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1. Executive summary 

The evacuation of the World Trade Centre (WTC) complex represents the largest full- 
scale evacuation of people in modern times. The survivors of this disaster hold a 
tremendous anaount of information concerning their experiences of the conditions 
within the structures and the evolving evacuation scenario. In December 2002, the 
Building Disaster Assessment Group (BDAG) of the UK Office of the Deputy Prime 
Minister (ODPM), engaged through the Fire Statistics and Research Division, the Fire 

SafetT Engineering Group (FSEG) of the University- of Greenwich to gather, collate, 
categorise, electronically store and finally analyse data concerning human 
experiences during the WTC evacuation. Reports were gathered from the literature 
published in the public domain. Over 250 separate accounts were gathered that 
described the behaviour of 260 occupants. This report documents these activities and 
presents the findings of the analysis. 

The database contains reference to a total of 3,291 experiences from 260 people 
derived ticom a content analysis of the 250 accounts (1869 experiences from WTC1, 

1,411 from WTC2 and 11 from unknown locations). Gender information was 
available for 240 people, 164 of which were male and 76 female. The quality of this 
data varied enormously. While some accounts were several pages long, others were 
only a couple of paragraphs in length. The reports mainly came from occupants that 
begun their evacuation in the upper floors of either tower. Within the database, 

73 (61%) and 91 (76%) of the occupants from WTC1 and WTC2 respectively were 
initially located on or above the 78th sky lobby. In reviewing the findings of this 

report, it must be remembered that the data on which the analysis is based was not 
collected in a scientific manner but from accounts in the public domain, primarily 
press accounts. As such it is difficult to generalise many of the findings. However, as 
much of the data was reported days after the incident, it provides a unique and 
insightful glimpse into the human response to such emergencies. The key findings 
of this research are: 

OCCUPANT PRE-EVACUATON TIMES: 
Of the 115 people who provided information on which a pre-evacuation time 
(also referred to as response time) could be estimated, 60% responded within an 
estimated 5 minutes of the assault on xgqTc1 and some 13% took longer than an 
estimated 17 minutes to respond. Occupants in WTC2 responded quicker to the 
assault than occupants in WTC1 - the first tower to be attacked. This occurred in 
WTC2 despite instructions issued over the PA system in WTC2 instructing 
occupants that there was no need to evacuate WTC2. It is important to note that 
even under the extreme conditions of the terrorist attack on the WTC, occupant 
pre-evacuation times can be quite long. A lack of data prohibited a meaningful 
analysis of pre-evacuation time and proximity to the incident. While it is difficult 

to generalise due to the lack of data, the rapid response times of occupants in 
gqTC2 relative to WTC1 may have contributed to the smaller death toll 
experienced in WTC2. 
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OCCUPANT PRE-EVACUATION ACTIONS: 

(i) State of mind: 

On the whole the description of personal behaviours provided by the evacuees 

can be categorised as rational. In describing their own actions and behaviours, 

none of the interviewees reported Extreme Bebaviour or behaviour that fits the 

academic view of ~panic’. However, occupants did describe witnessing 5 events 

that may be interpreted as panic behaviour. This is a surprisingly small number 

of incidents given the gravity of the event. 

(ii) Nature of pre-evacuation actions: 
On average, occupants reported undertaking 3 distinct actions prior to 
evacuating. The dominant pre-evacuation action was to seek information. Some 
72% of the reported pre-evacuation actions were concerned with communications 
or with physically attempting to obtain situational information. In attempting to 
collect information, occupants attempted to make use of television, radio, email 
and tclcphoncs as well as simply moving to widows. Clcarly thc occupants of 
both towers were operating in an information deprived state. This is considered 
significant as the requirement for this action could be removed if occupants 
could be provided with appropriate information. Reducing the need for gathering 
information may assist in reducing pre-movement times and overall evacuation 
times. Improved communication systems and procedures for disseminating 
information will allow occupants to more rapidly make appropriate evacuation 
decisions. 

(iii) Knowledge of the event: 
Of the survivors who reported their perception of the event during the pre- 
evacuation phase, some 41% (20/49) of survivors in WTC1 and some 36% (10/28) 

of the survivors in WTC2 reported that they thought the incident was the result 
of an aircraft impact. Thus in both towers, while a large number of people 
suspected that the incident was aircraft related, the majority of the survivors 
did not believe that the assault was the result of an aircraft impact. This further 

supports the observation that all survivors did not have accurate information 
regarding the event. 

(iv) Usage of telephones: 
Of the people who provided information relating to their actions, 20% stated that 
they made telephone calls. A significant number of these calls (75%) where not 
to emergency services or colleagues but to family members and the majority of 
the calls made by survivors were in the pre-e~,acuation phase. Surprisingly, most 
of these were to assure family members that they were OK - not to secure 
further information or advice. The propensity of occupants to make telephone 
calls is considered potentially significant as it is an action that slows occupant 
evacuation, especially as the majority of calls involved providing rather than 
receiving information. While it may be considered natural to inform ’loved ones’ 

of ones safety, undertaking this action is ill advised while still exposed to 
potential danger. It is suggested that as part of regular evacuation training and 
safety briefings, participants should be advised not to make personal calls until 
they have safely eMted the building as this can prolong evacuation thereby 
jeopardising their chance of survival. 
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(v) Collecting Items: 

Some 26.5% of the surviving population within fl~e survey (94 people) reported 

collecting personal items (-79% of collected items) or work items prior to 

evacuating. Most occupants that reported collecting items described collecting 

items from their desk whilst at their desk or within the immediate local vicinity. 

However, 6.4% of the surviving population explicitly stated that they had to 

return to their desk or office from a distant location. Whilst in some instances 

this action can be accomplished quickly in other instances the action can take 

considerable time and involve significant additional travel - perhaps in the 

opposite direction to evacuation. As such the occurrence of this behaviour 

should be viewed as serious and potentially hazardous. It is suggested that, as 

part of regular evacuation training and safety briefings, participants should be 

advised not to attempt to retrieve personal or work items but to evacuate as soon 

as possible or as soon as instructed. 

EVACUATION PHASE 

(D Flow conditions wittfin the tower~: 
What little data that is available suggests that the stairs were packed and moving 
slowly below the 44th floor in gqTc1 and slow between the 44th and 78th floors. 

In WTC2 the data suggests that there were lots of people at the sky lobby on the 
78th floor. The stairs in WTC2 may have been initially packed and slow moving 
between the 78th and 44th sky lobbies but later may have become less packed. 

The stairs below the 44th sky lobby were not densely packed and were fast 
moving. Most flows were described as orderly even those that were slow and 
heavily congested. Unfortunately, due to deficiencies in the available data, such 

as clear indications of time frames, location on stairs and which staircase was 
used, it is not possible to provide a more detailed analysis. 

(ii) Obstrt~ztions to flow: 

A number of accounts from WTC1 highlight situations in which non-injured 
occupants progressed down the stairs in single file, allowing injured occupants to 
be assisted down the unobstructed lane. This altruistic behaviour supports the 
view that the evacuation was calm and non-competitive in nature. A few 
accounts also describe the passage of firefighters up the stairs. The accounts that 
are available suggest that the firefighters may have hindered the passage of some 
occupants in WTC1, but it is not clear if this had a significant impact on overall 
evacuation times. The available accounts describe firefighters as constricting the 
effective width whilst moving up the stairs and while recovering from fatigue. 
It is suggested that as part of firefighter training, firefighters be instructed that 
during the ascent of tall buildings, prior to taking a rest period, they should 
move oft the stairs, if considered safe, in order not to obstruct the flow of 
evacuating occupants. Several accounts describe the flow- as coming to a 
complete halt. All of these reports were taken from floors below the 44th floor. 
These events may have contributed to the poor flow conditions reported in these 
areas of WTC1. Water was also reported by occupants below the 44th floor of 
gqTC1. The presence of water would have served to slow occupant evacuation as 
movement rates would have been severely hindered by the presence of water 
and several occupants reported slipping in the treacherous conditions. Reports of 
the injured and firefighters impacting the flow conditions in WTC2 were far fewer. 
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(iii) Usage of elevators as a means of evacuation in WTC2: 
There are 95 occupan~ accounts reporting evacuation phase experiences in 
WTC2. Of these, 28.4% (26 accounts) report elevator evacuation usage prior to 
the attack on WTC2 and represent some 38 elevator embarkations. While this 

represents a significant usage of elevators, it is not possible to conclude from this 
information alone that the elevators played a significant positive role in the 
evacuation success of WTC2. However, it would appear reasonable to assume 
that the heavy reported usage of elevators in WTC2 prior to the assault on that 
building could have made two positive contributions to the evacuation. Firstly, 
heavy usage of elevators would have assisted clearing large numbers of people 
from the upper floors of WTC2 prior to the assault on that building. Secondly, 
the usage of elevators by significant numbers of people would have eased the 
congestion on the stairs in ~C2, making movement on the stairs more efficient. 

However, a significant number of people also delayed their evacuation - some 
with fatal consequences - waiting for elevators. Clearly, more research is 
required in exploring how elevators can be effectively used in large scale 
building evacuations. 

(iv) Group Behaviour: 
Of the WTC1 accounts that allowed an assessment of group formation to be 
made, 90% (62/69) suggested the formation of some type of group during the 
pre-evacuation phase. In WTC2 a similar trend was noted w-ith 88% (69/78) of 
the population describing forming groups. Only 10% (WTC1) and 12% (g~FC2) of 
occupants that made an evacuation reported evacuating by themselves. In WTC2, 
90% (19/21) of the groups that formed were small (less than 5 people) and very 
few large groups formed. Indeed, 62% (13/21) of the groups involved only two 
people. In contrast in WTC1 we find that group sizes tended to be more evenly 
distributed between small (less than 5), medium (6 to 10) and large (greater 
than 10). 

Of the groups in WTC1 and WTC2, 80% (12/15) and 71% (20/28) respectively, 
consisted of employees from the same office and 13% (2/15) and 18% (5/28) of 
groups consisted of a mixture of office and adjacent office employees. This 
information combined with the group size information may suggest that in ~TC2 
evacuation decisions were taken on a local/personal basis perhaps involving 
small localised groups of colleagues. In contrast, in WTC1 larger groups tended 
to form and this may have been based on collective decisions centralised on an 
office basis. 

