: Defined as 3 — 5.9 METS which is

taken as walking at a brisk pace.

e Vigorous, heavy or rigorous physical activity: Defined as 6 METS+ which

is taken as running, playing squash, and forms of resistance type training.

461 MET is the energy expended by an individual sitting quietly which for the average adult is 3.5ml
of oxygen per kilogram of body mass per minute.
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Step  counts | MET-min-week. Level of
Occupational | (Pedometer) expenditure in
Category METS — min.

3987.2+23.8 (1.1) - | 1.9
Professionals | 2855.2+945.7 80% less than blue
collar

3590.1£907.2(1.0) -
‘White collar 3616.5£1519.2 | 90% less than blue
collar

1.71

6704.9+1730.2 (1.9) | 3-3

Blue collar 8757.442540.4 | — baseline for
comparison.

Table 2-1: Mean and standard deviation for energy expenditure associated with physical
activity carried out in the workplace by each occupational category. (Source — Steele and
Mummery, 2003)

Table 2-1 shows the results of the study which shows that the blue collar workers
(manufacturing) expended 95% more energy during their working hours than the
white collar workers due to the vigorous nature of their work activity. This study
(Steele and Mummery, 2003) only examined activity in the workplace. They did
acknowledge that the white collar workers and professionals could undertake a
formal or informal exercise regime at home and decrease the risk of the onset of
obesity and other chronic conditions (Behre et al, 2011 and Bertrais et al, 2005).
There are studies that have shown that the regular daily use of stairs by workers will
be of benefit and increase the level of energy expenditure of office workers in their
workplace (Eves et al, 2008).

Obesity and age explain most of the association between physical activity
and fitness in physically active men (Serrano-Sanchez et al, 2010) so that middle age
is a natural point at which the sedentary nature of their occupational category is quite
critical especially when they start to lose strength (Al-Abdulwahab, 1999). Lauretani
et al (2003) also showed that the number of functional limitations started to increase

at this point as well. Increasing leisure time exercise at a vigorous level through the
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addition of resistance training and stair ascent exercises can reverse the loss of
muscle mass in middle age as shown in a study by Melov et al (2007).

The mature age worker as defined by most authorities as generally being
over the age of 45 years (Kossen and Wilkinson, 2010). Some mature age worker
studies also reveal that over 25% of these workers (Government of South Australia,
2008) will have some kind of functional limitation*” which agrees with the findings

noted in the previous paragraphs.

2.4.2 The Individual — legal obligations of the building owner and the
employer.
The review shows that there is a legal obligation for the employer and/or

the building owner to provide a safe place of work for each and every worker (US
2009 and UK-ATL, 2011) and that this obligation extends to all workers**. The
provision of a safe place of work therefore applies directly to making provision for
safe evacuation in event of an emergency. There are numerous guidelines available
for the employer or building owner and their experts to provide a meaningful
inclusive set of evacuation procedures (Standards Australia, 2010; NFPA, 2007; and
DCLG, 2007) that most likely will cater for the mature age office worker and all
those with functional limitations that may compromise their stair descending ability.
The employer needs to be careful in terms of their duty under the law and their
potential liability in requiring an individual to go down the stairs during a trial
evacuation once or twice per year when the individual may not be able to cope with
the physical challenge. A structured evaluation of a worker’s ability to go down
multiple flights of stairs as part of a trial evacuation exercise should form part of a
worker’s assessment to make sure that their functional ability match the needs of

their job (Matheson, 2003).

47 Functional limitations such as impared mobility, lack of descnt confidence due to increased postural
sway, increased stress due to the onset of anxiety disorders such as agoraphobia or increased fatigue
due to lack of fitness (Booth et al, 2002)

48 US — Americans with Disability Act; UK — Equal Opportunity Act 2010; and Australia — Federal
Disability Discrimination Act
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2.4.3 The Individual — general issues in functional ability and
limitations.

Functional
Limitation

Occupational
disability

Figure 2-1Assessments of a work disability requires knowledge about the demands of the
worker role and the functional limitations of the worker as an individual.

Source: Matheson (2003)

Matheson (2003) developed a model of functional capacity evaluation
(FCE) which is described in Figure 2-1 above. The worker role demand would be the
mandatory participation in a trial evacuation. The term impairment would include
any condition that the employee may consider to qualify as a functional limitation
that would impact on their ability to descend the stairs as a first choice. The net
outcome would be classified as an occupational disability or as a functional capacity
descriptor that could be used to develop an alternative safe method of evacuation.
There are engineering science studies that show in a study of the WTC 9/11 incident
that an individual’s functional capacity (occupational disability) did not prevent them
from descending multiple levels of stairs to safety (Shields et al, 2009 and Galea et
al, 2008). Galea et al (2008) did qualify this finding as being a specific one because
the individuals were able to rest on the stairs because of delays and the slow
movement due to overcrowding. Other affects gathered from studies of emergencies
(e.g. Proulx and Reid, 2006) show the impact of poor information causing confusion
which increase the stress but still do not appear to diminish the onset of altruistic

behaviour.
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There is also the strategy of self designation where an occupant with severe
mobility issues organised her own method of evacuation. She firstly organised a
group of buddies to be part of the exit strategy for her floor and had them trained in
the use of her evacuation chair. Using this system she was able to exit the buildings
safely via many flights of stairs without causing any delays (Zmud, 2007). This is
also confirmed by a further study carried out by Adams and Galea (2010) which

showed a descent speed of 0.5m/s plus®.

Walking Speed and functional limitations
Individuals may be able to walk and descend stairs at certain speeds as

measured in standard 6-10 metre walking tests (Fritz, 2009 and Graham et al, 2008)
but these tests on their own do not necessarily reflect the individual’s walking ability
which relies on strength, endurance, stability and many other factors (Al-
Abdulwahab, 1999). Fitness is not the only issue. Other conditions such as age,
gender and obesity and other co- morbidities may limit their walking ability
(functional capacity) (Bohannon, 1997; Ayis et al, 2007 and Kang and Dingwell,
2008). Ayis et al (2007 also show the impact of distance in Figure 2 2 below:

4 Adams and Galea (2011) only tested a 75Kg chair. 200K g test carried out by Author and described
in Chapter 7 with same positive result.
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(a) Age category in years versus reduced walking speed

Source: Ayis et al (2007), Table 1, pp. 1907.

(b)

.. .1.04
~—
B AR B
.E.Olg._.
-8 084
Il B
o
B~
=0.6-
.M. .
s —
0 - ... .20 - .. .40 - . . . .60 .80

‘Maximum walking time (mins).

(b) Maximum walking time and associated speeds

Figure 2 2: Walking speeds, age and walking ability

37



Figure 2 2(a) shows the reduction of walking speed increases with age®.
Figure 2 2(b) may be confusing to interpret but those study participants who were
able to walk for a longer period of time were those with the greater walking ability
and fewer functional limitations. Walking ability relates to time they were able to
walk for without a rest and distance they covered during that time. The less time
spent walking illustrates a reduced walking ability. The study (Ayis et al, 2007) also
showed that as the participants’ age increased together with the number of
impairments their walking ability decreased i.e. walking speed versus time spent
walking which translates into distance covered in a certain time. This relationship
can be clarified further by the relationship between walking speed and specific health
conditions in Figure 2 3 below (Ayis et al, 2007):

© Cardio- © © © Vision'

Figure 2 3:- Health conditions or impairments vs. walking speed

Source: Ayis et al (2007), Table 1, pp. 1907.

59 Also described in other studies as those of Bohannon (1997)
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Figure 2 3 (Ayis et al, 2007) shows rheumatic conditions, cardio-vascular
problems and reduced vision can reduce walking speed. Hulens et al (2003) show
that obesity associated with other health conditions can also affect walking speed and
ability especially in terms of capacity and this is where a link may be possible with
the engineering science study of Peacock et al (2009) where distance that an
individual had to go down the stairs was found to be a major predictor of descent
speed. This is also supported by other engineering science databases (Fahy and
Proulx, 2001). Walking speed is therefore a good predictor of an individual’s
walking ability or functional capacity (Fritz, 2009). This was also further supported
by the PhD Study Delphi Group (see Chapter 6).

Age and functional limitations
Ayis et al (2007) showed that walking speed reduces from the age of 45

years onwards from 0.97m/sec to 0.75m/sec at 65 years. Much of this is to do with
musculo-skeletal pain in the lower limbs. Other studies also show a similar
relationship in terms of the loss of strength and linked this with a reduction in
walking speed (Al-Abdulwahab, 1999 and Lauretani et al, 2003). Strength plays a
vital part in stair descent as can be seen in a study of individuals negotiating stairs at
different inclinations. As the inclination of the stairs increased the amount of power
concentrated in the joints also increased (Riener et al, 2002). Grip strength correlates
strongly with age and the number of functional limitations (Rantanen et al, 1999) and
stair climbing ability. A reduction in grip strength can be seen as a reduction in
ability to prevent a fall on the stairs by means of taking hold of the handrail (Maki et
al, 1998). Reeves et al (2008a) showed that stair users can compensate for this and

increase their confidence in descent by placing their hand on the handrail.

Physical Activity and functional limitations
Adiposity and age can explain most of the relationships between age and

fitness in physically active men (Serrano-Sanchez et al, 2010)°!. A basic outcome of

5! This change may not be so marked in women according to a study by Van Pelt et al (1998) but it is
s relationship that still exists.
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a sedentary lifestyle is obesity and this can be associated with and indirectly lead to
the onset of many chronic conditions such as cancer, coronary heart disease,
hypertension, Type 2 diabetes, and neurological disorders (Booth et al, 2002). He
and Baker, 2004 carried out a longitudinal study concerning the level of activity
measured over a number of years. They showed that those participants who were
obese at baseline increased in mass over the span of the study. This increase in mass
comprised the build-up of adipose tissue around the mid region of the abdomen
which can increase body sway because of the reduced walking speed. The questions
asked in the He and Baker study (2004) were mainly to do with the respondent’s
degree of fitness and the type of movement e.g. walking or stair climbing.

Increases in fat mass correlate well with a high level of significance
(p<.001) with reduced walking speeds (Hulens et al, 2003). A classification system
developed by WHO (2011a) does not rely on fat mass but on body mass as a
function of an individual’s height squared. This relationship is known as the Body
Mass Index (BMI). WHO (2011a) published an international BMI classification

scale:

e <17.5 Anorexic

e 17.5-18.5 Underweight
e >]8.5<25 Optimal

e 25-30 Overweight

e >30<40 Obese 1-2

e > 40 Morbidly Obese

Mchurchu et al (2004) showed that there is a relationship between BMI and
the number of associated functional limitations measured over the Asia-Pacific
region which included Australasia. A BMI of 35 and above will severely restrict an

individual’s walking ability or speed as shown in Figure 2 4 below
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Figure 2 4: BMI vs. walking speed (redrawn from Hulens et al (2007)

As suggested by Booth et al (2002) obesity is a metabolic condition due to a
sedentary lifestyle. As an individual’s BMI or fat mass increases the lower limb
maximal power increases (Sartorio et al, 2004). The descent of stairs therefore can
pose a problem for individuals with this condition and they will most likely require
rest stops along the way. Riener et al (2002) reinforces this finding where they found
that the power concentrated in the joints increased as the inclination of the stair
increased. Peeke (2007) would place individuals in this category as most likely being
incapable of surviving the physical challenge of stair descent beyond a certain height
but in an engineering science study by Galea et al (2011) they reported that only 8%
of their respondents descending the stairs when evacuating Towers 1 and 2 of the
WTC reported resting due to fatigue. This percentage is still significant but they
(Galea et al, 2008) do concede that the need for other respondents to rest may have
been offset by the delays due to people entering the stairs and also the number of
people on the stairs at any one time with the resultant slow descent speed (Galea et
al, 2008a). This is the situation during an emergency as the WTC 9/11 incident was
an emergency. The situation can be exactly the same in trial evacuations due to

merging (Boyce et al, 2009).

Stability and functional limitations
Stel et al (2003) show that the number of functional limitations affects the

prediction of the risk of falling. Menegoni et al (2009) support this finding when

they show that as the amount of fat mass increases around the abdomen area so does
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the amount of body sway thereby affecting the maintenance of postural stability.
Menegoni et al (2009) also show that strength plays an important part here in the
way the ankles finally have to accept the load when stepping. Moody (2000) also
shows that musculo-skeletal pain in the joints can have an impact on postural
stability in association with obesity.

Vision impairment increases with the 40+ age group (Leonard, 2002) and a
test carried out by Hue et al (2007) shows how poor vision combined with morbid
obesity can further increase the risk of falling or confidence in descending the stairs.

MacLennan has further demonstrated in a subsidiary study (2008) that body
space has increased along with obesity from 0.28m? to 0.44m?. Australian data also
supports this increase in spatial requirements (Montgomery and He, 2011). This
supports the case for wider stairs put forward by Pauls, Fruin and Zupan (2007) but
does not address the increased need for handrail access where two handrails may be

required>?.

Stair climbing performance
Balance confidence’ and other neurological conditions may affect gait

(Verghese et al, 2008).

Vestibular function Reaction Time
- caloric testing - simple

- rotational testing - choice

- optical stability l

- vestibulospinal reflexes

Vision
- visual acuity

- contrast sensitivity
MAINTAIN :

- depth perception

- ol itivi
STABILITY Gk acaptation

Peripheral Sensation Muscle strength

Somatosensory. - knee flexion

- tactile sensitivity - knee extension
- vibration sense - ankle dorsflexion
- proprioception

Figure 2-5: System for maintaining stability - the inter-relationships (Source: Lord et al,

2007)

52 Observation from the Author’s 1980 Research Project which is included in the database for the
Exploratory Case Study to be analysed in Chapter 5.
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Climbing steps not only places demands on the cardiovascular and
musculoskeletal systems but also requires input from other systems such as vision,
vestibular and somatosensory systems (see Figure 2-5). As people age these systems
deteriorate (Hamel et al, 2005). Climbing steps depends on the strategy learnt by the
user (Roys, 2006). If the user or person is in a hurry or does not focus then they are
not in control and may fall. This can be the case with a slow mover in a fast moving
group which can occur in a lightly populated building or where a sequential
evacuation is planned>. In this case vision can be crucial in the successful climbing
of any set of stairs (Startzell et al, 2000).

Bergland et al (2008) see the successful climbing of steps as:

e Generation of concentric muscle forces to “propel” the person up the steps.

e Generation of the necessary eccentric muscle forces to control the body
going down the steps especially in terms of controlling the body’s centre of
mass with a constantly changing base of support forming part of the

“action” component of the Templer construct (1992).

e The capacity to adapt strategies to control posture/ stability when the steps
and their surrounds result in steps being steeper or support not being
available due to the absence of a reachable handrail due to distance or

obstruction by another person in the group.

The role of vision may be crucial but it is the degree of focus on the task in
hand and maintaining their posture that will determine if the person will be
successful. The task of climbing can be divided into three phases as for walking
being stance, swing phase and a period of double support as shown in Figure 2-6

(Trew, 2005). It is similar to the activity of walking in terms of the movement of the

53 Sequential evacuation is when entry into the stairs is in a set sequence with an appropriate time
delay in between each permitted entry. The idea is to limit the hazards due to overcrowding.
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joints and action of the muscles. As a task the climbing®* of steps (Figure 2-7) is far
more demanding than walking due to the increase in the range of movement on the
lower limbs especially the joints and therefore their structures need to be fairly

robust if the climbing activity is to be safe (Costigan et al, 2002).

Stance Swing Double

Weight Raise foot support
Accept
Stance Swing Next

Foot lowering  swing forward

Figure 2-6: Example of 3 phases taken from Trew and Everett (2005) pp. 188

There is a single stance phase in the climbing® of steps when the body is
vulnerable. This is because the “base of support” is extremely small (Trew 2005).
The vertical relocation of the centre of gravity also occurs during the single stance
phase so that this requires a great deal of strength, one of the main systems required
together with the vestibular system to remain stable (Trew 2005).

Climbing down the steps is an extremely dangerous task in that it results in
75% - 80% of falls on steps (Bergland et al, 2008; Tiedemann et al, 2007; Ozanne-
Smith et al, 2008; and Reeves, 2008). Going down the steps (Templer, 1992) the

individual starts by placing the leading foot near to or on the first nosing of the

5% Climbing in this instance includes both ascent and descent
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flight™> at the junction with the landing. Relying heavily on visual and
somatosensory inputs they allow their back foot to swing into the air over the line of
the first nosing ready to be placed on the first step. At the same time the climber
bends the knee of the supporting leg and raises the heel off the landing or path. The
other foot is adjusted for position based on somatosensory feedback and placed on to
the step. At this point the mass is transferred on to the new leading foot. The rear
foot is now lifted off the step above and swung over the next two nosings. The
clearance by the toe above the nosings will once again rely heavily on the
somatosensory feedback amongst other things and ageing can impact on the
performance of these systems (Hamel et al, 2005). Uniformity of riser height is also
critical as it is in ascent because as the climber continues on down the flight they
learn from the proprioceptive feedback they receive (Roys, 2006). Problems can
arise when the individual’s vision is obstructed by others or there is lack of
definition or contrast between the steps and handrails (Alderson, 2010).

Stair descent therefore calls upon contributions from vision, peripheral
sensation systems, vestibular senses, muscle strength and reaction time as well as
using cognitive skills to process the associated extrinsic information from the stair
construction, configuration and shaft environment. These functions start to
deteriorate from 40 years onwards and begin to increase the likelihood of falls.
Increasing the level of fitness as part of a structured programme can assist (Peeke,
2007).

Neurological disorders are a group of conditions that involve the central
nervous system (CNS) and the peripheral nervous system (PNS) (Patts, 2000). Any
impairment will decrease the individual’s capability to safely climb steps seeing
without adequate training the risk of falling due to a misstep, stumble or slip will
increase (Startzell et al, 2000). Researchers have shown that neurologically intact
people adapt movement strategies they use for going down steps in response to
changes in sensory information they receive about the descent task (Shumway-Cook
and Woollacott, 2007). The somatosensory system is as shown in Figure 2-5.The

somatosensory system is part of the PNS (Patts, 2000). The awareness of the position

35 See double support in Figure 2-6
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of our limbs and joints in space is provided by information from various receptors in
the joints and the muscles passing over the joints (Lackner and DiZio, 2000). Vital
information is also received from the head, hands and feet. The feedback from the
feet for example is vital for descending and ascending steps as well as walking as it
tells the person in combination with visual cues where to place the foot even to the
point that the foot is accommodated on the tread (Roys 2006). This feedback process
is known as proprioception (Shumway-Cook and Woollacott, 2007). The first step in
the flight therefore requires complete focus. As the person proceeds up or down the
steps they learn from the information and may adopt a strategy thinking that all the
steps will be the same (Roys 2006). If the visual cues are limited then proprioception
can still be used to “feel” the position and location of the next tread in space and a
decision can be made to modify the gait pattern (Shumway-Cook and Woollacott,
2007).

The somatosensory system can be impacted by neurological disorders as it
is part of the PNS (Patts, 2000). These disorders in older people can take the form of
dementia, movement disorders, muscle and neuromuscular junctions as well as the
PNS itself. Epilepsy is an example. These disorders can be characterised by losses in
co-ordination, delayed muscular response, cognitive difficulty and dysfunction, and
most of all signification reduction in the somatosensory system which will affect

proprioceptive feedback from the steps themselves (Startzell, 2000).

2.5 The Individual — Co-morbidities

A co-morbidity in this context is synonymous with a health condition or
impairment which can be made worse by a sudden increase in the level of energy
expenditure e.g. going down multiple flights of stairs as part of a trial evacuation.
This can be linked directly with the impact of the group where the individual
increase their gait because they are too embarrassed to ask the others to slow down.

In doing so, they increase their risk of falling*’.
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2.5.1 Obesity
Obesity is linked to a number of chronic diseases such as hypertension, type

2 diabetes, some types of cancer, osteoarthritis, osteoporosis, and coronary heart
disease (Ewing et al, 2003). In the US 31.1% of people over the age of 60 years were
obese in 2003-2004 (Ogden et al, 2006). The rate of obesity in the 40-59 age group
was even higher being 36.8% (Ogden et al, 2006). In the UK the rate of obesity has
trebled since the 1980’s and over 50% of the population are either obese or
overweight (Melzer et al, 2006). The same study also demonstrates how obesity,
which is now classified as an impairment under the WHO classification framework
(Forhan, 2009), reduces life expectancy for adults <70 yrs. by 6-7 years.

In summary morbid obesity (BMI>35) has been included as part of the
objectives because of its association with other co morbidities and the impact these
can have on the functional capacity of the individual to successfully go down the

stairs.

2.5.2 Musculo-skeletal
Musculoskeletal pain experienced by obese and morbidly obese women

exceeds that experienced by their leaner counterparts after completing the 6 minute
walk test (34.9% as compared with 11.4%) (Hulens et al, 2003). A further study
showed that musculoskeletal pain did not necessarily limit the number of activities
undertaken by older women but that in certain instances it accounted for them having
difficulty climbing steps (Leveille et al, 2007). Although this mainly applies to older
women its impact is relevant in the 50+ age group. This can be confirmed especially
when the activity involves climbing up a flight of steps where the most striking
difference between this activity and level walking was when the peak patella-femoral
contact force increased by a factor of eight (Costigan et al, 2002).

Joint flexibility is the one that is most affected by joint seizures such as
osteoarthritis and rheumatoid arthritis. Isaacson et al (1988) shows the impact that
this can have on the climbing of steps and that it was the knee that had the most
impact.

When joint disease is associated with loss of strength and is also due to

ageing then the pitch of a flight of steps is quite critical. Riener et al (2002) shows
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that there is an increase in the power exerted through the lower extremity joints as
the inclination increases and that an inclination of 37 degrees could be quite
uncomfortable for those with arthritis.

Musculo-skeletal conditions are therefore considered to be a co-morbidity
that should be included with the objective that tests the aim of physical fitness vs.

distance traversed down the stairs.

2.5.3 Cardio-vascular
Fjelstad et al (2008) studied a group of non obese and obese people with the

following metabolic conditions (Table 2-2)

Condition Obese (N=128) Non Obese: (N= 88)
Mean mass = 100.5Kg /| Mean mass = 63.5Kg/
Mean BMI = 35Kg/m?2 Mean BMI = 22.8Kg/m?2

Hypertension 51% (2.2X)* 23%
Diabetes 13% (2.9X)* 4.5%
Hyperlipidaemia | 48% (1.5X)* 31%
Fall history 27 %(1.9X)* 15%

Table 2-2: Subject characteristics in Fjelstad et al (2008) Study.
Indicates factor by which the condition is prevalent in the obese group as compared with the

non-obese.

The two groups in Table 2-2 were of a similar height and the differences in
the BMI were highly significant (p<.001). The conditions correlated relatively well
with BMI and therefore collectively with functional capacity including the rate of
falling. These conditions are generally classified as metabolic conditions (Booth,
2002).

Any cardio-vascular condition such as hypertension, Hyperlipidaemia,
reasonably advanced Type 2 Diabetes (with peripheral neuropathy) and where the
individual had an associated history of falls studies such as Fjelstad et al (2008)

would indicate that any cardio- vascular condition could comprise more than a single
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co-morbidity and therefore should be used as an objective to test the aim of fitness

vs. distance as a measure of stair descent capacity.

2.5.4 Vision
The visual system also plays an essential role in providing people with

information about where their bodies are in space i.e. “visual proprioception”
(Shumway Cook and Woollacott, 2001). The visual system therefore reinforces or
confirms information sensed via the somatosensory system. (Lord, 2007). It helps to
the individual to maintain their balance by continuing to provide them with
information about their motion and so the “visual proprioception” feedback
continues (Lord, 2007). Impaired vision can be associated with postural sway (Lord,
2007). Menant et al (2008) reveal that when people stand with their eyes closed their
sway increased by 20-70% thus substantiating the above considerations.

Simoneau et al, (1991), studied the impact of degraded visual acuity on foot
clearance between steps. There were three conditions, one where there was no
marking of the nosings, one where each step was slightly defined and the last where
the nosing was marked by a 38mm wide contrasting stripe. As the step definition
increased so did the cadence, foot placement and clearance. With less step definition
the person adopts a more cautious approach and places the foot further back on the
tread and increased the height of the foot clearance in mid swing phase. Startzell et al
(2000) explain the relevance of visual acuity and contrast sensitivity by suggesting
that the visual field can be subdivided into the focal or central field and the
peripheral field. The focal field serves the functions of visual acuity, contrast
sensitivity, colour, pattern and obstacle discrimination. Visual acuity tests measure
fine detailed vision; contrast sensitivity tests assess the ability of a person to detect
edges under blurred or low contrast conditions (Lord. 2006). A loss in edge contrast
sensitivity which can quite easily happen to older people may result in tripping over
steps and other obstacles (Lord, 2006). Another central or focal field function that is
even more critical is the use of their stereoscopic vision to define depth and distance

(Startzell et al, 2000). Impaired stereo acuity or depth perception has a strong
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association with falls for older people (Lord, 2007). The age group of 55years and
above is included here (Lord, 2007).

Gaze stability refers to the stabilization of the eye in space in order to see
clearly. As a person climbs a flight of steps or even walks across a level surface the
head will move (Herdman, 1997). The more an individual’s head moves the more the
vision blurs. Blurred vision is just poor visual acuity. A study carried out by Buckley
et al (2005) showed that people with blurred vision were more cautious and tended to
“feel” their way down the steps. Further Buckley et al (2005a) shows that the
medial-lateral stability problem that older people and mature office workers have is
further compromised by blurring vision especially when climbing down the stairs
(Marigold, 2006)

The use of eyewear can affect depth perception (Studenski and Wolter
2010). In fact, Studenski and Wolter (2010) show that any form of visual impairment
can contribute to instability. The single or unexpected step is considered to be a risk.
Cowie et al (2008) show that there is a visuo-motor process that a person uses to
control a single step. In fact, Cowie et al (2008) showed that a person can actually
“scale” the height of the riser as a function of the anticipated height that their knee
will “drop” to the next level. Blurred and monocular vision can significantly affect
scaling so that single steps are clearly a hazard. Even short flights of two or three
steps appear to cause problems (Templer 1992). Single steps should be avoided as
part of a multiple flight system where there is a change in flight length or at a point
where the stair shaft changes location e.g. from high rise to midrise section.

The use of multi focal glasses can severely impact depth perception
(Menant et al, 2008). This issue should be raised with individuals who wear multi
focal glasses especially where steps are not clearly defined and the goings are less
than 280mm.

Based on this section any type of vision impairment needs to be seen as co-
morbidity especially in relation to the risk of falling and/or stability. The presence of
others on the stairs will interfere with visibility of the steps and the availability of the
handrail will be crucial. It therefore needs to be part of the co-morbidity objective
used to test the aim of fitness vs. distance traversed down the stairs and also

triangulated against the extrinsic factors of the stairs and stairwell.
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2.5.5 The vestibular system and stability or balance
The reader is requested once again to refer to Figure 2-5 showing a

schematic working of the systems governing balance.

The vestibular system is located in the inner ear and comprises the non
auditory part of the ear that is responsible for a person’s awareness of the orientation
of their head in terms of gravity and its linear and angular acceleration (Trew and
Everett, 2005). It therefore helps a person to maintain their:

° Posture
e Joint stability
e  Balance

e  Bi-lateral co-ordination (using both sides of our body which is especially

the case for step over step climbing of steps.
e  Awareness of body position
e  Gaze vision (focus) and attention
e  Rhythmic movement.

The vestibular system works in tandem with the somatosensory and vision
systems but can adapt when the other two systems are impaired e.g. walking on
uneven ground in the dark. The vestibular system is trainable as it is evidenced in the
rehabilitation of patients recovering from a middle ear infection. Therefore if any
one of the other two systems be impaired then vestibular system can be trained to
compensate.

Balance is the maintenance of stability. Vertigo and dizziness or “light-
headedness” are the main vestibular disorders that may require attention
(Bredenkamp, 2009). Normally a person receives information from the
somatosensory, vestibular and visual system at the same time. When there is a
mismatch it can itself create a sensation which is commonly described as vertigo,

dizziness or disorientation (Yardley, 1994). If the mismatch is attributable to an
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intrinsic dysfunction then the condition is usually labelled as vertigo (Yardley, 1994
and Bredenkamp, 2009). The overall incidence of dizziness, vertigo and imbalance is
5-10% increasing to 40% in people above 40 years of age (Samy and Hamid, 2010).

Yardley and Redfern (2001) in reviewing evidence of psychological factors
interfering with recovery from conditions such as dizziness and vertigo show up
some connections between heightened anxiety and complaints of dizziness. A
common response to bouts of dizziness is to avoid the activity entirely. Anxiety®
can also increase the degree of a balance disorder.

A vestibular disorder may not be readily apparent such as the onset of
dizziness which can be exacerbated with the amount of activity associated with the
descent so that it needs to be considered as a co-morbidity objective that will be used

to test the aim of fitness vs. distance traversed in descent.

56 Heightened anxiety is known as Agoraphobia and an instance of this is described in the Exploratory
Case Study in Chapter 5.
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2.6 Others on the Stairs (Group)

This section will deal with group dynamics in trial evacuations and

mainly draws on cognitive science and engineering science literature.

2.6.1 Group formation, dynamics and cohesion in general
It is necessary at the onset to examine the social and organisational

context of the occupancy on each floor or group of floors in each building so as
to discover the unique characteristics of how the groups are formed in event of an
emergency or trial evacuation (Jones and Hewitt, 1985). There is a clear
distinction that can be drawn between the situational and authoritative formation
of groups and their leaders (Jones and Hewitt, 1985).

Templer (1992) discusses the phenomena of “platooning” associated with
groups at the point of entry. The group may form either on the floor or at the
entry to the stairs. There may already be a group coming down the stairs but they
could quite well defer if the group from the floor has already started to enter. The
opposite can happen. It all depends on the size and amount of interaction within
the group according to a series of experiments carried out by Knowles et al
(1976). Templer (1992) however goes one step further by showing that even
smaller groups will still “appear” to occupy the full width of the stair at the entry
point. Depending on the amount of interaction within the group this will also
affect its “permeability” (Knowles et al, 1976). Other stair users may therefore
slow down when they estimate that the group in front of them is impermeable.
Merging patterns therefore will depend on the configuration of the stairwell
especially in terms of the positions of the entry points in relation to the stairs
(Boyce et al, 2011).

The emergency response plan and procedures may define the

authoritative group formation under a specific set of procedures as defined for
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example under a guideline document or standard such as AS 3745%" (Standards
Australia, 2010).

In an uncontrolled evacuation (Pauls, 1988) all floors are evacuated at
the same time and the occupants are permitted to enter the stairs when they are
ready to do so. The formation of the group in this instance falls into three

categories (Jones and Hewitt, 1985);

o Social bonds — friendships between workers

. Organisational structure/ work team — interaction between the structure/

team and the individual’s role

. Location in the building at the sounding of the ‘alarm’ and proximity of

others — situational.

Jones and Hewitt (1985) focus on leadership or decision making. They
argue that the leadership of a group may correspond to the roles assigned by the
organisation. Group formation may be situational or will comprise a group of
friends or colleagues. Regardless of the way the groups are formed they tend to
behave mostly in an altruistic fashion when others require assistance (Dwyer and

Flynn, 2004).

There are also instances where there has been lack of practice or training
that group formation will be more situational as shown in survivor recollections
from the WTC9/11 Incident (Dwyer and Flynn, 2004). It is interesting to note
that up to 27% of the WTC9/11 respondents studied by Fahy and Proulx (2005)

57 AS 3745 is an official standard where standardised strategies for evacuations are set out
especially in terms of sequential and uncontrolled evacuations. They also set out the structure of
the emergency team and the roles of the members.
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were influenced by authority figures which were defined by the corporate

structure of their organisation.

McConnell et al (2010) provide some interesting information on group
formation from the WTC 9/11 incident under an activity they called “grouped
together”. The global percentage of occupants undertaking this activity was
approximately 14%. A potential leadership pattern emerged comprising those
with either a fire safety or managerial role. The formation of groups increased on
the upper floors. Perhaps this may have been due to their perception of risk.
Aguirre et al (2011) argue that behaviour in emergency incidents should
therefore be explained by group level considerations so that emergency
evacuation training perhaps should make use of this finding as shown by
Gershon et al (2007) in feedback provided by WTC 9/11 incident survivors.

The issues discussed in this section will need to form part of the

objective that will be used to test the aim of fitness vs. distance to be traversed.

2.6.2 Altruism
Fahy and Proulx (2005) provide strong evidence to support altruistic

behaviour when they mention that many of the survivors from the WTC 9/11
incident reported that they had helped other people down the stairs regardless of
where the groups were formed. Based on an analysis of assisted evacuation
carried out by Adams and Galea (2010) the descent speed of the group assisting
would be reduced by over 30% without accounting for any other fatigue factors.
An individual requiring assistance could arrange with the members of the group
for them to assist so that this group could practice this assistance. An example of
the use of the above device in the WTC 9/11 incident has been reported by the
National Fire Protection Association (NFPA, 2007 and Zmud, 2007).

The above example shows the need for this risk to form part of the PhD

study only in terms of the likelihood of such an individual insisting under a
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PEEPS>® regime (DCLG, 2007a) that they have the ability to evacuate using the
stairs without assistance and possibly placing others at risk. The author has also
selected the contents of a facilitated blog site (Parker-Pope, 2008) dealing with
the use of stairs during trial evacuations. One of the core consistencies of this
discussion was the absence of altruistic behaviour tendencies amongst some of
the participants. The author intends to analyse this record of discussions in

Chapter 6 in association with Focus Groups.

2.6.3 Merging behaviour
Zmud (2007) reports that during a building evacuation via the stairwell

one third of the respondents to their survey would be prepared to give way to a
group of people coming down the stairs from the storey above. Boyce et al
(2011) state that as a result of three evacuation drills they conducted in their
study that the merging was about 50:50. The patterns over the merging period
were different. These differences were due either to the configuration of the
approach of the group entering from the floor and those descending from the
floors above or the manner in which groups gave way to each other. This aspect
also needs to explore the group dynamics as well in terms of the group size and
distance between them at the likely point of merging as the pattern of deferment
can also depend on size and degree of separation (Knowles et al, 1976).

Merging depends on the evacuation strategy i.e. uncontrolled stair entry
as shown in Figure 2-7 where one group may quite well defer to the other and in
a sequential stair entry where the sequence is defined by the emergency plan

(Pauls, 1984) as shown in Figure 2-8 below:

8 PEEPS is an abbreviation for a personal emergency evacuation plan and is needed especially
for all those with functional limitations.
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Figure 2-7: Traces of Occupant Movement Showing Mixing and Merging at Entry to Stairs
(Source: Pauls, 2004, Figure 3)
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Figure 2-8: Idealised sequential evacuation commencing at ground floor with stair wardens

allowing first person into stair once the last person from the floor below has started to

descend (Redrawn and modified from Pauls, 1985)

From studies such as Dwyer and Flynn (2004) deferment may not be an

individual decision but possibly a group decision. Deferment behaviour is also
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confirmed by Boyce et al (2011) and can be defined by the footprint of the
stairwell. Pauls (2004) states that there may also be cultural differences e.g. level
of courtesy. Congestion will increase as more and more individuals access the
stair as there are spatial factors e.g. personal space requirements, which come
into play (Fujiyama, 2005). Descent speed may slow down as a result of this and

also because of the delays caused by the merging behaviour.

2.6.4  Can groups constrain flow or is it just the number of people?
Up to 70% of crowds move in groups (Moussaid et al, 2010). It is

therefore quite feasible that the descent speed of a group could be determined by
the slowest mover based on the social interaction. Fahy and Proulx (2001) show
typical walking speeds for people with functional limitations that are much less
than those defined by density or the number of people on the stairs. Proulx et al
(2007) also confirm the impact of the slow mover in a trial evacuation exercise
where there were two individuals who were distinct slow movers where the
resultant descent speed was much less than that associated with the measured
density in the stairs.

Galea et al (2011) maintain that as density increases there is a point
where other characteristics such as fatigue and obesity can be masked. It is
argued that the same applies in the case of a group with a slow mover. Density
has normally been shown to directly impact on walking speed as shown in Table

2-3(Pauls, 2004).
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No. of Density Speed Flow

persons (persons per | (m/sec) (persons/
m?) sec)

4 0.45 1.3 0.82

6 0.68 1.2 1.14

8 0.91 1.1 1.4

10 1.13 1.0 1.6

12 1.4 0.9 1.8

18 2.0 0.6 1.7

24 2.7 0.3 1.13

Table 2-3: Speed vs. Density and Flow (Pauls, 2004)

Table 2-3 can be redrawn as a graph (Figure 2-9) and slow mover
speeds superimposed on it so as to highlight the impact a slow mover could have
on others following them down the stairs. A large group or platoon would then
form behind the slow moving group giving the impression of an increase in

density (Templer, 1992).
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Figure 2-9:- Speed vs density - slow mover comparison
(Drawn from Table 2-3 with mean unimpeded walking speed for individual with walking stick

and walking frame for comparison only)
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Slow movers can therefore determine the descent speed of the group.
This could annoy others following them down the stairs especially if the slow
mover is obese. Group attitudes in trial evacuations may have an impact on the
individual especially if they cause a delay® (Parker-Pope, 2008). This is further
confirmed indirectly by Puhl and Brownell (2001) and directly by Puhl and

Heuer (2009) via statements such as;

“Obese individuals are highly stigmatized and face multiple forms of prejudice
in the United States ...... The prevalence of weight discrimination in the United
States has increased by 66% over the past decade... ... 7

(Puhl and Heuer, 2009, pp. 941).

The above attitude, however, is contradicted by the altruistic behaviour
shown by some survivors from the WTC 9/11 incident (Dwyer and Flynn, 2004).
It should still be borne in mind should the resultant delay be longer than the
following group is prepared to wait that this type of antagonism may occur as
shown in an on line chat room Parker-Pope (2008) hosted on evacuations by

stairs.

2.6.5 Risk of Groups to their Members
Kang and Dingwell (2008) show that reduced walking speed with ageing

does not necessarily improve stability but they did provide a reason for older
people decreasing their walking speed. The strategy was to improve visibility.
There is still a possibility that individuals will fall if they “rush” (Templer, 1992)
due possibly to lack of focus and therefore visibility. Groups do however

increase density in the immediate area they occupy and also partly obstruct the

59 Reactions are normally altruistic as per Dwyer and Flynn (2004) except that this finding may
not be capable of being generalised across all incidents. Parker-Pope (2007) shows that this may
be the case based on inbuilt community attitudes.
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view of other members. If the member of the group is a slow mover that is too
embarrassed to ask the others in the group to slow down then they may quite well
attempt to keep up with the group and “rush” as a result. Bohannan (1997) shows
the variation in walking speeds for adults between 20-79 years. Ayis et al (2007)
shows the impact of age and other functional limitations on walking ability.
Walking capacity / ability also relies on strength, endurance and stability (Al-
Abdulwahab, 1999) so that as the distance to be traversed increases®® the descent
speed slows due to fatigue and/or loss of strength and the risk of falling increases
(Lord et al, 2007). Keeping up with the rest of the group therefore requires
greater effort and increases the risk of falling. The other functional limitations
are usually a sign of reduced walking speed (Fritz, 2009) will contribute to the

risk as well.

2.7 Stairs — Environment and Construction.
The literature sources for this section are from the fields of engineering

science and occupational health and safety.

2.7.1 Stair geometry and pitch
Roys (2006) of the BRE determined that the most critical factor in

stair descent was the width of the stair tread or going®! as defined in - Figure 2-

10 below:

% Distance to be travelled down the stairs is a direct function of building and storey height.

61 Tread in this document is synonymous with going.
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- Figure 2-10: Definition of Going and Nosing Projection

Roys (2006) showed that the minimum width should be 300mm to match the
average length of the male foot. Pauls (1984) maintains that this could be
reduced to 280mm to allow for a 25mm maximum overhang. These minimum
dimensions allow the user to face front on when going down the stairs as a
safeguard against falling.

A synopsis of stair geometry requirements is shown in Table 2-4. Pauls
(1984) recommends a maximum 180mm riser for safe descent. Riener (2002)
from the health science literature agrees with the range of slopes or pitches
shown in Figure 2-11. Recent research in the UK shows that a slope or pitch
between 18° and 23° results in a more user friendly stair for those with functional
limitations including reduced vision (Alderson, 2010). NZ Compliance

Document DI1/AS1 (DBH, 2002) views this range as uncomfortable.
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Country Going Riser 2R+G
Australia 250mm min. 190mm max. 700 max (630 —
37°

(Building Code of | 355mm max. 115mm min. )
Australia 2011 — 510 min.(585 -
Table D2-13) 18%)
New Zealand 255mm min. 190mm max. Max pitch - 37°
(Approved 375mm max 150mm min. Min pitch - 230
Document DI —
New Zealand
Building Code)
United 300mm min 180mm max 600 min (31°
Kingdom max)

450mm max 170mm for
(BS 5395-1:2010; Approved 810 max (18.40
Stair ~ Code of Document M. main)
practice for the
design of stairs 150mm min
with straight
Slights)
United States 280mm 175-180mm (640 -33%
(Pauls, 2004 and
Templer, 1992)

Table 2-4 Stair geometry — international comparison (Stair pitch and the formula 2R+G are

stated together — 2R+G is a measure of safe gait)

B Froferred zore
FETET Not for general use Country Comments
Uncomioriakl -
- mneemeriabe . ADDERS Australia 18°-37°
rr\_‘_k'&'-?___"__-——-'_
s NZ 23737
UK 18.4%-31°
US 33

Australia and UK use entire
range. US falls within range and
NZ falls within nominated
comfortable range. Roys (2006)
would argue that goings should be
a minimum of 300mm. Templer
(1992) would argue that 280mm is
adequate allowing for acceptable

“~——Level access route
Chart from Section 1.2.1 of NZ
Approved Document D1 - Access

Jfoot overhang.

Figure 2-11: Safe stair pitch and comparison table

Source  Section 1.2.1 of N.Z. Approved Document DI1/AS]I -  Access.
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Nagata (2006) shows that the individual never sees the entire tread when they go
down the stairs. The visible part of the tread is Tn as shown in Figure 2-12 below.
Based on Nagata’s calculations (equation 7, Nagata, 2006) a tread of 300mm

would be appropriate. This is important for stair conspicuity and foot placement.

IS
L
L
pN
S
9
@
£
~

Tn

Ty Visible portion of tread
T Actual tread dimension

Figure 2-12: Line of Vision to the tread (Source: Nagata, 2006 Fig 2 — redrawn)

Combining this recommendation with that of Pauls (1984) for the maximum riser
height, the resultant pitch would be 31°, placing it within the preferred range

referred to in Figure 2-11. A 150mm riser would result in a pitch of 26°.

2.7.2  Step legibility
Figure 2-12 above shows the importance of foot placement but the steps

need to be clearly defined by the marking of each nosing with a contrasting strip
as now defined in BS 5395:2010 (BSI, 2010). It is noted that in order to provide
for the safety of all individuals, especially those with reduced vision, that this

requirement should be adopted for all exit stairs where regular trial evacuations

are envisaged®?.

62 Required under most Disability Discrimination and Health and Safety Acts in US, UK, and

Australia.
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2.7.3 Surrounding environment
Alderson (2010) and Archea et al (1979) advise on the importance of the

following:

e Ensure a clear path of travel is available via flights and landings both in

terms of visibility and actual physical presence
e (lear headroom throughout the path of travel (> 2000mm).

e Physical conditions within the stair that could distract the user e.g.

viewing windows in terms of glare.
e Stair flights must be readily visible so that user can maintain focus.

e Stairs must be adequately illuminated. Care should be taken to avoid

glare. Low level lighting may be used to define the steps and handrail.

e Handrails should available that are graspable preferably on each side of

the flight.

The handrails should contrast with the walls (Alderson, 2010) and the
colour of the walls should contrast with the stairs (Archea et al, 1979). This
improves the conspicuity of all the safety elements as well as improving the

orientation of the user.

2.7.4 Structural and dimensional integrity
The stairs should be free from vibration. Health science references

(Horak, 2006) show that tactile feedback from a tread or unsteady handrail can
affect an individual’s stability.

Step geometry should also be uniform throughout each flight (Roys,
2006 and Pauls, 1984). Differences can trigger missteps (Templer, 1992 and
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Archea et al, 1979). Codes permit between Smm — 9mm®* throughout the flight
depending on the country involved. Roys (2006) and Cohen et al (2009) see
uniformity as one of the most important requirements in stair safety due the

mechanism of proprioceptive feedback.

2.7.5 Temperature and ventilation
All the Codes in US, UK and Australasia require some kind of provision

to be made in enclosed stairwells in office buildings over 25m in height for
smoke control/ ventilation®" This system should be designed in such a way so
that air can be moved through the shaft either automatically or via manual means
so as to cater for people who suffer from such diseases as Dyspnoea
(breathlessness) or other cardiovascular problems and also to provide some relief
from high temperatures (40°C+) during trial evacuations such as could be the

case in Adelaide (Australia) and Dubai (United Arab Emirates).

2.7.6 Signage and Symbols
According to Archea et al (1979) there is nothing worse than someone

going down a set of stairs that come to either an abrupt end, a sudden change in
level requiring them to ascend or to negotiate a winding changeover passage
occurring between a high rise and a low rise portion of a multi-level office
building. Proulx et al (2007) also reinforce this requirement through their
findings from a trial evacuation case study where the level of illumination within
the stairwell was reduced. Archea et al (1979) also advise that displaying level

numbers on each main landing will improve the individual’s orientation.

63 International Building Code (IBC) in US.

% E.g. Australian Standard 1668 Part 1, International Building Code (IBC) for Smoke Control.
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2.7.7 Handrails and balustrades (guards)
Handrails provide a number of functions (Archea et al, 1979 and

Templer, 1992):

» Guidance for those with impaired vision or for those with a fear of falling
or lacking confidence with a prop.

* They provide an element at each landing involving change in direction
about which the user can safely pivot.

» They provide extra support for those with low confidence or stability /
vestibular problems or even those with musculo-skeletal conditions in
their lower limbs.

* Handrails can act as a grab rail in event of a misstep so that the user can
regain their balance using the handrail to create an opposing moment and

force (Maki et al, 1998).

Alderson (2010), Roys (2006), Templer (1992) and Archea et al (1979)
further advise that there are general issues to be observed with the construction
of the handrail to fulfil its function. The handrail must be graspable (32-38mm)
(ADA, 2002)% and at an appropriate height (e.g. 900mm). It must also be located
at sufficient distance from the wall or other handrail when bounding an open
void to permit the user’s hand to wrap around it without any obstruction at any
point. The wall behind the handrail must be smooth so as to avoid injury due to
abrasion. The rail itself should be smooth, free from tactile knobs or splinters and
should not be cold to the touch. The clearance between the walls and the inside
of the rail should be greater than S0mm and preferably 60mm.

The minimum number of handrails required for stairs are normally
governed by the width of stairs. The number is summarised in Table 2-5 below.

The United Kingdom and the United States basically satisfy the requirements for

85 Later edition has extended this range up to a 60mm diameter. New range can be challenged.
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providing maximum opportunity to all sections of the population in terms of
guidance and support. New Zealand only requires an extra handrail when the
‘movement channel’ exceeds 1499mm in overall width which is 1299mm clear

width between handrails. Awustralia increases this width to 2m.
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Country Formula Min.Width Extra No. Ht.
Exit Handrails Handrails
UK P+ 15n — 15 1000mm Two 1<1000mm Between
Ay — minimum wide 900 and
150 + 50m and allow 1000mm
Where for  one 2>1000mm
P= mno. of people; extra wide
(n) is no. of storeys; and redundant
W = width on
occasions
Australia 1000mm/100 people — 1000mm Two 1 <2.0m 865mm
this allows for the clear minimum minimum
increase  above 200 between 2>2.0m
people. If >200 people handrails
then >2.0m
New 9mm per person 1000mm Two 1 < 900mm
Zealand clear minimum 1500mm min width
between do not
walls or have to 2 >
balustrades- allow for 1500mm
can be redundant
reduced in if Central
certain sprinklers handrail
instances installed. required
> 500 when
persons overall
requires 3 width > 2m
exits and width
of resultant
channels <
1500mm
USA 7.62mm  per person 1100mm Two Each side 865-
(allow unsprinklered and 5mm between minimum and 1 extra 964mm
same per person sprinklered. walls and allow where
criteria for one greater
for UAE extra than
redundant 1800mm
in special
instances

UK Office of the Deputy Prime Minister (as at 2010) Approved Document B and K, The Building
Regulations 2000

Australia — Australian Building Codes Board (2011), Building Code of Australia, Sections D1 and D2

New Zealand — Department of Building and Housing (as at 2011) Compliance Document C/ASI and
F4/4S1

United States and UAE — (Bukowski, 2009) and International Code Council (as at 2011) International
Building Code and/or NFPA 5000

Table 2-5: Stair widths and handrail requirements
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All the Codes referred to in Table 2-5 require the handrails to be
continuous from storey to storey but differ in their detailed requirements for
graspability i.e. in terms of the minimum and maximum diameters. The optimum
diameters of between 32 and 38mm (ADA, 2002) are the only ones discussed but
other Codes allow up 50mm in diameter (Alderson, 2010).

According to Maki et al (1998) a handrail height of 900mm is suitable
but where no balustrades are required in stairs this height may have to be
increased when measured above the nosing line as the effective height can end
up being less than 900mm. The UK allows a range of handrail heights between
900mm and 1000mm so that globally a height of 964mm should generally
comply. This height can also be demonstrated to be satisfactory ergonomically
using data from Pheasant and Haslegreave (2006). Pauls (1984) agrees with this
finding. The critical height in terms of preventing falling through wide stair voids
could be increased to 1200mm (MacLennan and Ormerod, 2011). Templer
(1992) shows that steeper stairs affect people especially with narrow treads in
terms of increased anxiety so that the presence of handrails and balustrades will
increase the user’s level of confidence (Reeves et al, 2008a and Maki et al 1998).

Where Codes such as BCA 2011 (ABCB, 2011) do not really cater for
the risk of falling through open voids between flights this should still be
addressed using a height of at 1100mm or even 1200mm which will cater for the
measurement from an individual’s base of support to their centre of mass
(Pheasant and Haslegreave, 2006). All the Codes mentioned under Table 2-5
cater for balustrades including BCA 2011 in clause D2.16 (ABCB, 2011).
Handrails should normally be circular and mounted within the balustrade line at

the required height (Alderson, 2010).
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2.7.8 Minimum width of stairs
The minimum width of stairs required by the Building Codes from the

US, UK, Australasia and UAE are shown in Table 2-5 above. The minimum
widths for almost all of the countries result in a clear width between handrails of
between 900 and 1000mm. These minima were based on body sizes as they were
over 40 years ago. Pauls et al (2007), Peacock et al, (2009) and Blair (2010)
showed that these minimum widths were completely unsuitable for the increase
in body size due to obesity.

Using the abdominal thickness of a morbidly obese individual it would
be extremely difficult for anyone to pass this individual or a slow moving group
as they would occupy staggered positions on each flight (MacLennan, 2008;
Bukowski, 2009 and Pauls et al (2007). The same argument applies for any type
of counter flow due to firefighting personnel. Analysis shows (MacLennan,
2011) that fire-fighters would be able to pass individual groups in a stair with a
clear width between handrails of 1200mm. This is the minimum width
recommended by Pauls et al, (2007). Fruin (Pauls et al, 2007) has recommended
a width of 1520mm between walls which is 1320 mm clear between handrails.

The above discussion or assessment represents an ergonomic analysis as
recommended by Pauls (2011), but it raises another issue of increasing the reach
to two handrails to provide support for a person with musculo- skeletal pain in
their lower limbs (e.g. osteoarthritis) and a vestibular disorder. Fruin’s
recommendations (Pauls et al, 2007) would still allow an individual to reach each
handrail for support.

The minimum width of stairs is extremely important. A stair with
1320mm between handrails will permit individuals to pass the slow movers
(Pauls et al, 2007) and reduce the stress that could occur as a result of

“platooning” (Templer, 1992 and Parker-Pope, 2008).

71



2.7.9 Slip resistance
Slips on stairs are most common in descent accounting for up to 80% of

all accidents (Cohen et al, 2009 and Reeves et al, 2008). A slip is most likely to
occur when a person oversteps placing only 50-60% of their foot directly on to
the tread (Roys, 2006). It is unlikely that this will happen with a going size®® in
excess of 300mm as this represents the length of a foot for the mean British Male
(Roys, 2006 and MacLennan, 2011a).

Provisions need to be made to prevent slipping similar to those
recommended in D1/AS1 (DBH, 2006) and BS5395-1:2010 (BSI, 2010). An
equivalent coefficient of friction of 0.6°7 is recommended and would be achieved
by most masonry materials as illustrated in a database for typical surface finishes

and materials (DBH, 20006).

2.8 Management and maintenance.
Stairs and enclosed stairwells need to be maintained so that they are fit

for purpose as originally designed. Improvements can be made in line with those
described in Section 2.7. Evacuation drills should be held at least once per year
in line with recommendations made by Averill et al (2005) and Gershon et al
(2007) as a result of the WTC 9/11 incident and also as now required by
Occupational Safety and Health Legislation in the US, UK and Australasia as
described in 2.3.2.

2.8.1 The inclusive approach
Evacuation planning is all about planning for everyone so that an

inclusive approach as suggested by Gwynne (2008) is advised where the

individual and the potential ‘group’ are involved®®. The procedures should be

% A going of 300mm should increase the rate of descent because of better foot placement and
increased confidence but distance is the main determing factor (Peacock et al, 2009)

7 Equivalent to a Pendulum Test Value (PTV) of 40.

%8 In real life emergencies Zmud (2007) shows how a severely mobility impaired female person
survived the WTC 9/11 incident due to this type of planning where a group of her colleagues
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simple e.g. uncontrolled evacuation where people can enter into the stairwell
when they are ready so as to avoid confusion. Staged or sequential evacuation
that normally addresses fire related emergencies involve making PA
announcements with instructions that people either cannot hear or understand
(Proulx and Reid, 2006 and Kuligowski and Hoskins, 2010) will cause
confusion. When this is coupled with lack of inclusive planning and planning as
recommended in numerous guidelines (NFPA, 2007 and DCLG, 2007) then
individuals will be confused and at risk especially where they should not be
using the stairs at all (Proulx and Reid, 2006 and Kuligowski and Hoskins,
2010).

2.8.2 Emergency response planning and strategy
Emergency management involves the direct process of developing a

plan, building and maintaining a strong emergency control organisation
(transparent and inclusive), developing a set of procedures that includes a review
step so that improvements can be made after each trial evacuation and the
implementation of the process. Such an approach fits in well with quality
assurance which underpins health and safety (MacLennan et al, 1999).

People will be more familiar with an emergency procedure if it refers to

their normal use of the building and if they were involved in its development.

“People will trust a procedure that they understand and with which they
are familiar.”

(Gwynne, 2008, pp. 457).

responded rapidly and took her to safety down the stairs in an “evacuation chair”. Additional
studies by Adams and Galea (2010) show that this device need not slow others down.
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This section will not be concerned with the details of the policy and

plans as these can be found in Codes such as AS 3745-2010 (Standards Australia,

2010). There are some issues, however, that need to be raised:

Evacuation routes — it is quite common in some buildings to designate
stairs for various levels. Whatever the approach is the user should
negotiate the entire route as part of their evacuation training programme.

(Gwynne, 2008).

Central control — where evacuations are run from central control points
these points may be blind i.e. they are not visually connected to the
various floors or even the stairwell so that it is difficult for a central
ECO to monitor all aspects of the evacuation or stair descent. This can
impact on communication especially with sequential evacuation.
Decentralisation of control to the floor evacuation teams should be

considered. (Dwyer and Flynn, 2004).

Floor evacuation teams that can motivate, lead and co-ordinate groups
are essential for each tenant in high rise office buildings. These groups
need to reflect the decisions of the occupants on each floor and have
standard plans to cater for visitors (assign to groups). The rapid response
of major tenants in the WTC9/11 Incident is an example of this (Dwyer

and Flynn, 2004).

Training and practice — at least one drill should be conducted per annum
that involve moving though the exit system. Practice should also involve
the development of skills such as that required for assisting others,
operation of evacuation chairs as evidenced by the Adams and Galea

study (2011) and Zmud (2007).
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e All plans should include inspection and maintenance of all essential
services and this includes the elevators and the stairwells. There are

Codes and Standards that cover this aspect. (Beck, 1977)

The above requirements reflect the basic requirements of AS 3745-2010
(Standards Australia, 2010) which is also representative of the NZ requirements

as well as those of the US and UK.

2.8.3 Maintenance
All essential services, i.e. those to do with life safety need to be

inspected, tested and maintained to ensure that continue to be fit for purpose over
the life of the building (e.g. requirements under BCA 2011 (ABCB, 2011)). This
requirement refers especially to illumination, ventilation and stair condition in
studies over the last three decades commencing with Beck (1977). Many high
rise office buildings in the modern era were designed using specific design
methods permitted under various building regulations (e.g. BCA 2011 (ABCB,
2011)). Inspection, test and maintenance protocols may vary from those in the
Codes so that they should be documented using a combination of quality
assurance and maintenance Codes that are already available (e.g. AS 3900 and
AS1851). An example of this is the proper functioning of the stairwell ventilation
systems and not their failure as will be seen in the 2008-2010 Case Study
forming part of the PhD Study (Building M2).

29 Synthesis of the Literature review and development of
the knowledge gap.
Chapter 2 is synthesised over page in using the Ishikawa Chart (RCA

Model®) This model as will be demonstrated in this section is based directly on

the Functional Capacity Evaluation Model (Matheson, 2003) as explained in

8 Portwood and Reising (2007) describe the basis of Root Cause Analysis Models which utilise
Ishikawa Charts which are synonymous with Quality Management Methods commonly used in
Health and Safety Management
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section 2.9.1. The outcome of the evaluation of an occupant’s functional capacity
to safely complete a trial evacuation will relate directly to their ability to go
down stairs without falling. The evaluation may show that the impact of the
specific extrinsic factors associated with the building, the stairs, the other
occupants and the way in which evacuations are managed require an alternative
strategy for the occupant being evaluated. The RCA model® therefore needs to
be flexible so that it can be used inclusively’®. The model and synthesis is shown
in Figure 2-13 and elaborated on further in this section.

Figure 2-13 is an Ishikawa Chart also known as a “Fishbone” diagram
(Battino, 2006) summarises the contextual issues under four main
classifications’! located on the “fins” of the chart determined from the literature
review. The spine represents outcomes from the interaction of the contextual
issues on the level of performance or the functional capacity of the individual
descending the stairs in terms of the maximum distance they estimate they can
travel before running the risk of falling or sustaining some other threatening

medical condition (e.g. heart attack). The knowledge gap’? is therefore:

* Which of the contextual issues are critical in determining the level of
performance of the individual descending the stairs?

= The level of performance or functional capacity determined in the above
context utilising a combination of survey and observational tools where
fitness has been measured using a validated method (Sjostrom et al, 2005)

and where the data can be triangulated.

0 As a template for developing occupant Personalised Emergency Evacuation Schemes.
! Determined by the Delphi group forming part of the 2008-2010 case study.

72 Highlighted red-brown in Figure 2-13
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When the level of performance or functional ability of the individual is matched
with challenges of the building and the proposed evacuation strategy it will be
possible to determine whether or not the individual concerned can either use the

stairs safely or requires assistance.
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2.9.1 Derivation of the Root Cause Analysis Model

The basis of the Root Cause Analysis (RCA) Model used in this PhD

Study is based directly on Health and Safety practice and systems as described

by Portwood and Reising (2007) drawing from the FCE Model of Matheson
(2003). The FCE Model is used as a tool to evaluate the functional capacity of an

employee or individual. It is unsuitable for inclusive evaluation’>. The RCA

Model in the form of the Ishikawa Chart™ allows for direct employee or

individual input.

Referring to Figure 2-1 the translation of the FCE Model into the RCA

Model can be best described as follows:

The occupational disability is presented as the outcome of the
interaction of all the contextual extrinsic factors on the individual’s
particular intrinsic characteristics and is measured as the maximum
distance a person can descend without a rest or where the risk of falling

is too great.

Individual impairment translated into functional limitations is presented

as the Intrinsic Factor related to the individual being studied.

Worker role demands are presented as the particular demands associated
with the particular building being the characteristics of the stair
construction and environment, the group comprising the individual and
others on the stairs at the same time and the building emergency

evacuation organisation, strategy, planning and procedures. The

73 RCA Model allows participation and is widely used in health and safety planning (Portwood
and Reising, 2007). It permits participation of the individual (bottom up) together with the

evacuation planner (top down). The FCE Model is basically a “top down” approach. Evacuation

planning needs to be inclusive as demonstrated by Zmud (2007) and Gwynne (2008).

4 As described in Battino (2006) where it is linked directly with RCA.
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demands therefore comprise the specific extrinsic factors associated

with each building.

2.9.2 The Intrinsic Factor (Individual)
The results of the literature search addressing the intrinsic contextual

factors and which would comprise the individual characteristics and functional

abilities of an individual are summarised as:

e  Age and lifestyle where lifestyle refers to the degree of sedenterism!®
and therefore physical activity. Age is usually coupled with this taking
into account other changes such as loss of strength and increases in the

level of obesity.(Section 2.4)

e  Functional limitations usually directly associated with various
impairments some of which are not necessarily defined as disabilities.
Cardio vascular, neurological, musculo-skeletal conditions are amongst

those considered and discussed in Sections 2.4 and 2.5.

e  Co-morbidities such as cardiovascular and diabetes are discussed where
the conditions are linked. Reduced vision and Type 2 Diabetes are
another example. Other examples are obesity and hypertension. As the
number of co-morbidities increases so does their impact on stair descent

ability. (Sections 2.5).

e Individuals as employees have the legal right internationally to be

provided with a safe work place.

e  Functional Capacity Evaluation (FCE) needs to be carried out
inclusively using the PEEPS* approach so that the demands of the
stairs, work colleagues and management can be integrated with the

needs and functional limitations of the individual. (Section 2.4)
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e If the individual has the functional ability to descend the stairs then
familiarisation with the specific extrinsic factors where measures similar
to the 6 minute walking test (Ayis et al, 2007) can be used. This will
provide actual performance results especially in terms of the maximum

distance that can be safely descended. (Section 2.4)

e  Section 2.5 shows up a negative aspect of group dynamics related to
individual behaviour where an individual inadvertently descends at an
uncomfortable speed, being the speed of the group> this increases the
risk of falling especially where the individual has more than one co-

morbidity (Section 2.5).

° Assistance needs can be established from the FCE.

The RCA / FCE method can therefore be used as a research, evaluation, training

and monitoring tool for the individual and should therefore be inclusive.

2.9.3 Others on the stairs — The Group.
The results of the literature search addressing the interaction of the

individual with others on the stairs are summarised as an extrinsic factor:

* Groups are formed in trial evacuations either by the occupants
themselves or as a result of the evacuation strategy. The groups will
vary in size.

= The structure, dynamics and behaviour of each group will depend on
the degree of occupant inclusion and motivation. It may often be
situational.

= The degree of cohesion and knowledge will depend on the frequency of

training or practice.

81



= ]t is possible that group behaviour which is usually altruistic may be
aggressive. Aggressive behaviour is usually minimal and will be
addressed in the research although not directly addressed in the
literature search’>. Also accounts for variability in merging patterns.

= The group will most likely help an individual in need but there may be a
risk in doing so especially where the individual is morbidly obese or
injured as the result of a fall. Group formation should therefore address
the needs and functional limitations of all the members. The degree of
mobility and strength of the individual is important because slow
movers can impact other following groups as well especially in terms of
“platooning” making it difficult for others to pass.

= Practice is essential to evaluate results of Individual FCE in a group
setting

(Refer to Section 2.6 for the above)

Lack of group practice may result in members being too embarrassed to ask the
group to slow down and therefore increase the risk of falling due to the loss of

focus and visibility due to “rushing”.

2.9.4 The stairs (construction) and their environment — extrinsic
factor

The results of the literature search addressing the construction of the

stairs and the enclosing environment are summarised as an extrinsic factor:

=  Optimum tread and riser sizes which are uniform throughout.
= Handrails need to be reachable and graspable.
= Stairs need to be conspicuous for ease of foot placement and to increase

confidence.

75 Discussed briefly in Section 2.5.3 (Pauls, 2004) as a lack of courtesy.
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= (lear path to avoid obstacles that could trip the user and signage for
orientation and wayfinidng.

= Non-slip surfaces, temperature and ventilation control.

= Minimum width of stairs (>1200mm) to allow for counter flow,
overtaking and resting.

= Distance to be traversed combined with number of turns per storey is
important because of the impact on fatigue and the increased risk of
falling. There is a maximum distance between rests where they are
provided as exemplified by the 60 minute walk test and the reduction in
descent speed’®

= Distractions need to be reduced to deal with risk due to loss of user

focus.

Distance may quite well alter user perceptions of what constitutes a comfortable

and safe stair due to user fatigue and other functional limitations.

2.9.5 Management and Maintenance — extrinsic factors
The results of the literature search addressing the maintenance and

management of the stairs and evacuation system as an extrinsic factor are:

= Lack of maintenance can result in the deterioration of the stairs
and their environment so that they are no longer “fit for purpose”.

= Evacuation procedures need to be simple and inclusive. Staged
evacuation can increase confusion. They can also decrease the
density and increase descent speed highlighting the risk of falling.
Uncontrolled evacuations increase density and decrease descent

speed so users have more time to rest.

76 Maximum distance as per Ayis et al (2007) and correlation of descent speed with distance as
per Peacock et al (2009).
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* Inclusive planning modelled on FCE involves the user and obtains
their “buy in” for all aspects of trial evacuation performance and
assistance.

= Group assistance skills are developed as part of trial evacuation
exercises.

= Legal obligation is fulfilled inclusively.

The WTC 9/11 incident showed the value of committed evacuation
management where organisations (management and employees) were committed
to and familiar with procedures that suited their needs and were quick to respond.

Everyone knew what they had to do.

2.9.6 The Knowledge Gap
The outcome of the FCE Model (Matheson 2003) is stated as

“occupational disability” which establishes the performance level or functional
ability of the individual in the context of the task, the working environment, the
staff, resources and management. Peacock et al (2009 and 2012) carried out a
similar study but this did not consider all the contextual factors. A number of
buildings were studied and a multivariate analysis of aggregated data revealed
that distance was the most significant predictor of speed (see Figure 2-14 and in
particular the items highlighted or edged in red). Fritz (2009) in his seminal
paper on functional limitations clearly shows up walking speed as a predictor of
functional ability. Boyce et al (1999) relates walking speeds to functional ability.
Leake et al (1991) in a study of pedestrians with impairments resulting in varying
functional abilities related distance to functional ability. Ayis et al (2007)
develop the notion of maximum distance that an individual can cover before
having to sit down and rest. Spearpoint and MacLennan (2012) describe this
relationship as an individual’s functional capacity. The latter could also be seen
as a level of performance i.e. the maximum number of storeys an individual

could descend without a rest.
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e.=0.87

F>18
a< 0.001
Note: Gender not predictive

Figure 2-14: Relationship between distance and speed.

(Source: Peacock et al (2009) Read in conjunction with Figure 2.3 from Ayis et al (2007)
which shows the maximum distance that can be walked related to an individual’s functional
limitations. Maximum distance therefore represents the individual’s functional ability or
performance level. Also note that the impact of counter-flow on descent speed depends directly
on the Fire Department’s Standard Operating Procedures which can utilise emergency lifts for

fire fighter access (MFB, 2010).

Maximum distance or maximum number of storeys could be taken as
either an estimated or accomplished limit. It also represents “occupational
disability” from the FCE Model (Matheson, 2003). The literature survey shows
that the FCE Model or similar has not been applied to trial evacuations as an
occupational task.

The RCA Model (Portwood and Reising, 2007) using the Ishikawa
Chart as the framework illustrates the knowledge gap. The knowledge gap is
summarised by the Aim and Objectives in that estimated or actual descent ability
(as represented by the number of storeys traversed) is to be studied in the context

of the extrinsic and intrinsic factors to establish which factors or combination of
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factors affect the number of storeys that can be descended without a rest. The
studies in this review show that maximum distance or number of storeys, if taken
to represent the level of individual performance, will be mostly affected by the
level of fitness, number of functional limitations (co-morbidities) and level of
obesity subject to the demands of the other intrinsic and extrinsic contextual
factors.

Whereas most of the earlier engineering science studies (Fruin, 1987
and Francis and Saunders 1979) viewed the individual as an object, later studies
focussed more on the individual as a human being with distinct and variable
characteristics that affected their performance mirrored in studies carried out by
Boyce et al (1999) and Fahy and Proulx (2001). These studies highlighted the
difference in descent speeds are a direct outcome of their functional limitations.
This agrees with similar health science studies (Fritz, 2009 and Hulens et al,
2003). Proulx and Reid, (2006) showed up the impact of behaviour and delays
resulting from conflicting messages generated by an evacuation communication
system in a fire related emergency. Kinsey et al (2010) studied the individual in
relation to the use of escalators for evacuation. The process used by Kinsey et al
(2010) determined a similar maximum performance stair descent measure based
on the distance an individual estimated they could safely descend. The RCA
Model Spine outcome also includes an estimated measure which can be
compared with the results of the author’s unpublished 1980’s research and that of
Kinsey et al (2010)”". The studies now focus on the individual and therefore the

individual should be the centre “unit of analysis” within specific contexts.

7 Also provides the opportunity for a longitudinal study as the level of performance of 50% of
the population in the 1980’s generalised between eight buildings was 25 storeys and the 2010
study by Kinsey et al (2010) was 21. The latter was established by survey whereas the one
established as part of the 2008-2010 case study will be one generalised between 6 buildings
utilising a case study process outlined and justified in Chapter 3.
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2.10 Summary and Conclusion
The research philosophy, strategy and method therefore follow on in

Chapter 3 with the description of the case study sites following on in Chapter 4.
The method approach is unique to this PhD Study needs to be one particularly
suited to real world studies when compared to other trial evacuation studies
(Proulx et al, 2007: Pauls, 1977; Beck 1977; and Peacock et al, 2009) in that it
allows for the inclusion of the Author’s unpublished research conducted in the
1980’s as an exploratory case study which results in the entire PhD Study taking
on a longitudinal profile for a more meaningful analysis of the Pauls, Fruin and
Zupan (2007) claim that population fitness has deteriorated in the last 30 years
along with the masking of fatigue by density found by Galea et al (2008) in one
of their studies of the WTC 9/11 incident.
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Chapter 3: Research Philosophy and Methodology

3.1 Introduction
Pauls, Fruin and Zupan (2007) claim that that their trial evacuation

data are no longer relevant. The claim is concerned with the intrinsic
characteristics of the current population and their fitness when compared with
those of the population in the 1970’s. Pauls (1974) collected data from trial
evacuations of office buildings in Canada and Fruin (1987) from observations of
people moving around public places in New York and elsewhere. Pauls (1974)
developed data collection methods that were a combination of survey and
progressive observation of survey respondents for the duration of the evacuation.
Observations were made by researchers moving down the stairs with the survey
respondents and also using video cameras at strategic points. At that time Pauls
(1974) carried out the research for the National Research Council of Canada
(NRCC). A form of triangulation’® was used to compare the data. This approach
i1s synonymous with use of “mixed methods” or the pluralist approach in data
collection and analytical methods (Amaratunga et al, 2002). The author together
with Pauls and two other international experts’® advanced the original 1970
studies under a grant from the Australian Uniform Building Regulations Co-
ordinating Council commencing in 1983 using a slightly more structured
approach. The resultant data is partly published (MacLennan, 1989, and
MacLennan et al, 1999)%°. The data still exists and therefore offers the
opportunity for some kind of longitudinal study associated with the aim of this

PhD Thesis.

78 Triangulation as defined and discussed by Hales (2010)
7 Jake Pauls, Edwina Juillett and Dr. J.D.Sime

80 The research project was terminated prior to completion due to lack of resources and funding.
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In line with the above opportunities this chapter is concerned with
establishing the most appropriate research philosophy and then a method that
will fit within this philosophy. This potential is from the position that the
author’s 1980 work was in sync with the data referred to by Pauls (1988)% as
well as that used to date by the same organisation that supported the initial work
of Pauls which was the National Research Council of Canada (Proulx et al,
2007).. The details and protocols of this PhD study will therefore be described in
terms of the project being a real world study and will then refer to the other trial
evacuation studies (Pauls, 1988 and Proulx et al, 2007) in terms of process, data

gathering and analysis.

3.2 Research Philosophy
According to Gray (2009) and Crotty (1998) there is an inter relationship

between the theoretical stance adopted by the researcher and the methods used.
Miles and Hubermann (1994) show that there are three underlying assumptions
relevant to research philosophies being:

* Ontological assumptions

= Epistemological assumptions

= Axiological assumptions

Ontology describes “what knowledge and in fact reality is®>”

whilst epistemology
relates to the meaning of knowledge and how it should be acquired and accepted.
Axiological assumptions also play a role as they reveal the values researchers
place on certain things and therefore their value systems (Miles and Hubermann,
1994). Gray (2009) states further that any philosophy, strategy and method

would normally be influenced by both what it means to know and their values.

81 Pauls (1988) refers to the author’s work and acknowledges the association of this work with his
especially in terms of the data collection methods.

82 E.g. the truth
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The author used the research onion (Saunders, 2007) to determine his research
philosophy and strategy.

The author is investigating the performance of individuals
descending multiple flights of stairs within context. One study of the WTC 9/11
incident (Galea et al, 2008) shows that fatigue may not be an issue in stair
descent and yet other health science studies do (Corbeil et al, 2001). Another
study by Peacock et al (2009) shows that the distance traversed has the most
marked influence on descent speed. Blair (2010) using data from this same study
states that the data is extremely “noisy” i.e. there are many other data not being
gathered or interrogated. Ayis et al (2007) indirectly supports Peacock et al
(2009) in showing that fatigue is a function of reduced walking speed and hence
distance. Galea et al (2011) does submit that fatigue may not show up because it
is masked by density. There are potential rival theories (Yin, 2009) about what
the truth really is in this regard. This is one of the reasons for the author adopting
a particular epistemological stance in this instance. He sees that meaning or
relationships can be ambiguous or even uncertain. It is therefore necessary to
understand the context in which these issues exist or occur (Gray, 2009). There
is a need to construct this meaning for it to be “real” (Saunders, 2007 and Gray,

2009).
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Figure 3- 1: The Research Onion (Saunders et al, 2007)

Figure 3- 1 shows the various layers of Research Methods. The author in
adopting an epistemological stance as a constructivist may be seen as a direct
conflict of paradigms. This is not the case and in fact the two are compatible and
yet distinct (Barkin, 2003). The stance selected is not positivist as the theories do
not allow for the study of specific social issues which are critical to this PhD
Study (Saunders 2007). Interpretivism is more applicable as a stance as it would
allow the author to focus on the social issues. This unique approach however
does not permit generalisability between within the context of other cases or
research. Constructivism linked with realism (Barkin 2003) is a theory which
holds the social phenomena and their meanings are constructed by the people in

using them rather than being external objects existing independently of them.
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Figure 3- 2: Research Approach: Deductive vs. Inductive — (Source: Spratt et al, 2004)

Peeling away the next layer of the Research Onion (Saunders et al, 2007)
requires the approach to be employed in the research study. There are two
approaches available being Deductive and Inductive (see Figure 3- 2). Deductive
is known as a top-down approach going from the general to the particular. It
starts with a theory about the topic of interest (multiple flight stair descent)
which is then narrowed down to a more specific hypothesis (individual
performance in stair descent) which we can test. This approach most likely
involves quantitative methods. The Inductive approach works in the opposite
direction as shown in Figure 3- 2 and works from the specific to the general
where an empirical observation takes the researcher to a result. It allows for
generalisation and is informally known as the bottom-up approach. Qualitative

methods are normally associated with this approach (Gray, 2009).
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The next layer of the onion is the research strategy (Saunders et al, 2007).
The author’s position here is strongly influenced by the “inherent” strategy
followed in his 1980 trial evacuation studies introduced in Chapter 1. The data
collection methods from this study involved the use of interviews, survey and
observation. This involves the use of mixed methods (Amaratunga, et al, 2002).
As such triangulation between data sets (Hales, 2010) is critical for arriving at a
theory that can be generalised. It also reflects a mixture of research approaches
(deductive and inductive) and matches the author’s epistemological stance as
explained above.

The aim of the PhD Study is;

““To study the performance of mature age office workers descending multiple
flights of stairs in trial evacuations of high rise office buildings in the context
of extrinsic and intrinsic factors”.

The PhD Study involves the study of office workers within the context of trial
evacuations which means that the identification of contextual issues is extremely
important especially as far as generalising theories and/or findings are concerned.
Amaratunga et al (2002) recommends a mixed method strategy for studies
concerning the Built Environment. The most suitable mixed method or
“pluralist” strategy is case study. It is defined as the study of a social unit where
the centre of the study is normally a person, group or social institution. The PhD
Study aim aligns itself with the case study approach as it studies context in detail
(Yin, 2009). The important attribute of case studies is that they can be used for
generalisation but only when there is a distinct pattern (Hak and Dul, 2007) set
up between outcomes.