Group size was found to be dynamic in nature, expanding and contracting 
during the evacuation. When groups contracted in size, the predominant reason 
for this was the deliberate action of a group member, not adverse environmental 
or situational conditions forcing a group to split. In WTC1 a significant number of 
the groups that formed split during the (6/10) descent, primarily for deliberate 
and individual reasons. In WTC2, a smaller proportion of groups split during the 
descent (8/20). Here again, the predominant reasons for breaking the group were 
based around deliberate actions by groups members. 
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The vast majority of groups for which there is sufficient information were led by 
their line manager during pre-evacuation. Clearly, organisational managers and 
authority- figures are likely- to be figures of authority in emergency situations and 
so they should be well versed in emergency procedures. If possible, line 
managers should receive fire warden training. However, due to the nature of 
their organisational roles, line managers and authority- figures are likely to spend 
a considerable amount of their time away from the office. Thus, they should be 
considered an additional resource rather than the sole fire trained asset. 

The observations relating to group behaviour are considered significant. If 
substantiated by more detailed studies into the WTC disaster, they should have a 

profound impact on evacuation planning and modelling as groups can exert a 
significant influence on a range of evacuation parameters such as Response times, 

Travel speeds, Way Finding and overall evacuation efficiency and time. 
Furthermore, due to its nature, the type of group behaviour noted in this study is 
unlikcly to occur in cvacuation drills or cxcrciscs. The study of rcal incidcnts 

such as the WTC disaster provides the opportunity to study group behaviour that 
is extremely difficult, if not impossible to reliably reproduce in ’laboratory’ or 
controlled experiments. 

(v) Stair Travel Speeds: 
Stair travel speeds for occupants in WTC2 were faster on average than those for 
WTC1. Mean stair descent rates of between 1.8 floors!min and 2.1 floors/min 
were estimated for WTC1. In contrast, the data from WTC2 suggests a mean 
descent rate of between 2.1 floors/rain and 3.0 floors/min. Analysis of this data 

suggests that in WTC1, optimistically, mean movement speeds could have been 

as low as 0.33 m/s with a spread in travel speeds of 0.25-0.41 m/s. In WTC2, the 
mean average movement speed using only the reliable data for WTC2 was 
optimistically estimated as 0.49 m/s with a spread in travel speeds of 0.2-0.7 m/s. 
These travel speeds are consistent with the implied conclusions that the available 
data for WTC2 is strongly focused on occupants who commenced their 
evacuation prior to the assault on ~TC2, and hence prior to adverse physical 
conditions developing. Crowding of people on stairs would also have been 
reduced by the considerable number of people using elevators. 

(vi) Fire Wardens: 
Of the official fire wardens 71% (6/7) perished in the disaster while 17% (1/6) of 
the unofficial fire wardens perished. The unofficial fire wardens mainly assumed 
responsibility for rounding occupants together and issuing instructions to 
evacuate their office or office floor. None of the identified official or unofficial 
fire wardens reported evacuating without having undertaken their assigned (or 
assumed) responsibilities. There was no indication to suggest that people 
disobeyed the commands of the wardens. 

(vii) Fatigt~e: 
Several accounts of fatigue reported by female occupants were due to the nature 
of the foot wear worn. Discarded female footwear was also reported on the 
stairs. These accounts suggest that it would be useful for high rise occupants to 
be instructed to remove inappropriate footwear in the event of evacuation. It 
would however be beneficial for occupants not to discard their shoes but to 
carry them in the event that potentially dangerous debris, such as glass, is 
present along their route. 
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This study has provided insight into the response of people subjected to extreme 
emergency conditions in high rise buildings. The information is useful in its own right 
in understanding how the evacuation of the World Trade Centre Towers evolved on 
11 September 2001. More significantly, the insight gained will be useful in shaping 

our building codes and devising emergency procedures for evacuation. Furthermore, 
the information collected will be invaluable in assisting the development of 
behaviour models that are key components of evacuation models used in performance 

based building design and in providing data for model scenario specification. 

2. Introduction 

The evacuation of the World Trade Centre (WTC) complex represents the largest 
full-scale evacuation of people in modern times. The survivors of this disaster hold 

a tremendous amount of information concerning their experiences of the conditions 
within the structures and the evolving evacuation scenario. Only they know what 
they were doing immediately prior to and during the incident. By tapping into their 
experiences it is possible to investigate the inter-related processes associated with 
decision making, action planning and implementation and the information 
gathering activities which sustains these processes under adverse and rapidly 
changing conditions. 

Ideally, this information should be gathered from face-to-face interviews conducted 

as part of a scientific study. An alternative and less desirable approach relies on first 
hand accounts that have appeared in the mass media. These are usually the result of 
press interviews conducted by journalists or personal accounts produced by survivors 
on web sites or books. The difficulties with this approach include; an inability to 
target specific groups, interviewees are self selecting, journalists tend to only report 
the more sensational parts of peoples stories, inconsistency in questions posed, 
questions posed by journalists are not necessarily known, inability to ask specific 
questions. In effect, the accounts that appear in the mass media provide an 
uncontrolled snap shot view of the incident, and what we don’t know from these 
accounts is as important as what we do know. 

Nevertheless, the data contained in such accounts can prove extremely useful in 

providing insight into behaviour during such incidents. Furthermore, the accounts 
were recorded very, close to the event, some accounts being made a matter of days 
after the incident. Studies involving live interviews with survivors usually view the 
incident after the passage of a considerable amount of time, (in the case of the WTC, 
years) and so may be tainted by information gleaned from other accounts that have 
appeared in the public domain, memory lapses or selective amnesia. Therefore, the 

data collected from published accounts while not ideal, potentially contains 
invaluable information. 
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In December 2002, the Building Disaster Assessment Group (BDAG) of the UK 

Office of the Deputy Prime Minister (ODPM), engaged through d~e Fire Statistics and 

Research Division, the Fire Safety Engineering Group (FSEG) of the University of 

Greenwich to gather, collate, categorise, electronically store and finally analyse data 

concerning human experiences during the WTC evacuation. Reports were gathered 

from the literature published in the public domain. Over 250 separate accounts were 

gathered that described the behaviour of 260 occupants. This report documents these 

activities and presents the findings of the analysis. 

3. The Event 

xXihile the events of 11 September 2001 are well known, it is worth recounting the 
main facts. The North Tower (WTC1) was hit by American Airlines Flight 11 at 08:46 
a.m. The impact was nearly centred on the north face of the building which was hit 
between the 94th and 98th floors. The South Tower (WTC2) was hit by United 
Airlines Flight 175 at 09:03 a.m. The impact was at a skewed angle toward the 
southeast corner of the south face of the building which was hit between the 78th 
and 84th floors. WTC2 collapsed at 09:59 am and WTC1 collapsed at 10:28 am. 
There are various estimates for the number of people in the building and the 
number of fatalities. Denis Couchon of US newspaper USA Today estimates that 
there were between 5,000 and 7,000 people in the buildings at the time of the 
impact and estimates that 2,784 people perished (including those in the aircraft and 
emergency services) [1]. He estimates that 1,432 building occupants perished in 
WTC1 and 599 in \VTC2 [2]. 

4. The data 

This study focused on publicly available published accounts from WTC occupants. 
As described previously, this source of data is less than ideal when attempting to 
analyse human experiences. However, interview data from surviving occupants was 
not publicly available and financial constraints associated with this study prohibited 
any attempt at eliciting information via face-to-face interviews. As such this study 
focused on what was available, namely published accounts from occupants. 

Reports were gathered from literature published in the public domain. Material 
sources ranged from survivor accounts printed in newspapers and newspaper web 

sites, interviews in the electronic media, survivor web sites and books. Over 250 
separate accounts were gathered that described occupant behaviour. Information 
appearing in print newspapers represents 70% of the accounts while information 
from websites (news and personal) represents 16% of the accounts. The remainder 

of the accounts have appeared in books, journals and the electronic media. These 
accounts provided information concerning 120 people from WTC1 and 119 from 
WTC2 and 21 of unknown origin. 
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The quality of the data varied enormously. Some accounts covered several pages of text 

and contained a great amount of detailed information. Others consisted of several 

lines and contained little useful information. A ’good’ account typically comprised: 

¯ Sufficient detail of each of the occupant experiences, 

¯ Details of locations that events took place, 

¯ A coherent order to events, 

¯ Better still, reference to key markers during the evacuation, such as T1 impact, 
T2 impact, T1 collapse, T2 collapse, 

¯ Information about others with whom they evacuated. 

An example of a ’good’ account is shown below: 

"I got to work especial{v early that day. I did the usual routine of buying ~V 

c@’be, going outside by West Street for my cigarette, and beading upstairs to the 
87th floor to ~ office. It was a Tuesday and I was the,first one in. [ checked sat 

at my desk and responded to my e-mails when Christine came in, who was later 

joined by Fred and Joseph. Christine and I chatted about ourplans for the day 

and I commented on how she was in early. She said that later that day she was 
going to leave and head over to our other qf, fice on John St. to get some work done. 

At this time, it was about balJ’past 8. 

Shortly after that I heard a noise, It sounded like I was on the platform of a subway 
station and the train was coming full ,speed ahead. I remember thinking "What the 

hell is tbat" It was then that I heard a crash, tbe ceiling came down, and,fire 

consumed parts of the office and the entire hallway. I was terrifted. My boss 
Christine said "Yvette, get under the desk" to avoid the ceiling coming down on 

me, so I did. 

The,fire was unreal and the smoke was getting thick... I could hardly breathe. I 
crawled over to my boss’s cubicle to grab onto her and reached,for my cell phone 

so I could call my sister. Christine grabbed a phone and called 911, she waited on 
hold then hung up. We could hear the sirens of the ftre engine instantly after the 

crash. I looked out the window and saw streams of what I thought was water 

coming down, I later,found out it was jet fuel. I was scared ...I was confused. It 
,felt like a dream, as if l was not even there. The service on my phone was down 

and Fred was calling out "who is here?" Christine answered,for the both of us 

"Yvette and Christine are here, what do we do?" 