The case study method is ideal when asking “how” or “why” question
about a set of events over which the researcher has no control. The original trial

evacuation studies by Pauls (1974) allowed for some control when examining the
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data collection methods®’. This was not the case with the author’s 1980 study®*
and the PhD Study described in this thesis. The case study is an accepted method
within itself and for this method to be successful it has been designed in
accordance with one of the authorities on Case Studies (Yin, 2009) as
acknowledged by Gray (2009). The design of the case study process for the PhD
Study is discussed in the next section. It will be a multiple case study process
holistically known as the “PhD Case Study”.

The author’s position in terms of philosophy, approach and strategy is
explained in Figure 3-3 where he occupies a central position from epistemology
through to data collection methods and where the overall process is designed as a
case study that allows for both a top-down and a bottom-up approach which
involves the individual as the central unit of analysis. This reflects other studies
by Gershon et al (2007) on the WTC 9/11 incident and also the inclusive

approach to evacuation planning (Gwynne, 2008).

8 In the 1970 NRCC trial evacuation studies observers lead and followed groups of evacuees
down the stairs and therefore may have influenced or even controlled the rate and pattern of
descent. In this PhD Study this is not the case so that the author and his observers had no control
whatsoever over the evacuation events.

8 As introduced in Chapter 1.
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3.3 The Case Study Research Strategy

3.3.1 Overview
As discussed in the previous section the case study strategy has been

selected as the research strategy as it permits the use of mixed methods, has a
central unit of analysis being the individual and studies their performance in
descending stairs in trial evacuations in the detailed context of different
buildings, populations and management structures/ practices. The context is
made up of intrinsic and extrinsic factors which are identified as part of the
contextual aspect of the multiple case study. Chapter 2 showed that these factors

would most likely be:

* The individual office worker
» The individual and others — group
» The design and construction of the stairs

* Management and Maintenance

The selection of the case study method will allow for the same mix of data
collection methods to be used as the author’s 1980 study (Box 2 - Figure 3-4)
so that a form of longitudinal study®® is possible because of the commonality of

methods.

85 i.e. between cases where time horizon represents the interconnection and comparison of cases
and generalisations.
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Trial Evamation Canada 1970
NationalResearch Council Canada Protocols 1
and Questionnaire— J.L.Paulsand B.K.Jones
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Trial Evacuations 1980 — Australian Uniform
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DelphiGroup: H.A Maclennan J.L Pauls,
I1.D,Simeand E, Juillet
(Analysed butnot published other than pilot study
(Pauls 1988) other than descent charts
(MacLennan, 1989). Trial Evacuations 1990+ National
Research Council Canada 3
Standardised Questionnaire C.D . Howe =~
Building Case Study Example -
4 Ottawa
Trialevacuation PhD Smudy2008-2011 Trial Evacuations 2009 -2011
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University of Salford — 5
Standardised Questionn aire and Protocols Igﬁg;r;ztga:ef dS;li fflr:ls B
(NRCC/AUBRCCTemplate and — . . .
Exploratory Case Study Questionnaire and Fatigue

Questionnaire

Figure 3-4: Setting the replication of research method and data collection/ analysis by the

selection of cases and the time span of study

Figure 3-4 shows the linkage between the 1970 NRCC studies (Box 1), the
author’s 1980 study (Box 2) based directly on the NRCC studies providing the
opportunity and set data for the Exploratory case study (Box 4) for the PhD
Study. The NRCC continued on with trial evacuation studies, the seminal one
being the “C.D.Howe” building in Ottawa, Canada (Proulx et al, 2006) as shown
in Box 3. The data collection methods used in this study was similar to that used
in Box 1. The Exploratory case study then links in with what is known as the
current or 2008-2010 case study (Box 5). In order to allow for the case structures
to be similar and so that longitudinal comparisons could be made the data
collection methods directly connected with the 2008-2010 trial evacuations were

kept in sync with the others.
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The robustness of the Case Study method could still be challenged
especially in terms of the estimated conflict between quantitative (positivist) and
qualitative (phenomenological) methods. According to Amaratunga et al (2002)
existing built environment research which in terms of this PhD Study would
include quantitative studies of Peacock et al (2009) and qualitative studies such
as those by Gershon et al (2008) may involve the use of mixed methods which is
represented in Figure 3-3 in the positioning of the linking arrows between the
elements of the research process as defined by Gray (2004). Amaratunga et al
(2002), argue from a philosophical point of view that there are two schools of
thought being logical positivism which relies on quantitative methods to test
hypothetical generalisations. Here the observer is required to be independent
from the subjects being observed. Phenomenological or interpretivism inquiry
uses qualitative and naturalistic approaches to gain an overall understanding of
human experience. A pluralist approach is therefore perhaps the most realistic
way to “interpret” outcomes. Amartunga et al (2002) refer to another study

carried out by Das (1983) where he states that:

“...qualitative and quantitative methodologies are not antithetic or divergent;
rather they focus on the different dimensions of the same phenomenon.
Sometimes these dimensions may appear to be confluent: but even in these
instances where they apparently diverge, the underlying unity may become
visible on deeper penetration....The situational contingencies and objectives of
the researcher would play a decisive role in the design and execution of the

study.”

Amaratunga et al (2002) appear to view the “deeper penetration” as an
emphasis on the use of triangulation (Hales, 2010) which is a “collective’ method
that combines quantitative and qualitative analytical methods. Yin (2009) sees
this triangulation as being the way of overcoming the weaknesses in each

method. It allows for a bridging of the positivist and phenomenological stances
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via the case study method as indicated in Figure 3-3 and justified against further
criticism by Flybjerg (2008) in Table 3- 1. Yin (2009) does still support a
balance between the two methods and this is seen as being ideal. The pluralist or
mixed research method therefore still permits the researcher to become immersed
in their own research (Amaratunga et al, 2002). Rossman and Wilson (1991) as
cited in Amaratunga et al, (2002) provide further reasons for linking the two
methods of analysis:

* To enable confirmation of each other via triangulation;

* To elaborate or develop analysis, providing richer details; and

» To initiate new lines of thinking through attention to surprises or

14

paradoxes providing fresh insights.

Amaratunga et al (2002) also see case study research as one that focuses on the
“dynamics” within single settings. In the case of high rise building stair descent
research the single setting is the enclosed stairwell or fire stair. The setting in this
instance is affected by other dynamics made up of intrinsic and extrinsic factors.
The unit being analysed in still the occupant or individual descending the stairs
so that mixed research methods used to both gather and analyse data need to be
balanced so that triangulation is possible. The case study process needs to be
designed in order for the misunderstandings in case study methodology to be

explained as they are in Table 3- 1.
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MISUNDERSTANDINGS

EXPLANATION (Flybjerg, 2006)

General theoretical  (context
knowledge is more valuable
(context dependent) knowledge.

independent)
than concrete

Predictive theories and universals cannot be
found in the study of human affairs.
Concrete context dependent knowledge is
therefore more valuable than the vain search
for predictive theory and universals

One cannot generalise on the basis of an
individual case, therefore the case study cannot
contribute to scientific development

One can often generalise on the basis of a
single case and the case study may be central
to scientific development via generalisation
as supplement or alternative to other
methods , Formal generalisation is over-
valued as a source of scientific development,
whereas the force of an example is
underestimated

The case study is most useful for generating
hypotheses; that is, in the first stage of a total
research process. Whereas other methods are
more suitable for hypotheses testing and theory
building

The case study is useful for both the
generating and testing of hypothesis but is
not limited to these research activities alone

The case study contains a bias towards
verification, that is, a tendency to confirm the
researcher’s preconceived notions

The case study contains no greater bias
towards verification of the researcher’s
preconceived notions than other methods of
inquiry, On the contrary, experience
indicates that the case study contains a

greater bias towards falsification of
preconceived  notions  than  towards
verification

It is often difficult to summarise and develop
general propositions and theories on the basis of
specific use case studies

It is correct that summarising case studies is
often difficult especially as concerns case
process. It is less correct as regards case
outcomes. The problems in summarising
case studies, however, are due more often to
the properties of the reality studied than to
the case study as a research method. Often it
is not desirable to summarise and generalise
case studies. Good studies should be read as
narratives in their entirety.

Table 3- 1: Explanation of the misunderstandings of case studies as a research method

(Flybjerg, 2008)
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3.3.2 Case Study Process Design

Code, analyse Draw
.| Conduct & develop conclusions
" gf})ﬂh’ POELC)Y case results from
Select cases P (M explanatory
2) studies (9a)
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Develop Conduct Draw )
theory using explanatory conclusions
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Je < > »]
Exploratory 2008-2010 Case Study Findings

Figure 3- 5: Generic PhD case study process chart

Using Figure 3- 5 as the reference, the types of case studies that may be included
in a case study process where the case study is a multiple case study (Gray, 2009)
are as follows:

= Exploratory case studies (Box 1)

» Explanatory case studies (Boxes 4 and 5)

» Confirmatory case studies (Box 6)

The generic case study process in Figure 3- 5 is based directly on Yin (2009).
Yin permits the use of the above study types where:

» The exploratory case study which is a re-analysis of some of the data
from the author’s 1980 study is to be used to develop the theory for the
2008-2010 case study as well as two of the buildings from the 1980
study which will be representative of the eight buildings studied and
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which will be known as the exemplar buildings and will be included for
further detailed comparison in the 2008-2010 case study. (Box 1)

= Explanatory case studies to further explain the results of the 2008-2010
trial evacuation studies. The Explanatory case studies comprise a Delphi
group®® to establish the context of the 2008-2010 case study, focus group
studies to compare intrinsic characteristics®’ of young and fit office
workers with mature and unfit office workers and content analysis of two
documents Dwyer and Flynn, 2004% and Parker-Pope, 2008%)
concerning the experience of people descending stairs in different
contexts. (Boxes 4, 5 and 7).

=  Confirmatory case study known as the 2008-2010 case study which
involve the selection of six buildings®®, and the survey, observation,
recording and analysis of trial evacuations in each of the buildings,
classifying and comparing the results with those of the explanatory
studies and developing findings from those. (Boxes 2, 3, 6 and 9a-9c).
This confirmatory case study comprises three study cycles with minor
improvements®' being made in the survey data collection method

concerned with the measurement of fitness (Sjostrom et al, 2005).

8 Delphi group process will be explained in another section based on work of Hsu and Sandford
(2007) and utilising a Nominal Meeting format because of time constraints (Graefe and
Armstrong (2011).

87 The focus group studies each contained a mobility test so that descent speeds of the groups
could be compared. Provided data to explain falling risk associated with the 2008-2010 trial
evacuation survey respondents.

8 Transcribed survivor accounts of stair descent during the WTC 9/11 Incident.

8 Parker-Pope (2008) of the NY Times facilitated a blog/ chat-room asking the question of
whether people in the community were generally fit enough to survive an emergency. Comments
transcribed by means of content analysis.

% Selection is outlined in Chapter 4 following the method used in the 1980 Study.

% Known as Plan-Do-Study-Act cycle which is commonly used in Healthcare and other similar
fields to improve the quality or reliability of a process or study (NHS, 2008)

102



Because of the flexibility that is always associated with the case study
method (Gray, 2009) two author based case studies were added to the
third cycle of the 2008-2010 to further investigate questions associated
with assisted evacuation stair descent and the dichotomy associated with
wider stairs®?. (Boxes 3, 6 and 8).

» The development of findings occurs throughout the process as the theory
developed from the Exploratory case study is compared initially with the
additional preliminary results from the Explanatory case studies. (Boxes
7 and 8). Box 9a-9c¢ is where conclusions and findings are drawn from all
the studies together. It is here that a longitudinal comparison can be
made between the exemplar buildings from the Exploratory case study
and those from the 2008-2010 trial evacuation case study. The
conclusions from the latter can also be further explained by the
Explanatory case studies e.g. especially in terms of the falling risk

associated with the performance of some individuals.

Analytical framework for relating context to the individual stair
descent performance outcome.

Chapter 2 describes the Root Cause Analysis Model that is used to
demonstrate the level of individual performance in stair descent in the context of
the associated intrinsic and extrinsic factors. This Model is used extensively in
the quality co9ntrol of health and safety activities (Portwood and Reising, 2007).

The derivation of the “model” or framework used to demonstrate relationships

92 The assisted escape case study is a field test of an evacuation chair device with a capacity of
200Kg to test the descent speed findings of Adams and Galea (2010) and to compare the results
with descent speeds in the trial evacuations of the 2008-2010 Buildings (M1-M6). The dichotomy
associated with wider stairs was associated with handrail reach for persons requiring support
from a handrail on each side of the stairs. The case study here was of an evacuation of a seven
storey office building in Christchurch during the February 2011 earthquake.
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between the contextual factors and individual descent performance or capability
was based on the Functional Capacity Evaluation Model of Matheson et al
(2003). RCA using the Ishikawa Chart can follow a “structured” deductive
problem solving process suitable for brainstorming (Portwood and Reising,
2007). It (Figure 3-6) is therefore to be used for the following purposes:

* A framework and tool for the Delphi group to identify the contextual
factors for placement on the “fins” of the Ishikawa Chart and the nature
of the outcome on the spine resulting from the interaction of the factors
on the spine of the Chart.

= A prompt for the members of the focus group where only the
classifications of the contextual factors determined by the Delphi Group
are noted and where the factors making up those classifications are
determined by focus group participants.

= A framework to summarise the results of each case study and then again
to combine the results from each case study as an entity e.g. explanatory

and 2008-2010 trial evacuation case study.

Fin 1 Fin2

A J

Spine

Fin 3 Fin4

Figure 3-6: Ishikawa Chart as a framework

For a full explanation of the use of the framework as a FCE tool

(Matheson 2003) see section 2.9 of Chapter 2.
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3.3.3 Time Horizons
Peeling the next layer of the Research Onion (Saunders et al, 2007) it is

necessary to establish the time horizon of the PhD Case Study (a multiple case
study). In this instance the Exploratory case study, which is a re-analysis of the
author’s 1980 study which comprises a total of eight building trial evacuations
from which two representative exemplar buildings are selected for further
comparison with those from the 2008-2010 trial evacuation case study, provides
the opportunity for a longitudinal comparison. The purpose of this longitudinal
comparison is to establish whether there is any difference in the stair descent
ability of individuals over the last three decades as claimed by Pauls, Fruin and
Zupan (2007). It is considered that is possible to do this because the data
collection methods have been kept in sync as demonstrated diagrammatically in
Figure 3-4 above. This is not strictly a longitudinal study in terms of participants
but rather a longitudinal comparison of cases where the Exploratory case study is

part of a multiple case study (PhD case study)®>.

3.3.4 Data Collection and Analysis Overview
The Data Collection layer of the Research Onion (Saunders et al, 2007)

shows up the mixed methods nature of this PhD case study as suggested by Gray
(2009) and Amaratunga et al (2002). The methods utilise a combination of
qualitative and quantitative methods that are consistent with case study
methodology (Yin, 2009) and triangulation to explain findings and
interpretations (Hales, 2010).
The methods used are summarised as follows:
= Exploratory case study — re-analysis of descriptive statistics from the
1980 SPSS V2 hardcopy data along with observation notes and

explanation of case or building selection criteria. This study is augmented

%3 In strict accordance with the selection of case studies as suggested by Gray (2009) and Yin
(2009).
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by a Canadian study carried out in association with the 1970 NRCC

studies as shown in Box 1 of Figure 3-4 (Beck 1977). The latter contains

descriptive statistics and chi-squared correlations showing up significant

relationships between contextual factors and individual performance.

Explanatory case studies — These studies comprise the following and the

associated methods:

Delphi Group: utilises a form of the Delphi group known
as the Policy Delphi (Turoff, 2002) where experts attend a
facilitated meeting but where consensus is not used to
reach a combined result based on deduction but rather on
agreement not to delete. The Ishikawa Chart is used in a
stripped down format for the experts to establish the
context and performance issues.

Focus Groups: Three focus groups were assembled to
complete a “bottom-up” study of the context and its
impact on their descent capability or performance in line
with recommendations of Krueger and Casey (2000).
There were three focus groups being one of mature age
individuals (>45 years as defined in Chapter 2), fuller
figure individuals (> class 1 obesity as defined in Chapter
2) and lastly a benchmark group for comparison
comprising younger and fit office workers as determined
by the IPAQ system (Sjostrom et al, 2005). Methods
involved administering the Ishikawa Chart in a stripped
down format with only the context classifications noted on
the “fins” (Figure 3-6) and an explanation of what the
spine (Figure 3-6) represented in “layperson” language as
a prompt and getting the participants to list those

contextual factors they thought were critical on the chart.
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They were also required to complete same questionnaire
used in the third cycle trial evacuation survey to
supplement the Ishikawa Chart. On completion of these
tasks they were asked to undertake a mobility test from
which their stair descent speed could be calculated (Reiner
et al, 2002). There were approximately 10 persons in each
group and SPSS V16 was used to code and analyse the
questionnaires which were triangulated with the descent
speeds recorded using Dictaphones. Focus discussion was
also recorded on Dictaphones which were used in
association with the other instruments.

Content Analysis Studies: Two studies are involved here.
The first is a transcript of the WTC 9/11 incident survivor
recounts of their evacuation experience as recorded by
Dwyer and Flynn (2004). The second is a record of chat-
room comments recorded on a facilitated New York Times
(Parker-Pope, 2008) dealing with the fitness of people to
survive an emergency. The comments mainly revolved
around the use of and the problems associated with multi-
flight stairs. Content Analysis is a qualitative method
suitable for abstracting information from “media”
documents (Heuer et al, 2011; Hsieh and Shannon, 2005
and Zhang and Wildemuth, 2009). A simplified method
was developed for classifying the content and that was the
classification developed by the Delphi Group. Text was
highlighted from the “content” and these formed
“comments” which were allocated between the various
classifications. Axial coding (Strauss and Corbin, 1990
and Mars et al, 2008) was used to further classify the

“comments” into sub categories under each classification
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e.g. stair width under STAIRS. The frequencies of coded
information were established using simple descriptive

statistics in order to rank the “comments”.

2008-2010 trial evacuation studies

This is the case study that has been broken into three cycles to allow for
improvement in the design of the survey questionnaires between each
cycle due to the construct validity of the fitness self reporting instrument
being used. The self reporting system associated with the original
questionnaire developed from the NRCC template was not considered by
one of the Delphi Group members to be adequate so she advised the
author to try a validated self reporting system and compare the fitness
measures with the results from the first two cycles. The IPAQ system was
selected (Sjostrom et al, 2005). Six buildings were selected using the
criteria from the Exploratory case study and as explained in Chapter 4.
The stairs were measured up and converted into categorical data as shown
in Appendices A4 and A7 in accordance with templates representing the
contextual issues established by the Delphi Group for the extrinsic factor
classification of STAIRS. Trial evacuations were conducted in each one
of the six buildings being recorded on video camcorders located on set
floors, observed by a team of qualified observers recording their progress
on Dictaphones, and the participants surveyed via a questionnaire a copy
of which may be found in Appendix A3. The questionnaires were
collected and SPSS V16 used to code and analyse the data using
descriptive statistics, correlation analysis and regression analysis. Data
was also reduced using a combination of factor and causal analysis
(regression). The survey results are triangulated with the observed
results using a system that is described in a subsequent section. The
Explanatory studies are also used to further explain the results in the form

of discussion.
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e Author based case studies — There are two case studies. These case
studies were found to be necessary on completion of cycle 3 of the 2008-
2010 trial evacuation studies in that there were two issues that required
further study. The case study method is flexible (Yin, 2009) and therefore
permits the addition of subsidiary cases that were not included in the
original selection®®. The first case was to test the findings of Adams and
Galea (2010) concerning the ease of using an evacuation chair device in a
group of people descending the stairs. The original study had only tested
a device with a capacity of 75Kg. The Fuller Figure focus group
identified the possibility of requiring a device with a capacity of 200K g.
The method used was an on-site test using the author with additional
“padding” as the subject on a stair with a pitch of 38° plus using fully
trained operators as was the case with the mobility impaired female
person in the WTC 9/11 incident study (Zmud, 2007 and Dwyer and
Flynn, 2004)). The procedure is fully described in Chapter 4. The results
are presented and discussed in Chapter 7 and Appendix A7. The issue of
wider stairs had been raised in a number of studies (Pauls, Fruin and
Zupan, 2007 and Peacock et al, 2009). During the Christchurch
earthquake in February 2011 the author took part in an emergency
evacuation of a seven storey office building. The author is obese with a
BMI of 33 at the time. He has lower limb pain and a fear of falling. The
stair was provided with two handrails and was 1000mm wide between
walls. The writer held up a large group of people because of his slow
descent speed and also that he needed to grasp both handrails for support.
The method used to transcribe this study was to recreate the “train” of
events by self observation and interviews of colleagues on the day of the

event. The question that was asked was:

%% See Box 2 of Figure 3-3 for initial process step. The decision to include the two additional
studies was made during the analysis of the 3™ cycle of the 2008-2010 trial evacuation studies as
this is where the two issues were identified.
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“What would have happened if the stair had been 1500mm between walls
so as to allow for overtaking®?

The time line was recreated and the results analysed using the Ishikawa
Chart to study the level and context of the author’s performance. The site
is described in Chapter 4 and analysed in Chapter 7 after the 2008-2010
trial evacuation studies.

Analysis and Findings

The author’s 1980 study hardcopy that was available was re-analysed in
Chapter 5 to form the theory for the analysis of the main 2008-2010 trial
evacuation case study data in Chapter 7. It was initially compared with
the results of the Explanatory case studies in Chapter 6. In each case the
analysis and discussion was summarised in an Ishikawa Chart so that the

individual stair descent performance issues could be viewed in context.

The Explanatory case study results are all analysed and discussed in
Chapter 6 using the mixed methodology®® described above. The outcome
of the analysis was used to explain or otherwise the outcomes from the
2008-2010 trial evacuation studies. Once again the combined outcome is

presented in an Ishikawa Chart at the end of Chapter 7,

Conclusions are drawn from Chapter 7 and presented as findings in
Chapter 8 in terms of the delivery of the PhD Case Study aim and
objectives. The findings are also examined with implications for the
future and study limitations established. The principles advised by Yin

(2009) were followed and a combination of bottom-up and top-down

%5 The author still would have needed to use the two handrails for support so that there were

issues of reachability and group delay.

% Content analysis for the media type information, Delphi group process to establish the context

and performance parameters, and focus groups to compare groups with varying functional
abilities in terms of fitness with those in the 2008-2010 trial evacuation case studies.
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reasoning used especially in integrating the results from the multiple case

studies forming the PhD Case Study.

3.3.5 Reliability of Research Process Design.
According to Yin (2009) there are four main heads of consideration for

the design of any research process, especially that involving the Type 3 or

multiple case studies. These heads comprise:

e (Construct validity
e Internal validity
e External validity

e Reliability

Construct validity
One problem associated with case studies involving mixed methods is

that the operational procedures for gathering data may be seen to be based on
subjective judgements could be used to collect the data. Correct operational
procedures therefore need to be adopted for the concepts being measured (Yin,
2009) e.g. structured content analysis for deriving data from media. Correct
operational procedures apply especially to the survey, observation and recording
of the trial evacuations so that the contextual and performance issues are
comparable between buildings, otherwise generalisations cannot be made. The
procedures for each case study were designed with this in mind including the

Exploratory case study. The construct validity of the overall PhD Case Study is
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supported by multiple sources of evidence’’. The procedures are described in

Section 3.4

Internal validity
Internal validity in case study design is concerned with the creation of the

ability available in the analysis of the data to establish causal relationships where
one condition can lead to another (Yin, 2009) e.g. relationship between obesity
and stair pitch to contribute to falling. It is not normally of concern in studies
such as those of the trial evacuations which are just standard case studies but it
can be of use in the analysis of descriptive statistical data for each trial
evacuation. Patterns or trends may emerge. Pattern matching is a technique that
needs to be available (Hak and Dul, 2009) here where “trends” or “directions”
implied by the data can be matched between cases so that generalisations can be
made (Yin, 2009). Spurious relationships can be dispensed with being one of the
purposes of the inclusion of the Explanatory case studies to explain data from the

main 2008-2010 case study.

External validity
One of the main reasons for selecting the case study method besides its

flexibility is knowing whether or not the findings are generalisable beyond the
immediate case study in question. Replication logic can be used to support this
type of validity (Yin, 2009). Also when a finding appears to be generalisable
such as the causes of falling the finding that may be generalised is the individual

is hurrying (Mademli et al, 2008) which can represent a group of factors.

°7 One of the main major strengths of mixed methods is the use of triangulation to tie the
evidence together so that reliable conclusions can be drawn. This also includes the integration of
data from the Explanatory case studies which form part of the 2008-2010 case study in
association with the trial evacuations. The chains of evidence also need to be clear. The reliability
is therefore drawn form rigorous properly applied operational procedures.
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Replicating can be achieved across a number of cases and is one of the reasons
for the selection of a range of buildings and stair types in the 2008-2010 trial

evacuation study.

Reliability

Reliability is most likely the one that is the most familiar in research
design. This relates to the replication of protocols between cases (Yin, 2009). For
example the content analysis procedure followed between the WTC9/11 incident
study and the New York Times Blog study used a common information
classification framework and then axial coding to populate the classifications
(Strauss and Corbin, 1998). The classifications comprise the context made up of
extrinsic and intrinsic factors associated with descent of multiple flights of stairs.
Reliability is directly improved by the use of RCA Analysis across all the case
study types (Portwood and Reising, 2007) and the associated Ishikawa Chart
(Ishikawa, 1982).

Triangulation
Triangulation of the data in the PhD Case Study mainly applies to the

2008-2010 trial evacuation case studies (part of the 2008-2010 case study). There

are three sets of data from the trial evacuation studies being:

e Survey based i.e. survey of the office workers completing the trial
evacuations copies of which may be found for each cycle in the Appendix
A3.

e Observations by observers in accordance with a written set of procedures
from Dictaphone sound files where the observers descended the stairs
with the office workers from each trial evacuation and recorded their

progress.
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e Observations of video captured visual images of evacuating office
workers where their progress, pattern of movement and intrinsic
characteristics are recorded to a time based stair descent spread sheet
using Excel®. The x-axis would represent the time at entry of the first
evacuee into the stairs extending to the time that last person passed
through the final exit to that stair. The y-axis represents the number of

levels in the building.

The process of triangulation will be in accordance with the guidelines set down
by Hales (2010). Triangulation relates to evidence and to its reliability. It is

summarised and explained in Figure 3-7

Archival

Records 3 _
Documents Open ended
(Media) 1 interviews 6

v
FACT 7

Participant
Observation Focus
& Groups 5
Video Structured
capture 2 Interviews

& surveys 4

Figure 3-7: Check for convergence of evidence in PhD Study
(Derived from Yin (2009)) — Green highlighted boxes indicate techniques used

The collection from multiple sources places a burden on the researcher, but can
be extremely useful in checking evidence i.e. showing that evidence converges.
A simple example of this is the formation of groups. The survey respondent

indicates that they entered a stair with a friend or in a group as a direct answer to
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a question in the survey questionnaire. The observer descending the stairs as part
of a group can confirm this as can an observer transcribing video captured
evidence to a spread sheet (Boxes 2 and 4). The range of group behaviours that
could be expected could also be triangulated (Boxes 1, 2 and 5). The
classification of the context could also be checked (Boxes 1, 5 and 6). Where the
findings confirm one another then the issue being checked is successfully
triangulated. Even when one piece of evidence does not “converge” with the
other, they may still be used to explain what is happening (Yin, 2009). Figure 3-
7 therefore represents an overview of the triangulation process used in the PhD

Study widely used in Chapter 7 and to establish findings in Chapter 8.

Conclusions on case study design
Reliability and validity are both grounded in evidence and method

protocols. The design must therefore:

*  Show that the analysis relied on all available evidence.

*  Challenge the analysis via the main rival theories e.g. obesity vs.
descent speed or obesity vs. fatigue (Galea et al, 2008; Proulx et al,
2007; and Peacock et al, 2009).

=  Addresses the most significant aspect of each case study even if the data
presented is in the form of “outlier”® events such as a fall (Pauls, 2011).

= Uses the author’s prior, expert knowledge and experience to further the
analysis as he was immersed (Yin, 2009) in both the exploratory and

2008-2010 case studies.

%8 The term outlier is used here in terms of frequency where the outlier represents a very low
frequency of occurrence of a variable that is an extreme of the action of descending stairs which
comprises a series of small falls from which the person recovers (stability) whereas a fall as
defined in the text is where someone comes to rest on the ground and is most likely injured
(Tinnetti et al, 1988). See also Pyle (1998) for definition of outlier dealing with frequency of
occurrence
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Finally considering the objective of the PhD Case Study (1.3.3) it is
necessary to consider the concept of categorical aggregation (Tellis 1997) as a
more comprehensive method of analysis to pattern matching (Hak and Dul.
2007). Multivariate regression is extremely useful when the objective of a study
is to test a relationship in the context of many other contextual or explanatory
variables. A great deal of the data gathered has been coded into a categorical
format so that some form of categorical aggregation may be required. This would
mean the use of Multivariate Regression Analysis (Liang et al, 1992). Further
reading and comparison of examples put forward by Liang et al, (1992) show
that Logistic Regression if properly constructed can provide results that are

comparable with the Multivariate approach (Miles and Shelvin, 2001).

3.4 The PhD Case Study Method and Description

The strategy adopted as a result of peeling the research onion (Saunders
et al, 2007) in the context of the strategy adopted in the author’s 1980 study® is
basically a multiple case study using mixed methods (Gray, 2009; Yin, 2009 and
Amaratunga et al, 2002). The PhD (multiple) case study comprises

e Exploratory'®

— re-analysis of the author’s 1980 study of trial
evacuations on the Eastern Seaboard of Australia to set the theory and
foundation for the entire case study. (Box 1 highlighted blue))

e Explanatory'® — used to supplement and triangulate with the main 2008-
2010 trial evacuation case study.(Box 2 highlighted yellow being the
Delphi Group and Box 4 highlighted green being the focus groups.

e Trial Evacuation study using multiple sources of evidence!”’ from

different data collection methods being survey, direct observation of

% Study of the trial evacuation of eight buildings on the Eastern Seaboard of Australia in the
1980°s which was never4 fully completed due to insufficient resources and funding.

100 Ag defined by Gray (2009) and Yin (2009)
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evacuees in accordance with formal instructions and data collection of
evacuees captured on strategically placed video cameras within each
stairwell. There are also two additional real world case studies associated
with the trial evacuations described in the last section and also in Chapter

4.(Box 2 highlighted lighted blue)

The process is shown in Figure 3- 5 in terms of case study process theory and
practice (Yin, 2009) and also in Figure 3-8 describing the interrelationships in
terms of analysis and interpretation to aid with the description and methods
covered in Sections 3.5 — 3.7. Figure 3-8 contains additional explanatory test in

this regard.
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Indicates the spine of the 2008-2010 Case Study Research Process designed in accordance with
guidelines provided by Yin (2009) comprising three plan-do-study-act cycles (NHS, 2007) each
of which involves the observation, survey and analysis of individuals descending stairs in trial
evacuations of two buildings using mixed research methods.

Also two author based case studies to clarify two issues raised in the literature review
concerning assisted evacuation on the stairs and also increased stair width and handrail
reachability.

Delphi Groups are formed and opinions obtained with consensus being reached in a two stage
operation. These opinions, stated in the form of populated Ishikawa Charts, are used to frame
and triangulate the survey and observation results from the building trial evacuations in each
Cycle.

Figure 3-8: Case Study Process — Section 3.4
(read in conjunction with Figure 3- 5).
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3.5 The Exploratory case study
Section 3.5 should be read in conjunction with the Appendix A3, Chapter

4 and also Chapter 5.

3.5.1 History
The original 1980 trial evacuation study was carried out on the Eastern

Seaboard of Australia in the 1980’s by the author as a researcher with the
University of Technology, Sydney. The study involved the observation and
survey of the trial evacuations of office workers from eight office buildings, with
two building in each of the cities of Brisbane, Sydney, Melbourne and Adelaide,
The State building regulations covering the design and construction of the
buildings were all based on the former Australian Model Uniform Building Code
so that the egress requirements were basically the same. The research design and
operational protocols for the project were set up by an expert group comprising
Jake Pauls!®!, Edwina Juillett!?!, Jonathan Sime!®' and the author'®!. The group
did not utilise the Delphi technique to carry out this design. They were
responsible for the following:

e [Establishing a process to deliver the objectives of the egress part of the
overall project brief (not repeated here as original documentation is no
longer available).

e Selecting the buildings to form part of the study in accordance with
criterion they set. The buildings needed to be over 25m in height, have
two stairs, one of which discharged to the outside at ground level with the
other permitted to discharge into the ground floor lobby with the range of
heights of the buildings extending from the 25m to a maximum height

that the team could gain approval for a trial evacuation to be held where

101 Jake Pauls then researcher with the National Research Council of Canada, Edwina Juillett a
life safety specialist from the USA and Dr. Jonathan Sime then Research Fellow at Portsmouth
Polytechnic and the author who was Principal Researcher in the faculty of the Built Environment
at the University of Technology, Sydney.
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occupants would be allowed to descend the full height. This height was
some 45 storeys.

Designing a survey that could be handed out to the evacuees as they
exited the stairs without decreasing the flow rate and that addressed the
project brief in terms of data collection. See Appendix A3 for a
reconstructed copy of the questionnaire. The team also designed a coding
system. The questionnaire and coding system were based directly on the
same instruments used in the NRCC evacuations in Canada in the 1970’s
(Pauls, 1974).

Designing the trial observation protocols and checklist for the observers
who followed the evacuees down the stairs from predetermined floor
levels and using Dictaphones which they turned on before the activation
of the alarm the observers recorded the progress of the group they were
following. A copy of the protocols is included in Appendix A3.

Designing a video capture system that would record the exiting pattern of
the “incident” floor population into each stair and also the final exits. The
positioning at the final exits was to be such that the images would include
the people handing out the questionnaires. The latter were numbered so
that it would be possible to triangulate survey responses with their exit
time as well as their floor of origin. It also allowed for the identification
of the person on the videotape from the intrinsic characteristic questions
asked in the questionnaire.

Designing a stairwell measurement template.

Testing the system on the first building including coding the
questionnaire, analysing the results using SPSS V2.1 and transcribing the
data from the Dictaphone tapes on to observation logs where descent
times and associated comments were noted. Copies of these documents

may be found in Appendix A3.
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There were a total of eight buildings selected as noted above in line with the
criteria and descriptions described in Chapter 4. The average height was
approximately 24 storeys. Most of the stairs had a pitch of some 37° and 250mm
treads and of concrete construction. Building 6 in Adelaide was not as steep as
the other buildings as can be seen in Chapter 4. Each building had an evacuation
plan in place.

The video cameras were fixed in position on the evening before the trial
evacuation and questionnaires numbered and allocated to the stairs where they
were to be handed out outside the final exit. The cassette tape recorders were also
numbered according to the relevant floor level and tapes loaded. Watches were
set to a reliable time source. All other equipment including batteries was tested
and charged where necessary. A team of observers were assembled and trained
prior to each exercise. These individuals had all participated in trial evacuations
before so that they were familiar with the process. They were given observation
instructions'%? and check lists. On the day of the exercise the team assembled in
ground floor lobby of the subject office building approximately 20-30 minutes
before the exercise was due to commence. The observers were assigned to set
floors which was usually on a ratio of one every four floors!®. They proceeded
to their assigned floors about ten minutes before the sounding of the initial alarm
and after everyone had synchronised their watches. The video cameras were
turned on at the same time. The recorders were turned on five minutes before the
designated start time with a reference start time recorded. Once the alarm
sounded the observers proceeded to record the flow of people into their
designated stair according to their gender recording “Q” for females and “P” for
males. The recorder recording rate was set to real time so that it was a time scale
in itself. In accordance with their instructions the observers entered the stairs

with people in the last group. As they descended the stairs the recorded “landing”

102 See the Appendix A3 for a detailed copy.

103 Set by the expert group based on their experience in previous studies (e.g. Pauls, 1974)
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and floor number as they stepped on to the main landing on each storey. They
also recorded the number of people in front of them on the flight, their
distribution on the stair and the number using the handrail. Observers were also
asked to report when they were slowing down, when others were entering on a
level below them together with their floor number and the extent of the delay.
Once they reached the final exit they reported this and made themselves known
to the observer handing out the questionnaires. This report was also picked up on
the recorder of the person handing out the questionnaires and could be cross
checked by the research team. The video tape images were provided with a time
stamp. The time at which the alarm was operated also provided a valuable cross
reference.

The questionnaires were collected the following day from the floor
wardens and sorted into floor levels. An average response rate of 25% was
achieved. On completion of the exercise the tapes were removed from the
recorders and the cameras. The expert group had designed observation logs for
transcribing the results. The method used started with the transcribing the
information from the final exit observers as this created the exiting profile by
questionnaire number. Observers’ tapes were then analysed followed by the
video tapes. Gradually the entire stair descent and exiting sequence was
reconstructed using the same technique used by Pauls (1988). An example of this
document known as the stair descent chart may be found in Chapter 4 and
described above. Each “path” represented the progress of an individual from their
originating floor to the final exit. Observer comments could also be added
relating to points in time and stair conditions at that time. The video tape
evidence provided by the camera at each final exit allowed for the survey
respondents to be identified. This provided valuable data for triangulation as
described by Hales (2010).

The questionnaires from each exercise were coded and the data entered

and analysed using SPSS V2.1 (see Figure 3-9). Each of the exercises for
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Buildings 1-8 is summarised in Chapter 4 together with a description of each

building together with all the other information that is still available.

Figure 3- 10: SPSS V2.1 Printout Example

The overall project was never fully reported but the author still had some
hardcopy SPSS V2.1 printouts, some examples of the observation logs, building
details and observation notes. A copy of the questionnaire was available but
missing three pages. The questionnaire was reconstructed and is included in
Appendix A3 with a summary of the information that was abstracted from it for

re-analysis in the Exploratory case study.

3.5.2 Exploratory Case Study Method
The only data remaining from the 1980 Study described in the previous

section was:

e Hard copy SPSS V2.1 Data Analysis Printouts
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e Some examples of observation logs

e Partial copy of questionnaire which has been reconstructed from
information from the computer printouts.

e Some examples of completed observation and video tape logs used to
prepare stair descent charts an example of which is included in Chapter 4
for one of the buildings.

e Some copies of observation notes including a description of a fall due to

vertigo in Building 4.

The data that was most suitable for re-analysis in line with the aim of the PhD

case study was required to answer the following questions:

(a) Whether or not it was feasible to continue a similar current case study in
line with the Aim of the PhD Study as stated in Chapter 1? (Yin, 2009)

(b) The feasibility of using findings from the exploratory case study as the
basis of a longitudinal link with the findings of the 2008-2010 Case
Study?

The data that was most suitable fitted within the classifications used to
interrogate the literature in Chapter 2 as well as forming the context in which the
performance of office workers going down multiple flights of stairs was to be
studied. These classifications are also confirmed by the Delphi Group as
presented in Chapter 6.

1'% and was

The original analysis was carried out using SPSS V2.
archived on magnetic tapes. The latter were destroyed when the research was

terminated. The only data that remained was in the form of hard copies of tables

104 Statistical Package for the Social Sciences Version 2.1
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5

and project notes. This section shows the data source'® and makeup for the

exploratory case study.

Original survey design and data collection
The original questionnaire formed the basis of a survey of the total

evacuation process and other emergency related issues. The questionnaire was a
survey tool used to elicit and record the responses of office workers to a trial
evacuation in their place of work. Not all the questions forming part of the
original questionnaire are therefore directly applicable.
The questionnaire was originally divided in to the following broad
sections:
(a) Early stages of the evacuation (including level on which they
commenced the evacuation)
(b) Movement to and down the stairs
(©) Reconstructed questions covering
* Physical characteristics
= Fire warden status, role and experience
= Organisational role and status
* Impact of going down the stairs
= Stair choice
* Group actions and experience
* Location at time of alarm
= Obstructions on stairs
* Functional limitations and difficulties with stair traversal
= Estimated descent capability

= Normal stair use — level of fitness

195 Data source referred to here is the questionnaire.
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The questionnaire included in Appendix A3 has been highlighted in
accordance with the data classifications referred to in Chapter 3 and analysed in

Chapter 5. The classifications are shown in the following section.
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Table 3- 2 : Classifications of 1980 data for further analysis in the exploratory case study.

= Extrinsic 4 - density - others

= Extrinsic 6 - group formation

* Intrinsic 3 — fatigue and distance!%

Building One 13 storeys / 5 levels of car parking
Building Two 19 storeys

Building Three 33 storeys

Building Four 45 storeys

Building Five 7 storeys

Building Six 16 storeys

Building Seven 20 storeys

Building Eight 19 storeys

Table 3- 3: Summary of building heights

106 Taken as an initial indicator of individual performance and included an estimate of how many
storeys the respondent estimated they could cope with.
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The response frequencies are all contained in separate tables as set out in

Appendix A5 being for each of the eight buildings summarised in Table 3- 3

above. Fatigue and distance was initially proposed as the indicator of individual

performance based on the claims of Pauls, Fruin and Zupan (2007) and Peacock

et al (2009).

Supplementary evidence to further support re-analysis of 1980 data.

There was insufficient data to complete any form of analysis because the

individual raw data was not available. The method was developed as follows:

Seeing the 1980 Study survey design was directly based on the NRCC
trial evacuation studies (Pauls 1974) it was considered that the resultant
would be in sync and the intent of this argument is confirmed by Pauls
(1988).

Seeing the NRCC studies were conducted in Canada there was a need to
compare the intrinsic population characteristics of the Australian and
Canadian populations especially concerning age, gender and fitness
indicators such as the level of obesity. This comparison was completed
using statistics prepared by Rowland (1991) and similarities confirmed.
Because of the similarities between the two studies it was decided to use
a health science study of stair use of the same buildings (Beck 1977) that
were studied in the NRCC study (Pauls 1974),

The Beck data (1977) and research method were studied and it was

determined that it could be compared with the 1980 study data as partial
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explanatory case study'®’ to establish whether or not the aim of the PhD Case

Study could be delivered. The data from the Beck study (1977) was in the form

of two tables listing the extrinsic elements for the three separate buildings and

generalised across the three for the intrinsic characteristics.

When Table 3- 2, Table 3- 4 and Table 3-5 are viewed the contextual

issues that are included complement those summarised in the Ishikawa Chart at

the conclusion of Chapter 2,

¥
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No. Storeys

Clear Width of Stairs

Stair Pitch
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Level of significance for
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General safety

Orisntation and
Imowmng location

Table 3- 4:

Table of Extrinsic Elements from Beck Study

—

Data available for three
buildings being 5. 10 and 21
storeysin height. The
completed table may be
found in Chapter 5

197 This would be termed an embedded explanatory study i,e, embedded within the Exploratory
Case Study (Yin, 2009)
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Intrinsic Elements Frequency (%age)

Age

18-30 58.6

31-40 21.8

41 plus 19.6

Gender

Male 49.25

Female 50.75

Fitness attitude

(5) very conscious (5)=39.8

(4) conscious but only walk (4)=44.38

(3) somewhat conscious but

most likely lazy 3)=12.7

(2) conscious and no action

(1) no answer 2)=25
(1)=0.2

Reasons for not using

stairs

Health conditions including | 4.0

physical impairment, reduced

vision and other

Vertigo and dizziness 2.7

Fear of falling 1.5

Stairs unpleasant 8.2

Job does not permit it 15.4

Takes too long 7.2

Don’t know 7.6

Table 3-5: Table of intrinsic characteristics generalised across the three buildings in Beck

Study,

The data is re-analysed in Chapter 5 in two parts. Firstly the Beck study is

analysed and discussed as representing the fitness and stair use status referred to

by Pauls, Fruin and Zupan (2007). The 1980 study comprising the intrinsic and

extrinsic contextual elements referred to in Table 3-2 was summarised into a

master table for all eight buildings so that pattern matching!®® (Hak and Dul,

2010) would be possible. This was especially relevant given density

108

distance (Peacock et al, 2009).

199 That is number of people per m? of stair plan area

may

Pattern matching in terms of trends based on similarity or changes due to building height or
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indeed mask fatigue (Galea et al, 2008 and 2011). Once the pattern matching
was completed and the results discussed they were compared with the outcome
of the Beck Study (1977) and conclusions presented in the form of an Ishikawa
Chart at the end of Chapter 5. There was also sufficient data to carry out a
regression analysis of distance and fatigue as well as overall population descent
capability. The causal relationships (Blaikie, 2003) established were generalised
(Yin 2009) across the studies to provide a preliminary indicator for further
examination in the 2008-2010 case study.

Exemplar Building Comparison
Two of the eight buildings (Table 3- 3)''" were selected as being

representative of the eight buildings re-analysed in the Exploratory case study for
further comparisons within the 2008-2010 trial evacuation buildings profile. The
proposed comparisons are possible because the data is in sync'!! and also allow
for a specific longitudinal comparison to be made. The elements that were in
common are listed in Table 3-2. The comparisons are made in Chapter 7 and
comments about apparent trends. Examples of these trends concern individual
stair descent ability or performance generalised. The claims raised by Pauls,

Fruin and Zupan (2007) are tested in Chapter 7.

110 Byildings 3 and 7 which were two of the only buildings which had not been refurbished and
where access was still available so that the stairs could be re-measured and photographed so that
the template as set out in Appendix A3 could be completed and included in the factor analysis of
the factors in the STAIR classification.

I Commonality between the survey questionnaire design as shown Figure 3-4 where the
extrinsic and intrinsic issues were in common with those from the 2008-2010 trial evacuation
survey.
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3.6 2008 — 2010 Case Study (Embedded Explanatory Case
Studies)

3.6.1 Selection
The aim of the PhD Case Study is:

To study the performance of mature age office workers descending multiple
flights of stairs in trial evacuations of high rise office buildings in the context
of extrinsic and intrinsic factors.

Parker-Pope (2008) in an introduction to a community discussion on a
New York Times Blog was whether or not the average person was fit enough to
survive an emergency incident. This sought views and provided potential data for
a study of the comments re stair use in trial evacuations. A further media study
was carried out by Dwyer and Flynn (2004) from the interviews of survivors and
also interrogation of telephone calls made by occupants of the two towers. After
extensive searching of other similar studies (Fahy and Proulx, 2005), it was
decided to select Parker-Pope (2008) and Dwyer and Flynn (2004) for further
analysis as part of the embedded explanatory study (Yin, 2009).

The most likely intrinsic characteristics that would affect stair descent
capability were fitness and these are more than likely associated with those who
are obese (Bohannon, 1997 and Al-Abdulwahab, 1999) and over the age of 45
years (Fujiyama and Tyler, 2010 and Lauretani et al, 2003). The author was
provided with an opportunity to design and conduct two focus group sessions
using occupants from building M6 using guidelines provided by Krueger and
Casey (2000) and Larson et al (2004) to ensure that every opportunity was
provided to the group to develop the contextual factors that affected them when
descending the stairs. The criterion for selecting the focus group members was
that they were obese or over the age of 45 years which is the age of the mature

office worker (MacGregor and Gray, 2001). Very simple invitations were sent
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out to the building occupants via the Health and Safety Managers of the bank

who was the sole tenant of the building.

Two of the case studies selected thus far involved individuals who would
not be classified as experts'!%. In order for the 2008-2010 case study to “continue
on” from the 1980 Study there was a need to re-assemble an “team of experts” to
establish the contextual issues from the “top-down” where they would be
expected to develop a contextual classification system using the RCA Ishikawa
Chart as a tool (Portwood and Reising, 2007). Nominal groups or the Delphi
method were seen as being suitable for this study (Hsu and Sandford, 2007).

Three case studies were therefore seen as forming the embedded
explanatory study for the overall 2008-2010 Case Study. The methods proposed

are described in the next three subsections being;

e Expert Study — an adaptation of the Delphi Technique where the coding
tool is the RCA Ishikawa Chart (Portwood and Reising, 2007).

e Analysis of media accounts concerning evacuation and stair descent using
Content Analysis (Hsieh and Shannon, 2005 and Fahy and Proulx, 2005)
and a combination of coding methods that includes axial coding (Strauss
and Corbin, 1998) with the core consistencies framed by the Delphi
group.

e Design and conduct of focus group studies following the guidelines set

down by Krueger and Casey (2000) and Larson et al (2004).

112 An expert is generally defined in the Oxford English Dictionary as a person who has a
comprehensive and authoritative knowledge of or skill in a particular area or field.
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3.6.2 The Delphi Group (Embedded Explanatory Study)

The Delphi Technique in General
The Delphi technique is a widely used and accepted technique for

gathering data from respondents within their field of expertise (Hsu and
Sandford, 2007). According to Turoff (2002) the technique involves the setting
up of a group of experts who are generally not known to each other and then to
request them complete provide comments and estimates on a problem that is set
by the study facilitator (Graefe and Armstrong, 2011). The survey is normally
conducted by correspondence using a number of iterations. After each iteration
the estimates and comments are summarised and sent back to the participants as
feedback. The participants then revise their estimates etc. and return them as
before. There may be up to four or five iterations with the final document
representing an aggregation of the findings (Graefe and Armstrong, 2011).
Seeing reliability is considered to be vital between cases in any multiple case
study, replication in coding and framing of data is advisable (Yin, 2009). The
RCA (Portwood and Reising, 2007) cause and effect approach was used as the
framing tool and this is similar to axial coding based on functional similarities
between the contextual issues and how these all relate to the study of stair

descent.

The technique adopted
The objective of the proposed Delphi study was to:

“To correlate informed judgements in a topic spanning a wide range of
disciplines™”

This objective agrees with the purpose of Delphi group outcomes
suggested by Hsu and Sandford (2007). The author developed a technique based
on facilitated consensual opinion seeing this suited the RCA approach and still
relied on the eliciting of the initial expert comments and estimates being carried

out separately. The author was relying on a “tolerated” consensus i.e. one where
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the experts would agree not to delete certain opinions in the second round in a
two-tier approach. Consensus is not totally ruled out by all experts on Delphi
(Hsu and Sandford, 2007) so that a “tolerated” consensus was utilised.

A two-tier approach was used which involved the selection of a Delphi
Group that comprised two sub-groups. The selection of group members was
supposed to be based on one member not knowing the other (Turoff, 2002). This
was a difficult requirement to comply with, given that the field comprises so few
researchers. The US members did know each of each other. The UK members
did not know one another and only one knew of the other. This was considered to

be an even balance given the guidelines provided by Turoft (2002).

US Expert 1

engineering science
fire safety engineer —
human behaviour

US Expert 2

engineering science
fire safety scientist
and egress modeller

US Expert 3

engineering and
health science
ergonomist — stair

TS

/

Experts critique US Ishikawa and suggest
4 classifications and reduced sub-categories

US chart should form aid de memoire
TACTT ITATNAD «MNMDDET ATDQCY” MDITINTTID

Figure 3-11: Explanatory study Delphi Group composition and process

specialist i / safety
Facilitator
ROUNDS ONE & TWO
6 classifications
A
UK Expert 1 UK Expert 2 UK Expert 3 UK Expert 4
engineering science health science — health science — englnlferlng silenqe
— environmental bariatrics biomechanics B f;rc ttectural stair
psychology engineer safety
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The group was assembled as described in Figure 3-11 above. The group
comprised two sub groups one located in the United States and the other in the
United Kingdom. The experts are highly qualified in their field and all have
published internationally in peer reviewed journals or have been part of an
international research project connected with the problem. A summary of their
curricula vitae may be found in the Appendix A3. The make-up of the group was

as follows:

e The US Group members comprised one of the members of the original
1980 study expert group referred to under the Exploratory case study. The
other two experts are involved in the post WTC 9/11 incident research
programme at the National Institute of Standards and Technology (NIST)
in the field of egress'!>.

e The UK Group complimented the US Group in terms of disciplines in
terms of the objective of the Delphi Group study as noted in the first
paragraph of this section (Hsu and Sandford, 2007) in terms of their

multi-disciplinary backgrounds.!!*

Due to time constraints a facilitated “Nominal Meeting” (Graefe and Armstrong,
2011) approach was used to gather and challenge the opinion. The anonymity
requirements (Turoff, 2002) between members was achieved by the two tiered
approach with one sub-group being located in the US and the others in the UK.
The author acted as a facilitator to the group and the conduct of the study

followed the process summarised in Figure 3-11 producing the outcomes in line

'3 US Group comprised Jake Pauls, Dr. Erica Kuligowski and Jason Averill.

114 UK group comprised Mike Roys of the Building Research Establishment being an expert
Architect on stair safety, Dr. Neil Reeves, biomechanical engineer specialising in stair climbing
from the Metropolitan University of Manchester, Dr. Patricia McDermott, Environmental
Psychologist from the School of Sports Science, University of Loughborough and Anita Rush,
Bariatric Health Care Consultant from the NHS who participate in the study of Hignett et al
(2007) concerned with the movement of morbidly obese people.
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with Figure 3-12 below. Face to face interaction within the group was kept to a
minimum especially so a dominant member would not take over the process with
two facilitated meetings being held at different times representing a total of three
rounds of the Policy Delphi technique (Turoff, 2002). The US Group met first in
Gaithersburg, Maryland at the offices of NIST and the author acted as the
facilitator. The brief was straightforward. An Ishikawa Chart (Ishikawa, 1982)
with suggested classifications formed the questionnaire together with aim of the
PhD Case Study. The instructions were to re-classify and then populate the
context of individual stair descent performance in trial evacuations. A chart was
handed to each member of the group and they completed the classifications.
They returned the charts to the author who then circulated them with comments.
The classifications were set at six as shown in Chapter 6. The charts were then
handed out again and the members asked to populate each classification. On
completion of this task the charts were circulated with a request whether or not
there was anything further to be added. The facilitator then gathered up the charts
and combined all the information on to one chart. This chart is “Outcome 17 as

shown in Figure 3-12 below:

US Sub Group
classification 1 \lassifmzﬁm 2 \zssiﬁczﬁon.’i \
Individual
descent
performance
classification 4 classification 5 classification 6 OUTCOME 1
JL

The office wor ker, others on the stajrs (Group) UK Sub Group
Individual
descent

/ performance
STAIRS design & construction Management & maintenance OUTCOME 2

Figure 3-12: Delphi Group Two Tier Development of RCA Ishikawa Chart
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The UK sub-group was assembled at the University of Salford shortly
after the completion of “Outcome 1” and each member supplied with a copy of
the document, the PhD Case Study aim and a request to modify the chart
according to their field of expertise. Once again the author acted as the
facilitator. The facilitator allowed the session to be more open-ended and was
asked questions by the members of the group for more detail about the aim.
Following these questions the members and the facilitator decreased the number
of classifications. This new chart was then modified and repopulated by the
group. Many of the original factors remained but regrouped. This revised chart is

“Outcome 2” (Figure 3-12).

3.6.3 Content Analysis Studies (Embedded Explanatory Study

Content Analysis Approach
According to Hsieh and Shannon (2005) there are three approaches to

content analysis. Fahy and Proulx (2005) studied media reports of the WTC 9/11
incident using the directed approach. The main purpose of content analysis is to
interpret the meaning from the context of “text” data. The main differences
between the three approaches are coding schemes, origins of codes and threats to
authenticity (Hsieh and Shannon, 2005). The directed approach as described by
Wildemuth and Zhang (2009) shows that the analysis (see Chapter 6 and
Appendix A6) starts with a theory or research findings. In this instance the theory
is represented by “Outcome 2” from the Delphi Group process (Figure 3-12) with
the classifications being equivalent to the contextual classifications. The latter
form the initial codes. The context analysis approach to be used is therefore a
directed approach with axial coding being used to derive categories within the
classification (initial coding) directly from the text. Content analysis is ideally

suitable for media related text as well as the notes taken from focus groups.
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The Individual Office Worker

or Occupant:

You and others on the stairs -
(The Group)

« A Examples of each provided to
B Focus Group Members

— &
- c Content Analysis coding
.« Detc. categories

Descent capability (perceived)

Checked by distance traversed

/ T
R g —

Stairwell Enclosure

and Stair Design/Construction
<A
- B
- C Management and Maintenance

and actual speed, fitness etc.

» Detc. *A
B
- C
« Detc.

called “ANYTHING ELSE” when used as
Focus Group Prompt.

Figure 3-13: Classification Framework of Core Consistencies and Coding Categories.

Figure 3-13 shows the initial coding of the core -consistencies
(classifications). Further coding into sub-categories is seen as being part of the
analysis (Hsieh and Shannon, 2005) and the complete list of subcategories may
be found in Appendix A6. Mixed methods are used in the analysis where the
frequencies of responses presented in the document text are measured and the
pattern compared between the two studies described in the next section.

Figure 3-13 also shows the relationship of the Focus Group to the main coding

classifications or core consistencies.

Selection of Study Documents
Media reports of WTC 9/11 incident survivors have been analysed by

many (Fahy and Proulx, 2005 and Dwyer and Flynn, 2004). Dwyer and Flynn
(2004) reviewed records of telephone calls from within the Towers as well as
those of interviews with survivors. This study contained included many of the
contextual factors included in the “Outcome 2” document (Figure 3-12) as well
as setting up rival interpretations to another study of the WTC 9/11 incident by
Galea et al (2008 and 2011) concerning fatigue being masked by the resting time
provided by extensive delays and density (Spearpoint and MacLennan, 2012).
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Parker-Pope (2008) a respected journalist with the New York Times was
concerned with a series on whether or not the population was fit enough to
survive an emergency. She facilitated a “blog”!''® on the issue and invited
comments. This approach also corresponded with the theme of a seminal paper
by Pauls, Fruin and Zupan (2007). There were over 100 comments, many of
which dealt with community attitudes on group behaviour and fitness during
evacuations in the descending stairs. The directed approach of content analysis
was therefore suitable so that the Parker-Pope blog was selected for analysis

(Parker-Pope, 2008).

Specific Methods of data extraction and analysis

The transcript was in the form of a published document on survivor
interviews assembled by Dwyer and Flynn (2004) and a series of comments
made by participants in a blog or chat room facilitated by Parker-Pope of the NY
Times (2008)'!'S. The text was interrogated and comments extracted that dealt
directly with evacuees’ experience within the stair shafts, formation of groups,
evacuation management both central and local and description of their associated
intrinsic characteristics. The comments were numbered in sequence and inserted
in the “comments” column of tables with the format of Table 3- 6

The comments in the columns were then axially coded into columns
representing the core consistencies that represented the Delphi Group

classifications in Figure 3-13 above and as described above by inserting a red

!15 Definition of “blog” from Encyclopaedia Britannica: blog, in full Web log or Weblog, online
journal where an individual, group, or corporation presents a record of activities, thoughts, or beliefs. Some blogs operate
mainly as news filters, collecting various online sources and adding short comments and Internet links. Other blogs
concentrate on presenting original material. In addition, many blogs provide a forum to allow visitors to leave comments
and interact with the publisher. “To blog” is the act of composing material for a blog. Materials are largely written, but
pictures, audio, and videos are important elements of many blogs. The “blogosphere” is the online universe of blogs

116 The theme was whether or not people would be fit enough to survive an evacuation.
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tick in the relevant core consistency column (Table 3- 6). Based on the context of
the text the core consistencies were split further into sub categories as shown in

the sub category extraction tables in Appendix A6.

[COERT TEF | FLER | OTHEIE [ STAlE | MAWACEMEST |
Do CONMTION (AT TITULE A0 | DESICN . ANDOTHER C
e - i
T ™~ consistency
/ / labels
Empethy? Faflags
EIoup
NY2Z
Comments ’ - \
Individual
coping— “-‘\H‘"“"--______
participaesin
pricipesin — bﬁ Kev word
NY6 "'""‘}f v
or
Comment number / / L — .
Bioghysicd m}_’,,,-——-”" matching/
~a S deriving
/ category
Artituda

Table 3- 6: Specimen Directed Content Analysis Schedule

The sub categories were coded into tables with an appropriate key word
for the next part of the analysis which is either matching it with a coding sub
category or where one does not exist deriving a further category (Strauss and
Corbin, 1998). The categories shown above are a result of the analysis of the two

studies (Dwyer and Flynn, 2004 and Parker-Pope, 2008).

The schedules of the comments and core consistency and the
frequencies of their subcategories are presented in Appendix A6 under each
appropriate study (Dwyer and Flynn, 2004 and Parker-Pope, 2008).The analysis
of these data is presented in Section 6.4 - 6.7. The results are also summarised on

RCA Ishikawa Charts in Chapter 6.
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3.6.4 Focus Group Studies (Embedded Explanatory Study)

Focus Groups

It is the focus group where high quality information can be gathered that

comprise the experiences, perceptions and opinions of an individual descending

the stairs (House and Howe, 1999). A focus group has been defined by Krueger
and Casey (2000) as:

“A carefully planned series of discussions designed to obtain perceptions

on a defined area of interest in a permissive,

environment”’

non-threatening

The real value of this approach is that the author intends to use it as a

means of teasing out the real meanings of the task of stair descent from the users’

point of view and experience (Caffarella, 2002).

Focus Groups Other Small Large Discussion
Discussion Groups' Groups®

Application
Identify problems  Recommended Recommended Limited use
Design programs Limited use Limited use Mot recommended
Evaluate programs  Limited use Mot recommended Mot recommended
Educate orinform  Not recommended Recormmended Recommended
participants
Build consensus Mot recommended Recommended Recommended

individuals

individuals

Purpose Desigred to encourage Desigred to study andfor Designed to build
divergent thinking and generate ideas and solutions  consensus, educate, or
dizclosurs of personal persuade
perceptions and behaviors

Participant Participants are selectively Participants invited or required Open to everyone in an

selection invited, based on similar to participate because of their  organization or
characteristics arganizational affiliation. community

Similarity betwesn participants
iz not a qualifier and may be a
limitation in some situations.
Group size Group size from B to 12 Group size from 6 to 20 Group size from B to 100

or more individuals,
depending on the issus

Event environment

Qpen, trusting envronment

Open, trusting environment

Open, trusting ervironment

1 For examiple, Study circle, Delphi Technigue, Search Conference

2 For example, town mesting

Table 3-7: - Comparing and contrasting focus groups and other types of discussion groups
Source — Larson et al, 2004, p2, Table 1.
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Table 3-7 shows the selection of the focus group in this instance is
appropriate, as the main thrust for the members of the groups was to identify
problems (Larson et al, 2004). The main problems were then redefined as main
causes. The Ishikawa Chart (Ishikawa, 1982) approach has a history of use as a
problem identifying and solving tool that fits in well with qualitative research
because it is dealing with complex data and opinions. It is used with Delphi
Groups (Lumsdaine and Lumsdaine, 1995) even when consensus is not required.
Other aspects that further justify its use to tease out the Delphi Group’s findings
are (Larson et al, 2004):

= ]t encourages divergent thinking so that seeing the two focus groups can
represent the Mature Office Worker and the Bariatric or Obese Office
Worker and that these two groups will bring many associated conditions
to the table that are seen as functional limitations to stair descent
(Reeves, 2008 and Booth et al, 2002).

*  The only similarity between the members is their general grouping in
terms of age and obesity.

=  The groups were no larger than 12 or smaller than 6.

There is no doubt that focus groups share some features with other
forms of group discussion. What sets this approach apart from the Delphi Group
is that there was a controlled process and environment that was not threatening
so that interactions could take place between participants. There was a structured
directed content analysis process to code and interpret the data (e.g. grounded
theory) and the groups were reasonably homogeneous as previously described
(Larson et al, 2004). The other benefit is that the Ishikawa Chart could be used as
a prompt with the four contextual classifications representing the initial coding

regime of the content analysis method (Hsieh and Shannon, 2005).
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The questions posed by the author in justifying the use of focus groups

(Larson, 2004) were:

For what purpose is the information being collected or how will the
information be used?

Answer: So that the meanings and completeness of the Delphi Group
can be interrogated using the same tool. It was also intended to provide
a good check on the language used in the survey questionnaires.

What resources and skills are available for the information gathering
process?

Answer: A facilitator was required to lead the group discussions in a
direct way. The Ishikawa Chart Branch Headings were modified so that
they were meaningful to the lay person. The structure and working of
the Chart was explained. The populating of the Chart with the
perceptions, experiences and behaviour of the members of each group
was explained by way of example. The facilitator needed to manage the

conversations so as to maintain focus without threatening the members.

Focus Group — Operational Protocols

There are three Focus Group Studies!!” as described in Chapter 3 being:
BMI Benchmark Group comprising 10 “young” office workers
below the age of 40 years and one 40+ years who undertook a
vigorous level of exercise in accordance with the IPAQ (Sjostrom et

al, 2005) and was therefore classified as “fit”.

“ Larger Figure” Focus Group comprising office workers with a BMI

classification of overweight+(WHO, 2011) and who were conversant

17 The three focus groups that represent the spectrum of performance according to the literature
according to Ayis et al and which will provide comparative data on descent speed as an indicator
f functional limitations. The benchmark group is of young adult office workers who are fit as
measured under the IPAQ system (Sjostrom et al, 2005)
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with trial evacuations being part of a building set up where the
emergency control organisation was actively committed to full scale
practices and had a limited functional limitation classification
procedure in place that encompassed the model put forward by

Matheson (2003).

. “Mature-Age Office Worker Focus Group comprising office workers
with an age over 45 years of age (Kossen and Wilkinson, 2010) from
the same building set up as the “Larger Figure” Focus Group. The

BMI of this group varied as age was the sole criterion.

BMI Benchmark “Focus Group’”’

The “BMI Benchmark™ Focus Group comprised observers from the

2008-2010 trial evacuation studies so that they were conversant in the gathering
of data and with respondent occupant trial evacuation behaviour and stair use.
The two other focus groups were selected from workers in the Sydney Building
M6, one of the buildings studied in Cycle PDSA 3 of the 2008-2010 trial
evacuation study. A validated self reporting survey form as part of the
questionnaire integrating the IPAQ Short Form (Ottevacre et al, 2011 and
Sjostrom et al, 2005) was used to gather further information so as to make the
results more comparable with that from the PDSA Cycle 3 of the 2008-2010 trial
evacuation study. A BMI Benchmark Focus Group provides a better view of the
context when reviewing similar recent studies connected with the WTC 9/11
incident and associated research programmes (Galea et al, 2008 and 2008a;
Peacock et al, 2009; Jiang et al. 2012; Boyce et al, 2011 and Peacock et al, 2012)
when looking at actual descent speeds as opposed to those masked by extensive
delays or density. A copy of the above questionnaire may be found in Appendix

A3.
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There were two sites for the BMI Benchmark Group!'®. The first was a
20 storey office building in Christchurch, NZ with scissor stairs (Figure 6-8). The
second was the 32 storey office building which is Building M6 in the 2008-2010
trial evacuation study (Figure 3- 14).

Each member of the group recorded their descent on a Dictaphone. The
participants were fit with their fitness having been measured using the IPAQ
system (Sjostrom et al, 2005). There were a total of five in the Christchurch
group and five in the Sydney group (total of ten members in the BMI focus

group).

| 1020 {520} e eaz) !

|
f

BH g
3 u
i 1| Ak
| y m—— Figure 3- 14: Stair One Building M6

Diagrammatic Plan view - Stair One

CALCULATIONS
Storey height = 19X 190mm = 3.610m
Distance traversed = 9.058m per storey / 244.6m

Total traversed height to level 5 =97.470m

18 The buildings were selected as being representative of the 2008-2010 case study building profile. The Christchurch
building was 20 storeys which was less than the 25 storey measure of 50% of the population in the Exploraory Case Study
and also representative of Building M4 and the other being M6 which was one of the highest buildings in the case study.
Also two sites were used because of the dofferent types of stairs in terms of the number of turns per storey.
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Figure 3-15: Diagrammatic Plan View of Stair 1 Christchurch Building (Represents M4)

M6 was used for the Sydney Group of 5 members. Stair 1 (Figure 6-8)
was the stair selected and represented a steep stair of 37°. Rich views (Templer
1992) provided a distraction through the wide void and there were four turns per
storey as compared with one in Christchurch building.

The 5 group members were all fit being assessed as before. One member
of the group was over the age of 40 years but played tennis and exercised
regularly.

The results are presented in Chapter 6 and Appendix A6.

Focus Group Study 2 — Fuller Figure

The office building from which the two specialist focus groups
(see next section for the Mature Age Focus Group Study) were drawn from was
Building M6 of the 2008-2010 trial evacuation study. It was not possible to
measure descent speeds for the members of these two groups for health and

safety reasons'!®. The descent speed was calculated from a walking test based on

!9 Not permitted by the Building Owner’s and Tenant’s Health and Safety Management Team
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the work of Riener et al (2002) and Fujiyama and Tyler (2010). A walking test
was of 40m was applied which was converted to represent an average stair
descent speed from studies on the relationship between the walking speed and
descent speeds (Riener et al, 2002 and Fujiyama and Tyler, 2010)'%°. There is no
doubt that fatigue could be taken into account based on the distance travelled
using the same basis as suggested by Spearpoint and MacLennan (2012). This
approach approximates that used in the six minute walking test which shows up
the impact of functional limitations including fitness (Hulens et al, 2003).

There were a total of six members of the Fuller Figure Group where all
the members were obese. Their intrinsic characteristics such as mass, waist
circumference, height, gender, functional limitations, level of exercise and age
were recorded on the questionnaires which were treated as confidential. The
walking test was held first where the individual was required to walk a
predetermined route at their comfortable walking speed. Their walking time over
the 40 metre long “track” was measured by the author who also acted as the
facilitator. On completing the walking test they were provided with a copy of the
questionnaire which is included in Appendix A3. Details on the content of the

questionnaire may be found in the next section.

20T riangulated with the author’s own stair descent speed
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Participant Condition

Element

No. Gender (Coded)

YOU

You/
Others

Stairs

Any/
else

Comment

A()) F Knee

4

Needs handrail to feel more confident
Signage to each level for orientation
Marking on steps for legibility

B(W) | M 0

4

Not wide enough between handrails

Treads too narrow

Stair design has not changed with body shape and foot
size

All elements (steps/ handrails/walls) same grey colour
— orientation — need to know level and direction of

travel / impact on falls/
e  Vital safety elements such as edge of treads and
handrails should be highlighted

also if smoke penetrates stairwell
Wallpaper effect

e Must avoid ‘whiteout’ for reasons of the above and

CL) |M Reduced
Vision /

Poor edge delineation of steps — wallpaper effect

Where does each flight stop and start?

Whiteout effect where handrails and steps not marked

DM) | M Knees/ / Stairs too steep and treads too small
Height/large e No variation in direction — repetitive turning —

feet wallpaper effect compounded — dizziness

e Disorientation with no signage / whiteout etc.

fans and alarms
e Temperature — e.g. in Adelaide was 46°C

e Very noisy — echoing from talking in groups — very
intimidating will increase further with pressurisation

E(?) M Not fit / e No space provided on landings for resting
Arthritis e No space provided for overtaking - stairs

Table 3- 8: Example of Focus Group Coding Schedule.

When the members of the group finished filling in the questionnaires they
were coded with a number specific to each member and locked away. Everyone
then mixed socially over lunch prior to the afternoon discussion. The afternoon
session commenced with the members of the group completing the Ishikawa
Chart and inserting their own comments on each of the fins with any notes they
wished to make on the spine concerning performance related problems. After 30
minutes the charts were collected and the discussion opened up. Each member of
the group was asked to make any comments they wished to add to what they had
already provided on the charts. They were also asked a small number of
questions relating to improvements that they would suggest be made to the stairs,
management procedures and the organisation of groups. Their views were also

sought on assisted evacuation. All their answers were recorded in notes taken by
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the facilitator and also on a central Dictaphone placed on the table once
permission had been given by the group. The analysis of the discussion and their
comments on the chart were coded as

The recommendations of Krueger and Casey (2000) were complied with
especially in terms of providing a non-threatening atmosphere and motivating the

members to contribute.

Focus Group Study 3 Mature Age Focus Group
The members of this group were all over the age of 45 years in

accordance with the definition of a mature age worker described in Chapter 2.
There were a total of six participants including the author (as permitted by Yin,
2009). The BMI fluctuated but the number of functional limitations did increase.
The details were once again recorded on the questionnaire a copy of which may
be found in Appendix A3. The operational protocols and tests replicated those of
the Fuller Figure Group.

Focus Groups - mixed method data collection
In line with the mixed method approach used in the overall PhD Case

Study the following data collection tools are proposed:
e Survey questionnaire!?! replicating the 2008-2010 trial evacuation
survey'??
e Timed stair descent or mobility test so that descent speed can be linked to
the group members’ contextual factors'??,
e (Completed Ishikawa Chart also used as prompt — directed content

analysis.

121 The IPAQ questionnaire - IPAQ is the International Physical Activity Questionnaire (Sjostrom
et al, 2005) that can be used to measure and determine self reported fitness.

122 The members of each of the focus groups were occupants of building M6 and experienced in
trial evacuations and the observers who had been trained in the observations of trial evacuations
and were all certified practicing fire engineers experienced in evacuation analysis and also stair
descent.
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e Records of open discussion on Dictaphone and written notes from free

discussion in group sessions.

The directed content analysis method is used to analyse the data from the group
discussions. This method is described under the previous section dealing with the
content analysis studies as the tool shown in Figure 3-13. Axial coding with
functional similarities (Strauss and Corbin, 1990 and Mars et al, 2008) is the
formal coding method used where the initial codes were set by the Delphi Group
providing the framework for the focus groups. The observations of the stair
descent and mobility tests were recorded in schedule form and presented in
graphical format so that comparisons could be made between the groups and also
triangulated with the results of the focus group surveys (analysed using SPSS
V16). The method of triangulation (Hales, 2010) sifts out those comments from
which “facts” can or cannot be “constructed”. See Chapter 6 for examples of the

above graphs and schedules.

3.7 2008-2010 Case Study — Trial Evacuations Study

3.7.1 Introduction
The 2008-2010 Trial Evacuation study is the main part of the 2008-2010

Case Study. Six buildings were selected for the study in line with the criteria set
out in Chapter 4. They are also fully described in Chapter 4 and in Appendix A4.
The average number of storeys was 24 which is only one less than the estimated
descent ability or performance of office workers from the 1980 Study which was
re-analysed for the Exploratory case study.
The data collection methods used for the trial evacuation part of the 2008-
2010 Case Study comprised:
e Physical measurement and rating of stairs in accordance with the results
of the Delphi Group determination and also the Literature review in

Chapter 2.
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e Survey of trial evacuation participants with questionnaires

e Observation and recording of evacuee performance on Dictaphones
where observers descended the stairs with the occupants of the building
and observed their progress and activities. The time scale was
synchronised with the appropriate recording speed of the Dictaphone and
with reference times recorded by the observer.

e Recording of evacuee performance and progress on video cameras using
the camera time stamp information as the time scale

e Analysis of each set of results and triangulating between recorded data

and survey responses.

In summary the selection range of the buildings varied from the
minimum height which was equivalent to 8 storeys to the maximum number of
storeys that the owner’s health and safety team were prepared to evacuate as part
of their total trial evacuation exercise. In this instance the maximum number of
storeys was 36. The range is shown Figure 3-16. Also each of the buildings has a
minimum of two stairs. The stairs and the associated stairwells were also
measured up and diagrammatic plans prepared for each. These plans are included
in Chapter 4. The measuring up and assessment of the stairs were carried out in
accordance with a template where the factors under the classification or core
consistency of “STAIRS”!'?* were measured and rated on a nominal scale suitable

for further analysis using the SPSS V16 Factor Analysis package (see Chapter 7).

123 As defined by the UK Delphi Subgroup. The full template ios located in Appendix A3.
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Figure 3-16: Range of building heights for 2008-2010 Trial Evacuation Study.

3.7.2 Trial Evacuation Organisation and Process
Letters were sent to the building owners outlining the research project and the

extent of our participation in and observation of their next trial evacuation. A
copy of this letter and the formal agreement is included in the Appendix A3
along with the details of how the Data Protection issues were to be dealt with.
Ethics approval was also obtained from the University Ethics Committee prior to
the conduct of any of the trial evacuations and focus group exercises.

In order for the study to reflect actual practice the procedures did not
permit any form of alteration to the evacuation strategy, plan or management. An
example of this may be found in the procedures for the stair descent observers
where the observer is strongly advised not to interfere with warden procedures or
evacuee behaviour. They were merely required to observe and record events
during each drill.

Once the contract or agreement had been signed the date for the exercise
was agreed and the researcher was permitted to enter the building and carry out

the following tasks:
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e Measure up the stairs in accordance with the standardised template (see
Appendix A3)

e Meet the emergency response team for the building including the fire
wardens, explain the programme to them and supply them with a copy of
the questionnaire and make the necessary arrangements to hand them out
to their colleagues after the completions of the exercise.

e Obtain permission for the placement of the cameras and also access the
day before the exercise to fix them in position.

e Obtain a copy of the building evacuation plan and become familiar with
the requirements.

e Agree a time with the chief warden for the observation team to gather in

the ground floor lobby on the day of the drill.