10 

Fred came,for us, grabbed bottled water out qf the fridge, paper towels to cover 

our,faces and led us out the side door to the stai~. We ran around the hallways 

looking,for the stairwell.., now sure where it was we followed some other people, 

some brave enough to stay behind and,fight the,fire. We made it to the stai~ and 
proceeded down as Jhst as we could without panicking.., after all we still had no 

clue what was going on. We reached the 78th,floor stairwell and it was locked, a 
man tried to break it down with a,fire extinguisher and,failed, the door was 
metal and was impossible to break down, he tben t~;ed to bash in tbe wall next to 

the door to create a passageway to crawl through.., again it wasn’t going to 

happen. People yelled "Open the door" unaware that it was locked. 
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We then bad to be re-routed upstai~ a level and,find another stairwell. We were 

,finally steadily moving down the stairs, and we "were all calm. We joked a~M 

laughed, a ,nan,from the 88th,floor told us that a plane had hit the building.., we 
just assumed it was a small plane and *bat evewthing was going to be all right. 
We eventually got down about 40,flights of stai~ and saw,firefigbters sweating 

caro,ing all their equipment and wearing their heavy coats. It was another relief 
to us. It was still a little smoky but we knew it was smokier upstairs so we gave 

them our bottled water and wished them well. They were all young, good-looking 

and so unbelievably brave. They smiled at us and looked so focused. They are my 
heroes!As they were going up, the last thing on our minds was tbat they may 
never come back down, but I don’t believe they ever did. 

We talked some more on the stai~:T about the bomb in 1993, and conspiracy 
tbeorist on the stai~x had there own conclusions about what was happening.., but 

no one took it seriously. As we were approaching the plaza level of One World 
Trade Centre the,firemen said "~[ust keep walking" and advised us not too look out 

the windows, and continue down the escalator.., but of course we did. It was 
completely gray, glass was broken and debris was scattered through the plaza, 

what was usually,filled with employee’s, vendors, and tourists was completely 
empty and look like it bad been deserted. The,firemen insLTted that we keep 
walking and we all cheered as we got to the mall level. 

The sprinklers sprayed us from above, "we made it" I remember Christine saying, 
with wart in her eyes...and we,finally met up with Fred again, whom we bad lost 
on the stai~. It was then *bat I heard that same w~ble ~tmble, what a ho~£ying. 

ChNstine and I ra< the lights went out and you could not see a thing, Fred later 

said that be thought be had gone blind. We hit the floor. We held on to each other 

in a,~tal position as a tidal wave of concrete dusg debts, and shattered gla& 
came,flying all at once from behind, rolling over our backs,for what seem like 

,forever. I sc~wamed ’~L~SE GOD... PL~SE GOD" repeawdly. 

It was oveg my shoes were gone, one of my shoes was blown off and I just sort of 

ditched the other. You could bear people calling,for each other ’‘IT anyone near 

me? Please reach for me" Christine then answered her "Yes! We’re here, we’re right 

next to you.’~ and we reached for her.., no one wanted to leave anyone 

behind.., we were a team that bad a mission to help and to survive. 

Two World Trade Center bad collapsed. We grabbed onto each other’s ankles and 
crawled tbrougb the darkness, over the glass and debris. We didn’t know where to 

go or what to do. It was impossible to breathe because of the concrete dust and we 
still could not see. I could hear a man calling out "over here" we crawled over to 
him toward a faint light ,bat turned out to be the I/9 subway entrance. We stood 

up. d fewpeople stood in the doorway looking for belp. We heard a fireman call 
out to us "IT a~yone down here?" "Follow the light and I’ll lead you out" we saw a 

fitint light but it was diff’icult to see, it was like putting on your brights on an 
incredibly,foggy day. You couldn’t make outfaces, you could just see figures and 
hear voices. I couldn’t walk,. I had no shoes on. A ,nan, like an angel came over to 
us and offered to carry me on his back. Without complaint, without hesitation... 

only he did say "Damn gi< whatcha been eatin" I responded ~v hitting him a 

number of times in the shoulder and laughing.., he made me feel better. 
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We reached the street level, be put me down, Christine, and I gave me a bug and 

tha,~ked him. Christine returned his laptop, which he dropped while he picked me 

up and he was gratqflul. Our faces were gray fi’om the soot and concrete dust, I 

don’t think I could ever recognize him, although I wish I could .... etc." 

In contrast the absence of most of the above characterised ’bad’ accounts. For 
example: 

"Fire engines lay buried in the rubble, Joe Lashendock, a rescue team membe~ 

said. "Firqfighters came across a lady and a fireman, "he said. "The lady was 
alive. Firqflighte~ went down in the bole. She requested water. They sent in a 

basket and a neck brace. We all made a chain. She was breathing. Her hand was 
moving. We said, ’We’re going to get you out of here.’ She just looked at us. It 

makes it all worthwhile for the one." 

Or 

"Louis Lesce was on the 86th./loor of the north tower when the jet hit the building. 

He got down the stai~ before it collapsed. "But when we opened the door there 

was a black wall of smoke. Someone said to me: ’You know, you look kind of tired, 
buddy. Let me bold yourjacket. ’And he did. Someone else asked to hold my 
briefcase. We mad~ it all the way down. " Then the building collapsed. With seven 
other, he managed to work his way out of the rubble." 

A narrative analysis was then performed on the accounts. From ’good’ accounts 

(such as the example presented previously) it was sometimes possible to extract 
information about more than one occupant’s human behaviour. Where this was 
possible they were included in the database and marked as derived accounts. For 
example, below is the same ’good’ extract presented previously with information 
specific to three different occupants highlighted in colour: 

I Yvette ~ Fred ~ Christine 

In total over 300 written textual accounts were found. Some of these data sources 
referred to the same occupants but provided slightly different information. Where 
possible multiple data sources for the same individual occupant were integrated 
together within the database. 
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5. The database 

The collected accounts were entered into a specially developed database developed 
using Microsoft Access. The database itself was designed to be a flexible qualitative 
research tool enabling the categorisation of occupants’ experiences during the data 
input process. As part of the data entry, the entire verbatim data account was stored. 
In addition, as part of the content analysis, each individual experience described 
within the account was stored and assigned specific behavioural references. This is 
similar to traditional qualitative analysis tools that allow users to categorise portions 
of textual accounts during the input process. A brief description of the database may 
be found in this section. A fuller description can be found in Annex 1. 

5.1 OCCUPANT EXPERIENCES 

The categorisation of each experience involved assigning a main behaviour classification 
to the experience, for example, ’Experienced Cue’ or ’Smoke effect’. A further 
refinement to the category was then specified that described the exact nature of the 
experience, for example the exact nature of the cue or smoke effect (see Figure 2). 

EXPERIENCE CUE or 
~ HEARD EXPLOSION 

~ HEARD NOISE 

¯ FELTBUILDING SHAKE 
¯ etc. 

Generalised 
~ categories 

SMOKE EFFECT 
I DIZkYESS                 | Specific 
I DIFFICULTYBREATHING"rl~         sub- 

¯ EYE IRRITA TION         ] categories 
¯ etc. 

The rationale for the database was that all information was centred on an 
experience. Each experience was assigned a main category and a sub-category that 
described the nature of the experience. The experience was also tagged with details 
of the experience location, time reference, evacuation phase and references to the 
personal details of the occupant that described the experience. A distinguishing 
feature of the database is that it is not only able to store experiences but also the 
location of the experience and a time reference for the experience. The developed 
database proved well suited for investigating time critical evacuation issues. 

The database contains reference to a total of 3,291 experiences from 260 people 
(1869 accounts from XXsTC1, 1411 from WTC2 and 11 from unknown locations). 
Gender information was available for 240 people, 164 of which were male and 
76 female. The quality of this data varied enormously. While some accounts were 
several pages long, others were only a couple of paragraphs in length. Of more 
importance, some accounts provide important detailed information such as a detailed 
description of events, locations at which events took place and reference to key time 
markers. The reports mainly came from occupants that begun their evacuation in the 
upper floors of either tower. Within the database, 73 (61%) and 91 (7%) of the 
occupants from WTC1 and WTC2 respectively were initially located on or above the 
78th sky lobby. It is likely that this bias originates from the media’s natural desire to 
focus on accounts that described the most extreme conditions during the disaster. 
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5.2 TIME REFERENCES 

Four key event markers were identified; namely the impact into WTC1 at 8:46am, the 
impact into WTC2 at 9:03am, the collapse of WTC2 at 9:59am and the collapse of 
WTC1 at 10:37am. Using these time makers in some accounts it was also possible to 
determine those experiences that occurred shortly before the key event markers, 
arbitrarily defined as within 5 minutes. 

Time 

8:40 
I 

8:50 9:00 9:10 9:20 9:30 9:40 9:50 10:00 10:10 10:20 10:30 10:40 

S>T C 
C 

’ >T1 ’ > T2 > T2C > T2C 
T1 T2 T2C TIC 

T1 = WTC ] impact, T2 = WTC 2 impact, TnC = WTC n collapse, S = shortly, 
< = within 5 minutes prior to, > = within 5 minutes post 

This yielded an additional 6 markers. The remaining temporal gaps were assigned 

markers. The large period of time post T2 impact + 5 minutes to T2 collapse - 5 
minutes was divided in two (see figure 2. Essentially the analyst entering data had to 
decide whether an action occurred nearer to T2 (WTC2 Impact) or T2C (WTC2 
collapse). ~q~ere the researchers could not identify a clear unambiguous time marker 
due to insufficient information being available, a time reference was not included 
within the database entry. Each time entry was checked independently by two 

researchers, differences in interpretation were explained and a final ruling made. 

6. Data analysis: Pre-evacuation 

14 

6.1 PRE-EVACUATION TIMES (RESPONSE TIMES) 

A key part of this study related to the generation of an estimate for occupant pre- 
evacuation time also referred to as occupant ’response time’. In most evacuation 
situations the response time or pre-evacuation time is of paramount importance in 
defining the evolution and ultimate success of the evacuation. It is also a key 
component for evacuation modelling. 

In this study, the pre-evacuation time encompasses all activities undertaken by 
occupants prior to the flight action i.e. decisive actions directed at exiting the floor 
and building. For example, pre-evacuation activities included behaviour in which a 
person begins to attempt to vacate their starting floor but, prior to entering the 
staircase, decides to return to their office to collect belongings. Likewise an occupant 
moving to a different room to seek shelter would also be classed as engaging in a 

pre-evacuation activity. This distinction is subjective but allows for the differentiation 
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between actions and experiences that occurred during descent (and in some cases 

ascenO and activities that occurred more locally to occupants’ work places. Using 

this approach a surviving occupant would sequentially progress through the 

following phases: pre-evacuation, evacuation, post-evacuation. 