On the day of the drill with all the cameras fixed in position, the observation
team fully briefed, all their watches fully synchronised and their floors/ stairs
assigned the observers proceeded to their floors ten minutes prior to the sounding
of the evacuation alarm. The cameras were all switched on during this ten minute
interval so that they were recording. The observation team were all in position
five minutes prior to the alarm sounding and after having notified the floor
warden that they were ready and in position. The observer also recorded a
reference time on the Dictaphone.

The evacuation alarm then sounded and in accordance with their
procedures the observers with their Dictaphones switch on began describing the
activities on the floor. As the occupants started to enter the stairs their flow
across the entry to the stairs was recorded using a simple procedure. The
Dictaphone recording acted as the time scale for analysis of the descent after the
trial evacuation. The observer entered the stairs as part of the last group and

proceeded to descend the stairs recording on each level;
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e The number of people in front of them on the flight

e Their distribution on that flight of stairs

e The number of people in front using the handrail

e Instance at which the observer placed their foot on the main landing at
each level together with the number of that level.

e  Other observations about other floors entering, mixing on those levels
and the resultant delays

e Instances when the rate of descent slowed down or even stopped.

As each observer reached ground level they identified themselves on the last
camera with their floor number, recorded the point at which they passed through
the final exit and kept going until they were well clear of the building. They were
required then to provide a further reference time, add any other observations they
thought would be interesting.

After the exercise the team proceeded to remove the cameras (see Figure
3-17 for fixing detail) and cassettes from the cameras. Electronic sound files
were created from the tapes and folders made with the data cards from each of
the cameras. All of these were placed in a master folder for each trial evacuation
exercise (Buildings M1-M6). These folders therefore contained the raw data for

the reconstruction of the exercise using Excel®.
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Video camera or
camcorder on rotating
mount

Circular handrails, hydrant
pipes etc. used for

Flexible “gorilla” grip
used in PDSA 2 and 3.

Figure 3-17: Typical fixing and mounting for video cameras and camcorders in PDSA

Cycles 2 and 3.

(Tape was used in PSDA Cycle 1 and failed in Building M2 because of the heat — 45°C+)

The questionnaires were gathered up from the fire wardens the day after
the evacuation exercise and coded using standard variable names representing the
questions. A copy of this coding schedule may be found in Appendix A3. The
data was then transferred on to an Excel spread sheet and then transferred into
the SPSS V16 files ready for analysis.

This procedure was repeated for each of the buildings M1-M6. Summary
descriptions of each trial evacuation exercise may be found in Chapter 4 and the
reconstruction of the drill together with the observation schedules may be found
in Appendix A7.6. Copies of the raw data are also available for further analysis
in electronic folders attached to Appendix A7.

The method of data collection for the trial evacuations could be
challenged by other egress researchers such as Averill (Averill et al, 2005) in the
lack of automation used in the gathering of data to more accurately determine
speed. Averill (Averill et al, 2005) used a combination of Radio Frequency

Descent Devices (RFID’s) and video cameras. The two systems could be
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interfaced. The author is required to defend his method and list the following
reasons:

e [t requires the placement of strategically located UHF devices.

e Electronic tags must be fitted to each occupant requiring a large number
of tags per building and the risk of the tags not being returned. This was
also seen as being extremely invasive by some of the building owners.

e The increased amount of interface between the various devices.

e Set up time available at each site.

e The overall cost was beyond the resources available to the author as he
financed the entire study himself.

e The method used was in direct line with the 1980 study and the use of
observers descending with the occupants provided a richness of data that
would not have been available.

The letters of application and approval are located in Appendix A3 and can be
used to substantiate the above especially in terms of the requirements for the
observation team to be unobtrusive.

The other criticism would be the measurement of distance traversed from
video footage. Normally The RFID’s would most likely permit automatic
measurement of the distance. The distance in the 2008-2010 trial evacuation
studies was measured using measurements provided by the regime set out in
Figure 3-19 where all horizontal and raking measurements were recorded
separately. Key points on the video images were selected so that the distance
could be calculated using information from Figure 3-19. This is considered to be
satisfactory especially when the data is being triangulated with survey response

data.
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3.7.3 Data Analysis of Observations
The video tape files are rigorously analysed starting with observers and

then evacuees. Data points are established using evacuee stair entry times and
sequences established by the observers and then establishing progress data points
for the same individuals as they are identified on the cameras on the lower levels.
This is continued for those floors with observers with all the points being
transferred on to an Excel® spread sheet. The same process is repeated for
evacuees whose entry is recorded on cameras. Total individual progress is then
determined by identifying the individuals as they pass through the final exit of
the stair shaft. A graph is then drawn from the data point spread sheet with the Y-
axis as the number of storeys or distance and the x-axis as elapsed time. The
coloured lines on the chart (Figure 3-18) represent the timed progress of each
individual with respect to distance. They are colour coded according to the floors
the individuals entered from. The stair descent chart is therefore a reconstruction

of the stir descent part of the trial evacuation exercise.
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0 Speed = distance descended / time
to cover that distance
Slim male with business shoes
using handrail held others up

Ome indlividual — Morbidly obese woman
o carrying bags: enters by herself and
Distance is measured : holds up others. Others from floor catch
between fMoors in mefres \ TP

&

Storey number

r

10:60:00 LR B 106253 105418

Time scale in hours.mins.secs

Figure 3-18: Typical descent chart where X and Y axis units are shown

(Coloured lines indicate the rate of descent for each evacuee — colour coded according to floor of

origin. Also shows comments from observer)

Distance -measured-along centreline of-flights-and- !
landings—follows rake-of stairs. ‘Probable distance-in- l
this-case=-10.2m which-in-turn-equals-one-storey-of*
descent-distance.y

Figure 3-19: Typical dog-leg stair showing how distance is measured between storeys.
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The stair descent chart (Figure 3-18) is a valuable tool for the process of
triangulation which is vital for the integration of data gathered by different
collection methods (Hales, 2011). Respondents from the survey can be
positioned on the chart and their comments related to the apparent contextual
factors such as group dynamics and measured distance traversed. Comparisons

can be made and “facts” established (as suggested Figure 3-7).

3.7.4 The 2008-2010 Trial Evacuation Survey

Introduction
There was a need to plan the overall case study process for this

PhD Study. In order to be flexible and to incorporate feedback from the initial
exploratory case study as the first case study and then from the Explanatory case
studies, the Plan-Do-Study-Act Cycle'?* (NHS, 2008) was adopted as a means of
continually reviewing and improving the operating case study protocols and tools
to completely answer the research questions, aim and objectives of the main PhD
study. This approach is similar to that used to improve quality and is commonly
used in the field of Health and Safety (Roughton and Crutchfield, 2008 and NHS
2008). The elements of the cycle are shown in Figure 3- 20 and explained in the

text of the same figure.

124 PDSA is exactly the same as the PDCA (Plan-Do-Check-Act) used in the process of
continuous quality improvement.
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do

I r ‘ study
plan GJ

act

Plan - define the detailed questions, objectives (within overall objective in Chapter
1.3.3), and predictions required. Ask the required detailed research questions, plan
out data collection methods to answer the research questions.

Do — Carry out the plan, collect the data, begin to analyse it.

Study (Analyse) — Complete the analysis of the data and determine what
predictions can be made Summarise what was learned.

Act — Plan the next cycle. Decide whether changes or refinements are required
especially where protocols were unsuitable and predictions were not able to be
made. List and decide on changes.

Figure 3- 20: Plan Do Study Act Cycle for Improvement through Case Study Process

(Source: NHS 2008)

The PDSA cycle allows for a review of the trial evacuation protocols on
the completion of each exercise. A feature of the case study method is that it
encourages flexibility (Yin, 2009). Continuous improvement is desirable in terms
of improving reliability. This was one of the concerns raised by the Delphi Group
regarding the measurement of fitness. The use of self reporting to gather this
information was considered to be unreliable especially according to Brener et al,
(2003) in a review of the literature on the self reported assessment of health-risk
behaviours in adolescents. The measurement of fitness was therefore improved.
Another example of the use of the PDSA process was the improvement of the
fixing method for the cameras because of the problems experienced with the
delamination of the tape due the excessive heat conditions in the stairs during the

evacuation of Building M2 (Table 3-9)

161



Data
Collection
Tool/ System

Questionnaire

Video
fixing

camera

PDSA 1
(M1/M2)!?°

Measurement  of
fitness by BMI
and follow up
questionnaire  on
fatigue

Use of heavy
industrial tape
suitable for
attaching objects
of less than 1Kg to
masonry and
plasterboard lined
walls.

PDSA 2
(M3/M4)!%

Measurement  of
fitness by BMI
correlated with
health conditions
with follow up
questionnaire

dispensed with

Replacement  of
tape fixing method
after completion
of M2 trial
evacuation  with
flexible grips that
could be attached
to most handrails
and hydrant risers
— offered greater
flexibility of
coverage and
remained in place
regardless of the
amount of
vibration and heat.

PDSA 3
(M5/M6)'%

Small addition to
questionnaire  of
IPAQ Short Form
fitness
questionnaire
which had been
validated

Retained use of
fixing device as
shown in Figure
3-17.

Table 3-9: Examples of PDSA Improvements

125 The pairing of the buildings for each cycle is based on replication logic. PDSA 1 comprises

the two buildings at either end of the scale in terms of height. PDSA 2 comprises the third highest

and the third lowest with PDSA3 comprising the second highest and second lowest. Thus
aggregation of cases is made possible for analysis in Chapter 7 for PDSA1 and 2 together and

PDSA 3 on its own in order to compare the fitness reporting method outcomes. PDSA 3 comprise

Buildings M5 and M6 which is where the IPAQ based questionnaire was used.
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Questionnaire Development
The original NRCC Template questionnaire designed for the 2008-2010

Trial Evacuation survey was used for the occupants of buildings M1 and M2
during PDSA Cycle 1. The original template was added to with a follow up
questionnaire administered 24 hours after the completion of the exercise to
measure after effects such as lower limb pain in each of the respondents. This
addition was as a result of a suggestion by the UK Delphi Group.

On completion of the trial evacuation of building M2 the follow up
questionnaire was found to be impractical mainly due to people who had
participated in the exercise either not completing the follow-up or being absent
when it was handed out. The author reviewed the value that the follow up
actually added and it was decided that the follow up questionnaire could be
dispensed with. The question could quite well be asked as to what was done to
replace it in terms of data collection. It was decided after further research on the
measurement of fitness that the answer lay in what affected stair descent
performance. Increased BMI for example increased the risk of falling
(Menegomi et al, 2009). Combining health conditions together with BMI was
seen as being an improved self reporting measure and was adopted for PDSA
Cycle 2 without having to change the questionnaire.

On completion of the trial evacuation exercise of M3 and M4 (PDSA
Cycle 2) the self reporting measure of fitness was again reviewed. The advice
from the UK Delphi Group could not be ignored in that validated fitness self
reporting systems were available. Reviewing the “rules” of the case study
method (Yin, 2009) and also the opportunity of direct comparisons being made
with similar studies associated with occupational tasks such as Steele and
Mummery (2003) it was decided to add on the short form International Physical
Activity Questionnaire (Sjostrom et al, 2005 and Ottevacre et al, 2011). The

resultant questionnaire was used in the survey of trial evacuation participants on
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buildings M5 and M6 as well as in the focus group studies as these formed parts

of the 2008-2010 Case Study Explanatory studies.

Summary of 2008-2010 Questionnaire Content

PDSA 1: NRCC Template and Follow Up (See Appendix A3):

The first questionnaire was derived directly from the NRCC Template

(Proulx et al, 2006) and the 1980 Study (available in Appendix A3). The

questionnaire is summarised below and is included in Appendix A3:

Section One: While you were on the Floor

The key questions in this section for the study provided the following

information:

Floor of origin on sounding of the alarm.

The stair used — was it the designated for the respondent’s floor.

Whether or not the stair was the closest.

Requirement for assistance to evacuate.

Queuing at stairs with the reason.

Stair entry with or without a friend and where the group was formed

Key question concerning an estimate of the number of storeys the

respondent could complete without a rest.
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Section Two: Whilst you were going down the stairs:
The questions were tabulated and related the respondent’s self reported

experience whilst going down the stairs.

e Handrail reachability

e Step uniformity and visibility.

e Stair steepness

e Tread width

e “Too many flights?” a measure of the total distance traversed as this

could be calculated from knowing the floor of origin.

This section of the questionnaire also included questions of their
“condition” during descent in terms of pain in the lower limbs, dizziness, and
fear of falling, out of breath, chest pains, sore knees and general fatigue. Other

questions in this section dealt with the following:

e Level of confidence in descent.

e Conditions in the stairs — i.e. presence or otherwise of others. This
question was triangulated with actual density observed on the stairs from
cameras and as described by observers.

e [Estimate of total evacuation time.

Section Three: About you — self reported intrinsic characteristics.

The details provided were:

e Floor on which they normally worked and check question about floor of
origin.
e Check question about stair designation

e Evacuation experience
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e Check question about estimate of maximum floors respondent could
descend.

e Age, gender, height and mass, and shoe size (to triangulate with tread
width).

e Falls history over the previous three years.

e Health conditions — heart, asthma, stroke, diabetes, arthritis in lower
limbs, vestibular problems (balance), reduced mobility or injury affecting
mobility, reduced hearing and sight, memory loss, multitasking ability,

fear of falling, fear of crowds and other including agoraphobia.

Follow up questionnaire.

e Floor location at start of evacuation.

e Level of muscle stiffness.

e Health conditions as before.

e Intrinsic characteristics.

e Falls history as before.

e Questions about level and type of daily exercise and normal use of stairs.
e Normal use of handrails.

e Muscle pain.

e Experience with downhill running.

PDSA 2: Dispensing with Follow Up Questionnaire (See Appendix

43):

This questionnaire is exactly the same as for PDSA 1 except that the
following questions were added to replace the follow up questionnaire:
e Level of muscle stiffness
e Questions about level and type of daily exercise and normal use of stairs.

e Normal use of handrails.
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e Muscle pain.

e Experience with downhill running

PDSA 3: Adding of short form International Physical Activity

Questionnaire (Validated). - See Appendix A3:

Section One of the questionnaire dealt with all the intrinsic details, health

conditions and falls history.

Section Two dealt with the actual trial evacuation:

e Designated stair or not?

e C(Closest stair or not?

e Assistance to evacuate required?

e Queuing at stair and cause?

e Enter the stairs with a friend and where the group was formed?
e Estimate of evacuation ability.

e Stair descent experience and after effects as before.

e Normal use of stairs and level of confidence.

e Conditions in the stairs — crowded or not as before.

e FEvacuation time estimate.

Section Three: Short Form IPAQ + Questionnaire

Questions asked about level of exercise undertaken with a predetermined
scale and time spent. From this the amount of energy expended in the week could
be calculated using the explanatory IPAQ Code. This included a set of questions
about the level of exercise seven days before the trial evacuation exercise. The
questions also included walking and sedentary behaviour. A section was also

included on fatigue.
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Survey Analysis

The question dealing with the experience of the respondents going down
the stairs and the after effects including the ones associated with distance were
seen as providing the main opportunity for factor and additional correlation
analysis. The outcome from this analysis could then be triangulated with a
similar factor analysis of the data from the physical assessment template. This
approach is based on a similar analytical method used in case study of the
outdoor stairs (MacLennan et al. 2011). Another example of opportunities for
triangulation was between the distribution of shoe sizes on each building and
their triangulation with the measured tread widths. The comparison could also be
triangulated with stair descent confidence or concern about tread width.

Triangulation (Hales, 2011) is discussed in the next section. Comparison
between the observed and survey data may also be found in Appendix A7.6 and

also Chapter 7.
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3.7.5 2008-2010 Case Study - Triangulation
Read this section in conjunction with Figure 3-21. There are three sets

of data for analysis being survey data, participant observer comments and

assessment and video image transcriptions:

1

ASSESSMENT OF
STAIR CURV -
ENVIRONMENT [« L B O
STAIRGEOMETRY ENVIRONMENT
AND HANDRAILS RCEPTION ET
PERCEPTION ETC.
3
OTHERS AS 5
REC ORDED BY 4 SURVEY QUESTIONS
VIDEO AND TRIANGULATION VIA! ON FALLS HISTORY |
OBSERVERS OVERALL FACTOR ANDINDIVIDUAL
Recorded and downloadedley ANALYSIS 9 CHARACTERISTICS
onspread sheets. COMPAR[SONS,
PATTERN MATCHING|
Lol OF DESCENT
GROUPINGS AND
6 SPEEDS AS WELL AS 7
BUILDING DIRECT SURVEY QUESTIONS
MAINTENANCE, |- COMPARISON OF > ON FUNCTIONAL |at—
VENTILATION AND | _ | LIKE VARIABLES OR/ ABILITY ISSUES AN D)
OTHER ATTITUDES STAIRDIFFICULTY
Site by site
8 9
EVAC PLAN AND FITNESSAND | ol
EVACUATIONTYPE [« FATIGUE
eg. mcontrolled, MEASUREMEN TS
sequential and/or staged
10
SURVEY AND OBSERVATIONS /
COMMENTS
Testing of significant
associations between survey

variables, factor analysis,
regression between variables to
see what predicts fitness
Analysis to explain the
dependency of one survey
variable on another

Figure 3-21: Process of Data Analysis and Triangulation

= Survey based data:

(a) Responses re the individual’s perception of the stairwell
environment, physical response to stair pitch, tread width,

handrail use, etc. (BOX 2).

(b) Falls history and physical characteristics such as age,

gender, height, mass, BMI, and foot size. (BOX 5).
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(c)

(d)

Type and number of health conditions/ functional
limitations and difficulty with stairs such as
dizziness, vertigo, degree of confidence, reaction to

others on the stairs, group formation etc. (BOX 7).

Preparing a short structured diary of daily activities over
the week before the evacuation which are classified
according to the degree of exertion from which a daily
METS equivalent could be calculated. This “form” was
attached to a modified NRCC questionnaire and comprises
a validated survey instrument (Sjostrom et al, 2005) as

required by the Delphi Group. (BOX 9)

»  Physical Assessment/ Video and Participant Observer Data

(a)

(b)

(c)

Physical measurement and recording of details of stair
environment via sketch and where possible photographs
and where possible coding of resultant data according to a

template. (BOX1).

Real time data of individuals descending stairs from which

various measurements could be taken in coding for stair descent

charts, handrail use, reasons and timing of delays, individuals

resting on landings, group formation and dynamics, and other

pertinent events. (BOX3).

Building maintenance, ventilation and other — state of the stairs in

terms of chipping, marking, stability of handrails, obstructions,

defective lighting, pressurisation fans operating (flow of air) etc.

(BOX 6).
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(d) Evacuation plan and organisation — frequency, extent of
participation, preplanning, degree of role play, full or partial

completion — coded as series of observations. (BOX 8).

Survey and Observer Comments

Statistical analysis of data from questionnaires such as frequencies
and/or cross tabulation of individual characteristics and then
controlling for these characteristics and establishing associations
between other variables e.g. BMI and fear of falling, number of
health conditions and falls history, number of health conditions
and difficulty with stairs. There may also be a need to reduce the
number of variables associated with the perception of the stair
environment so that they can also be ranked and retested via
regression. Stair difficulty or “descent risk” can also be checked
against amount of stair use and walking each week as being
indicative of the level of fitness. Fitness was recorded in the initial
two cycles of case study 2008-2010 prior to being replaced with
the more reliable IPAQ form. These relationships were also
compared with comments from the observers or person coding the

video evidence for the stair descent charts. (BOX 10).

Triangulation

Using the results from the statistical analysis and the associated
comments assess impact of stair descent speeds associated with the
group that the survey respondent descended with from the video
evidence or other findings such as descent capability against stair pitch

etc. (BOX 4)

171



The method of analysis for the case studies are framed by the Delphi Group on
one hand in terms of suggesting current issues for questions and observation
gathered and filtered via the use of the Ishikawa Chart (Ishikawa, 1982) and on
the other hand the results (e.g. factor analysis results of stair use) of the survey
are filtered by the focus group using the Ishikawa Chart (Ishikawa, 1982) as a
prompt or as a tool to elicit the issues to be considered on each branch on the
Chart) against the appropriate grouping. The 2008 — 2010 Case Study was run
concurrently with the Focus Groups in order to encourage areas of improvement
that could be made in the third cycle of the 2008-2010 Case Study. The design of
the possible evacuation tool which could be based on the PhD Study Objective

(1.3.3) is based on four basic principles of case study which are:

=  Show that the analysis relied on all available evidence.

*  Challenge the analysis via the main rival theories e.g. obesity vs.
descent speed or obesity vs. fatigue (Galea et al, 2008; Proulx et al,
2007; and Peacock et al, 2009).

=  Address the most significant aspect of each case study even if the data
presented is in the form of outlier events such as a fall (Pauls, 2011).

=  Use the author’s prior, expert knowledge and experience to further the
analysis as he was immersed in both the exploratory and 2008-2010

case studies.

Finally considering the objective of the PhD Case Study (1.3.3) it is
necessary to consider the concept of categorical aggregation (Tellis 1997) as a
more comprehensive method of analysis to pattern matching. Multivariate
regression is extremely useful when the objective of a study is to test a
relationship in the context of many other contextual or explanatory variables as
used by Peacock et al (2009) in their study of stair descent. A great deal of the
data gathered has been coded into a categorical format so that some form of

categorical aggregation may be required. Further reading and comparison of
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examples put forward by Liang et al, (1992) show that certain forms of Logistic

126

Regression “° if properly constructed can provide results that are comparable

with the Multivariate approach (Miles and Shelvin, 2001).

3.8 Ethical Approval
Ethical Approval was given on 27th November 2008 by the Research

Governance and Ethics Sub-Committee for the conduct of Delphi Group and

Focus Group meetings. The reference is RGEC 08/008.

3.9 Conclusions
The author has participated in stair-use research since 1979 and

therefore needed to re-clarify his research position so as to avoid building on
“assumed knowledge” (what you think you know). Crotty (1998) assisted in this
regard by stating that there is inter relationship between the researcher and the
methods used. Further reading of Gray (2009) showed the author leans towards
meaning being constructed .i.e. constructivism. Working through the elements of
the Research Process methodology appeared to be the main research driver. The
author’s position on the continuum is shown in Figure 3-3 where he uses the
mixed methods (Amaratunga et al, 2002) and a case study process where mixed
methods are encouraged (Yin, 2009) to deliver the aim and objectives of the PhD
Case Study. According to Gray (2009) there is no conflict between a
constructivist stance and the adoption of a case study approach where mixed
methods are advocated.

Previous egress type studies have not clarified the research process so
that often rich data can be lost due to the data collection and analytical methods
adopted where if a positivist perspective requires that the observer is required to
remain independent from the study so that proper deductive analysis of

“unbiased” data can occur. Blair (2010) in her analysis from data provided by

126 packages available in SPSS V16 e.g. Binary and Ordinal Methods.
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Averill et al (2005) found that the data was extremely “noisy” (so that some rich
data may have been lost). Interpretivism would be extremely important here as
shown by Gray so that the method developed needed to be able to explore the
“noisy” data. It can be concluded that mixed research methods or a pluralist
approach is the most appropriate (Amaratunga et al, 2002). Interpretivism on the
phenomenological side of the paradigm involves qualitative method (focus group
and content analysis). Such method(s) needs to be blended with a quantitative
method so that the outcome of the quantitative analysis could be placed in
context. The one set of results is “enhanced” by qualitative consensus or
observations.

The final method selected and described was that of Case Study where
the process was designed to fit with the position of the observer and also to assist
him in learning by focusing on the individual within the context of others on the
stairs, the stair environment and the management/ maintenance of those stairs
and its users. Case study method and process is shown to be rigorous by
Flyvbjerg et al (2006) and its adoption as the research method in this PhD Study
sets it apart from others. The process needed to be designed in accordance with
the central direction shown by Gray (2004) in Figure 3-6 and the order
recommended by Yin (2009). Such a process is summarised in Figure 3- 5 and
Figure 3-8 and fully described in this Chapter.

The exemplar buildings extracted as being representative of Buildings 1-
8 in the Exploratory Case Study from the 1980 dataset as well as those forming
part of the 2008 — 2010 Case Study are fully described in Chapter 4 following on
from this Chapter. The inclusion of the Exemplar Buildings (Buildings 3 and 7)
in parts of the 2008-2010 Case Study are used for the longitudinal comparison of
case outcomes dealing such relationships as fatigue and distance and expansion

of measured stair examples for inclusion in the factor analysis.
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Chapter 4 - Case Study Particulars

4.1 Introduction
This Chapter presents the following case study details:

=  Exploratory Case Study building particulars and available data
. 2008 — 2010 Case Study building particulars and trial evacuation

particulars.

This chapter should be read in conjunction with Chapter 3 — Research Methods

The Exploratory case study comprises eight buildings varying in height
from 7 to 45 stories. The buildings were selected by an expert group that
included Pauls who was responsible for a series of trial evacuation studies in the
1970’s (Pauls 1974) for the National Research Council of Canada. The range was

defined as follows:

* By definition of “high rise” in the original building regulations as being
those with an internal height measured between the lowest level of final
exit and the top most floor level. This was 25 metres and is basically
equivalent to 7 storeys of 3600mm per storey.

* The upper limit was defined by the maximum height that could be safely
evacuated from the floor of work origin to ground level. “Safety” in this
instance was defined by the building owners in terms of the risk that they
were prepared to accept.

* Eight buildings in total allowed for a suitable range between 7 and 45 as

indicated by the average height of 21 storeys

Each of the buildings are described in this chapter and the range of heights and

associated building numbers are shown in Figure 4-1 below:
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Exploratory Case Study (1980 data) Selection of buildings

50

45

40

35

30

21

No.storeys
ma
o

1 2 3 4 5 6 7 8 Average
Building Numbers

Figure 4-1: Range of building heights for the Exploratory case study (See also table below)

Building No. Number Evacuation Evacuation Sample Size
Storeys Time (mins.) Strategy
1 13 35 Sequential with 114
runners
2 17 40 Uncontrolled/ 111
EWIS}
3 34 33 Uncontrolled/ 138
EWISTt+
4 45 35 Partial: ~ Floors 88
41-45/
17-21
Sequentialf
5 7 10* Uncontrolledf 38
6 16 18 Uncontrolledf 75
7 20 30 Sequential {* 93
8 19 29 Sequential / 76
electronic
switching

* Descent speed less than 0.35m/s for entire stair for first few minutes due to person on crutches
7 Emergency Warning and Intercommunication System
71 Intercommunication portion was on a separate system
7* Speakers on some floors were faulty and occupants had difficulty knowing what instructions they were required to
follow
Exemplar building numbers 3 and 7 that are representative of the eight buildings and are included in the 2008-
case study
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The buildings for the 2008-2010 case study (see Figure 4-2) needed to
achieve an average height of approximately 25 storeys as this was the height that
50% of the exploratory case study population estimated they could cope with
without a rest and therefore was appropriate to support a longitudinal comparison

between two data sets.

SA2.10)8 Jo "0

M1 M2 M3 JE M3 Mé Nean Expl Study

Building Numbers
Figure 4-2: Range of building heights for 2008-2010 case study

The lower part of the range was 10 storeys and the uppermost was 36 storeys
being the maximum that building owners were prepared to accept for total
evacuation of all the occupants in a trial evacuation. As can be seen the building
owners appear to have become more risk averse over the last 30 years. This
perhaps reflects the concerns of some of the 1970 pedestrian dynamics
researchers (Pauls, Fruin and Zupan, 2007) concerning the reduced fitness of the
global population. The average building height was 24 storeys which was
considered to be a reasonable compromise (compare green and orange columns
in Figure 4-2). The selection is described in more detail in a subsequent

subsection.
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4.1.1 Generally

The linkage between the Case Studies is shown in Figure 4-3 below:

Orizginal 19530 Caze Stndy Exploratory Case
Vearmssy of Todndeg: Study:
Sad=my . PR
-ﬁ:l-‘l'!:‘hrﬂmhuﬂ.iq_c:- U iy Rt }_F‘n‘r'ﬂb:n
PR 2 ﬂu'.p\:. SII.:III o =5
% Bnddings from T - 45 3 Buildings revisited X,
storers bizh 33 and 43 storeys high
W

PDSIAC}'I:'I!—I FDSACrele—1
Christchurdh NZ Mmchester — UK
10smemys: ) 17 storeys and mocomrolled
n;mmmﬂad evacmmion | svamation
b= 7| amd
United Arab Fmirates -

. Wellington 1- NZ
i:f;nti- aadzm 1% sworeysand mooomnolied

= evacsation

PDSACwle-3
Wellington 2 N
1 Tsioreys
Uaocomslled Evaczation
and
Syduey Australia 2008 — 2010
e CASE STUDY

T

2010 Case Study

Author based case studies addressing:

Stair width and use of a stair evacuation device being:
Evacuation of office building during 2011 Christchurch
earthquake and a study utilising an evacuation device
designed to support a 200Kg. person. Augment the 2008-

Figure 4-3: Linkage of Case Studies Comprising the PhD Case Study (1980-2010)
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Figure 4-3 shows the 1980 Case Study (now the Exploratory Case
Study'?’) in light red box which comprised a total of eight high rise buildings
located in the capital cities of each state located on the Southern and Eastern
seaboards of Australia. The data from the 1980 Case Study undertaken by the
Author as a researcher in the School of Building Studies at the University of
Technology, Sydney comprised a series of hard copy SPSS V2 Printouts which
were revisited and data extracted. These data were sorted and the relevant results
are set out in Chapter 5. The 2008 — 2010 Case Study comprises a total of 6 high
rise buildings where trial evacuations were held using the same protocols and
different survey criteria developed using the Plan-Do-Study-Act process (NHS,
2008). There were three cycles involved described in Chapter 3. The range of
buildings for the 2008-2010 Case Study was established from the Exploratory
Case Study from which the most common evacuation height that occupants could
cope with was established as 25 storeys (MacLennan et al, 2008).

Two of the buildings from the 1980 Case Study that were selected as
representative exemplar buildings!?® were revisited in 2010 and the stairs re-
measured. One of the other buildings was checked via the author’s contacts to
confirm the original measurements. This rechecking was seen as being crucial so
that the buildings checked for the Exploratory Case Study contained 20 and 34
storeys respectively. The selection of this range was once again based on one of
the original findings concerning evacuation height or distance (MacLennan et al,

2008).

127 There are eight buildings in the Exploratory case study taken from the 1980 Study. From these
eight buildings two representative buildings Numbers 3 and 7 are taken as being representative of
the Exploraory case study for inclusion in the 2008-2010 case study

128 Building 7 was 20 storeys in height and Building 3 34 storeys. These two heights and the
building details together with the original occupant responses to the survey questionnaire
included in Appendix A3
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4.1.2 General Building Selection Criteria for Exploratory and 2008-
2010 case studies.

Overall the criterion for the selection of suitable office buildings was
established in the Author’s 1980°s Research Project by the associated expert
project group. The same criterion was used by the author in the selection of
buildings in the in the 2008-2010 case study were as follows:

= Evacuation height > 25m

- Two enclosed fire stairs

. Evacuation plan, programme and regular drills

= Evacuation organisation and policy for those whose functional abilities
or limitations precluded them from using the stairs

. Used as office buildings

. Author permitted to attend Warden debriefing sessions

. Building Owners/ Facility Managers permitting the research team to use
pre-established trial evacuation recording and observation protocols for
the occupants descending the stairs.

. Building Owners/ Facility Managers permitting the research team to use
pre-designed questionnaires as part of a required survey of trial
evacuation participants or occupants.

= Suitability of the stair layout and location of handrails to permit the
fixing of video cameras and also to provide a range of configurations

that could be studied to assess their impact on occupant performance.

4.1.3  Structure of Chapter 4

The subsequent sections comprise:
. Section 4.2 - 1980 and Exploratory Case Study
. Section 4.3 — Christchurch Earthquake Case Study
. Section 4.4 — 2008 — 2010 Case Study

] Section 4.5 — Conclusion
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Chapter 4 should be read in conjunction with Chapter 3 — Research
Methods. It should also be noted that each of the trial evacuation drills in the
Exploratory case study buildings and those from the 2008-2010 Trial Evacuation
study will be summarised in this chapter together with a description of their

layout and construction.

4.2 The 1980 — Exploratory Case Study
The 1980 Case Study comprised a total of 8 buildings as follows as

shown in Figure 4-1'?". The general particulars are described in the table

associated with Figure 4-1.

4.2.1 Adelaide, South Australia
Building 5 — 7 storeys:
Building Details

Building five was a seven storey office building hidden behind a
heritage type facade (Figure 4-4). A typical floor plan is shown in Figure 4-5.
Each level is served with two fully enclosed fire stairs both of which were used
during the trial evacuation. They both discharged directly to open space outside
the building footprint. The position of the sandstone heritage fagcade is shown on
the plan in Figure 4-5. The building was occupied by a Government Department
where occupational health and safety was extremely important. The only
additional available information from the records is the clear width of the stairs

(1020mm) and the step geometry (tread width of 250mm and riser height of
190mm).
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Glazed curtain wall
affice tower behind

o Heritage facade

Figure 4-5: Typical Floor Plan of Building No. 5
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Trial Evacuation Exercise

The evacuation strategy was simple uncontrolled evacuation sequence
where every floor was permitted to enter the stair as instructed by their fire
warden on the sounding of the alarm. The total evacuation time was 10 minutes
with the extended time resulting from delays caused by a person on crutches.
According to records there was one observer on level 3, 5 and 7. Each one of the
observers had a Dictaphone and collar microphone. They noted the time the first

€ % [{P3)

person entered the stairs “sounding” letter “p” for males and “q” for women.
Thus the entry sequence on levels was therefore a series of “p’s” and “q’s”
sounded out at the exact interval the person concerned crossed the door threshold
into the stairs The 4" floor represented the simulated fire floor and each entrance
to the stair on that level was covered by a video camera. The Dictaphone cassette
tapes were abstracted on to an observation log. Questionnaires were handed out
at the final exit to each of the stairs. The questionnaires were numbered and
therefore could be used to create an accurate exiting profile including the floor
number the individual started from together with all their other responses on the
stairs. The observer was always the last person to enter the stairs from their level
of responsibility. The data could then be used to reconstruct a stair descent chart
from the exit and entry times similar to the example for Building 6.

The alarm was sounded throughout the building a single signal and
people responded randomly. The total evacuation time for the entire building was
some ten minutes.

One interesting occupant that need to be catered for during the event
was a male person crutches on Level 4. He insisted on using the stairs and the
floor warden required this person to enter the stairs ahead of all the others. He

delayed and “annoyed” other colleagues behind him.
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Building 6: 16 storey building

Building Details

Building six (Figure 4-6) was originally occupied by a major bank as
the major corporate tenant. Health and safety was extremely important and
regular trial evacuation drills were held. A part typical floor plan is included as
Figure 4-7 below. The building has two fire stairs which discharge direct to open
space outside the building footprint. The stair treads were 280mm wide and the
risers 180mm high. A single handrail was provided and there was a reasonable

contrast between the walls, stairs and handrail. The shaft was provided with

emergency lighting.

Figure 4-6: Adelaide Building Six - Exploratory Case Study
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Figure 4-7: Adelaide Building Six — Part typical floor plan

Trial Evacuation Exercise:

The building was provided with an emergency warning and
intercommunication system. Although the procedures were centred on a
sequential or controlled procedure the operation of the emergency
communication panel was faulty on the day of the evacuation!® so that the
procedure reverted to an uncontrolled evacuation when handed over to the floor
wardens via a central announcement via the intercom to all the levels. The
exercise therefore did not follow the written evacuation procedures but the
training was such that the floor wardens took over. They reported to the chief
warden outside the building on completion that their floor was clear and that
everyone was out of the building. The alarm comprised an alert tone followed 30
seconds later by the evacuation tone. Occupants commenced started to move
randomly and followed the instructions of the wardens. Wardens were positioned
in accordance with the written evacuation procedures including wardens located

at the entry to each stair.

129 Confirmed post evacuation by the Chief Fire Warden.
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From available records there were observers located on levels 16 and
15, 12 and 11 and 3 and 2. Stairs were designated for set levels. Data was
collected by video cameras and observers with questionnaires being handed out
at the final exit from each stair. The exact positions of the cameras are
unavailable because of insufficient records. A stair descent chart reconstructed
from these data at the time was available and has been included for one of the

fire stairs illustrating the random entry sequence. The evacuation time was 18

minutes
[
D e
iiE. :”“‘%‘ ”: 2 bl
Ll _,lﬂ.w: 1z
J
8y Mg (iR hghesma
» b Lriser 39
|
U * Flder 8
J L i A
$ |rloor 8
d_‘_!;lc;o: $
\.\'
Eﬂ‘ Tlodr 4* |* '.‘! .
ﬂ .
0
J
i
o T t e T T T T T T
L-1 i a a 4 B 9 -3 [t} = s 14 (-3
4 T M E r | A o e 2 ¥
Figure 4-8: Example of stair descent chart for Building 6 — Entry sequence
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4.2.2 Melbourne, Victoria
Building 4: 45 storey office building

Building Details

Building four was occupied by multiple tenants most likely with a
similar profile to Towers 1 and 2 of the WTC. A typical floor plan is included
for reference in Figure 4-10 below. The building had two enclosed fire stairs that

discharged at ground level, one into the ground floor lobby and the other outside.

—

Author located on the
45™ floor as an observer
Proceeded with group
down to ground level

There were two groups of
floors evacuating being
levels 17-21 and 40-45.

 VAARUARAANRNRNRMAAAA W

R

Figure 4-9: Building Four Exploratory Case Study

The stair treads were approximately 250-260mm wide and the risers 180-190mm
high. The clear width of the stairs was 1020mm. There was little contrast
between the walls and stairs and a single handrail was available. The shaft was
provided with emergency lighting and was pressurised. The building was
provided with an automatic emergency warning and intercommunication system

and the evacuation strategy was for a phased evacuation the pattern of which was

sequenced in accordance with the location of a fire or incident.
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Figure 4-10: Typical Floor Plan for Building 4

Trial Evacuation Exercise
The Authorities would not permit the drill to cover the entire building

so that the drill covered two parts of the building being five mid-level floors and
five upper level floors with the uppermost level being the top floor of the
building. This sequence selected for the trial evacuation was proposed by the
building owner and Authorities to line up with the phased evacuation pattern.
Floors were generally evacuated five floors at a time. This represented the
incident floor with two floors above and two floors below. The owner permitted
a double grouping for the trial and suggested that this pattern was used for
training as well. The upper group of floors comprised floors 41-45 and the lower
17 — 21. One stair was designated for the high rise and the other for the lower
group as per the evacuation procedures. The author was an observer on Level 45
and he had a BMI of 52 at that time. Observers were positioned on Levels 45, 43
and 41 and Levels 21, 19, and 17 on the lower group. Video cameras were

located on the incident floor being level 42 in the upper group and 18 in the
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lower group. Numbered questionnaires were handed out at the final exits from
each of the fire stairs. Both groups of floors evacuated simultaneously on the
sounding of the evacuation alarm which was clearly audible. Prior to entering the
stairs the evacuation plan called for the warden to check for all the occupants
prior to anyone entering the stair. When the occupants did enter the stair they
entered as an entire group in quick succession lead and followed by wardens. The
groups were quite large. The evacuation time for the upper group of floors was
some 35 minutes with one of the occupants falling most likely due to
agoraphobia (NCIM, 2012). Data was collected as before from the observers’
Dictaphone tapes and the returned questionnaires and analysed. Stair descent

charts were reconstructed from the analysis.