Using this definition of pre-evacuation, it is possible to examine the amount of time 
occupants typically spent involved in the pre-evacuation phase i.e. their response 
time. Recall that each experience within the database was attributed (where possible) 
with a marker that represented the approximate time period that the experience took 
place. Using these markers it was possible to generate an estimate of occupants’ 
response times. The point at which each occupant began to evacuate was record in 
one of the following bins. 

T1 = WTC1 impact (8:46), 
T2 = WTC2 impact (9:03), 
T2C = WTC2 collapse (9:59), 

T1C = WTC1 collapse (10:28), 
S > T1 = Shortly after the T1 impact (i.e. between 8:46 and 8:51), 
S < T2 = Shortly before the T2 impact (i.e. between 8:58 and 9:03), 

S> T2 = Shortly after the T2 impact (i.e. between 9:03 and 9:08), 
S < T2C = Shortly before the T2C (i.e. between 9:53 and 9:59), 
S > T2C = Shortly after the T2C (i.e. between 9:59 and 10:04), 

S < TIC = Shortly before the TIC (i.e. between 10:23 and 10:28), 
> T1 = Some time between S>T1 and S<T2 (i.e. 8:51 to 8:58), 
> T2 = Some time between S>T2 and <T2C (9:08 to 9:31), 
< T2C = Some time between >T2 and S<T2C (9:31 to 10:04), 
> T2C = Some time between S>T2C and S<TIC (10:04 to 10:23). 

~od a~u~ ~C1 ~~ ~C2 
sin~e T1 

(min~es) 

..................................................................................... 0 ............................. 0 .............................. ~ ................................. o ....... 5 31 [53~] 31 [53~] 38 [67%] 38 [67%1 
0 0 0 0 

........................................................................................ I ................................................. o .............................. 4 ........ o ........................................................................................................ o ........... 8 [83 ~] 0 53 
0 0 0 0 9.~’9~ [7~] 5 ~ [~0~] [5~] 

0 0 0 

o 0 9.~I&~ 74 3 [5~] 58 [100 ~] 0 0 

These response ranges were selected primarily on the basis of the markers contained 

within the database. The rapid response range encompassed markers T1 and S<T1 

(up to 5 minutes i.e. between 8:46 and 8:51), the moderate response range 

encompassed >T1 and S<T2 (between 5 and 17 minutes i.e. 8:51 to 9:03). All other 

markers fell into the long response category (i.e. greater than 17 minutes). 
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100% 

80% .li ..... 

60% ii 

50% !i 

40% 

T2                                      T~C 

............................................................. i.:.:.:.;:.:.:.:~i"~~ ............................ 

j. .... ̄ ............ WTC 1: IMPACT 

.......................................... :: ........ WTC 2: IMPACT 

.............................................. ii .......... WTC 2: COLLAPSE 

lO% ii! ............. 
OO/o .i!i ..................................................... ........................................................... ........................................................... ............................................................................................................................................................................... 

0 20 40 60 80 100 1~ 

Estimate time period of response since T1 (minutes) 

The majority of people in the database, for which we have response time data 
were categorised as rapid responders (i.e. up to 5 minutes), with 53% (31) of the 
occupants in ~FC1 and 67% (38) of the occupants in WTC2 responding within 
5 minutes of T1. This occurred in WTC2 despite several occupants reporting that they 
heard instructions over the PA system in WTC2 that there was no need to evacuate 
as WTC2 was secure. 

......... Mode~ate(>5mmand ........... 17mn .............................................................................................. t628~) ................................................... 15 26~) ..................................... 
o o Eong(~17m!n) 11(19%) 4(7~) 

mota~ 58 57 

On d~e whole it was noted that occupants in WTC2 had shorter response times than 
those in WTC1. Analysis of the data suggests that this may have resulted from 
occupants in ~TC2 having better knowledge of the event than those in ~X~TC1 (see 
Section 6.10). More generally we find that most occupants began moving relatively 
quickly. However, some occupants spent considerable time involved in activities 
prior to beginning their evacuation. The longest response times identified within the 
database for occupants from WTC2 was 45 minutes (2% of occupants in database) 
while for WTC1, the longest reported response time was 74 minutes (5% of 
occupants in database). While it is difficult to generalise due to the lack of data, the 
rapid response times of occupants in ~TC2 relative to gqTc1 may have contributed 
to the smaller death toll experienced in WTC2. 
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An attempt was made to determine whether or not the speed of response was 

related to occupant location. Of the 115 people providing response time information, 

102 occupants also provided initial location information (54 from ~TC1 and 48 from 

~X/TC2). In WTCI~ 97% of the data came from people located below the impact zone~ 

while in WTC2, 22% of the data came from below the impact zone. 

0 0 0 0 0 (t O0 ~)(100 ~)(100 ~)100 (t O0 ~ (100 % 

o 0 0 112~] No data No data 
(4 %) (66%)(6~%)(25%) 

o o la No da~a Ne data No data 51t0 N o data 2150~] 
(16 %)(50%) 

0                   0                 O                        0 <10 b~ow 6II1~] 6110%] 8It5~] 214%] 116%] 
0 0 0 0 0 (22~) (38~)(~3~)(6~)(8~)No da~a 

lO~below 8[15 %] 4 ~ %] 214%] 2113%] 
0 0 0 0 (30%) (25%)No data (6%)(1~!~)o data 

0 0 0 0 0 0 12122%1 6110%1 315%1 214%1 116%1 1 I25%1 
0 0 O O O 0 (44%) (38 !~) (2Z %) (6 % )(8 % )(25~) 

[] # percen!age Of tota! kn0wn occupants; ()~ percentage 0fresp0nse ca!eg0~ 

Depicted in Figure 6 is a schematic showing the location of occupants with known 
response time data. These figures suggest that there is a bias in the data for people 
from the upper in both buildings. In WTC1, 60% of the accounts (providing response 
time dam and location) originate from the first 20 floors below the impact zone and 
in WTC2, 77% of the accounts come from within or above the impact zone. From 

the journalists point of view, these people provided the most interesting stories and 

so they focused their attentions on these people. Unfortunately, this does not allow a 
reliable analysis of location and response time distribution to be conducted. 
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However, the data suggests that the majority of lengthy response times in WTC1 
originate from occupants located on the 10 floors below the impact zone. Indeed, 
8/11 (73%) of the long pre-evacuations and 6/16 (38%) of the moderate pre- 
evacuations came from occupants initially located on one of the 10 floors below the 
impact zone. It is also interesting to note that on average, occupants located on the 
10 floors below- the impact zone generally undertook more actions during their pre- 
evacuation than occupants located elsewhere in the tower (see Table 4). 

110 

100~ 

go ~ 

20 ~ 

10 ~ 

0 ~ 

TOWER 1 TOWER 2 

NORTH TOWER NORTH TOWER 

:ii~i : Rapid responder 
~ = Moderate responder 
~ - - Rapid responder 

In WTC2 long, moderate and rapid response times were evident throughout the 
tower. However, it was noted that in WTC2, 70% of the occupants located in or 
above the impact zone (for which we have both response time and location data) 

were classed as rapid responders. This represents 54% of the people in WTC2 for 
which we have data. 

N-mb r 
Average number of a~ion$ 2 daia 3 5 

Minirnurn nurn~ ~ a~ions 2 N data t 

M~mum numberofa~ions 2 N data 13 
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Unfortunately, it should be noted that the nature of this data does not allow any 

meaningful generalisations to be made concerning the relationship between location 
and response time. 
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6.2 NATURE OF ACTIVITIES UNDERTAKEN IN PRE-EVACUATION PHASE 

In this section we examine the actions performed by the occupants during the pre- 
evacuation phase. This is measured from the impact into WTC1. 

The actions performed by individuals represent purposive tasks typically undertaken 
to confront the hazard, seek shelter, gather information or to flee. These actions were 
categorised into seven broad action classes which themselves can be further broken 
down into sub-action classes (see section 6.6). The seven main class actions are 
defined as follows: 

1. Confront the hazard such as, collect afire extinguisher. 

2. Seek temporary refuge such as, hide under desk. 

3. Gather/provide information such as, look out the window or speak to a 
colleague. 

4. Receive/provide assistance such as, rescue trapped colleague(s). 

5. Prepare for the physical act of escape such as, collect belongings. 
6. Extreme Behaviour or to panic and behave in an irrational manner. 

7. Do nothing at all. 

Con/Pont the hazard involves occupants attempting to battle the fire in some way. 
Given the size of the hazard in the WTC disaster this type of behaviour would take 
on a local context and perhaps involve someone operating a fire extinguisher. 

Seek temporaH rqfiuge behaviour may occur as occupants were not immediately 
aware of the details of event. Early on, some people may perceive a building rocking 
to be caused by an earthquake and so may seek shelter under desks or in doorways. 
In addition this behaviour encompasses a conscious decision not to evacuate if the 
occupant sought refuge in a perceived place ol~ safety. 

Gather/provide information refers to occupants collecting information concerning the 
unfolding event, perhaps to aid in their evacuation decisions. This may involve voice 
communication with colleagues, moving to inspect damage, making telephone calls 
or using emails. 

Receive/provide assista,zce represents behaviours in which occupants provide or are 
provided with some form of physical assistance. This encompasses behaviour such 
as helping others to walk, providing water bottles, or returning to an office to 
physically assist a trapped occupant. 

Prepare for the physical act of escape refers to behaviours in which occupants gather 
items or help other occupants in preparation for their evacuation. This behaviour 
includes things such as, collecting water bottles, ripping clothing to make face 
masks, gathering torches or fire extinguishers, collecting belongings or instructing 
others to leave. 

Extreme Behaviour is a manifestation of panic and is taken here to be a state in 
which the occupant describes themselves as being at the extreme of anxiousness and 
arousal WHILE engaged in maladaptive, useless or destructive behaviour to self or 
others. This can involve individualistic competitive behaviour of moving directly to 
the exit (productive and adaptive for self) but unproductive and maladaptive for 
other occupants if the movement specifically disregarded other occupants, thereby 
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raising the level of danger to them. Examples of this would be deliberate pushing, 
fighting and displacement of others in order to access an exit befo~-e others. This 
behaviour also includes the abandonment of pre-emergency charges for self 
preservation. Panic is therefore self-destructive and self-obstructive non-evacuation of 

an active nature, and/or evacuation, but involving pushing, fighting, displacement or 
desertion which is constructive to self but destructive and obstructive of other 
occupants. Anxiety, shakes and terror are characteristics which would be included in 
the judgement of panic, but panic would not be included in anxiety, shakes and 
terror, as occupants can experience these but still act purposefully for self and 
judiciously in relation to others. 

therprovide/information [55~] 73 [58~] 
0               0               0 Prepa~eo~preparedfo~eva~uation 93135~] 45132~] 48 [38~] 

Qffe?o~offekedassistance 1315%] 916~] 413~] 

Seekshe!teg 1214%] 1118%] 11t%] 
o o o Igno~eevents 1 [0%] 1 [1~] 010~] 

Confront Hazard 010%1010%1 

0               0               0 Extreme Behaviou~ 0[0!~1 0[0~] 0[0~1 

"l’etal 26Z [10%] 141 [15%] 126 [4%] 

It is essential here to distinguish between the above definition of Extreme Behaviour 
and the common usage of the term Pa~ic which may include behaviour such as 
running and yelling and feelings of anxiety and fear. It is not uncommon to find 

survivors describing themselves and others as panicking when their behaviour was 
probably intelligent, productive anxiety or the shaking and fear/terror which would 
rapidly promote escape urgency (also intelligent under disastrous conditions). Whilst 
behaviours such as calm, anxious, fearful, shaking and terrified are incontrovertible, 
the labelling of these people as ’panicking’ is contentious. 

An example of an explicit self description of panic from the ground floor of WTC2 
which amounts to an incorrect labelling of behaviour is as follows: 

’I was in the concou~e level when the.first plane struck. In my store all I heard 

was this ’whush’ sound, a couple of clanks, and then this mass of people including 
myself running from ~ght to left in such a panic’. 

[Experiences 2058-2066] 

This occupant appears to suggest the running ’in such a panic’ was aimless not 
directed, by a de-individuated ’mass’. This despite his specifying the crowd’s 
movement direction, therefore the action must have been reasoned not blind. Also 
he equates the intelligent behaviour of trying to get to the exits on the right as 
quickly as possible wkh some kind of unintelligent stampeding, and uses the 
irrational notion of panic motivation interchangeably with the entirely rational 
motivation of escape urgency. 

2O 
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The use of press accounts as the basis of this analysis makes the task of assessing 
the reported behaviours all the more difficult as it is not possible to probe deeper 
into the reported behaviours. In this section we only consider described personal 
behaviour which can be interpreted as classic panic behaviour. 

6% 1% 8% 

53% 

T] 

8% -- 0% 1% 

T2 

:EI Seek shelter 

:’7: Seek information 

:’.’! Prepare or prepared for 
evacution 

!il." Offer or offered assistance 

~ Ignore events 

:::~ Confront Hazard 

:!:~: Eztreme Behaviour 

Seek shelter 

ii.’.’i Gather/provide information 

:~i~.~ Prepare or prepared for 

evacution 

IE{ Offer or offered assistance 

..’f ’: ~{~ Ignore events 
:." .," 56% 

......... i" .-                          .{ 
:".!i!~ Confront Hazard 

~’>’: .......................................... ~" ID Extreme Behaviour 

All data (both towers) 

The ’do nothing,’ action category represents occupants choosing to ignore the event 
and carry on with the activities they were involved with before the disturbance. This 
includes things such as, occupants hearing a noise but not investigating but carrying 
on working and equally occupants that may have investigated the disturbance but 
decided to ignore it returning to their normal work. This should not be confused 

with behavioural inaction or negative panic (see section 6.6). 

Using these categories it is possible to interrogate the database to determine the 
frequency of each of these classes of actions. We have limited this analysis to include 
survivor behaviour. In total 124 occupants supplied pre-evacuation experiences and 
survived. Of these, 94/124 (76%) occupants detailed at least one action during their 

pre-movement. A further 19/124 (15%) occupants described leaving immediately and 
reported no pre-evacuation actions at all. The remaining 11 accounts supplied 
experiences but it could not be determined whether they performed any actions. 
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Of those that reported actions the results {see Table 5) indicate that gather/provide 

information was reported most frequently and represents 55% of all of the actions 
reported during pre-evacuation (see Table 5, Figure 7 and Figure 8). The next most 
frequently reported action was preparing for the evacuation itself. This accounted for 

approximately 35% of reported actions. Offering assistance and seeking shelter was 
reported at minor frequencies (4% and 5% respectively). Only one instance of an 
occupant completely ignoring the event was found within the database and reports 

of occupants confronting the fire was not reported at all. No examples of occupants 
behaving in an extreme manner could be found in the database. 

If we examine the frequencies of reported actions across the two towers we note 
that the gather/provide information frequency is higher in WTC2 than WTC1 and that 
the percentage seeking shelter and offering assistance are both lower in WTC2 than 
in WTC]. This is possibly due to WTC2 being struck after DTC1, as a consequence a 
number WTC2 occupants began to evacuate prior to WTC2 being struck and so 
avoidcd dangcrous post impact conditions. 

70% 

60% :: 55% 

50% ~i 

2O% 

58% 

38% 

lO% 

Gather/provide Prepare or 
information prepared for 

o 6% 

o%~o~ ....... °O Vo    O Yo O ’/o O Yo     O Yo O ’/o O ’/o 
.~>>~:.. ................................................................. 

Seek shelter Offer or Ignore events Confront Extreme 
offered Hazard Bahaviour 

No accounts ofExtre,ne Behaviour or behaviour that fits the academic view 

of ’panic’ were reported by the survivors. On the whole people described 

their behaviours as being rational in the face of the extreme event that they 

were involved in. The fact that the gather/provide information category is the 

dominant reported action is significant as the requirement for this action 

could be removed if occupants could be provided with appropriate 

information. Reducing the need for gathering information may assist in 

reducing response times and overall evacuation times. Improved 

conlmunication systems and procedures for disseminating information will 

allow occupants to more rapidly make appropriate evacuation decisions. 
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6.3 AVERAGE NUMBER OF ACTIONS REPORTED BY OCCUPANTS 

In the previous section the frequency of performing specific actions was reported. 
In this section the number of actions reported by each occupant is investigated. It 
should be noted that the length of occupant accounts varied considerable. Some 
comprised of only a paragraph whereas others ran to several pages. This variation in 
the quality of available data seriously limited attempts at quantifying the number of 
actions undertaken by individuals. Indeed, the length of the account is undoubtedly 
related to some degree to the number of actions reported by an occupant. Thus, the 

data and analysis presented here should not necessarily be taken as representative of 
the incident. 

From the available data, it is apparent that some occupants undertook a number of 
tasks before evacuating whilst others undertook just one or two. For example below 
is an extract from an occupant statement that provided a good account but 
undertook only one action (being instructed to leave Iunderlined]): 

"On September 11, Peter Trombetta beard pipes clanging on the 91st,floor of the 

South Tower and saw the ligbts flickeHng. His,f!~t thought was that it was caused 

~F the construction that had been going on,for months on the,floor above him. 
Trombetta didn’t have a window and his work area,laced awayJkom tbe North 

Tower. The,firstplane had hit at &46 a.m., and he didn7 know it. "Within a 

minute, ,John came down the aisle saying, ’Everybody up and out, ’" Trombetta 
recalls. "He didn’t tell us why so as not to panic us. I kidded him that I bad to get 

HF plot plans I had just pHnted. He said, ;No, go. ’" 
[Experiences 1071-1074] 

From the database it was possible to collate all of the actions undertaken during pre- 
evacuation for each occupant. These were then used to calculate an average number 
of actions, the standard deviation and a range. In total some 80 occupant accounts 
from WTC1 provided sufficient information to undertake this analysis (49 from 

survivors and 31 from fatalities). From WTC2, some 68 occupants (45 survivors and 

23 fatalities) provided sufficient information. 

# [minimax] deviation # [minimax] derision 

T1 49 311~ 15] 2i9 31 311~11] 

~ 45 311 11] 2;3 23 211~7] "1;7 

[] ia~g~ ~h~@~ i~ bm#ket~ 

23 

CLG10000080 0025 
CLG10000080/25



Collection and Analysis of Human Behaviour Data appearing in the mass media relating to the evacuation of 

The World Trade Centre Towers of 11 September 2001 

The average number of actions reported by occupants within the towers was three 
(see Table 6). Counter intuitively it appears that survivors in WTC2 undertook on 
average more actions than fatalities. This anomaly is thought to originate from the 
nature of the accounts provided by fatalities. Accounts from fatalities were made over 

mobile phones and recorded by third parties typically a relative. The focus of these 
conversations was primarily to ascertain what actions should be taken (i.e. whether 
to evacuate or not or via which route) or to relay comforting messages to loved 
ones. In contrast the focus of survivor accounts was to explain what had happened 
to enquiring news paper reporters. The accounts from survivors tended to be much 
more detailed than those from occupants who did not successfully evacuate. 

16 -- 

14 -- 

12 -- 

10 -- 

8-- 

6-- 

4-- 

2-- 

0-1 

Survivors T1 

÷ 

Survivors T2 Survivors All Fatlaitles T1 Fatalities T2 Fatalities All 

Dataset 

Whilst the average number of reported actions is relatively small (on average three) 
some occupants reported as many as 15 actions (see Table 6 and Figure 9). If a 
frequency distribution of reported actions is plotted, it reveals that accounts which 
reported high numbers of actions represent outliers in the tail of the distribution (see 
Table 7 and Figure 10). The frequency distribution data shows that the vast majority 
131 (88.5%) of occupants reported between 1-5 actions, whereas a small minority (5 
or 3.3%) reported over 10 actions. In total 12 accounts reported between 6 and 9 
actions. It is therefore extremely misleading to use the range as an indicative of the 
number of actions undertaken. 

In summary, the data suggests that on average, occupants reported 

undertaking 3 actions prior to beginning their evacuation. 
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6.4 ORDERING OF OCCUPANT ACTIONS 

Within the database the order of occupant experiences was analysed to determine 

if there was any sequence to occupant actions during pre-evacuation. Given the 

limitations of the dataset, analysis was restricted to include occupants’ .fi~t, second, 

third and fourth actions. In addition, the last action undertaken by an occupant is 

examined and where occupants undertook only one action their fin~t and last action. 