Building Two: 17 storey office building
Building Details

Building Two is a 17 storey office building with three fire stairs, one discharging
inside the ground floor lobby and the other two direct to the outside. There was a
single corporate tenant comprising a major bank in Building 2 (Figure 4-11). A
typical floor plan is shown in Figure 4-12. The stairs are grouped with the lifts

and were all pressurised and provided with emergency lighting.

Figure 4-11: Building Two - Exploratory Case Study.
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Figure 4-12: Typical floor plan Building 2

The stairs according to previous notes comprise reinforced concrete
construction with 250mm treads and 190mm risers and had a clear width of
1020mm. Stair entry doors were 1000mm wide and encroached on to the clear
width of the stairs at each major landing. There was a single handrail in each

stair. There was sufficient space on the main landing on each level for occupants

to rest.

Trial Evacuation Exercise
The evacuation strategy was for sequential evacuation utilising an

automatic warning and intercommunication system. Phased evacuations were
also possible. Evacuation commenced from the top floor with the next floor
following on once the upper floor was cleared. Only two of the stairs were
monitored for this exercise because of resourcing. Observers were positioned on
Level 17, 12, and 3. They were provided with Dictaphones which were also
supplied to some wardens. The additional wardens were briefed on observation

protocols before the exercise commenced. The overall evacuation time was
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approximately 40 minutes before of the delays caused by the response patterns
on the upper levels. Questionnaires were handed out at the final exits of the two
monitored stairs. Data was obtained from the questionnaires and observer tapes
and analysed as before. Stair descent charts were reconstructed from the data
which emphasised impact of the upper floor delays. The most interesting feature
of this evacuation drill was that some of the occupants on the lower floors took
over 30 minutes to gain access to the stairs because they continually deferred to

occupants from above.

4.2.3 Sydney, New South Wales

Building One: 13 storey office building
Building One (Figure 4-13 and Figure 4-14) was originally occupied by a single

government department tenant. Five of the levels were used for car parking with
the upper eight floors as office space. Stairs were approximately 1020mm in
clear width, 250mm wide treads and 190mm high risers. There was a single
handrail. The walls were grey along with the stairs. Both stairs discharged direct

to the outside of the building. Emergency lighting was provided but the stairs

were not pressurised.

Figure 4-13: Building One - Exploratory Case Study

191



D
J

{

Figure 4-14: Typical floor plan Building 1

Trial Evacuation Exercise
There was no emergency warning and intercommunication system

installed in the building. Management were still committed to health and safety
so that trial evacuations were triggered via manual communication comprising a
pre-planned telephone network and runners between floors. The runners warned
the next floor above of the incident and to evacuate. This was repeated for all
eight levels. The evacuation drill therefore resembled a sequential evacuation as
the floors were notified in a set sequence for commencement of the drill.

On the day of the exercise level 8 was selected as the fire floor.
Observers were positioned on levels 13, 10 and 8 for each stair. The observers
were provided with Dictaphones and lapel microphones. Observation protocols
were as before. Some counter flow was introduced with fire-fighters gaining
access at ground level and ascending to the simulated ‘fire floor’ which was level
eight. Numbered questionnaires were handed out at the final exit from each stair.
Data was gathered from the returned questionnaires and observer Dictaphone

tapes and analysed. A stair descent chart was reconstructed showing the delay in
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entries between each level. This explains the overall evacuation time of 35

minutes.

Building Eight 19 storey office building

Building Details

Building eight (Figure 4-15) was originally occupied by one major
tenant, being a major banking organisation. A floor plan is included in Figure 4-
16. The building contained two fire stairs in opposite corners of the building
which discharged directly to the outside. One of the stairs is connected to the lift
lobby. Treads measured 250mm and the risers 190mm.The clear width of the
stairs was 1020mm. The walls and stairs were grey with no contrast between the
walls and stairs. Support was provided by a single handrail in each stair. The
stairs were pressurised and provided with emergency lighting. The automatic fire
alarm only notified the emergency management team and fire brigade. The

building was provided with a manually operated alarm and inter-communication

system.

Figure 4-15: Building Eight - Exploratory Case Study
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Figure 4-16: Floor ]I)lan of Level 18, Building 8. (Marked up with an occupant’s movement

path from original project).

Trial Evacuation Exercise
The management were committed to health and safety. The chief fire

warden initiated the alarm for the exercise manually from a control console
comprising a series of toggle switches, one for each floor. He evacuated the floor
in groups of five starting at level 19 and then in descending order. Observers
were located on levels 19, 11 and 3. The video camera was located on the
“incident” floor and recorded the flow of occupants from that floor into the exits.
The observers were provided with Dictaphones and lapel microphones.
Numbered questionnaires were handed out at the final exits from each stair. Data
was gathered from the returned questionnaires and the Dictaphone tapes. These
data were analysed and a stair descent chart reconstructed showing an overall

evacuation time of 29 minutes.
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4.2.4 Brisbane, Queensland (Exploratory Case Study Exemplar
Buildings for 2008-2010 case study)

As noted in Chapter 4 after attempting to gain access to Buildings 1-8
from the Exploratory case study the only access that was available was to
Buildings 3 and 7 each of which are located in Brisbane. They also most closely
resemble the layouts and protocols associated with their use in the 1980’s. They
are representative of the sample in terms of height and layout. This was also
confirmed by the response of occupants of the maximum number of storeys they
thought they could descend without a rest. 50% of the population responded that
25 storeys was the limit, Building 3 is 33 storeys and Building 7 is 20 storeys.
The meaning of exemplar in this regard is representative. These buildings can
therefore be studied further in the 2008-2010 case study for longitudinal

comparisons and factor analysis.

Building 3: 33 storey office building
Building Details

Building three in Brisbane is a thirty three storey office building located
in the Brisbane CBD. It has been refurbished in part since the 1980 trial

evacuation was held but the stairs are the same and reasonably well maintained.
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Figure 4-17: Diagrammatic Floor Plan for Building Three — Exploratory Case Study.

Figure 4-18: Typical View of first stair flight at stair entry — Building 3 — Exploratory Case
Study

The building was re-visited in March 2010 and the following

observations recorded:

. The emergency warning and intercommunication system had not been

totally upgraded since the 1980’s.
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= The stair is much the same as Building 7 except there is a lack of
uniformity in risers on many of the flights up to +/- 10mm.

. Floor numbers are well signposted in red on each level.

. The level of illumination is good with a fluorescent fittings of increased
output compared to Building 7. There is only a minimum amount of
shadows cast across some of the steps in each flight.

. There is no marking on the nosings so the steps are not really legible
(lack of edge conspicuity).

. The stairs serve 32 levels with low rise classified as 1-13 and high rise
as 15-32. Both stairs open off the lift lobby.

. The handrails are not graspable being made from a 75mm deep by
15/20mm thick steel flat.

= Handrails are painted black so that there is some contrast with the
cream coloured walls.

. The stairs are steel trowelled finish so that there is some edge contrast
with the walls.

= The fire hydrant outlet does not obstruct the movement or circulation
path.

- The handrail section does not act as a balustrade so that there is a
completely open void.

= Treads are 250mm wide approximately and risers 190mm high. Stairs

have a clear width of 1020mm.

There are additional visual images in Appendix A4 that amplify the above

observations.
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Trial Evacuation Exercise
The building was equipped with an emergency warning system

supplemented by a mobile intercommunication system. The chief warden and
floor wardens were supplied with these devices. The procedures called for an
uncontrolled evacuation where all occupants evacuated on the sound of the
evacuation signal. Wardens were positioned at the entry to the stairs to provide
assistance where necessary.

Observers were positioned on Levels 33, 26. 19 and 10 and the video
camera on level 8 which was set as the incident floor. Questionnaires were
handed out at the final exits from each of the stairs Data was gathered from the
returned questionnaires and observer Dictaphone tapes and analysed. As before a
stair descent chart was reconstructed. The evacuation went extremely smoothly,

the overall evacuation time being 33 minutes.

Building 7: 20 storey office building

Building Details

Building seven in Brisbane is a twenty storey office building located in
the Brisbane CBD. It has been refurbished in part since the 1980 Research

Project trial evacuation was held but the stairs are the same and reasonably well

maintained.

Figure 4-19: Building Seven Brisbane Typical Floor Plan serving as part of signpost in Lift
Lobby

198



Figure 4-20: Typical view of down flight approaching entry door — Building 7 (other stair is
opposite handed)

The following observations were made from the original survey and

from the revisit in March 2010:

. Occupants are firms of Engineers, Insurance Brokers, Government
Agencies and Financial Institutions.

. The building has been refurbished but the stairs remain much the same
in terms of handrails (rectangular section — poor graspability), steel
trowelled finished steps and landings, wall colours, internal hydrants
(possible obstruction), degree of illumination, lack of nosing

conspicuity,
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. There is no legibility between the steps (grey on grey). The handrails
are not graspable because of their 30X30 rectangular shape and position
of supports.

. Large amount of shadows on steps even although there is a fluorescent
light at every level and mid landings.

= There are floor level number signs on the internal face of the fire doors
but they are not consistent and some are not readily visible.

. One of the fire stairs discharges into the main lobby on the ground floor
whilst the other discharges directly to the outside.

. There is only one handrail and the void is quite large so people with
vertigo may have problems.

- Stairs were well maintained and clean.

. Stairs are opposite handed to each other.

= Treads are 250mm wide approximately and risers 190mm high. Stairs

have a clear width of 1020mm.

Additional visual images are available in Appendix A4 that provide
further information about the above bullet points. The completed stair assessment

template is included in Appendix A4.

Trial Evacuation Exercise

The building was equipped with an emergency intercommunication
system and the strategy basically sequential. The procedure required wardens on
each floor to be at their communication points after the sounding of the alert
signal. There was confusion at this point on the day of the exercise because the
announcements made on the floors were inaudible. Wardens were unclear as to
what they were required to do so that in many instances the floor wardens took
over and some started to evacuate before the evacuation signal was sounded.

Observers were positioned with their Dictaphones and lapel microphones

on levels 20, 15, 10 and 5. Numbered questionnaires were handed out at the final
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exit from each of the two stairs. Data was gathered from the returned
questionnaires and observer Dictaphone tapes. Stair descent charts were
reconstructed and showed the impact of the communication problems. The

overall evacuation time was 29 minutes.

4.3 Author based case studies
See link to 2008-2010 case study in Figure 4-3. There are two case

studies involved being:

» The Christchurch Earthquake evacuation focussing on the stair width
dichotomy.

= The assisted evacuation testing an evacuation device and its performance
in terms of descent speed as an extension of the study by Adams and

Galea (2010).

4.3.1 Christchurch Earthquake Evacuation

This case study addresses the minimum stair width dichotomy where
recommendations have been made to increase the widths to between 1200mm
and 1500mm (Peacock et al, 2009 and Pauls et al, 2007). The author at the time
was unable to descend the stairs without the use of both handrails because he was

morbidly obese, had a fear of falling and severed pain in his lower limbs.

On the 22nd February 2011 at 12.51.42pm (epicentre) Christchurch
experienced a magnitude 6.3 Earthquake which resulted in extensive damage to
two of the office buildings in the Central Business District. Two multi storey
office buildings actually collapsed being the Pyne Gould Guiness Building
(Figure 4-21) and the Canterbury TV Building (Figure 4-22) in the centre of the
city. The author was located on the fifth level of an 8 storey office building at
123 Victoria Street (see Figure 4-23) at the time of the earthquake. The location

is within 1000m of the centre of the city.
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Figure 4-22: CTV Building Total Collapse

After the initial shaking had subsided the whole building was required
to evacuate to a safe place away from the building. The building had extensive
damage so that occupants were not permitted to return into the building for quite

some time.
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Figure 4-23: 123 Victoria Street - Author's Location

Figure 4-24:- Partial View of Main Fire Stair 123 Victoria Street

Figure 4-24 shows a view of the stairs some time after the earthquake
when some of the occupants were permitted in the company of a certified
structural engineer to retrieve some of their equipment out of the building

(duration of stay not greater than 60 minutes). Some of the stair flights were not
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fully secured between landings and this represented the condition on the day of
the earthquake.

The details of the stairs were as follows:

*  Two handrails provided which were about 40mm diameter and readily
graspable.

»  Tread width was >260mm and riser height approximately 180mm.with a
pitch in percentage terms of 68%.

»  The handrails and steps were reasonably legible

»  The level of illumination was > 50 lux

*  The width was about 1000mm

= There were two turns per storey with the stair being a dog leg stair.

*  There were no substantial obstructions

*  The stair did not discharge directly to the outside so that occupants

needed to be familiar with the exit route.

The shaking of the ground and building commenced at 12.51.42. The
occupants commenced evacuation at approximately 12.52pm. It is estimated
from interviews conducted with the floor fire warden that the first person from
the author’s level took some 30 seconds to exit the building. The opening descent
speed was approximately 1.2m/sec.

The author as part of a group formed at the work location entered the
stairs at approximately 12.54pm. He took some 80 seconds to exit the building.
In so doing he held up the rest of the group and would have fallen if there had not
been two handrails provided.

The stair was constructed of “L” shaped precast concrete sections
supported on a steel framework. The latter was damaged during the quake. Water
from the domestic water supply “poured” down the entire well so that surfaces
were slippery. Lighting remained intact and the evacuation alarms sounded for

the entire duration of the evacuation.
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The results of the case study are discussed in Chapter 7.

4.3.2 Author Case Study — Assisted evacuation on stairs
The following case study is where the author, as an expert immersed in

the PhD Case Study, challenged the findings of Adam and Galea (2011) and
Zmud (2007) and carried out his own site test where the mass of the individual
requiring assistance was some 200Kg.

The test stair selected was one that represented a typical high rise
building stair such as those found in 2008-2010 Case Study Buildings, Numbers
M1 and M3. The Adams and Galea Study (2010) comprised a multi storey ascent
so that this will be allowed for in the discussion in the subsequent sections.

The stair geometry is where the pitch is approximately 38°. This pitch
resembles a steep stair so that the test addresses many of buildings constructed in
accordance with the minimum going dimensions (250mm) and maximum riser
dimensions (195mm). It is therefore considered to be a conservative pitch in
terms of the performance of the Evac-chair® vehicle, especially the model 1-

440",

\jié =4

Figure 4-25: View looking up the test flight

130 Model with passenger capacity of 200K g.
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Figure 4-25 shows a typical front view of the test stair flight. The nosing
contrasted with the dark vinyl floor covering and the black handrails with the

light coloured walls. There were a total of thirteen risers.

Figure 4-26: Test run no. 4 with a single operator

"

Figure 4-27: Test 6 with 2 operators

Figure 4-26 and Figure 4-27 show the author during tests 4 and 6. Note
that the author is below the limit recommended for a single operator but in such
instances the operator would be expected to have been properly trained and to

participate in this capacity during each trial evacuation.
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Adams and Galea (2010) utilised a 75kg subject for the Evac-chair test.
The likely BMI would have been 22. The author being the person immersed in
the PhD case study is still classified as Class III obese having a BMI of 33.
During the 1980°s he had a BMI of 56. In order to view the descent speed results
from the Adams and Galea (2010) study in context the author conducted a test
with the permission of the suppliers of Evac-chair using the model 1-440 as the
descent vehicle. This model is designed to carry people with a mass limit of
200K g or 440 lbs.
A total of six test runs were conducted for the reason of internal validity so that
the comparison with the Adams and Galea (2010) study could be placed in

context. The results are presented in Chapter 7.

4.4 The 2008-2010 Case Study — Building Particulars
The 2008 — 2010 Case Study was undertaken in three Plan-Do-Study-

Act Cycles as explained in Chapter 4. Each of the buildings has been coded as

follows:

=  PDSA Cycle 1 — Building M1 — Christchurch — 10 storeys and Building
M2 — UAE — 36 storeys.

=  PDSA Cycle 2 — Building M4 — Wellington 1 -26 storeys and Building
M3 — Manchester (UK) — 17 storeys.

=  PDSA Cycle 3 — Building M5 — Wellington 2 — 18 storeys and Building

M6 — 34 storeys.

The descriptions included in this section comprise floor plans and
annotated sketches of the main fire stairs. No internal photographs are included
for some due to the requirements of the Owners/ Facility Managers. Each
building also includes some information on the trial evacuation set up and
procedures.

Each section also includes a summary of the trial evacuation exercise.

The video camcorders that were used are shown in Figure 4-28 and the mounting

207



is described in Chapter 3. These cameras were able to operate in low levels of
illumination and were extremely easy to operate especially in terms of ensuring
that each “view” told the story for that level. The cameras were also equipped
with full sound recording systems for additional observations. The Dictaphone
Figure 4-29 was in the form of a cassette recorder which was supplied with a

lapel microphone so that the observer could be less obtrusive if this was required.

Panasonic

Cameras fixed directly to rotating base of flexible
“gorilla” grip as described in Chapter 3

Figure 4-28: Main video camcorders used to record occupant progress
when going down the stairs.

208



.~ View from above

Side View of Controls

Figure 4-29: Views of typical “Dictaphone” (cassette recorder) used by observers.

4.4.1 Building M1: PDSA Cycle 1 — Christchurch, NZ, 10 storeys.

Building Particulars

WECID B j
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Figure 4-30: Lobby and stair plan on typical floor - Building M1
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Figure 4-31: Dimensioned plan view of scissor stairs - Building M1

The Christchurch Office Building (M1) comprises a 10 storey office
building with a ground floor of retail shops and 9 floors of office space with a
gross area of some 300m? per floor (see Figure 4-30). The building is provided
with two fire stairs in the form of fire separated scissor stairs. There is no void or
well between the flights and there is only one ‘turn’ per floor. Unfortunately both
of the stairs discharge into a common corridor at ground level and there is a
reduction in width or exit carrying capacity. The walls are a light colour with the
stairs being covered with a grey colour vinyl sheet. Aluminium nosing strips are
used to delineate the stairs. There is a single pipe handrail (dark grey) on the
inside wall as described in Figure 4-31. On the day of the evacuation trial only
the fire wardens had been notified of the drill but it is highly likely that news
about the drill leaked out to the other occupants. Trial evacuations are held once
per annum and are under the direction of evacuation safety specialists in the
employ of the Facility Manager.

The stairs should be familiar to the occupants as the male and female

toilets are located within the fire stair ‘envelope’ or enclosure.
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The assessment of the stair environment may be found in

Appendix A4. An extremely dark visual image of one of the typical flights in

stair one is shown in Figure 4-32 below:

Figure 4-32: Visual Image (Dark) of typical
stair flight in Stair 1.

Summary of trial evacuation for M1.
On the night before the evacuation the video camcorders were

positioned in the stairs on all levels with one per stair (scissor stair) which meant
that in each of the stair systems there was one camera every two levels. There
were an additional two camcorders covering the final exits on the ground floor.
The team comprising eight fire engineers were fully briefed 30 minutes before
the exercise. They were supplied with fully charged and tested Dictaphones. Five
minutes before the evacuation signal was due to be activated the observers
proceeded to their assigned floors!*! which were two on level 10, two on level 7
and two on level 3 with the remaining two at the final exits on the ground floor.
At the same time the ground floor observers proceeded down the stairs from the
top storey and switched on the camcorders as they went. The evacuation signal
was sounded by the evacuation consultant and all the occupants evacuated at
once (uncontrolled evacuation strategy — “one out all out”. All the occupants left

in an orderly fashion and the building was evacuated in some five minutes. There

131 Five minutes before the evacuation signal.
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were delays as expected in the ground floor corridor. All the questionnaires were
handed out by the two observers on the ground floor and were collected from the
fire wardens on each floor as arranged at the briefing meeting held the week
before the exercise was held. The follow up questionnaire was handed out when
the others were collected. The follow up questionnaires were picked up two days
later but the response rate was below ten percent. The video camcorders were
also removed and the digital memory cards were extracted and marked as to their
level and stair number. The same procedure was followed for the cassette tapes.
All the raw data was then transferred into electronic folders marked “M1-Trial

Evacuation, ready for analysis.

4.4.2 Building M2: PDSA Cycle 1 - 36 storeys in UAE.

Building Particulars
This building, located in a typical UAE Business Park, comprises two

levels of car parking and 34 floors of ‘freehold’ office space’ with typical
subdivisions on each floor as shown in Figure 4-33. Each office is supplied with
their own amenities. The net floor area per level is approximately 600m? with an
extremely low occupant density of approximately 0.05 persons/m?. This
establishes an occupancy level of approximately 30 per floor.

The building is provided with two separate fire stairs where the treads
are 300mm and the risers 150mm, with extremely comfortable step geometry.
Two handrails are provided which are circular, but oversize, being 60mm in
diameter. They are not continuous at each level. The stair has a conventional dog
leg configuration. Ventilation is provided to the stairs in the form of a
pressurisation system and the shafts are provided with emergency lighting. A
clear width of 1020mm plus is provided. (See Figure 4-34 for additional plans
and a typical section through the stairs).

The floor covering is a cream coloured ceramic tile profiled on the
nosings. No contrast is provided between the steps, landings and wall seeing the

walls are white. The handrails are also white so that none of the safety elements
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are legible in any way. Orientation is compromised by the lack of signage on
each level. Comments about lack of contrast and continuity of handrails can be

seen in Figure 4-35

Summary of trial evacuation for M2
The fire/ evacuation alarms were set for a sequential evacuation. They

were activated for four floors at a time at three minute intervals. The lifts were
designed to return to the ground floor and be locked off. As the alarms sounded,
the emergency team provided the occupants with instructions. Each ‘office
owner’ was required to provide their own warden and was expected to evacuate
in an office group. Cameras were provided on every third floor. Only six
observers were used due the difficulty of raising the necessary resources on the
day although a total of twelve observers had been ear marked for the trial. This
resulted in two observers on Levels 34, 21 and 13. The questionnaires were
handed out by the facility manager’s staff to the occupants as they arrived at the
assembly point. The observers were briefed as per M1 but their assigned floors
had to be changed at the last minute because the rest of the team had been called
away on business at the last minute.

This case study could have been dispensed with due to the fact that the
building systems failed and the evacuation was not completed. No timed stair
descent data was gathered as:

=  Lifts did not return to the ground floor so that many of the occupants
used the lifts instead of the stairs.

=  Levels 33 refused to evacuate (Observer report)

= Level 23 did evacuate but only with a total of 10 people, 2 using the

South Stair and 8 the North Stair. The 8 people took 12.5 minutes to

descend through 21 floors and the others took 15 minutes.

*  The alarms did not sound on many of the levels so that occupants on

those floors were confused and did not respond.
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=  The temperature inside the stairs was 40°C + and the stair pressurisation
fans failed so that air was not moving through the shafts.

=  Approximately 150 persons completed the evacuation and the Author
was required to debrief them.

=  Two falling incidents occurred which will be fully analysed in Chapter
7.

= Level 13 did not evacuate and the two observers on this level were
required to report to the debriefing area some 20 minutes after the first
set of alarms had sounded.

=  Because of the excessive temperatures in the stairs some of the cameras
had been dislodged and damaged due to the industrial “tape” used to

hold them in position had delaminated from the walls.

The questionnaires were collected the following day by the facility manager’s
staff and coded in accordance with the author’s instructions. The follow-up
questionnaires were handed out on the same day by the facility manager’s staff
and collected the following day. Once again the response rate on the follow-up
questionnaire was less than ten percent.

There were two “falling” incidents reported, one in each stair. The first
fall involved a mature age male who haemorrhaged during descent and needed
attention from paramedics as well as being taken to hospital. It was attributed to
heat stress according to the observer. The other falling incident was that of a
morbidly obese male hurrying down the stairs. He commented that he was tired
and found it difficult to focus especially with the illegibility of the steps (Figure
4-35). The male missed his footing at a mid-landing level stepping off the second
last step and fell coming to rest on the ground. He was assisted out of the
building and placed in a wheelchair. These two falls are analysed and discussed

further in Chapter 7.
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Figure 4-33: Typical Floor Plan and Perspective
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Figure 4-34: Stair Details Building M2 UAE
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Figure 4-35: Visual Images of Building M2 Stairs as noted
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4.4.3 Building M4: PDSA Cycle 2 — 26 storeys — Wellington, NZ

Building Particulars
Building M4 is located in Wellington, New Zealand. It has a gross floor area

of 1000m2 per level with an approximate occupancy rate of 0.05 persons /m>. Levels
15 and 16 comprise plant rooms and are not occupied. The lowest three levels of the
building are used for car parking (Figure 4-36)

The fire stairs are located in the central core of the building and comprise
two sets of fire separated stairs. The configuration is very similar to Building M3.
Due to the sloping nature of the site the stairs discharge to the outside of the building
at Level 3. There is only one turn per storey in the stairs and each flight is provided
with an intermediate landing. The clear width is approximately 1000mm and two
handrails are provided with a diameter of 40mm diameter. The treads are 260mm
wide and the risers 150mm high. A dark coloured vinyl floor covering is used on the
stairs. The stair environment assessment may be viewed in Appendix A4. Occupants
of Levels 25 and 26 are always pre-warned when trial evacuations are to be held due
to the nature of their operations. Data from these two levels have therefore been
deleted from this study. There is a small annex included with this building but this
annex was also ignored seeing it was equipped with its own stair for reasons of
simplicity and availability of coding resources.

The floors are occupied by various organisations many of which are spread
over more than one floor. The stairs were used for inter floor communication so that

some of the occupants would have been reasonably familiar with these stairs.

Summary of trial evacuation for M4
Following a review of the trial evacuations in M1 and M2 it was decided to

dispense with the follow up questionnaire and absorb the questions on fitness into the
main instrument. The mountings of the video camcorders were also reviewed and a
new bracket trialled and found to be extremely flexible in that it could be fixed to
handrails or hydrant risers affording a better “view” of the descending occupants.

This bracket is fully described in Chapter 3.

218



On the day before the trial evacuation the camcorders were fixed in position being
every third level and one above each final exit. Observers met for their briefing some
twenty minutes prior to the commencement of the evacuation. The team was made
up of fire engineers from the author’s previous practice in Wellington. Observers
were located approximately every four levels. There were 300 occupants from 21
levels using Stair 1. This results in an average of 14 occupants per level.

The lifts returned to the ground floor on fire alarm and the evacuation
sequence was that of an uncontrolled evacuation (all out at once). The total
evacuation time was of the order of 10 minutes which indicates a reasonably rapid
descent rate. Trials are held once per annum as part of the legal requirements of the
New Zealand Fire Safety and Evacuation of Buildings Regulations. The stair
environment assessment coding sheet may be viewed in Appendix A4 and the results
are presented in Chapter 7.

The questionnaires were handed out on completion of the exercise to the
floor wardens who then supplied them to the occupants. The questionnaires were
collected on some two days later. The equipment was removed on completion of the
evacuation and the data transferred into an electronic folder as per M1 ready for

analysis.
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Figure 4-36: CYCLE TWO, BUILDING M4 — WELLINGTON 1 - 26 STOREY OFFICE BUILDING — TYPICAL FLOOR PLAN AND ELEVATION
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Figure 4-37: Diagrammatic Plan of Scissor Stairs and Part Section
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4.4.4 Building M3: PDSA Cycle 2 — 19 storeys — Manchester UK.

Building Particulars
Building M3 is a 17 storey Office Building located in Manchester, United

Kingdom. The Ground Floor comprises some retail and there are two levels of
serviced offices. The floor area is some 300m2 per floor and the occupancy rate
varies. An average rate would be 9.5m? per person. Plans, sections and other visual
images may be found in figures 4-38 to 4-42.

There are two stairs in the building. The main stair (referred to as the Clean
Stair) is the main stair located adjacent to the lifts. This stair is carpeted and nosing
sections provided to each step. The walls are a white colour and the carpet a dark
brown. Some support is provided by a single handrail which is dark and comprises
35mm square steel sections broken by the support posts so graspability could be a
problem. The treads are only 245mm wide with 190mm high risers. As such the stair
is found by many of the occupants to be steep. A clear width of between 940 and
960mm is provided which is sufficient for a single or staggered arrangement of
occupants when descending the stairs. The stairs are not extremely well defined.

The other stair is located in a shaft external to the building. At one time this
stair was an open stair but is now fully enclosed. This stair comprises exposed
concrete treads with yellow markings to the nosings. Lack of maintenance is the
problem. The shaft was cleaned out for the purposes of the trial evacuation. Once it
had been cleaned out and the few obstructions removed then it proved to be quite
serviceable.

The handrail comprises a 35mm square section as per the Main Stair but the
graspability is better because the support posts are not so intrusive. Although there is
no contrast between the concrete walls and stair flights, the nosings are clearly
marked in a yellow colour and handrails are red. The treads are 250mm wide and the
risers 190mm which is exactly the same geometry as Building M6. The clear width

varies between 970mm and 980mm.
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Summary of trial evacuation of M3
The trial evacuation sequence is an uncontrolled one i.e. everyone evacuates

at the same time. Stair usage is somewhat uneven but seeing the Main Stairs are the
ones normally used the split is somewhat expected. The Dirty Stair was used by 60%
of the occupants of Levels 7 and 8, 100% of the occupants from Level 11, 30% of the
occupants from Levels 12 and 13, 50% of the occupants from Level 16 and 40%
from Level 17. The overall split between the stairs was 35% for the Dirty Stair and
65% for the Main or Clean Stair.

Some children took part in the evacuation entering from Level 9.This was
further complicated by some parents carrying strollers along with toddlers in their
arms thereby causing some “platooning” in the stairs behind them. The wardens,
however, were vigilant and the evacuation was still orderly and the parents and
children were not placed at risk. The overall evacuation time was some 7 minutes.

Cameras were located on every third level and only three observers were
used, once again because of the availability of resources on the day. One observer
descended the dirty stair from level 17 and the other two observers in the Main Stair
from Levels 17 and Level 10. Entry from Level 10 was extremely useful because of

the problems associated with Level 9. The results are presented in Chapter 7.
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Figure 4-38: Typical Floor Plan for Building M3
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Figure 4-40: Dirty or External Stair — Building M3 — Plan View

Questionnaires were handed out at the assembly points on completion of the
evacuation and collected the day after. The equipment was removed immediately on
completion of the evacuation and the data transferred into an electronic folder as per

M1 ready for analysis. An important point to note is that this was the first building
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that the new brackets were tested on. The bulk of them were attached to handrails

and pipes as per M4. This method of fixing was therefore maintained for the

remaining trial evacuations.

Figure 4-41: Plan View of Main Stair Flight Building M3

Figure 4-42: Overhead View of Dirty Stair Flight — Building M3
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4.4.5 Building M5: PDSA Cycle 3 - IPAQ

Building Particulars
Building M5 is located in Wellington, New Zealand and comprises 17 levels

of 1300m2 per level. The aspect ratio of the typical floor is 4.5:1. Stairs 1 and 2 are
located some distances from one another and they discharge at Level 3 due to a
sloping site. For plans and other visual images of the building see Figure 4-43 to
Figure 4-45(B)

The treads are 270mm wide and the risers were open having a height of
175mm. An open void exists around a winding stair with two intermediate landings
between each level. This involves 4 turns and stairs that experience some vibration
under crowd conditions. The clear width between the single handrail and the wall is
1045mm on the main flights. The handrail comprises a rectangular timber section
which is extremely difficult to grasp. Further details are available on the environment
coding sheet for Building M5 in Appendix A4

Stair 1 served 255 occupants for 13 levels which is an average of 19
occupants per storey. This would not appear to result in a high density but most
likely due to extensive delays due to uneven loading from some of the levels. This

will depend on the detailed results presented in Chapter 7.

Summary of trial evacuation of M5
The evacuation strategy for the building is satisfied by an uncontrolled evacuation

where everyone supposedly enters the stairs at the same time. The overall

evacuation time was approximately 9 minutes.
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Figure 4-43: Building MS Typical Floor Plan
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PART DETAILED SECTION STAIRS ONE AND TWO (B)
Figure 4-45 (A) and (B): Stairs One and Two Details Building MS

There were a total of six observers for the stairs so that two were positioned
on the top floor (one per stair), two on level nine and two on level four. The
observers met in the lobby on the day before and the briefing was short because it
was the same team that was involved on M4. They proceeded to their assigned levels
and stairs ten minutes before the evacuation alarm. The observers for level 4 were
responsible for switching on the video cameras. Camcorders were placed on every
second floor with one above each final exit.

The rate of descent appears to have been slow and steady due to the rapid
occupant response from each floor. Queues formed and there were delays. Because
the drill was held regularly twice per annum, the occupants were familiar with
conditions entering and within t6he stairs. Building M5 was expected to contradict
the results of fatigue from the other buildings because of the large number of people
in the stair at the one time and the fact that this slowed everyone down. No one
appeared to “hurry” down the stairs so that there was every chance that the theory of

increased density masking fatigue (Galea et al, 2011) could be explained.
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The equipment was removed on completion of the trial evacuation and the
data transferred into an electronic folder ready for analysis. See Chapter 7 for the

results.

4.4.6 Building M6: PDSA Cycle 3 — TPAQ - 34 storeys, Sydney,
Australia.

Building Particulars and Designated Stair System (Sequential
Evacuation)
Building M6 comprises a 34 storey office building with a total of three fire

stairs. These stairs all discharge to the outside via a series of long fire isolated
corridors requiring occupants to firstly descend into a basement area in some cases
and then to climb again to street level where the system finally discharges.

The typical floor plans for all levels up to level 19 are shown in Figure 4 46
to Figure 4-47 and the upper levels in Figure 4-48 to Figure 4-49 There are three
stairs each of which are designated stairs for evacuations along with the sequence of

entry. The designations are:

= Stair 1 - Levels 5, 8, 11, 14, 17, 20, 22, 24, 26, 28, 30 and 32.
=  Stair2 —Levels 6,9, 12, 15, 18, 21, 23, 25, 27, 29, and 31
= Stair 3 — Levels 7, 10, 13, 16 and 19.

The alarm sequences are:

=  First phase: Levels 5-7

=  Second phase: Levels 8-10

*  Third phase: Levels 11-13

*=  Fourth phase: Levels 14-16

= Fifth phase: Levels 17-19

] Sixth phase: Levels 20, 21, 31 and 32

= Seventh phase: Levels 22, 23, 29 and 30.
=  Eighth phase: Levels 24-27
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*  Final phase: Levels 28.
=  Stair entry intervals of approximately 10 minutes depending on clearance

times from other floors.

The stairs have two intermediate landings with four turns per storey. The
number of steps per flight varies and details of the various configurations can be seen
in Figure 4-50 to Figure 4-52. The treads are 260mm wide and the risers 190mm.
Each step is delineated by a yellow line set back slightly from the nosing. Otherwise
there is little contrast and some occupants are concerned about this in that they lose
sight of the steps when descending the stairs rapidly in a group (Figure 4-52). The
handrails are also grey. Illumination within each stair generally exceeds 50 lux and
emergency lighting is provided.

The clear width of the stairs exceeds 1000mm and, although stair two is the
only one that appears to have a space for resting (recessed entry door), people were

observed resting in stairs one and three without holding up the other occupants.

Summary of trial evacuation for M6
Building M6 is occupied at present by a single corporate tenant being a

Banking Corporation. The tenant has an extremely strong commitment to workplace
health and safety and holds regular trial evacuation drills with the full participation
and co-operation of the NSW Fire Brigades. It should be noted that there is a
recorded falling incidence for this building where the reported symptom was Vertigo.
This incident was reported at the debriefing session and information was also
gathered by the author from the intercommunication panel during the exercise.

The trial evacuation that was observed was held up initially via the
activation of a smoke detector on Level 8 approximately 10 minutes before the
commencement of the exercise. The evacuation strategy was satisfied via a phased or
sequential evacuation sequence as described above and summarised in Table 4-1.
This table should also be read in conjunction with the notes in Appendix A4 re the
method used to co-ordinate and establish the real time time-line for the entire

exercise.
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This building was quite complex to set up for the gathering of data from
observers and video cameras because of the height of the building and the number of
stairs. Stairs 1 and 2, seeing they connected all 34 floors, were covered by
camcorders at the rate of one every four floors. Stair three only connected 19 levels
so that this stair was covered by five digital cameras operating on the video function.
Data gathering from this stair was also supplemented via the use of additional
observers. Observers in stairs 1 and 2 were located on every five floors starting on
level 32 for Stair 2 and Level 31 for Stair 1. The full set up is summarised in
Appendix A4.

The camcorder mountings were fixed in position the day before the
evacuation as indicated using the new bracket system. The camcorders were fixed to
the brackets some 30 minutes before the evacuation and switched on 5 minutes
before the first alarm. The digital memory cards used with the camcorders had a
capacity of some 90 minutes but in some instances this was insufficient. This did not
prove to be a problem seeing the bulk of the problem was in stair three where the
observer recorded data filled in the data gaps. The observers were fully briefed in the
lobby before the evacuation and special attention was given to the potential problem
with the camera capacity in stair three.

The author was located in the main incident control room with the chief
warden and the communications officer. Table 4-1 was prepared from the recorded
message analysis of the evacuation control panel. This was used as one of the main
tools to reconstruct the stair descent chart together with CD’s of the CCTV
recordings of the flow in each one of the stairs at level 5.

It should also be noted that there was an additional incident where an
occupant was unable to complete the exercise and was switched to the emergency lift
where they were helped out by the Fire Brigade.

The equipment was removed from the building immediately after the drill
and the data transferred to an electronic folder ready for analysis.

The results are presented in Chapter 7.
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TYPICAL FLOOR PLANS LEVELS 5-14

Figure 4 46: Typical floor plans for Low Rise Portion of M6

TYPICAL FLOOR PLANS LEVELS 15-19.

Figure 4-47: Midrise portion of Building M6
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TYPICAL FLOOR CHANGEOVER LEVEL 23

Figure 4-48: Change over mid to high rise Building M6

TYPICAL FLOOR PLAN LEVELS 24-34.