The data (see Table 8) suggests that ’gather/provide information’ constituted the 
most reported first (62%), second (48%) and third (61%) actions. However, preparing 
for evacuation was the most reported forth (54%) action. The last reported action 
were actions associated w-ith ’preparing for evacuation’ in 68% of the reports within 
the database. Only 18% of reports represented seeking information type actions. 
The trend was not so clear for those occupants that only stated one action, i.e. 
occupants whose first action was also their last action. For these, actions were 
evenly distributed between gather/provide information (43%) and preparing,for 

evacuation (51%). 
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Gather/provide 1658 2 20 t2 10 
information[43 %] [62 %] [48%] [6!%] [46%] [!8%] 

Prepare o~ 
p~epared fo~ 1927 22 -14 38 

eva CuationI51%1 [29 %] [39%] [21%] I54%] I68%] 

Both Offeroroffered01 3 50 6 
towe~assistance I0%] [! %] [5%] ~15%] ~0%] [tt%] 

Ignore events 113%] 1 [~ %] 0 [0%] 0 [0%] 0~0%] 0[0%] 

Con front 
................................................................. r ................................................... o ............................ o ............................. o ............................. o ............................. o ...................... 0 .... o d o[o~] o[o~] o[o~] o[o~1 o[o~1 [o~1 

Extreme 

0 0 0 0 0 0 Seek shelter 113~] 515~] 417~] 1 [3 ~] 0 [0 ~] 214 

Gather/provide 1231 10 97 2 
0                0 0 0                0 0 in formation[32!~] [33~] [18~] [27 ~] [2~ ~] [4~] 

Prepare o~ 
prepared for 8 10 11 36 20 

0 0 0 0                0 0 evacuation[22%] [1 ~] [20~] [9 ~] [23 ~] [36~] 

~Cl Offe~okoffered01 2 40 3 
0 0 0 0 O 0 assistance ~] [t ~] [4~] I12 ~] [0~] 
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Extreme O0 0 O0 0 
0 0 0 0 O 0 Behaviour [0 ~] [0 ~] [0 ~] [0 ~] [0%] [0~] 

0 0 4 0 2"1159~1 3152~] 23148~] 16~52~] 13~50~] 25 8~] 

0 0 0 0 0 0 Seekshelter 0[0~] 1 [~ ~] 0[0~] 0 [0%! 0 [0%] 0 I0 

Gather/provide 427 17 11 5 8 
0 0 0 0 0 0 in formationll 1 [29 ~] [30 ~] [33 ~] [19 

Prepare o~ 
prepared fo~ 1-117 11 48 18 

0 0 0 0 0 0 

~C~ Offe~ o~ offered          O 0 0 

.................................................................... o o ........ ~ ..................... 0 ..................... ~ .................... o ........ assistance [0~] [0~] [2~] [3 ~] [0%] [5~] 

0 0 
0 0 gnoeeventsO[O~]O[O~] 0[0~] 0[0~] 0[0~] 

Con front O0 0 O0 0 
O O 0 0 0 0 [o ~] [o ~] [o ~] [o ~1 [o 

Extreme O0 0 O0 0 
0 0 0 0 0 0 BehavioU# [0~] [0~] [0~] [01~] [01~] [0~] 

0 0 0 0 0 0 Total 15141 ~] 44148~] 29152~]"16148!~] 13 [50 29 [52%] 
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[] Seek shelter 

¯ Gather/provide information 

[] Prepare or prepared for 
evacution 

[] Offer or offered assistance 

[] Ignore events 

:;!i Confront Hazard 

!;i:~: Extreme Behaviour 

This analysis suggests a trend in which occupants were gathering/providing 
information early during their pre-evacuation and then preparing for evacuation 
towards the end of their pre-evacuation phase. These trends are more clearly seen in 
Figure 12 and Figure 13. The white bars (indicating evacuation preparation type 
actions) increase as occupants’ pre-evacuation advances. Conversely the black bars 
(indicating gather/provide information type actions) decease as occupants: pre- 
evacuation advances. 

WTC2 

These observations are considered significant as they suggest a trend in the 

ordering of occupant actions during pre-evacuation. Reported initial actions 

tended to involve seeking information, whereas reported final actions tended 

to involve preparation to evacuate. Again this serves to highlight the need to 

provide occupants with immediate and good quality information so that they 

do not have to waste precious minutes determining the nature of the event 

before beginning their evacuation. 
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6.5 PRE-EVACUATION ACTIONS AND RESPONSE TIMES 

This section examines the relationship between the number of actions that occupants 
performed and the length of their response time (pre-evacuation time). The data set 
is smaller than used in the actions analysis presented previously as it was not 
possible to determine a response time for all occupants who specified pre-evacuation 
actions. Presented in Table 9 is the average number of actions as a function of 
response time. The data, while inconclusive, suggests a weak tendency for longer 
response times to be associated with more actions. 

Aver~ Average Aver~ 
Num~r # Num~r # Num~r # 

~ a~ions of a~ons a~ons 

~1 4 38 2:0 13 

Sundvors 1:4 39 1:4 21 li5 7 

F~lities 1:816 1:5 t7 2; 5 6 

6.6 A MORE DETAILED BREAKDOWN OF THE FREQUENCY OF SPECIFIC 
ACTIONS 

In this section we examine in more detail the specific actions that comprise each of 
the seven broad action classes identified in Section 6.2. A total of 16 sub-category 

actions were defined as follows: 

Seek information This refers to an occupant physically moving to gain some 
information i.e. moving to the window to look outside or 
leaving a desk to check the hallways. An example from the 
database is provided by experience I1221]: 
"’1 looked out the window just a few feet away to see glass, 

thousand of sheets of papo’, and large metal pieces raining 

down,’" 

Instruct others This refers to an occupant issuing some form of instruction to 
another occupant i.e. issuing an instruction to others to 
"evacuate now" or for others to "stay where you are". An 

example from the database is provided by experience [300]: 
"I co,~tinue yelling that we have to get out of there but no 

one listens." 

Instructed This refers to an occupant receiving some form of instruction 
from another occupant i.e. receiving an instruction from another 

to "evacuate now" or to "stay where you are". An example from 
the database is provided by experience [208]: "Carol wasyelling 
at a young lady making a wlepbone call in the hallway to get 

the telephone and come with us. She didn’t come.." 
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Give information This action refers to an occupant communicating some 

information about the event which is occurring i.e. "I think a 

plane has hit the building" or "I have checked and the lifts are 

not working". This action only refers to local verbal 

communication. An example from the database is provided by 

experience [3206]: ’7 ran around tbe,floor yelling to everybody, 
’A plane just crashed into the building. We have to get out of 

here. We have to get out of here.’ I ran all around the,floor and 

told everybody." 

Receive 

information 

This action refers to an occupant receiving some information 
about the event which is occurring i.e. being told by someone 
else that a plane has hit the building or being told that the lifts 
are not working. This action only refers to local verbal 
communication. A suitable example from within the database 
comes from experience [2422]: "Then someone yelled that he’d 

,found a stairwell where it was safe. Only the elevator was 
burning." 

Make call This action refers to an occupant making a telephone call. 
A suitable example from within the database comes from 
experience [355]: "I called my wife and told bee ’You know, you 

won’t believe this but Tower One has been bit. We are,fine where 
we are. Relax, turn on the T~5 there is a developing story there, 

,find out what’s happening. ’" 

Receive call This action refers to an occupant receiving a telephone call. 
A suitable example from within the database comes from 
experience [154]: "Carol Robe~s~ friend, who is a police office~ 

called her and said to get out of the building because there was 
an explosion." 

Collect item This action refers to an occupant collecting an item i.e. a 
briefcase or a mobile phone. A suitable example from within 
the database comes from experience [149]: "I started packing my 
briefcase with my laptop and my,files and st~f,/; and he stood 

there. He kept yelling at me. I was the last one to leave the room. 

He wouldn’t leave until I left," 

Offer assistance This action refers to an occupant providing assistance to another 
occupant i.e. an occupant climbing over debris to rescue 
another occupant or an occupant helping another to walk. 
A suitable example from within the database comes from 
experience [3246]: "We shifted John over from his wheelchair to 

the evacu-cbair." 

Offered assistance This action refers to an occupant receiving assistance from 
another occupant i.e. being helped to walk or being rescued 
from under some debris. A suitable example from within the 
database comes from experience [102]: "’Fred was calling out 

’who is here?’ Christine answered,for the both of us "D~ette and 
Christine are here, what do we do?’" 
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Prepare for 

evacuation 

This action refers to an occupant preparing for evacuation 

e.g. collecting a fire extinguisher or ripping a shirt to make a 

mouth mask. A suitable example from within the database 

comes from experience [81]: "I off my tee shirt and r~pped it into 

3 pieces. Soaked it in water. 

Prepare others 

for evacuation 

This action refers to an occupant being the recipient of some 
preparatory act of preparation prior to evacuation, i.e. receiving 
a bottle of water or a piece of ripped clothing to use as a 
mouth mask. A suitable example from within the database 
comes from experience [82]: "Gave 2pieces to my frfends. Tied 

my piece around my,face to act as an air,filter." 

Seek shelter This action refers to an occupant seeking physical shelter i.e. 
hiding under a desk or retreating to a protected area and 
waiting for rescue or to decide what to do. A suitable example 
from within the database comes from experience [94]: 
"I crawled over to ~1~ boss’s cubicle to grab onto her". 

Extreme 

behaviour 

This action refers to a person performing some form of classic 
panic behaviour e.g. stampeding crowd knocking down 
everyone in its wake (see Section 6.2 for a more complete 
definition). 

Confront hazard Confronting the hazard would invoDe occupants attempting to 
battle the fire in some way. Given the size of the hazard in the 
~FC disaster this type of behaviour would take on a local 
context and perhaps involve someone operating a fire 
extinguisher. No instances of this behaviour were found during 
pre-evacuation. 

Ignore events This action refers to the person choosing to ignore the event 
and carry on working. An example of this is a computer 
technician in a air sealed server room hearing something but 
ignoring it and carrying on working [Experience 3458] 

Every experience that represented an action was attributed to one of these action 
classes and sub-categories during the data input process. The exact composition of 

each of the broad classes can be seen below: 

1. Seek Lrtformation 
a) Seek information 
b) Receive information 
c) Give information 

d) Make call 
e) Receive call 

2. Prepare or be prepared for evacuation 
a) Instructed 
b) Instruct others 
c) Collect item 
d) Prepare for evacuation 
e) Prepare others for evacuation 
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3. Offer or be offered assistance 

a) Off~red assistance 

b) Offer assistance 

4. Seek shelter 

a) Seek information 

5. Confront the fire 

a) Confront the fire 

6. Ignore Event 

a) Ignore the event 

7. Extreme Behaviour 

a) Extreme behaviour 

Using these categories the frequency of each of the actions occurring during 
occupant pre-evacuation has been calculated from the database (see Table 10, Figure 
14 and Figure 15). From the data it can be seen that approximately 30% of actions 
rcportcd during the prc-cvacuation phasc involvcd seeking some sort of information 

(for example, looking out of windows, checking hallways or switching offices). The 
second most reported action involved occupants receiving some information about 
the event from someone else (14%) - occupants actually giving information was 
reported with reduced frequency" (5%). The third and forth most common reported 
action category was occupants issuing (14%) or receiving (12%) evacuation 
instructions (for example, "evacuate now’; "move to the stairs now’). Other 
frequently reported actions were making or receiving telephone calls (10% and 3% 
respectively) and collecting personal items (11%). Less frequently reported actions 
were Of/bring or receiving assistance (0.8% and 4.7% respectively), preparing.for 

evacuation or preparing others (3.4% or 0.4%) and seeking shelter (3.4%). 

As noted earlier, there were no reports of personal actions that could be classified as 
fitting our definition of extreme behaviour (0%). Whilst occupants did not report 
behaviours of their own that could be classed as extreme hebaviour or ’panic’, many 
occupants witnessed behaviour of others that they defined as panic, some of which 
could be classed as extreme hehaviour. Within the database there are five 
observations of behaviours that could be classified as extreme behaviour. Three of 
these represented a so called ’stampede’ in which the stampeding crowd displayed 
disregard for others. The other two represented an episode of behavioural inaction 
or negative panic. Negative panic is typically witnessed in high stress evacuation 
situations and involves the occupant seemingly ceasing to take any action [3]. From 
occupant accounts it appears that this behaviour was witnessed during the WTC 

evacuation to some extent. 

The following three experiences are the accounts that comprised observations of 
extreme behaviour involving stampede. 

"After what seemed like an eternity the building settled and the evacuation began 

in earnest. Except people were panicking and a stampede started and tbey were 

running each other down." 
[Experience 601] 

"At this time I saw a person coming up from the 77tb.floor who was in total shock 
and not answering us as we questioned him going in the opposite direction." 

[Experience 831] 
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"While everyone ran,frantically to search for a safe location, a stampede of people 
ran towards me and knocked me into a steel barricade. Andrew quickly lifted me 

up when in the distance was the alarming image of people jumping from windows 

to their deaths." 
[Experience 1195] 

The following example describes an episode of behavioural inaction or negative 
panic, 

"Ez~e~3,body made for the stai~ except,for Hong Zbu, an inz~estment bankeg who 
was frozen with,fear. He told the otbe~ be would wait for help. Mr. Ramos cajoled 

him to the stairwell door." 
[Experience 791] 

"I remember the blank stares and zombie-like expression on one pe~on I assume 

to be an AON manager who had an external office, and asking him to go into the 

Wtaircase; which I think he did." 
[Experience 790] 

Seek!nfo mat!on ~] 35 [25 ~] 37 [29~1 

0                      0                      0 Re#eive information33 [t2%1 22116~] 1~ [9~] 

Collectbelonging 29 ftl %] 14 [10%] 15 [12%1 

o                     o                     o InstruCtothers 28 [10 ~] 12 [9 ~] 16 [13~] 

0 0 o Instructedby others 27 [10 %] [8 ~] 16 ] 

Make call 24 [9%] t 4 E 10 % ] 10 [8%] 

Give information 13 ~5%] 413~] 

0 0 o Offer assistance 1114 ~] ~[5~] 

Prepare evacuation [3 ~] [5 %] [t ~] 

0 0 Rece~ ecal 6 [2 ~] 0 [0~] 6 [5 ~ 
o                     o                     o Offe red a s~ista n #e 1[O~ ] 111 ~] 0[0~] 

Prepared rote va!uation i[0%] 1 [1%] 0[0%] 

0 0 o Ignore events ![0~] 1 [1 ~] 

0                                0                                0 Confront hazard O[0~] 0[0~] 0[0~ 
0 0 Extremebehav ou 0 [0 ~] 0 [0~] 0 [0 ~ 

O                      0 Te~l 268 [!00~] 141 ~100~] t2 ~[!00 ~] 
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The word ’panic’ was explicitly used to describe the behaviour of others in 19 
accounts. Of these 10 described wimessing ’panic’, for example: 

’7 was having problems with Teresa because she was panicking and 

hyperventilating and was about to pass out. We had to stop on one.floor to let her 

rest and catch her breath.for about 5 or lO minutes." 
[Experience 3410] 

This account appears to be describing the effects of shock rather than panic. Another 
example describes the understandable and arguably rational response of extreme 
urgency displayed by occupants attempting to expedite their evacuation, 

"When word came around to evacuate the second rowe< there was panic. "People 

jammed the staira~ells and the elevators were all over capacity. "We got out and 
just ran like there was no tomotv’ow. When we stopped to look back, there was a 
huge gaping hole" 

[Experience 2391] 

Another account gives no evidence of panic, but simply uses the term, 

"It was filled with smoke and panicked people still trying to get out." 
[Experience 1868] 

Furthermore, there were 9 explicit mentions of the absence of panic in the 
description of the behaviour of occupants, for example, 

"The evacuation was very order{u, people were great- no panic." 

[Experience 593] 

whilst another stated that, 

"There were a large number of people in the stairwell already, people were moving 

two abreast. There was no apparent panic, but people were moving with a 
certain urgenqv" 

[Experience 724] 

Finally, other descriptions of the psychological state of occupants were reported and 
recorded in the database. Examining this revealed that 10 occupants reported that 
they were explicitly calm. Three of these came from occupants located above the 
impact zone and 1 from an occupant just below impact in WTC1. Two were from 
occupants in ~TC2 evacuating after T2 impact. The following example was from an 
occupant located above the impact zone in WTC1, 

"Then be said lhe floor was buckled. And be said it was getting really hot and 
hard to breath. His voice was actually very calm. It wasn’t like someone calling up 

panicking." 
[Experience 1726] 
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Many others specified a range of stress. This were categorised within the database as 

"scared" (20 reports), "confused" (3 reports), "terror" (5 reports), joking / laughing (7 

reports), "nervousness" (5 reports), "shock" (6 reports), "screaming" (9 reports), 

"being not scared" (2 reports) or "worrying" (3 reports). 

Whilst useful, it is apparent from the data that some of the categories represent the 
same types of actions but differentiate the role of the occupant in the action, i.e. they 
differentiate between being the recipient or instigator of an action. For example, give 

and receive information both represent a local communication of knowledge about 
circumstances inside or outside the tower. However one distinguishes the role of the 
reporter of information as the transmitter and the other category distinguishes the 

recipient of information as the receiver. In a general sense they both represent the 
occurrence of the same action, i.e. a local communication of information. Other 
actions that share this trait are to q[/’er or receive assistance, to prepare for or to 
prepare others for evacuation, to make and to receive a telephone call and finally to 
instruct or to be instructed to do something. 

The data was reanalysed such that actions are grouped according to their general 
type irrespective of whether a person instigated or was the recipient of the action. 
In doing so a view of the occurrence of these specific reported action types is 
generated. This tells us the frequency of specific actions being reported irrespective 
of the roles of people involved. 
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Both towers 

Using this scheme the 16 actions were compressed into 9 coarse categories. The 

actions confront the hazard, do nothing and extreme behaviour have been omitted 
as they were infrequently reported. The final 9 categories are presented below. 

36 

1 Seek information (i.e. physically move to acquire information yourself) 
2 Instruct or instructed by others 

a) Instructed 
b) Instruct others 

3 Com_municate locally (i.e. communicate verbally) 

a) Receive information 

b) Give information 
4 Commaunicate remotely (i.e. specifically telephone calls) 

a) Make call 

b) Receive call 

5 Collect item 
6 Offered or be offered assistance 

a) Offered assistance 

b) Offer assistance 
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7 Prepare self or others for evacuation 

a) Prepare for evacuation 

b) Prepare others for evacuation 

8 Seek shelter 

9 Extreme Behaviour 

Based on these categories it is apparent that the general trends are maintained. 

Seeking information is still the most frequently reported action type during the pre- 
evacuation phase of the WTC evacuation (see Table 11, Figure 16 and Figure 17). 
Similarly the second most frequently reported action involved the instructing of 

occupant.;. Local communication accounted for approximately 17% of reported 
actions whilst non-local communication (i.e. those using telephones or emails) 
accounted for 11% of reported actions. Collecting item.; (i.e. belongings) represents 
11% of reported actions within the database during pre-evacuation. All other actions 
were reported with only minor frequencies. 
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If local and remote communication are grouped together it would constitute 

the most frequently reported action representing approximately 29% of 

reported actions. Thus com_tnunicationper se should be viewed as the most 

common type of action reported during the pre-evacuation. If communication 

is combined with seek information then this class of action represents some 

72% of the pre-evacuation actions. Clearly, the occupants are operating 

within an information deprived state. Again this serves to highlight the need 

to provide occupants with immediate and good quality information so that 

they do not have to waste precious minutes determining the nature of the 

event before beginning their evacuation. Providing reliable information to 

the occupants would be of great benefit to their decision making process and 

so speed up the evacuation process. 

6.7 THE NATURE OF THE TELEPHONE CONVERSATIONS 

Issues associated with Remote Verbal Communication are examined in this section. 
While engaging in telephone conversations is one means by which people can 
exchange information, it has the potential to slow occupant pre-evacuation and 
consequently increase their overall evacuation time. It is therefore important to gauge 
the frequency of telephone usage during emergency situations and understand the 
rationale behind telephone usage. Remote communication i.e. use of telephones, was 
frequently cited during pre-evacuation (the fourth most common action see Section 
6.6) and with some frequency during evacuation itself. 

This analysis uses the population defined in the actions analysis (see Section 6.6). In 
this section survivors and fatalities are examined separately. The distinction between 
survivors and fatalities is necessary as many calls were made by occupants who were 
trapped on the upper floors and were unable to evacuate. Here we are primarily 
interested in the calls made by occupants that successfully evacuated. These came 
from 19 people, i.e. 19/94 (20.2%) of the population that stated actions and could 
have survived. 
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Survivors Make ~ 1 

Receive ~ 3 

Total 3 2523 

F~liti~ Make 55 1134 8 

Receive 21 2 12 2 

Total 76 1346 10 

In total 30 telephone usage actions were reported during pre-evacuation by 

occupants that successfully evacuated (see Table 12). Of these calls, 24/30 (80%) of 

the repor[ed telephone conversations recorded in the database involved an occupant 

making a call, with only 6/30 (20%) of reported calls involving occupants answering 

an incoming call. This trend was also apparent during evacuation itself with 43/49 

(87.8%) of repor[ed calls were outgoing while 6/49 (12.2%) were incoming (see 

Figure 18). 