Figure 4-49: Typical floor plan of high rise portion of Building M6
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Figure 4-51: Stair 2 and Typical Section Stairs 1-3 for Building M6
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Figure 4-52-Internal View of Stair Two
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Floor Designated | Mobility Refusals | Alert Evacuation | Flr Clear Floor cleared | Comments

Number | Stair No. Impaired Tone Tone Warden Fire Brigade

1 1 0 n/r n/r 10.31 10.35 n/r = not required/ evacuated before upper levels

2 1 0 n/r n/r 10.37 10.44 n/r = not required/evacuated before upper levels

3 0 0 n/r n/r 10.38 10.38 n/r = not required/evacuated before upper levels

4 4 0 n/r n/r 10.28 10.28 n/r = not required Level 4 was treated as fire floor

5 1 2 0 10.38 10.41 10.43 10.41 1 person found in central stairs on level 5 having wandered
down from level 24 suffering from vertigo

6 2 1 0 10.38 10.41 10.46 10.51

7 3 1 0 10.38 10.41 10.44 10.51

8 1 6 0 10.46 10.49 10.52 10.57

9 2 1 2 10.46 10.49 10.54 11.01

10 3 7 0 10.46 10.49 10.57 11.03

11 1 2 0 10.58 10.59 11.05 11.06

12 2 6 4 10.58 10.59 11.10 11.15

13 3 7 0 10.58 10.59 11.06 11.15 1 person classified as MIP after vomiting in disabled WC

14 1 2 1 11.07 11.09 11.17 11.21

15 2 1 0 11.07 11.09 11.13 11.21

16 3 6 0 11.07 11.09 11.12 11.21

17 1 1 0 11.13 11.14 11.22 11.33

18 2 6 0 11.13 11.14 11.19 11.24

19 3 1 0 11.13 11.14 11.20 11.24

20 1 11 0 11.21 11.25 11.30 11.30

21 2 0 0 11.21 11.25 11.29 11.29

22 1 0 0 11.31 11.32 11.35 11.35

23 2 0 0 11.31 11.32 11.54 11.54

24 1 10 0 11.40 11.41 11.49 11.49

25 2 4 0 11.40 11.41 11.51 11.51

26 1 9 0 11.40 11.41 11.57 11.57

27 2 4 0 11.40 11.41 11.50 11.55

28 1 2 0 11.46 11.48 11.57 11.37

29 2 4 0 11.31 11.32 11.43 11.45

30 1 2 1 11.31 11.32 11.38 11.38

31 2 10 0 11.23 11.25 11.35 11.35

32 1 2 0 11.23 11.25 11.31 11.37

Table 4-1: Evacuation and Alarm Sequence Building M6
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4.5 Summary and Conclusion
4.5.1 Building selection and details

Exploratory Case Study
The building details were described for Buildings 1-8 of the

Exploratory case study by means of external elevations and text. The buildings
ranged in height from 7 storeys to 45 storeys with the average height being 21
storeys. The evacuation strategies varied between controlled and uncontrolled.
Height did not appear to determine this strategy as can be seen from the
sequential strategies used in Building 1 of thirteen storeys uncontrolled strategy
used in Building 3 of 34 storeys. Each of the buildings had two stairs and in
general terms they were supplied with lighting at the landings. Attempts were
made to re-access the buildings but this was not possible seeing some of the
buildings had been extensively altered or permission was not granted. Buildings
3 and 7 were available and also had not been significantly altered. The stairwells
were re-measured and templates completed. It was decided to demonstrate that
these buildings were representative of the eight buildings in terms of their detail
and evacuation strategies so that they could be integrated with the 2008-2010
case study in part as exemplar buildings in order to complete the longitudinal

132

study'”~ and also provide additional data for the factor analysis of stair design

and environmental data as well as comparing trends from similar survey data.

2008-2010 Case Study
The building details for buildings M1 to M6 are described using floor

plans and elevations (where available) together with detailed plans of the
stairwells and stairs together with additional visual images where the taking of

photographs was permitted. The range of buildings selected was similar to that of

132 Trends in impact of the contextual issues were compared with the equivalent ones from the
2008-2010 case study in Chapter 7.
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the Exploratory case study so as to provide a similar range of extrinsic data. The
height of the buildings varied from building M1 of ten storeys to M2/M6 which
were in excess of thirty storeys. Given that one of the main outcomes of the
Exploratory case study was an estimated descent performance limit or functional
capacity of 25 storeys the average height of buildings M1-M6 needed to be
similar so as to achieve a suitable distribution of distances to be traversed by the
participants in the 2008-2010 trial evacuations. The average height was found to
be 24 storeys. Seeing it was anticipated that the performance of 50% of the
population would most likely decrease because of the increase in the number of
functional limitations and the reduction in the level of fitness suggested by Pauls,
Fruin and Zupan (2007) the selection was deemed to be satisfactory. None of the
buildings examined had lifts that were suitable for occupant evacuation other
than the emergency lifts that could be used by the firefighters to assist occupants
who were unable to use the stairs. Building M6 was an example of where the

evacuation planning incorporated the fire brigade assistance into their strategy.

4.5.2 Analysis and Results of trial evacuations
The results of the trial evacuations are presented in the Chapters 5-8.as

follows:
=  Exploratory case study data and considerations for comparison with
2008-2010 Case Study — Chapter 5
= 2008-2010 Delphi Group, Focus Group and Content Analysis Results —
Chapter 6
= 2008 -2010 Main Case Study survey, observation and stair environment

assessment plus triangulation schedules.

The results are presented with sections comprising discussions and summarised

into findings in Chapter 8.
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Chapter 5: The Exploratory Case Study

5.1 Introduction

This PhD Study comprises two integrated Case Studies. The first is
known as the Exploratory Case Study and the second as the 2008-2010 Case

Study. The component parts are outlined in Figure 5-1 below:
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[Exploratory Case Study covered in Chapter 5|

Figure 5-1: Relationship of Exploratory Case Study (Chapter 5) with main 2008-2010 Case
Study presented in Chapters 6 and 7.

The Exploratory Case Study is an analysis of the data from a similar

study of high rise office building evacuations by the author during the 1980°s!3

133 The 1980 research project produced a set of data which will now be referred to as the “1980
Data-set”.
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as described in Chapters 3 and 4. The purpose of this Exploratory Case Study is

to:

To study individual performance in the descent of multiple flights of
stairs in trial evacuations of high rise office buildings for comparison
with the same task in the 2008-2010 case study'**

Highlight the intrinsic and extrinsic factors in the 1980°s that formed
the context of the Aim.

Compare the Exploratory Case Study Outcomes with equivalent ones
from the main 2008-2010 Case Study in Chapter 7 so as to be able to
challenge or confirm the assertions of Pauls et al (2007) that the
assumed changes in the characteristics of the general population require
further changes in the design, use, care and management of high rise

office building stairs and evacuation systems. '

Before proceeding any further, it is necessary to briefly define the scope

of the 2008-2010 Case Study as shown in Figure 5-1. The 2008-2010 Case Study

comprises the study of trial evacuations in six high rise office buildings (Building

M1-M6)1%¢ as described in Chapter 4 using the methodology described in
Chapter 3. The first part'*” of the 2008-2010 Case Study comprises:

134 In order to verify the claims of Pauls, Fruin and Zupan (2007) re the changed intrinsic
characteristics of the general population

135 Considered as longitudinal in the semse of the comparison of cases in terms of patterns (Hak
and Dul, 2009) and also the entire PhD Study compares the performance of separate office
populations so that generalisations can be made (Yin, 2009)

136 Results for PDSA Cycles 1-3 (Buildings M1-M6) are presented in Chapter 7.

137 Results for Delphi Group, Content Analysis and Focus Group Studies are presented in Chapter

6.
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. Delphi Group consideration of the make up of which intrinsic and
extrinsic factors they consider to be critical in the descent of high rise
office building stairs and how occupant or individual performance can
be predicted within this context.

. Content Analysis of occupant accounts of critical evacuation incidents
to establish an inclusive occupant perspective as secondary data to
further explain the context and impact of some of some of the extrinsic
factors.

. Focus Group considerations of the make up of the contextual factors

Seeing a pluralist research method (Amaratunga et al, 2002) is being
adopted for this case study the framework for the analysis is formulated by the
Delphi and Focus Groups so that the results from the study of the trial
evacuations in each one of the Plan-Do-Study-Act Cycles (PDSA) can be
enhanced and further explained. The overall process together with where the
component parts can be found is shown above in Figure 5-1. The Exploratory
Case Study results are presented in this Chapter as a further analysis of some of
the results from the 1980 Data-set. The findings will be summarised and
presented on an Ishikawa Chart as this was the model used to interrogate the
literature in Chapter 2. The outcome will be used to challenge and/or explain the

findings from Chapter 6.

5.2 The Exploratory Case Study and the 1980 Data-set.

5.2.1 Limitations of the Exploratory Case Study for Analysis of
Results.

One of the triggers for this PhD Case Study was the assertions made by
Pauls et al (2007) that the fitness and health of building occupants have changed

since the 1980’s. The data from the author’s 1980 evacuation research project
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has never been fully analysed and the results published!*. These data are known
as the 1980 Data-set. An analysis of this Data-set comprises the Exploratory

Case Study as explained in the previous section.

The 1980 Data-set is only available in hard copy form (SPSS V2-1) so
that the Exploratory Case Study Analysis is limited by these data. Coded survey
responses were stored on magnetic tapes and these are no longer available.
Responses coded by age, gender and BMI are not available. This imposes severe
limitations on the outcome of the Exploratory Case Study. The hard-copy output
was associated with a sample size of 780 occupants spread over eight buildings
as described in Chapter 4.

In order to compensate for these limitations the Exploratory Case Study
was expanded to include another similar study involving Pauls (1977) carried out
by Beck (1977) for Health and Welfare Canada. The latter comprises three high
rise office buildings. Although the Canadian Study (Beck 1977) did not deal
directly with trial evacuations in the three Ottawa buildings surveyed it is a
comparison between a set of office buildings utilising an approach where the
main unit of analysis was the occupants. Such an approach is analogous to the
case study approach as argued by Yin (2009). The statistical analysis was further
enhanced by observation and expert opinion which resembles the pluralist
approach often used in studies of human factors in the built environment
(Amaratunga et al, 2002).

The limitations of the 1980 Data-set on the Exploratory Case Study will
therefore be compared with the output from the Canadian Study (Beck, 1977)
seeing similar research methods and buildings were used. Other similarities

between the 1980 Data-set and the Canadian Study that support its inclusion are:

138 The project was terminated due to the lack of resources and funding. All the survey data had
been completed but had not been triangulated with the observations. Evidence of the studies may
be found in MacLennan et al (1999) and Pauls (1985).
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= Similar ageing rates of Canadian and Australian populations at the time
(Rowland, 1991).

. Similar extrinsic factors associated with the buildings (stairwell
construction, and management).

. The study was led by Pauls (1974) who was also a member of the 1980
Study Expert Group. The 1980 Study was based on it so that the cases
within the Beck Study (1977) can be compared using the pattern
matching technique (Hak and Dul, 2009)

5.2.2 The 1980 Data-set

A sample output sheet from one of the runs on the original Amdahl 470
mainframe computer in 1986 is included below as evidence of the source of the

data for the Exploratory Case Study.

The SPSS V2-1 output was
rigorouély interrogated using the ‘sér‘ne method proposed for the Canadian Study.
The data from the 1980 Data-set was coded under the following headings based
on the schedules presented in the Data-set prior to being regrouped in accordance

with the classifications suggested by the Delphi Group in Chapter 6:
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. Extrinsic 1 - stair environment and location

- Extrinsic 2 — stairs

. Extrinsic 3 — handrails, lighting and maintenance

. Extrinsic 4 - density - others

. Extrinsic 5 - delays — others

. Extrinsic 6 - group formation

- Intrinsic 1 — confidence

= Intrinsic 2 — ability

= Intrinsic 3 — fatigue and distance — preliminary analysis of Thesis Aim

as stated in Chapter 1.

The above data is presented for all eight buildings (described in Chapter
4). This data is analysed in such a way that two exemplar buildings can be
selected as being representative of the 1980 Data-set and will form the output
from the Exploratory Case Study. The comparison with the results from the
2008-2010 Case Study may be found in Chapter 7.

5.2.3  Structure of Exploratory Case Study

The Exploratory Case Study Results are presented in parts:

. Part One: Content Analysis of 1977 Health and Welfare Canada.
. Part Two: Restructure and Analysis of the 1980 Data-set. !>’

. Conclusions for Chapter 5

139 Analysed separately and then compared together — summarised in an Ishikawa Chart
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5.3 Part One: Content Analysis of 1977 Health and Welfare
Canada Study

An analysis was carried out of a report and statistics prepared by Beck
(1977) for Health and Welfare Canada. Three of the five buildings presented in
this report were selected because of their similarity to the eight buildings in the
1980 Data-set. The three buildings are high rise office buildings in Ottawa and
the findings from the Canadian Study were presented in two tables (Table 5-1

and Table 5-2. The tables are provided from the original documents.

247



.Extrinsic Element Jeanne Mance Concord Lasalle 2
No. Storeys 21 10 5
Clear Width of Stairs 881mm 907mm 1186mm
Stair Pitch
Measured: 37° 36° 359
Level of significance for | OK: Moderate | No comment Moderate | Not significant
occupants: significance (p<.05) significance (p<.05) Moderate  significance
(p=.05)
Tread /Going
Measured: 267mm 267mm 280mm
Mean foot size: 300mm 300mm 300mm
Riser
Measured: 178mm 190mm 190mm
Trip hazard: 50X50 overhang 25X25 overhang Open
Comments: Trip hazard Acceptable: D1/4S1 Trip hazard — D1/AS1
Handrail
Height: 1067mm 1067mm 1067mm
Graspability: OK  —  moderately | Poor — moderately | OK  —  moderately
significant (p<.035) significant (p<.05) significant (p<.05)
Lighting / Visibility OK — highly significant | Yes but poor | OK as fluro.
(p<.001) illumination - — highly | Supplemented by
significant (p<.001) natural light — highly
significant (p<.001)
Distraction No comment and not | No comment and not | No comment and not
significant significant significant
Conspicuity/ Legibility OK but not significant | No contrast but not | No comment but not

as p=.08

significant as p=.08

significant as p=.08

Ventilation OK — highly significant | Not satisfactory — highly | OK — highly significant
(p<.001) significant (p<.001) (p<.001)
Maintenance No comment — highly | Unclean —  highly | Clean- highly significant
significant (p<.001)t significant (p<.001) (p<.001)
Temperature OK and reasonably | Too hot and cold - | No comment -
significant (p<.01) reasonably  significant | reasonably  significant
(p<.01) (p<.01)
“Locked in”'40 No - highly significant | Yes - highly significant | No comment - highly
(p<.001) (p<.001) significant (p<.001)

General safety

No signage but not

significant as p=.08

Yes concerned - but not
significant as p=.08

Yes concerned - but not
significant as p=.08

Orientation and

knowing location

No signage - moderately
significant (p<.05)

No view of floor or
signage - moderately
significant (p<.05)

Could  locate  floors
through door viewing
panel and signage -
moderately  significant

(p=.05)

Source: Beck, R.J., (1977), Health Impacts of the Use, Evaluation and Design of Stairways in Office Buildings, Health
and Welfare Canada, Health Programs Branch, Health Consultants Directorate, Health Facilities Design.

Table 5-1: Interaction of Occupants with Extrinsic Stair Variables -Beck (1977)

140 Can trigger agoraphobia (NCBI, 2012) which in turn can lead to visually induced postural
sway (Redfern et al, 2007)
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Intrinsic Elements Frequency (%age) Comments

Age

18-30 58.6

31-40 21.8

41 plus 19.6 This percentage has increased
in the general population since
1977. 1t is over 44% in NZ in
2007 (Wilson et al (2007)

Gender

Male 49.25

Female 50.75

Fitness attitude

(5) very conscious (5)=139.8 In the sample 29.8% reported

(4) conscious but only walk (4)=4438 they were involved with a

(3) somewhat conscious but government fitness

most likely lazy 3)=12.7 programme.

(2) conscious and no action

(1) no answer 2)=25

(1)=0.2

Reasons for not using 48,5% excluded themselves

stairs from  normal  stair  use
(intercommunication)

Health conditions including | 4.0

physical impairment, reduced

vision and other

Vertigo and dizziness 2.7

Fear of falling 1.5 2.5% of the population
surveyed had fallen and hurt
themselves. A further 11% had
stumbled.

Stairs unpleasant 8.2 Much of this is attributed to
the stair environment and
could be  remedied by
Management

Job does not permit it 15.4

Takes too long 7.2

Don’t know 7.6

Source: Beck, R.J., (1977), Health Impacts of the Use, Evaluation and Design of Stairways in Office Buildings, Health
and Welfare Canada, Health Programs Branch, Health Consultants Directorate, Health Facilities Design.

Table 5-2: Intrinsic Factors from 1977 Canadian Study
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The two exemplar buildings that will be selected from the analysis of
the 1980 Data-set in the next section are Buildings 3 and 7 as explained in
Chapter 4. The slope of the stairs in Table 5-1 for the three buildings from the
content analysis of the Canadian Study is similar but the treads are slightly wider
(6.4%) thereby decreasing the toe overhang from 50mm to 33mm. A 50mm toe
overhang (250mm tread) is unacceptable as it usually precludes the occupant
from facing “front on” in the direction of descent (Roys, 2006) increasing the
risk of falling.

The height of the handrail is 202mm higher than the minimum 865mm
in the Australian Codes of the day and yet the next section will show that this
height did not affect the responses extracted from the 1980 Data-set.

Two significant psychological factors show up in Table 5-1 and that is
the fear of being locked in (NCBI. 2012) (p<.001) and the resulting moderate
significance (p<.05) of wayfinding and signage. Management can deal with both
of these issues. They should also be concerned with the cleanliness and
maintenance of the stairs as highlighted in Table 5-1. These aspects are of
concern to the occupants (p<.001) as compared with general level of safety
which was not significant to the occupants (p<.08). The possible impact of the
above factors is that they may have deterred the occupants from using the stairs
for intercommunication which constitutes additional exercise.

Table 5-2 shows that 19.2% is similar for the 40+ age group to that of the
1980 Study (Rowland, 1991), so that comparisons can be made. The same can be
said for gender (Rowland, 1991). The response in Table 5-2 unfortunately is
aggregated across all three buildings but it does deal with the aspect of fitness.
Given that 80.4% of the sample was below 40 years of age the anticipated level
of fitness is not reflected in that only 39.8% of the sample was “conscious of
fitness” and only 29.8% were enrolled in a government approved fitness
programme. This means that 10% were enrolled in private programmes,
undertaking a structured exercise programme or believe that an intense walking

programme qualifies. A further 44.8% did do some form of walking and were
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somewhat conscious of fitness. 48.5% of the respondents excluded themselves

from using the stairs due to the following:

. 8.2% said the stairs were unpleasant.
. 15.2% said that their job prevented them from using the stairs i.e. Time

lost in negotiating the stairs as well as restrictions from management.

Fitness is stair use (Pauls et al, 2007) and it is important to include it in
the analysis of the 1977 Canadian Study as the data from the 1980 Data-set did
not specifically include it. Following on from the above a profile of the
functional limitations of the respondents that excluded them from using the stairs

(Table 11) is outlined below:

. 4% due to health conditions including limited mobility, reduced vision,
and other as compared with 10.2% in Table for the exemplar
buildings in Part Two of the Exploratory Case Study

. 2.7% due to vertigo and dizziness compared with 2.7% in Table 5-3
for the exemplar buildings in Part Two of the Exploratory Case
Study.

. 1.5% due to fear of falling (Table 5-3). No comparison was made in
this regard as balance may be synonymous with vertigo and dizziness.

= 1.9% for general fatigue as compared with 3% on average for the
exemplar buildings in the 1980 Study excluding the “slight’ responses
(Table 5-3)

In order to view these data in context Rowland (1991) shows that in
Australia in 1981 6.32% of the population (all age groups) had some kind of
impairment that would have most likely excluded them from the use of stairs.

The 10.2% for “Part Two” of the Exploratory Case Study exemplar buildings in
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Table 5-3 could therefore be considered to be reasonably significant except that

this is not reflected in other results that are discussed in the next section.

INDIVIDUAL OTHERS

Age No data available
from the original

Gender report. (Beck, 1977)

Health Conditions incl. fear of

falling.

Fitness attitude

Stair use — fitness and building

knowledge
Vl\ Vl\ >
STAIRS
Pitch* MANAGEMENT
Handrail graspability and Ventilation and lighting
height* levels***
Lighting*** Cleanliness***
Ventilation*** Risk of entrapment (locked

in) sk kosk
Orientation and

signage*** Management is seen as

forming part of an
organisation’s OH&S
planning (hazard prevention)

*n<.05 is moderately significant; **p<.01 is reasonably significant and ***p<.001 is highly
significant. Taken from Chi Squared analysis.
Figure 5-2: Ishikawa Chart Summary of Results of Content Analysis of 1977 Study.

Figure 5-2 above summarises the results for the Canadian Study (Beck,
1977) via the Ishikawa Chart Model that was used to interrogate the literature in
Chapter 2. Each branch of the Chart has been populated with the findings
summarised above and set out in Table 5-1 and Table 5-2. The main difference
with the spine and the intent of the Canadian Study to that from the Delphi
Group described in Chapter 6 is that the Aim of the Canadian Study was whether
or not the occupants of the three Ottawa office buildings were “prepared to use
the stairs”. This cannot be confirmed for certain as the data does not define the

significance of the relationship between fitness and “preparedness to use the
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stairs”. This relationship certainly underpins the PhD Study Aim and Objectives
as well as the misgivings raised by Pauls et al (2007) in the application of data
gathered during the 1960’s and 1970’s to current evacuation and stair use studies.
The analysis of the Canadian Study therefore provides significant results to
compare with the results of the analysis of the 1980 Study presented below in the

next section.

5.4 Part Two of the Exploratory Case Study — Restructure
and Analysis of data from the 1980 Data-set.

The tables from the original SPSS V2-1 hard copy have been

restructured for ease of pattern matching as follows:

. Where the scale is “Strongly Agree — Agree — Neutral — Disagree —
Strongly Disagree” the scale is condensed to “Agree — Neutral —
Disagree”

. Where the scale is “An extreme degree — very much — moderate — slight

— not at all” the scale is condensed to “extreme/moderate — slight — not at

all”

The results of the Content Analysis presented in Table 5-3 (over page)

will be discussed under each group of factors (in Section 5.2.2).
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Factor / Core | Variable Building 1: 13 (121) | Building 2: 177 | Building 3: 337 (150) Building 4: 45% | Building 5: 7 (32) oo | Building 6: 191 (46) | Building 7: 20% (95) | Building 8: 191 (54)
Consistency 114) (02) ® ® ®
2 2 2 2 2 2 2 2
< < < < < < < <
5 5 g 5 5 5 g 5
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\O —_ > 873 \O —_ 8?3 \D —_ >N 8‘?‘3 \®—1>\. 8?@ \q_) —_ > 8?3 \O —_ 8?3 \D —_ 873 \O —_ 8?3
35| EZ| 28| 8E|E2| 25| 88| E2| 258 |25 E2| 25| 88| EE| 25| 85| 2| 25| 85| E2| 25| 25| E2| 2+
=8| sl ]l sl 3| S]]l s8] 2| § =8 sl Ee]l a5 3 STl ess| 3| el aE| 2 =] =5 3| =
&N < O = = O o0 < O = = O & < O = = O ah K| O = = O &0 < O = = O o0 < [ = O o0 < O = = O &N < O = = O
<H|Zyn | AZ|<d|Zn | AZ]|l<Hd| Z2n |l AZ <H Zwn | AZ|<HdH|Zun | QAZ|l<d | Zxn | AZ|l<@d| Zun | AZ| <d| Zn| AZ
Extrinsic 1 Stair easy to find 86.8 |33 9.9 929 |33 3.5 953 |33 1.3 95. |22 2.2 988 |0 1.2 913 |65 2.2 947 |32 2.1 94.1 |24 3.6
6
Stair was too hot 9.4 239 |66.7 |247 |31.2 |43.7 |10.0 | 333 | 56.7 16. | 30.1 | 53.8 |3.7 37.5 | 587 ]0.0 20.0 | 80.0 | 10.5 |[34.7 |547 | 119 |262 |619
2
Time in stairs too | 32.5 | 233 |442 |41.6 |257 |32.8 |224 |272 |48.6 22. 1297 473 | 173 | 173 | 654 [20.0 |26.7 |533 |319 |287 |394 [|322 |29.8 |38.0
long 1
Extrinsic 2 Stairs too steep 19.0 | 223 |58.7 |126 |324 |550 |74 253 | 674 54 1239 |707 |49 237 | 713 |44 156 |80.0 |53 22.1 | 726 |21.7 |24.1 | 542
Apprehension about | 18.1 | 20.5 | 614 | 125 (313 |563 |11.7 | 20.5 | 67.8 16. |20.7 |63.0 |73 13.6 | 79.1 193 209 |69.8 193 188 | 719 | 134 |225 | 58.7
safe footing on small 3
treads
Steps too slippery 185 | 16.0 | 655 |63 189 | 748 2.0 153 | 82.7 22 |10.8 |87.0 |3.5 16.0 | 80.3 ]0.0 152 | 84.8 |32 13.7 | 83.1 |72 154 | 874
Extrinsic 3 Used handrail in | 30.6 |21.5 |[479 |31.6 |[17.5 |509 |204 | 19.0 | 50.6 72. | 140 | 140 | 284 |235 |48.1 [|325 |93 582 |23.7 | 204 |[559 |244 |23.1 |525
descent 1
Handrail awkward to 30.0 | 609 |17.7 |22.1 | 60.2 87 140 | 773 |62 185 | 71.3 | 8.7 109 | 804 |10.6 | 179 | 715 |49 232 | 719
use
Stair lighting | 14.9 | 20.7 | 644 |45 21.6 | 739 |20 10.8 | 87.2 6.5 |98 83.7 15.0 148 |80.2 |22 152 [ 826 |54 149 | 79.7 | 8.4 9.5 82.1
inadequate
Maintenance is |21.5 | 347 |338 |252 |414 |334 |153 |32 52.7 17. 129.0 |51.8 | 139 |342 |519 |22 356 [ 622 | 141 |32.6 |533 |28.6 |250 |464
inadequate 2
Extrinsic 4 Stair was | 18.1 | 18.2 | 63.6 | 13.7 | 264 |499 155 |22.7 | 61.0 44 | 152 | 804 |86 18.5 | 72.7 | 8.7 152 | 76.1 | 169 |200 |63.1 |16.0 | 19.0 | 65.0
uncomfortably
crowded
Stair was not wide | 25.6 | 149 | 59.5 |29.7 | 21.6 |487 |19.7 |17.1 | 66.2 17. | 17.2 | 655 |10.1 |11.4 | 78.5 |8.7 13.0 | 783 |243 | 189 |56.8 |202 |179 |619
enough 3
Extrinsic 5 Delay due to slow | 189 | 238 |574 [|379 (239 |372 |24.0 |38.0 |38.0 16. |23.7 | 602 |10.7 |23.7 |656 [|152 |21.7 |63.1 |31.6 |274 |41.1 | 134 |28.0 | 58.6
movers in group 1
Extrinsic 6 Entered stairs with a | 344 | 123 | 533 |57.0 | 149 |28.1 |525 |21.8 |25.7 44. | 189 |[36.8 |31.2 |225 |463 |463 |95 452 |33.7 |20.0 |463 |425 | 150 |425
group 4
You knew the others | 72.4 | 13.3 | 143 | 889 |79 132 | 783 | 109 | 10.8 76. | 13.0 | 109 | 754 |17.1 |85 66.6 |16.7 |16.7 | 674 | 147 |179 |73.7 | 150 | 113
close to you in the 1
stairs
Intrinsic 1 Apprehension about | 14.0 | 28.7 | 573 | 11.6 |304 | 58.0 |5.5 19.5 | 75.0 15. | 26.8 | 581 |69 10.1 | 850 |164 |163 |673 |11.5 |229 [656 |174 |20.0 | 62.6
personal safety 1
Intrinsic 2 Weakness/pain in| 57 7.4 86.9 | 17.0 | 223 |60.7 |10.2 |23.8 | 66.0 21. | 39.8 |387 |37 3.7 926 | 163 | 14.0 | 69.7 | 3.1 104 | 86.5 | 124 | 8.7 78.9
knees 5
Discomfort in chest 3.3 3.3 93.4 10.0 54 946 |14 6.8 91.8 33 143 924 1.2 2.5 96.3 0.0 4.7 953 2.0 2.1 959 1.2 3.7 95.1
Fatigue generally 3.2 11.5 [ 853 |45 17.1 | 784 |2.7 16.2 | 81.1 54 1269 |67.7 |25 4.9 92.6 0.0 185 [ 814 |3.0 3.2 93.8 |5.0 11.2 | 83.7
Dizziness/ balance 3.2 11.5 [ 853 145 17.1 | 784 |2.7 16.2 | 81.1 54 1269 |67.7 |25 4.9 92.6 0.0 18.5 | 814 ]3.0 3.2 93.8 |5.0 11.2 | 83.7
Intrinsic3 Fatigue vs. distance | R?= | REGRESSION SHOWN USING MEASURES FROM BUILDINGS 3, 4 AND 2 — SEE TEXT
traversed # 0.76*

[ Denotes Exemplar Building Nos. 3 and 7 — Data for Charts for being moderately significant; * p<.05 # estimate only; fDenoteS number of storeys, 00 denotes number in sample =N
Table 5-3: Table of Frequencies for Part Two of Exploratory Case Study (assembled from 1980 Data-set)
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5.4.1 Extrinsic One: Stair Environment and Location

Knowledge about the location of the fire stairs in high rise office
buildings does not necessarily imply that occupants have used and are familiar
with the stairs and stairwells. The data confirmed this via responses that in many
instances the fire wardens forming part of the building’s emergency control
organisation'*! did direct the occupants to the fire stairs as the pattern is
reasonably consistent across all eight buildings in terms of the major percentage
in each building agreeing that the location of the stairs was familiar (N=784).
This ranged from the lowest for Building 1 of 86.8% to the highest of 98.8% for
Building 5. The two exemplar buildings (3 and 7) which are highlighted in
orange in Table 5-3 represent the mean of this range being 95.3% and 94.7%
respectively!**

The analysis of the 1977 Canadian Study (Beck, 1977) raised the issue
of ventilation to the stairwell. The level of concern of the occupants with this
issue was found to be highly significant (p<.001). Although it appears that the
results were aggregated in this instance in Table 5-2 this may not be the case
because of the large percentage of respondents across all eight buildings who
adopted a neutral stance. Agreement with the lack of ventilation varies from 0%
for building six to 24.7% for building two. Respondents who did not have any
difficulties range from 44% for building two to 79.6% for building eight. The
stairs in building five only connected five storeys whilst those in building four
connected some forty five floors. Response to ventilation rates appear to be
directly connected to physical exertion and the level of maintenance. It is the
latter where the significance may match the equivalent results in Table 5-2. Once
again the two exemplar buildings are representative as they follow the same

pattern and range of responses.

141 Emergency Control Organisation is a term used in Australian Standard AS 3745-2010.

142 Justification statement for Exemplar Buildings 3 and 7 being representative in bold italics.
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The pattern of responses for the time spent in the stair being too long is
reasonably consistent ranging from 20% for Building 1 to 41.6% for Building 2
for those in agreement and from 32.8% for Building 2 to 65.4% for Building 5
for those who disagreed. Buildings 2 and 5 are two buildings that do not really

follow the pattern as closely as the others. This can be explained as follows:

= There were delays in going down the stairs in Building 2 according to
observation notes attached to the original data-set and this is also
confirmed to a reasonable degree by the high proportion of respondents
who agreed that there were delays in the stairs (37.9%).

. Building 5 only contained some seven storeys and was evacuated in less
than 10 minutes which matches the low percentage of respondents who
agreed with the time being too long as compared with the majority who

disagreed (65.4%).

The two exemplar buildings are representative of the eight taking into account
that they follow the pattern of responses where there was a greater amount of
disagreement (39.4-48.6%) than agreement (22.4-31.9%). Further details are
available in Appendix A5.!'4

5.4.2 Extrinsic Two: The Stairs

Roys (2006) showed that it was the width of the treads that was the
critical factor in maintaining a “front-on” stance when going down stairs. Others
did consider the pitch of the stairs (Startzell, 2000 and Riener et al, 2002). The
pitch in Buildings 1-7 varied between 35° and 37°.The occupants who were
generally satisfied with this “slope” varied from 54.2% for building eight, to 80%
for building six . Those who had the opposite view varied from 4.4% for building
six to 21.7% for building eight. It should be noted that out of all eight buildings
building six had the lowest pitch. Buildings 3 and 7 each had a pitch of 37° and

43 Justification argument for Buildings 2 and 7 being representative are in bold format
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a similar pattern of responses from agreement to disagreement. They are
representative of the eight buildings. The only comparative guide here is that
according to Rowland (1991) 6.3% of the population had some kind of functional
limitation which generally agrees with the response pattern. It could therefore be
argued that the pitch is a significant issue generalising from the analysis of the
Canadian Study (Beck, 1977). The patterns are discussed further in the Appendix
AS.

Returning to the finding of Roys (2006) concerning the width of stair
treads, the results in Table 5-3 do not appear to correspond with those who were
not apprehensive about going down stairs with small treads varying from 71.9%
in building seven to 56.3% in building two. In both instances the width of the
treads was 250mm. A recent study carried out by the author on outdoor steps in
the United Kingdom in 2009 of a sample of stair users (n=690) whose mean age
was 66.7 years showed the length of the mean male shoe was 300mm
(MacLennan, 2011). In 1981 the same sample would have had a mean age of
38.7 years so that a significant percentage of the sample in the 1980 Data-set
according to Rowland (1991) would have had the same size feet. Those who
were apprehensive about the small treads varied from 18.8% for building 8 to
7.3% for building 5.

In terms of the response pattern across all eight buildings and even
including the “slight” response, Buildings 3 and 7 fall well within the range
and also have 250mm wide treads which would not support a front-on stance
for 50% of the population as demonstrated above and in the Appendix AS5.

Slippery stairs!#* were shown to be of concern in the Content Analysis
of the Canadian Study and this was highly significant (see; Table 5-2 p<.001).
The construction material and riser/tread configuration was exactly the same as
the Buildings 3 and 7. . The level of maintenance in some buildings was as high
as 26% and yet this is not reflected in the pattern in Table 5-3 for slippery steps.

The state of the stair tread surfaces at the time of each trial evacuation for

144 Slippery as ststed in questionnaire response and significant in terms of safe foot placement.
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buildings one to eight was that they were free of debris and other irregular
surface materials.
Buildings 3 and 7 are suitable as exemplar buildings as they fit within

the range of responses and follow the same pattern.

5.4.3 Extrinsic Three — Handrails, Lighting and Maintenance

The apparent pattern in handrail use varies from 72.1% for building
four where 50% of the population descended through more than 40 storeys to the
next of 31.6% for building two which was 17 storeys in height. The stair
geometry of the two buildings was the same. A possible argument is that a partial
evacuation was involved in building four so that descent speeds were
unconstrained. Each of the floors between levels 40 — 45 evacuated in groups
assembled by the fire wardens on each level before entry. They descended in
groups so that it is possible that “slow movers” had to speed up to keep up with
the group as the rear of each group comprised a stair warden who made certain
the group “stayed” together. The group dynamics were recorded by three
observers, one of whom was the author who entered from level 45. The speed of
descent exceeded 0.5m/sec on average. The differences between the exemplar
buildings and building four can be explained by the distance travelled. It is
therefore argued that handrails are used for support and as a means of
maintaining balance and that this is a function of the distance to be travelled and
the occupant’s functional limitations. If fatigue is included loosely as a functional
limitation then fitness may be involved as well. There is a strong relationship
here with the findings from the Content Analysis of the Canadian Study. Once
again Buildings 3 and 7 can be used as exemplar buildings as the pattern of
handrail use fits within the range of the eight buildings from agree to disagree
in Table 5-3. Further details may be found in Appendix AS.

Figure 5-3 shows a typical handrail detail that would difficult to grasp
(Roys, 2006; Aldersen, 2010; Templer, 1992 and Archea et al, 1979).

258



Respondents as indicated in Table 5-3 who had no problems with the handrail in
terms of rail section and height varied from 60.9% for building two to 80.4% for
building six (average across the eight buildings of 70.6%). The contrary view
varied from 4.9% for building eight to 17.7% for building three with the average
across all eight buildings being 8.8%. Given the number of people who actually
used handrails averaged 32.2% across all eight buildings it would appear
reasonable to argue that the handrails were considered to be adequate. Given the
body of evidence available from the research as represented by Alderson (2010)
handrails will continue to be critical and recommended sections should still be
adopted. It should be noted here that the Content Analysis of the Canadian Study
found that the handrail graspability and height were moderately significant
(p<.05). All the heights were the same being 1067mm and yet the performance
of the handrails in one of the buildings was poor. This once again was most
likely due to the level of maintenance, and could represent some of the variation
for Buildings 3 and 7 shown in Table 5-3. The handrail height in the exemplar
buildings was less than 900mm and yet the occupants were still basically
satisfied. The results shown for the exemplar buildings are therefore
representative of the eight buildings in the follow the pattern of response and

are close to the mean.
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Figure 5-3: Typical example of handrails from Buildings 3 and 7 — rectangular profile and

poor graspability.

Table 5-1 shows that the level of lighting is a significant factor in safe
stair climbing (p<.00I). The inadequacies expressed in Table 5-3 were most
likely due to a lack of maintenance as demonstrated by the negative responses for
cleanliness and ventilation. Table 5-3 shows that the respondents who agreed that
the lighting was inadequate form a clear pattern varying from 2.2% for building
six to 14.9% for building one, the average being 6.3%. There appears to be a
possible link for building one with the level of maintenance seeing Table 5-3
shows that 21.5% of building one respondents agreed that the maintenance was
inadequate. The overall level response across all eight buildings for the above is
18.3%. There is a similar pattern in the responses on the agreement and non
agreement response pattern between the level of maintenance and the
performance of the lighting except that there is an increase in the neutral position
of the respondents of 14.8% for lighting as opposed to 33.2% for maintenance.
There appears to be a link for building six in that only 2.2% of the respondents
thought that the level of illumination and the maintenance was unsatisfactory.
Positive responses varied from 64.4% for building one to 87.2% for building

three with the overall level being 78.9%. Table 5-1 showing the results of the
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extrinsic elements in the Canadian Study reveal that two of the buildings had
adequate lighting and one building did not. The pattern is similar between the
two studies so that there is no reason for the level of significance not to be as
well especially when there is a similar pattern with maintenance. This type of
claim can be made via pattern matching (Hak and Dul, 2009). Buildings 3 and 7
fit within the above pattern in terms of the range between agreement and
disagreement.

Table 5-3 shows that a significant percentage of respondents from all
eight buildings adopted a neutral stance on stair maintenance, varying from 25%
for building eight, to 41.4% for building two. The majority of the respondents
across the eight buildings thought that the maintenance was adequate with the
overall position being 48.5% varying from 33.3% for building two to 63.3% for
building seven. Those who thought that the maintenance was inadequate varied
from 2.2% for building six to 28.6% for building eight. This shows the same
pattern as the results of the Content Analysis of the Canadian Study in Table 5-1.
The link between the lack of maintenance and the poor performance of
lighting!® is also common between the studies in Sections 5.3 and 5.4. It should
also be noted that the response pattern for the two exemplar buildings is

representative.

5.4.4 Extrinsic Four: Density and Others

Density as shown in Chapter 2 is represented by “Levels of Service”
where the density increases between Levels “A” to “F” (Fruin, 1987). People
need personal space (Fujiyama, 2005) which may be connected with phobias or
fears as will be shown in the Focus Group Study results in Chapter 6 and is
discussed in Chapter 2. Occupants can still estimate the stairwell as being

congested if they are held up by slower movers in front of them in a “platoon”

145 According to survey respondents in each case
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(Templer, 1992). This scenario was observed extensively in Building 4 with
sequential groups following each other over a total of 40 levels.

In Table 5-3 the overall level of those who did not have an opinion on
crowding represented 20% of the sample whilst those who thought that the stairs
were not crowded varied from 50% for building two to 80.4% for building four.
This agrees with the observer comments for the same building. The mean
response across all eight buildings was 64.2%. Occupants with a counterview
varied from 18.2% for building one to 4.4% for building four. Once again the
response for building four is supported by the observations and the 4.4% may
quite well have been those with either phobias, requiring additional personal
space or where they estimated five levels of people descending together as
representing a crowd. Any “crowding” most likely was attributed to “platooning”
(Templer, 1992). Occupants from building one did experience delays due to
deferment behaviour at stair entry points but once again stair entry only occurred
over a small number of levels due to the large number of car parking levels.
Group sizes were small as the pattern of stair entry was uncontrolled on each
level.

The pattern in Table 5-3 is representative for the eight buildings varying
from 62 to 63.2% for buildings three and seven for those who did not think that
the stairs were crowded and from 15.3% to 16.9% for buildings three and seven
who had a counter view. In each instance the exemplar building responses were
slightly in excess of the overall level across all eight buildings. Observer
comments for building three shows that the building evacuation time was some
thirty three minutes and was efficient. Any uncomfortable crowding was most
likely due to the “platooning” (Templer, 1992) caused by deferment merging
behaviour similar to that observed by Boyce et al (2009).

Stair width is seen as being a crucial issue in current research (Peacock
et al, 2009) especially in terms of having the opportunity to overtake. Templer
(1992) argues with this on the basis of the space occupied by the group and the
permeability of that “territory” (Lindskold et al, 1976).Table 5-3 shows between
11.4% of those respondents on building five to 29.7% of those on building two
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did not have an opinion one way or another. No data is available for descent
speeds or the number of slow movers other than where for all eight buildings
more than 40% of respondents experienced some type of delay. Groups were also
formed extensively and data is available showing that no overtaking occurred.
All the stairs across the eight buildings had a clear width in excess of 1000mm
which is now not considered to be sufficiently wide enough for counter-flow due,
for example, to fire-fighters. In Table 5-3 those respondents who did not think
that the stairs were wide enough varied from 8.7% for building six to 29.7% for
building two. 25.6% and 24.3% agreed for buildings one and seven. The overall
position across all eight buildings in this regard is 20.7%. Counter-flow due to
fire fighters did occur in buildings four, one, two and seven. The response for
building two can be enhanced via counter-flow observations as can building
seven and one. Seeing there were no over-takers and responses in Table 5-3 show
that about 48% of respondents across all eight buildings experienced some sort of
delay, it can be argued that if the stairs had been wider that there would have
been room for slow movers to rest or faster movers to overtake. The impact of
groups would be the constraint on this argument.

The width of the stairs in the Exploratory case study was 1020mm and
most people were satisfied with this width. Delays due to counterflows did not
draw negative responses. This was not the case in the 2008-2010 case study as

will be shown in Chapter 7.

The stairs in the exemplar buildings three and seven were 1000mm in
clear width. 19.7% of respondents for building three and 24.3% of respondents
for building seven agreed that this measurement was too narrow. The buildings
are therefore representative including the impact of the counter-flow of fire

fighters in building seven.
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5.4.5 Extrinsic Five: Delays and Others

Referring to Table 5-3 the number of occupants who did not experience
any delays was the majority across all eight buildings. The response pattern was
also similar. There was a slight difference for one of the exemplar buildings
(No.3) where 38.0% only experienced slight delays and this was the same as for
those who did not experience any delays. Building 7 shows that 41.1% did not
experience any delays compared with 27.4% with a slight delay. Delays due to
others in an occupant’s group varying from slight to an extreme degree vary from
62.8 % in building two to 35% in building five. The delays due to slow movers in
groups are significant in terms of frequency. 62.0% of respondents in building
three experienced some sort of delay due to slow movers in their group and 59%
in building seven. This shows that delays within groups are significant in terms
of frequency. The exemplar buildings three and seven involve 36 and 20 storeys
of evacuation respectively. Table 5-3 does not reveal any set patterns or trends
based on storey height or distance traversed. Buildings 3 and 7 are therefore

representative.

5.4.6 Extrinsic Six — Group Formation and Behaviour

Group formation and behaviour is crucial to the objectives of the thesis
set out in Chapter 1 in terms of the formation of groups. A content analysis of a
study by Dwyer and Flynn (2004) in Chapter 6 shows the extent of group
formation in the use of stairs for the evacuation of Towers 1 and 2 of the WTC
9/11 incident. The group is exemplified by a majority behaviour type which is
altruistic (Fahy and Proulx, 2005). This altruistic behaviour'*® also underpins the
practice of deferment in merging in some instances at stair entry points being one

of the patterns described by Boyce et al (2009).Table 5-3 shows that more than

146 Altruistic behaviour can be measured by survey and content analysis of emergency incidents
where people have put others before themselves (Zmud, 2007). It can b compared with the
frequency of aggressive behaviours such as is demonstrated in the NY Times Study (Parker-
Pope,
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47% of respondents across all eight buildings made an effort to enter the stairs as
part of a group. This effort varied from 46.7% in building one to 74.3% in
building three. The overall position across all eight buildings was 60.6%. This
result is significant in that it represents nearly two-thirds of the aggregated
sample (n=770).

Buildings three and seven being the exemplar buildings differ by
about 20% varying from 73.5% for three to 53.7% for seven which is relative to
the overall position of 60.6%. It is therefore representative for inclusion in the
2008-2010 Study in Chapter 7.

The use of Buildings 3 and 7 as exemplar buildings is further supported
by the response of those known to the respondents within the stairwell. 91.9% of
the respondents knew the others around them in the stairs for building three and
82.1% for building seven with the overall position for all eight buildings being
87.3% (Table 5-3). The degree of pattern matching across all eight buildings
confirms that the effort of entering as a group can be generalised for evacuations

in the 1980’s.

5.4.7 Intrinsic One: Confidence

57.4% of the respondents taken across all eight buildings (Table 5-3)
were reasonably confident with going down the stairs even with predominance of
narrow treads, slopes of between 35° — 37°, and loss of stair conspicuity due to
the extent of group formation discussed above. This varied from 75% for
building three to 57.3% for building one. Conversely there were a significant
percentage of occupants (25% for Building 3 and 42.7% for Building 1 who were
not so confident. The significance is difficult to argue even with the further
amount of support provided by the Canadian Study (Beck, 1977) which was
moderately significant (p>.05).

The pattern for the exemplar buildings in Table 5-3 for the above
moderate level of confidence shows that 25% of the respondents from building

three and 34.4% from building seven were concerned about their general safety.
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Records of on site assessment reveal steps that were well lit but not really legible
in terms of the definition of each step. The treads are only 250mm wide and the
slope of the stairs 37° so that these may contribute to the concern. The two
exemplar buildings are representative of the eight and also reflect the analysis

of the results in the previous paragraph.

5.4.8 Intrinsic Two: Functional Limitations

The functional limitations dealt with in this section are:

o Musculo-skeletal conditions in the lower leg / knees
. Chest or respiratory condition
. Fatigue rating

. Dizziness and vertigo - stability

Table 5-3 shows the details. The knee condition appears to worsen as
the number of storeys traversed increases where density is not a factor. Density
can mask by reducing the descent speed (Fruin, 1987 and Galea et al, 2008).
Building 3 is representative of the above but building seven is not. It does still
fit within the range when compared with Building 2. This can be explained as
density did reduce the descent speed as reported by observers in this building so
that the pattern of responses can be affected. See Appendix 5 for further details.

Table 5-3 shows that less than 8.2% of respondents experienced some
sort of discomfort. This falls within the range of impairments presented for that
period by Rowland (1991) of 6.3%. The impact of distance on chest discomfort
is somewhat marginal compared with knees (Building 4 is 27% greater in
distance traversed and a reduction in number of chest complaints). The exemplar
buildings follow the pattern for the other six buildings with Building 3 being
8.2% for any type of discomfort (upper range) and similar to Building 4 in terms
of distance travelled and 4.1% for Building 7 which is similar to Building 6 in

terms of distance.

266



Table 5-3 generally shows an increase in fatigue for Building 4 (32.3%)
as compared with Building 3 which is 18.9%. The latter is similar to Buildings 6
and 8 which are approximately 13 storeys less in height. A regression analysis of
available data from the 1980 Study confirms the above analysis where only 60%
of the variance can be accounted for and that building three has the same level of
response as those for buildings one, two, six and eight.

The Exemplar buildings are therefore reasonably representative
except for Building 7 which has the characteristics of an outlier relating to
fatigue. Outlier characteristics relating to fatigue and functional limitations are
important because they are self reported. This method of collecting health
condition and fitness data was criticised by the UK Delphi Sub Group so that the
inclusion of an outlier characteristic in an exemplar building for comparison with
the 2008-2010 Case Study is still acceptable. A further regression analysis
relating occupant estimated descent coping ability shows that there is a sudden
increase in this measure for > 50% of the population generalised across buildings

2-4 as shown in Figure 5-4 below:

No storeys can Cope with
Exploratory Case Study
120 50% Populati
i = a0:1549x = ° ion
Cumulative 100 y=¢ S can cope with 25
Percentage —» so - = storeys.
of Population o0 ® Buildings 24 1980
40 / Dataset
20 / = Expon. (Buildings 24
e 1980 Dataset)
0 -
(1] 10 20 30 40
Mean number of storeys can cope with buildings 24

Figure 5-4: Estimated Stair Descent Capability — Exploratory Case Study.
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50% of the population as a response from the trial evacuation estimated'’ that
they could cope with more than 25 storeys. When this is seen in the context of
the results from Part One of the Exploratory Case Study then it could argued that
this would be based on the 29.8% of the aggregated sample for that study being
committed to fitness.

Table 5-3 shows that dizziness or vertigo is not accounted for
significantly by the number of storeys or number of turns or changes in direction.
32.3% of the respondents in Building 4 a clear 11% increase above the rest of the
buildings. This is similar to the response for fatigue.

The exemplar buildings are representative as they fall within the
overall response pattern over the eight buildings for most of the health

conditions/ functional limitations as shown in Table 5-4 below.

building id/condition |extreme |very much [moderate slight notatall |no storeys| no cases

3 - knees 2 3.4 4.8 23.8 [ili] 33 147
3 - chest 0 0 1.4 0.8 91.8 33 147
3 - fatigue 0 1] 2.7 16.2 81.1 33 148
3 - halance 0 1] 2.7 16.2 81.1 33 148
7 - knees 0 3.1 0 10.4 86.5 20 ]
7 - chest 1 1] 1 2.1 058 20 96
7 - fatigue 1 1 1 3.1 093.8 20 926
7 - halance 1 1 1 3.1 03.8 20 96

Table 5-4: Intrinsic functional limitations (Summary for Buildings 3 and 7).

The above table shows that the majority of respondents in each of the
exemplar buildings did not really experience any level of discomfort varying
from 66% for knees to 91.8% for the chest for building three and 86.5% for the
knees to 95.8% for the chest for building seven. The pattern is similar for the two
buildings with the number of storeys making most of the impact on knees (R?
=.73 as opposed to .50-.60 for the others; p<0.01). A visual presentation of the
above may be found in Appendix AS.

147 The estimate was a direct response to a set question in the survey questionnaire handed out

after each trial evacuation and may be found in Appendix A3. The same question was also
included in all the questionnaires forming part of the same survey after the 2008-2010 case study.
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5.4.9 Fatigue and distance

As stated in Chapter 1 the aim of this thesis is concerned with the
performance of office workers descending multiple flights of stairs in trial
evacuations. One of the crucial questions asked in the Exploratory case study
questionnaire (see Appendix A3) was how many storeys the respondent could
cope with without a rest. They were also asked other questions from which their
level of fitness could be established. Fitness here includes “aerobic” fitness and
therefore the actual dynamic capacity of an individual to cope with a physical
challenge (Ottevare et al, 2011) such as going down multiple flights of stairs.
The Exploratory case study uses a non-validated self reporting method. The
Canadian Study (Beck, 1977) shows the attitude of occupants to fitness at that
time. A preliminary linear regression analysis in where the level of estimated
fatigue is used to predict the variation in the number of storeys an occupant
traversed in a trial evacuation from the 1980 Dataset shows an R? value of
0.5956 (p<.05). Given that the International Physical Activity Questionnaire
which can measure the actual dynamic capacity had not been developed at the
time when the original survey was designed and administered the author
proposed that traversed distance could be loosely equated with estimated distance
using the data from Buildings 2-4 which in turn can be regressed against the
distance that they traversed during the trial evacuation.

The above analysis could also be challenged by Galea et al (2008)
where they show that an analysis of the WTC 9/11 incident data did not show a
significant relationship between fatigue and the distance traversed. They (Galea
et al, 2008) did accept that the relationship may have been masked by the impact
of density. Other studies do show a relationship (Ayis, 2007; Peacock et al, 2009;
and Fritz, 2009) so that it could be argued that there would be some sort of
relationship where density was not a critical issue. This finding is also similar to
that presented in Chapter 7 for Building M5 where the survey respondents

reported severe crowding.
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5.4.10 Conclusion for Part Two: Exploratory Case Study.

M Individual ]

Functional limitations: Shown as pain in lower limbs,
respiratory conditions, stability, and other health

conditions related to distance travelled. You and Others
Apprehension, and general confidence about treads and (GI’OUp)

steepness also corresponds with fear of falling and fear of Delays experienced- mainly
crowds o

due to slow movers in the
Fatigue relating directly to distance or height traversed — group and group deferment

trend equated to distance traversed and coping ability. which was 50:50
50% of population can cope with 25+storeys. Reported — o
\JSCWI of fitness is 29.8%. Group formation: >38% on

average across Buildings 1-
Familiarity with stairs and use 8.

Estimated stair descent
of 50%-+ of population
is 25 storeys

| /

Stairs (Environment and Construction Management &

Steepness — apparent relationship between although Maintenance:

pitch of 37° appears to satisfy majority. Distance and Warden communication and
constant turning masks this response. direction ~EW1 inaudibility causes
Narrow treads: 50mm overhang of mean male foot confusion

on Exemplar Buildings with a 250mm tread — only Type of evacuation strategy

20% on average concerned — still falling risk. determines the density and level of
Slippery Steps mainly due to lack of maintenance — group formation

concrete trowel finish is suitable but not granolithic Level of ventilation and lighting—
such as Building 1 highly significant because of similar
Handrails:- use exceeded 30% for most buildings use pattern as before.

increases with distance. Only 4%-17% were Level of maintenance — this again is
concerned with graspability. highly significant especially in terms
Lighting and Ventilation: vital and same pattern as of cleanliness and no obstructions

before so highly significant

L Stairs not wide enough — 3.7-30% were concerned
with delays. Related to evacuation strategy.

Figure 5-5: Summary of Exploratory Case Study Analysis of 1980 Data-set.
(Estimated stair descent capability or performance was therefore determined by survey);

*=p<.05, **=p<.01 and***=p<.001

Figure 5-5 summarises “extrinsic factors 1-6” and “intrinsic factors 1-
3” under the generic core consistencies of “the individual”, “stairs (environment

(13

and construction)”, you and others (group)” and “management and
maintenance” each of which constitute a “branch” feeding into the “spine” which
determines the outcome which is “individual performance”. Each category noted
against each “branch” comprises the pattern and synopsis of the results.

The comparison between the results for Parts and Part Two of the

Exploratory Case Study will be discussed in the next section.
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5.5
Study Results.

Discussion of Parts One and Two of the Exploratory Case

The results are summarised in Figure 5-6 will be discussed “branch by

branch” as the context of an occupant’s estimated capability as it existed in the

1980’s.

Individual
Functional limitations: Shown as pain in lower limbs,
respiratory conditions, stability, and other health conditions
related to distance travelled.
Apprehension, and general confidence about treads and
steepness also corresponds with fear of falling and fear of
crowds
Fatigue relating directly to distance or height traversed —
trend established over 20 storeys
Familiarity with stairs and use
Fimess attitude —
Stair use for training, familiarity and fitness

ge and gender

MI

You and Others

Delays experienced- mainly due to slow movers in the group and
group deferment which was 50:50

Group formation: >38% on average across Buildings 1-8.

50% of the population can cope
with more than 25 storeys

Stairs (Environment and Construction)
Steepness* —apparent relationship between although pitch
01370 appears to satisfy majority. Distance and constant
turning masks this response.

Narrow treads: 50mm overhang of mean male foot on
Exemplar Buildings with a 250mm tread —only 20% on
average concerned — still falling risk.

Slippery Steps mainly due to lack of maintenance —
concrete trowel finish is suitable but not granolithic such as
Building 1

Handrails*:- use exceeded 30% for most buildings use
increases with distance. Only 4%-17% were concemed
with graspability.

Lighting and Ventilation***: vital and same pattern as
before so highly significant

Stairs not wide enough — 3.7-30% were concemed with
delays. Related to evacuation strategy.

Orientation and signage *** — view of floor through door

Management and Maintenance
Warden communication and direction —
EWI inaudibility causes confusion

Type of evacuation strategy determines the
density and level of group formation

Level of ventilation and lighting*** —
highly significant because of similar pattern
as before.

Level of maintenance*** — this again is
highly significant especially in terms of
cleanliness and no obstructions

Signage and orientation***

Locking of doors— entrapment™***

Figure 5-6: Summary of Parts 1 and 2 of the Exploratory Case Study in a Combined

Ishikawa Chart.

5.5.1 The Individual Occupant

The population profile for the Canadian Study (Beck 1977) and the

1980 Study are very similar (Rowland, 1991) in terms of the make up of those

over the age of 40 years representing the mature office workers (19.2%). This is

much less than those noted in later surveys (Dixon, 2003) where the mean

working age in the next decade will be > 40 years. The population has therefore
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aged but whether this is reflected in their ability to go down multiple flights of
stairs or not given that functional limitations increase above this age (Ayis, 2007,
Domus and Krampe, 2010; Lauretani et al, 2003 and He and Baker, 2004) will
be explored further in Chapter 7.

The two seminal studies at the time (Archea et al, 1979 and Templer
1992) showed the following functional limitations were considered to influence

missteps:

=  Dizziness
=  Hypertension

*  Impaired hearing

They did acknowledge that more research was being carried out by
epidemiologists so that change was expected. Templer (1992) did realise that
functional limitations such as obesity and sarcopenia'*® could contribute to loss
of balance as confirmed later (Stel et al, 2003 and Fjelstad et al, 2008). It is
interesting to note that the results in Part Two show an increase in knee pain for
the distance traversed for Buildings 3 (33 storeys) and 4 (45 storeys). Knees
were followed by balance as the highest frequency of response.

Table 5-5 below contains comments on the Individual Occupant or
Intrinsic Group of Factors summarised in Figure 5-6 above. Interesting points of

note are:

. Age and Gender (Templer (1992) shows no correlation between age
and rate of falls. Differences in terms of gender were found but are not
later agreed with by Peacock et al (2009).

o Fatigue and distance traversed — trends show up in the Part Two of the
Exploratory Case Study that need to be investigated further for the

exemplar buildings especially with the impact of “density” where

148 Sarcopenia is the loss of muscle mass with age due to physical inactivity
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velocity reduces as density increases (Fruin, 1987). Galea et al (2008)
show that density may mask fatigue which does relate directly to
descent speed and distance (Spearpoint and MacLennan, 2012). The
exploratory case study exemplar buildings do not provide sufficient
evidence for this other than relying on observers’ comments.

Balance (dizziness and vertigo) and strength — some trends do show up
which are related to distance traversed which does relate to strength.
It relates to vestibular disorders but can be closely related to other
neurological disorders as well (Samy and Hamid (2010). There is also a
connection between anxiety and balance disorders (Yardley and
Redfern, 2001) so that fear of falling can be a co-morbidity issue. Steep
stairs and the constant downward spiral of stair descent can also trigger
dizziness especially with the obese (Teasdale et al, 2007) so that the
2008-2010 Case Study correlations will need to explore the significance
of these relationships.

Apprehension about footing and stance — no measurements made on
size of feet but mention is made of another study by MacLennan et al
(2011) concerning older people and outdoor steps where there was a
relationship established and the mean foot length established as being
300mm. The mean age of the sample was 66 years so that the mean age
of the same sample in 1983 would have been 38 years. It is not known
whether the apprehension they highlighted would have been the same in
1983. Apprehension about footing and stance may increase with
distance and fatigue as shown in the results for Building 4 (Stel et al,
2003 and Verghese et al, 2008).

Musculo-skeletal aspects of knees and how this relates to the lower
limbs especially - results show a direct relationship with distance
which is again supported by other studies especially with steepness
(Johnson and Pauls, 2011 and Moody, 2000). This will be discussed
further in Chapter 7.
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o Management implications where there is poor maintenance of lighting
and ventilation within the stair enclosure together with lack of
cleanliness and deterioration of surfaces (Beck, 1977; Startzell et al,
2000; Templer 1982 and Archea et al, 1979). The results from the
exemplar buildings agree with these external findings. One of the most
interesting findings from the Exploratory Case Study was that over 40%
of the occupants in the Canadian Study did not use the stairs because of
management constraints and also the fear of being locked in the
stairwell'* without a known way out (NCBI, 2012) that can induce

dizziness and nausea.

The above therefore summarises the context of the intrinsic factors
which determined that only 50% of the population can cope with more than 25
storeys. Pauls et al (2007) said that this would change due to increased physical
inactivity. This measure was challenged by the Delphi Group as discussed in
Chapter 6 seeing that obesity and the like would be based on self reported
measures. Booth et al (2002) showed that BMI was a relatively reliable measure
of physical fitness. Also the fact that functional limitations increase with age
(Ayis, 2007; Domus and Krampe, 2010; Lauretani et al, 2003 and He and Baker,
2004) coupled with an associated increase in obesity (Al- Abdulwahab, 1999),
and that fatigue is associated directly with these limitations, the perception could
be correlated with a variable representing or summarising the above could be
used to predict the estimated distance the occupant could cope with. This is

achievable via factor analysis and will be explored in Chapter 7.

149 .e. entry and exit fire doors being locked or even the belief that the doors may be locked.
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Individual / || Part One Exploratory
Intrinsic Issue or || Case Study (Content

Part Two Exploratory
Case Study (1980
Data-set)

Comments

Age (19.2%) measured
via estimation. Gender
approximately

Approximately 20%-+
when based on statistics

(Rowland, 1991).
Gender was
approximately:

45% male

55% female

Only one reported fall
requiring treatment in
building four was a
woman.

Justifies the suitability of the
studies for comparison in
terms of the population and
functional limitation profile.
Archea et al (1979) and
Templer do suggest some
differences based on gender.
Templer (1992) did claim
that age does correlate with
the rate of falls and that
women tended to fall more
than men. Footwear plays a
role in this regard.

Characteristic Analysis
(1977).
Age and Gender
was
50:50.
Functional Functional
Limitations presented
physical

of

using
ties

reduced vision, vertigo
and dizziness, and fear

attitude in items that
exclude
in
attitude.

Functional limitations
presented as musculo
skeletal to knees,
cardio-respiratory -
chest, vertigo and
dizziness, fatigue and
number of storeys can
cope with.

Refer to opening paragraphs
in this section (Templer,
1992, p. 14) where only
correlation and falls on
stairs is for individuals with
cardio-vascular  problems.
Some very strong
relationships show up for
knees, fatigue and distance
traversed in 1980 Study
which does not line up with
the seminal studies. Trend
shows up for buildings in
excess of 20 storeys. A
certain agreement between
fitness attitude and fatigue if
the similarity can be shown
— see section A6.2.3.3.

Familiarity ~ with || Familiarity with location
of stairs — no mention
other than >40%
population do not use

location of stairs

stairs.

Familiarity with
location of stairs
promoted by direction
provided by wardens.

Direct comparison not really
possible but impact of
warden direction is still
relevant given cases such as
Cook  County Incident
(Proulx and Reid, 2006). See
previous comments re prior
experience, expectations and
training on the approach of
an individual going down
the stairs.

Apprehension / || Apprehension

Degree of || (Confidence/
falling) about width of

Confidence/ Fear
of falling

treads
stairs

Study

reported — treads were
250mm wide as per 1980

Apprehension about
width of treads -
significant  percentage
were concerned but not
as many as expected
given that at that time
mean toe overhang for
males was S0mm.

Slope basically the same at
36-37° — significant for small
percentage where pattern
agreed with that for
functional limitations.
Apprehension levels did
compare with fear of falling
but larger % age in 1980
Study although majority still
> 34% on average. Both
seminal studies do comment
on this.

Table 5-5: Comparison of Parts 1 and 2 of the Exploratory Case Study for the Individual

Occupant — Intrinsic.
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5.5.2 Stairs (Environment and Construction

Riskfactor Risk Tread

factor | or going
P 250 (Y%age) size

/ hY 0.017 300

369 0.016 290

5 0.022 280

\ 0.028 270
0.029 260

# Riskfactor

15 0.03 250

X ——Log. (Riskfactor) 0.07 245

- 0.11 235

5 0.12 225

y=-35.03In(x)+ 14473 0.13 215

R 0.0089 0.14 205

0.01 01 1 ) 0.21 195

Figure 5-7: Risk of falling and going width (Adapted from Johnson and Pauls (2011) based
on data from Wright and Roys 2008; Equation y=-35.03In(x) +144.73 with R?=0.88 and
p<.001).

The exemplar buildings 3 and 7 show that only 5-11.5% of respondents
were concerned about their safety. There may be a conflict with the degrees of
risk projected from the UK Data Base analysed by Wright and Roys (2008) by
the author using the interpretation of Johnson and Pauls (2011) but for treads
>250mm in width the risk diminishes rapidly (see Figure 5-7). This supports the
low response as a large percentage of the sample in the above study (Wright and
Roys, 2008) comprised domestic stairs with treads much less than 250mm. A
comparison with a potential shoe size for a UK sample related to the time of the
1980 Study (MacLennan, 2011) shows that the drop off in the percentage of risk
associated for goings > 250mm can be expected as the mean length of the
sample’s foot was 300mm.

The steepness of the stairs does appear to be significant and this needs
to be analysed further in the 2008-2010 Study where an extensive factor analysis
of the aggregated sample of Buildings M1-M6 supports the concern and possibly
the analysis in Figure 5-7 above.
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As before Parts 1 and 2 are compared for this group of extrinsic factors
in a self-explanatory table (Table 5-6). The latter shows that the two factors that

were not included were:

e  Uniformity of steps / stairs
e  Width of stairs in terms of user reach

The uniformity of steps is extremely important and is taken as a major
initiator of falls (Templer, 1992 and Archea et al, 1979). Uniformity here is
dimensional regularity. The irregularity is important in terms of the location of
the actual step in the flight. According to both Templer (1992) and Archea et al
(1979) as discussed in Chapter 2 the highest risk location is the first three steps in
each flight. This factor is relevant for high rise office building stairs but its
contribution to falls is less clear cut. The dog leg stairs in the exemplar buildings,
three and seven, have landings at each storey with intermediate landings in
between. The highest risk would therefore appear to be at the point of entry, and
at the points where the occupant or individual change their gait. The initial foot
movement pattern according to Archea et al (1979, p.17) is “toe-down to
partially horizontal to toe-down to horizontal”. This variation is due to the
uncertainty associated with foot placement. Once the occupant becomes familiar
with the stairs they develop the resources and use them automatically. This
applies even when they alter their gait on each landing because the turning
behaviour and gait changing become part of a cycle using Horak’s construct
(2006) and the flow chart referred to by Archea et al (1979). It is argued that
although the uncertainty would decrease as the occupant “learns” by descending
through a number of storeys they may also loose “focus” due the increased
familiarity, distractions (Horak, 2006) and possibly loss of strength (Stel et al,
2003). Any sudden dimensional irregularity at the head of each flight would pose
a similar risk to that experienced at the entry point and slightly less in mid-flight.
Short flights might still pose risks but this information was not addressed in the
Exploratory Case Study.
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It should also be noted here that both seminal studies referred to in this
section (Templer, 1992 and Archea et al, 1979) and also in Chapter 2 showed
that the number of turns also contributed significantly to accidents. Results from
the 1980 Data-set are not available for this factor although a fall was attributed to
this factor for building number four where a female occupant of 40+ years was
attended to by paramedics after the trial evacuation.

The minimum “clear” width of the stairs was addressed in the Codes'>
at the time and was 1020mm. This represented two people walking side by side
occupying a channel 510mm wide. This did not conform to the standard body
ellipse proposed by Fruin (1987). Archea et al, (1979, 20)) view the width based
on ease of movement and access to handrails for support. They placed any width
above 1530mm (5°17) as high risk. It is interesting to note now that research
(Peacock et al, 2009) recommending increasing the minimum width to allow for

the contra-flow of fire-fighters is in conflict. The Codes'*°

at that time required
an additional handrail once the width exceeded 1525mm which means that it
would have qualified as a low risk stair. 20.7% of respondents from the Part Two
Exploratory Case Study agreed on average that the stairs were not wide enough
and this percentage was higher for buildings one, two, four, and seven where
there was some counter-flow due to fire-fighters. This agrees with later findings
of Peacock et al (2009). Respondents most likely thought that the stairs were not
wide enough because they may have not been able to overtake slower movers if
one examines the results in where 49.6% of them experienced slight to extreme
delays due to slow movers and perhaps merging as later suggested and

demonstrated by Boyce et al (2009). “Delays due to slow movers” was also

confirmed via site observation by observers moving within the groups.

150 Buildings one to eight at the time of the 1980 Study were governed by Part 24 of the State Codes which were all based
on the former Australian Model Uniform Building Code under the supervision of the Interstate Standing Committee on
Uniform Building Regulations (ISCUBR)
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Element

Part One Exploratory Case Study (Content
Analysis of Beck (1977).

Part Two Exploratory Case Study (1980 Data-
set)

Comments

Tread width not mentioned as being significant
by users.

Only average of 20% with similar pattern across
all eight buildings showed some apprehension.

MacLennan (2011) shows that mean male foot of 1977 would have resulted in
a 50mm overhang and affected front on user stance. Later studies by Roys
(2006) confirm this and link it with a major cause of falls (extrinsic factor.
Archea et al (1979, p.20) classifies 250mm as high risk. Archea et al (1979)
also mention step legibility (marking of nosing)

Pitch or slope of stairs seen as relatively
significant factor. Actual pitch is 36°-37°

Steep stairs were seen as a minor factor but those
who thought that 37° were too severe averaged
just 6.5% over the eight buildings in a similar
pattern.

Rowland (1991) showed that 6.3% of the Australian population had some
sort of functional limitation during that decade. This would appear to be of
the same magnitude as the 1980 Study. Archea et al (1979) also mention the
slope in terms of riser height.

Handrail height of 1067mm was seen as
acceptable. Graspability not mentioned as a
factor.

Handrail was used by an average of 32% across
the eight buildings and only 8.8% found them
awkward to use.

1t would appear that handrails were significant at the time in terms of their
use and both studies do appear to agree on this. This is supported by Archea
et al (1979) who also provided expert opinion on the Canadian Study. Archea
et al, (1979) did mention graspability and mention handrails as support
mechanisms (p.9).

The degree of slip was significant and was
mainly due to level of maintenance and was
seen as significant.

Only an average of 6% of all respondents spread
in a similar pattern across eight buildings so not
taken as significant by users

Slip resistance was seen at the time by Templer (1992) and Archea et al
(1979) to be extremely important and data actually showed that irregular and
slippery surfaces do contribute to missteps and falls.

This was seen as being of extreme significance
in terms of visibility, foot placement and
orientation.

Although an average of 6.3% across all buildings
it was seen as being significant because of the
low number of respondents who adopted a neutral
position and the similar response to the Canadian
Study.

Visibility of the stairs and handrails, the legibility of each step along with the
visibility of the entire environment assists the user with proprioceptive
feedback and positioning their limbs in space e.g. foot placement as well as
orientation. This was supported at the time by Templer (1992) and Archea et
al (1979). Archea refers to poor lighting causing falls (p.9. Nosing definition
is still important as mentioned under “treads’”.

Doors were locked in some of the buildings.
This was the reason given by respondents for
not using the stairs.

No similar comments made in 1980 Study
although being able to see what was happening
on each level was extremely important to the
majority of people (>70%).

Mentioned in Archea et al (1979) where it answered the problem by
providing signage as the fact. Should also provide points where access is
available. This still does not answer the restriction that locked doors provide
to everyday use.

Treads

Pitch*
Handrail
(location,
height  and
graspability)*
Surface
Condition***
Lighting/
legibility***
Ease of
access***
Ventilation**

*

This was seen as being extremely significant
by respondents.

Averaged 11.8% across all eight buildings and
given the large percentages who were satisfied
(57.8%) it would appear that ventilation would be
a significant factor

From the distribution of the responses it is reasonable to assume that
significance could be generalised between the Studies given the similarity of
the patterns (Yin, 2009).

Signage and

Orientation**
%

Being able to view the floor and know what
level they were on was highly significant

Not really measured in Part Two but stair
location was important so that generalisation can
be made.

Templer (1992) supports signage and this would help to alleviate the feeling
of being “locked in” and its connection with agoraphobia.

Table 5-6: Comparison of Parts 1 and 2 of the Exploratory Case Study for Stairs (Environment and Construction Group — Extrinsic.
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5.5.3  You and Others (Group) — Extrinsic

Templer 1992) comments on this core consistency in terms of spatial

behaviour:

“If, however, a group of two or more arrive at the stair simultaneously, all

directional codes are set aside, and they occupy the stair as they desire”!”!

(Templer, 1992, p.103)

This occupation of space is due to the interaction of the group and is
supported by the findings of the Exploratory Case Study and also by a recent
study on the use of outdoor steps (MacLennan et al, 2011). The latter also shows
a strong correlation between this interaction and a decrease in descent speed.

The research group behind the 1980 Data-set did recognise group
formation and location as a relevant issue. Pauls (1977) and Jones and Hewitt,
(1985).also found that the group formation was maintained for the entire journey
down the stairs. This finding could also be challenged via a content analysis of
survivor’s recollections of the WTC 9/11 incident as presented in Dwyer and
Flynn (2004) and Chapter 6. Further analysis of the exemplar buildings three and
seven shows that group formation on the floor was substantial (60.6%) and that
this was maintained in the stairwell (87.3%).

Delays were generated by the above behaviours due to slower movers
and merging (deferment behaviour). This behaviour can also be affected by
evacuation procedures where “wardens” drive the merging patterns. Deferment
or merging patterns may therefore vary and this is supported by other later
studies (Boyce et al, 2009). The impact of the slow mover within a group can
also hold up the groups behind known as “platooning” (Templer, 1992). An

experiment carried out by Knowles et al (1976) showed that individuals behind a

151 The “platoon’ or the act of ‘platooning.’
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group will tend not to try and penetrate the group’s boundaries. Lindskold et al
(1976) further supported this behaviour. This could challenge the notion of
solving the problem of the “impassable” group with the provision of a wider stair
as suggested by Pauls et al (2007). Blair (2010) reported that the data contained
in another seminal study (Peacock et al, 2009) which recommended the widening
of stairs was extremely “noisy” in terms of behavioural factors and other issues
so that overtaking may not have been extensively explored. Group permeability
(20%) is minimal using a standard body ellipse of 600mm (Rouphail, 1998).
Even with a maximum width based on the reachability of handrails of 1500mm
there is no guarantee that this would alter as the group will occupy the entire
space (Templer, 1992). The Content Analysis of the WTC 9/11 incident (Dwyer
and Flynn, 2004) appears to contradict this as there were many examples of
members within a group providing space for contra-flow and overtaking
(altruistic behaviour also confirmed by Fahy and Proulx, 2005).

The relevance of the group shown by the Exploratory Case Study is the
risk associated with a falling incident involving a group member where the others
may stop to help. If the group member is morbidly obese or unconscious so that
they are a “dead weight” then the delay will comprise the time taken to remove
the person to a place of refuge where they can be further assisted or the
associated descent speed assisting that person down the remaining flights of
stairs (Adam and Galea, 2010). Other studies show that groups can be formed
where the means of helping the member requiring assistance has already been
organised (Zmud, 2007) and that delays can be kept to a minimum (Adams and
Galea, 2010).

The value of groups can therefore be utilised in terms of assisting others
if management is involved (Dwyer and Flynn, 2004) but this does not mean that
the risk to the group is completely removed. Delays, due to slow movers helping
others, needs to explored further and reference should be made to the Content

Analysis of NY Times Blog (Parker-Pope, 2008) in Chapter 6.
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5.5.4 Management and Maintenance — Extrinsic

Jones and Hewitt (1985) mention about leadership and group formation
in building evacuations and how these can be influenced by Management. Part
one of the Exploratory Case Study showed up the relevance of maintenance and
the state of the stair environment due to ventilation and lighting. The same study
also shows the high significance of a clean stairwell. Archea et al (1979) agrees
with the importance of maintenance.

The use of stairs results in learned behaviour which can be applied from
one stair environment to another (Archea et al, 1979). When an individual
descends some stairs for the first time they bring this learning with them. This
may result in missteps and/or falls. Regular trial evacuations and the encouraged
use of stairs by management can mitigate these problems as the users will be
familiar with the stairs. Familiarity with stair use where the “training” is safety
focussed could provide an interesting benefit for all (Clemson et al, 2004 and
Eves et al, 2008).

Management commitment also relates to the formation of groups so that
if this is done efficiently then “assiste