======================================================== 

The majority 22,/30 (73%) of calls were made to locations outside of the building (see 
Table 13 and Figure 19). Calls to/from people located inside the towers were less 
frequent, representing only 27% (8/30) of the outgoing calls. 
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Below is an example account from a female occupant who was on the 64th floor 
of WTCI: 

"Initially she was knocked off her chair by the impact. Curiously, although not 
scared, she moved to the window to view what had happened. Speculation in the 

qy,/’ice thought it was an aircraft impact. She is told to leave. She in turn goes to 
her colleague, who is engaged on the telephone, and instructs her to leave. She 

grabs some pe~onal affects and begins to leave. En route she meets her supervisor 

who instructs her to leave whilst grabbing some of his personal affects. Some qfl 

them agree that it would be benefi’cial to i~l~orm,.fiqends and relatives what has 
happened [emphasis added/and stop to make phone calls. They are still present at 
the second impact." 

[Experiences 623-680] 

Clearly this occupant delayed her evacuation in order to make a phone call(s). 
Although in this instance she survived she was making her way down the stairs 
when WTC2 collapsed. 

4O 
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Pre-evacuation: Survivors Evacuation: Survivors 

Furthermore, 75% of the outgoing phone calls (18/24) were to relatives (see 
Table 14 and Figure 20). Thus the majority of phone calls made by survivors during 
pre-evacuation were not to emergency personnel or colleagues within the building 
but to relatives. The database also provides some indication as to the nature of 
these calls. 
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0 0~) Eva~atlon t0153~] 3I 6X] 115~] 115~] 412 ~] t9 

F~litie8 ~e~ee~ion 44181%] 214%1 214%] 519%] 112%] 54 

Eva~ation 10 [91%] 0[0%] 1 [9%] 0[0%] 0[0%] 11 

The data suggests that in these phone calls occupants would typically discuss the 
unfolding events with family commonly telling them what had happened and what 
their intentions were, for example: 

"I called my nanny at home and told her to page my w{fc; tell her that a bomb 

went qf,/~ I was ok, and on my way out. My w{fe had taken our 9 month old for 
his check up. 

[Experience 79] 

In other instances occupants supplied information about the event and at the same 
time requested additional information, for example: 

"I bung up with them and proceeded to call my wife and tell her I think some 

kind of bomb went qf,/i She said she would check the TV and get back to me. ~ 
this time it was approximately 08.’55." 

[Experience 1093] 

The protagonists of OUTGOING occupant phone calls from 

SURVIVORS 

~ 25 
/~ Pre-evacuation 

[ [] Evacuation 
._= 20 ~ ) 

5 

Z 0 l ! i 

Relative Friend Colleague 911 Elevator 

intercom 

operator 

Protagonist 
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The main reason for making the phone calls cited by survivors (see Table 15 and 
Figure 21) was to provide information to family members (9/24 or 38% of calls). 
Calling to provide purely emotional support, to gain information and or to warn or 
instruct other people of danger were found with only minor frequency. However, it 
should be noted that most conversations would involve some element of emotional 
support and an exchange of information of various types. Conversations in which 
callers stated that they loved someone but mainly discussed the event itself and what 
they were going to do next would have been classed as Giving Information. 

Pm 
Sum~ivo= evacu~on ~ [~%] 218%] [38%] %] 218 %] 24 

Eva~J~ion [5%] 115 %] 8 [42 %18142 %] [5%1 19 

Families ~vae.,e~on 1 [2%] 214%] 3 [63%] 1~ [31%] 0 [0%] 54 

0 O O O 0 Evacu~ion 0 [0~] 0[0~] 5 [45 [0%] 1 

The propensity of occupants to make telephone calls is considered important 

as it is an action that slows occupant evacuation, especially as the majority of 

calls involved providing rather than receiving information. 
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6.7.1 Means by which phone calls were made 
This section follows the previous analysis but investigates the method by which the 

telephone calls were made, i.e. land line or cell phone. In most instances 

insufficient detail was provided to make a judgement. The method of call could not 

be determined for 18/30 (60%) of survivors and 31/76 (41%) of fatalities during 

pre-evacuation. 

For occupants involved in evacuating it was possible in some instances to deduce 

that they most likely were using cell phones. For example, occupants who stated that 

they were moving on the stairs and made a phone call must have used a cell phone, 

Examining the method used for telephone calls during the evacuation phase suggests 

that 13/25 (52%) of survivor calls were made from cell phones and that 9/25 (36%) 

were made from landlines. 

Survivors ~nd line I~8 %] ~ 18~%] 

Not enough infonn~ion 18 D O%] 8 112%] 

Total 80 28 

M~ile 22 12@ %] 8 I~2%] 

F~litiu ~nd line [3 0~] [8~] 

Notenoughinform~ion 3 D~%] ~ D~%] 

Total 7 

Mike McQuaid was on the stairs in WTC1 but at the 52nd floor left the stairs to make 
two calls he stated that: 

"At 52, my partrter artd I went into some empty offices artd called their loved ortes, 

and the company we worked for." 
[Experience 1334-1337] 

============================================================================================================= 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
:::::::::::::::::::::::::::::::::::::::::::::::::::::: ~,~a 

Pre-evacuation: Survivors Evacuation: Survivors 
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During their evacuation, between 9:40 am and 9:45 am Brian Clark and a colleague 

stopped at the 31st floor, left the stairs and entered a conference room to make 

phone calls. He stated that: 

"We got into their co@fence room, and each grabbed a phone.. I [Brian ClarkJ 
called my wife to tell bar bereX where I am.. I badn’t talked to bar since about 

,five to nine, I suppose, and tbis was about 20 to l O. Stanley talked to his wife" 

[Experience 398-399,499,516] 

He then proceeded to call 911. His companion during descent (Stanley) called his 
wife also. The remaining 4 phone calls cited in the database were made over 
elevator intercoms to operators. 

6.8 USE OF EMAIL DURING THE EMERGENCY 

This section examines the nature of email conversations during the emergency itself. 
The database was queried for instances of email communications. This revealed 7 
occupants that reported email conversations post WTC1 impact. All were from 
occupants located in WTC1. Given the small number of people involved each 
instance is discussed in detail. 

Four of the emails were made from fixed computer terminals. Three of the 
occupants were located on the 106th floor and died in the disaster. One was from a 
survivor who was located on the 89th floor, just below the impact zone. 

The first account stated that at 9:05 am the occupant received an email from a 
colleague asking "Pete, {f you get tbis please let me know tbat you’re okay." 
[Experience 779]. He responded and continued a discussion that involved several 
emails. It could not be determined whether his colleague was in the same building 
or elsewhere. He was however trapped and it appears that the nature of the 
conversations was to determine his status. His final email at 9:16 am was to say that 
"We are stuck’: 

The second account was from an occupant also located on the 106th floor of WTC1. 
He sent and email to his manager to ask "Any idea whichfloorZside theplane 
crashed?" [Experience 750]. The manager was most likely inside the same building. 
The nature of the conversation was to gain information about the event. 

The fourth account concerns an occupant who received an email from a friend. The 
friend wrote at 9:05 am and said "Check out the news. A plane just bit the World 

Trade Center. " [Experience 658]. The account implied that this was the first of many 
emails between them. It is not clear whether the friend was a colleague possibly 
inside the building or a friend elsewhere. The nature of the conversation was to 

ascertain their status and gain information 

The final email from fixed computer terminals was from an occupant located on the 
89th floor. He initially sought retuge from smoke and fire and sent the emails from 
this location. He was later led from the refuge by a fire marshal. The nature of the 
email conversations was unknown. 
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Three survivors sent/received emails using mobile technology (Blackberry 2 hand 
held email devices) during the descent. They passed the devices around to others 
during the descent. They emailed relatives and received emails describing what was 
going on around them. 

6.9 COLLECTION OF ITEMS PRIOR TO EVACUATION 

Just as making phone calls has the potential to slow occupant evacuation so too 
does the collection of personal belongings. Section 6.4 demonstrated that collecting 
items (i.e. preparing for evacuation) was one of the last actions undertaken by 

occupants prior to evacuating. This section provides some information into the types 
of items retrieved by occupants prior to evacuating. 

Collecting belongings/items accounted for 29/268 (11%) of actions reported during 
pro-movement. These 29 actions originated from 25/94 (26.5%) of the surviving 
population. Only four occupants collected items twice. This does not mean only four 
occupants collected more than one item, but that four occupants actually interrupted 
an action in order to retrieve items on two separate occasions. The collect item 
category was used to indicate the collection of one or more items as a distinct action. 

The data indicates that occupants mainly collected personal items. Indeed personal 

items accounted for 79% of reported item collection actions. Work items 

represented only 17% of reported item collection actions. 

0 0 0 

The types of personal items that were collected ranged from coffee cups, sneakers, 
laptops, pocket books, bags, briefcases, wallet, purse, keys, phones, hats and shoes. 
The frequency of different types of personal items is shown in Table 18. 

Most occupants that reported collecting items described collecting items from their 
desk whilst at their desk or w-ithin the immediate local vicinity. However, six 
instances of collect item experiences generated by six separate people explicitly 
stated that they had to return to their desk or office from a distant location. The six 
people that reported this behaviour represented some 6/94 (6.4°/0) of the 
surviving population that stated actions during their pre-evacuation and 
6/25 (24°/0) of the people that reported collecting items. 
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Four accounts involved occupants being in another part of the office but then 
moving back to their desk to collect belongings [Experiences 24,150,157 and 3308]. 
Two of these were from the 93rd and 100th floors of WTC2 and one was from the 
83rd and 67th floors of WTC1. Most of these reported collecting keys, bags and/or 
wallets. One occupant collected what he described as "essential items" (keys and 
bag) but left his laptop and $1,800 in cash he had withdrawn from the bank earlier 
in the day. 

Two more extreme instances of occupants returning to their offices from some 
distance away were also found. Both of these came from WTC2 and occurred prior 

to the T2 impact. This first report was from an occupant that was just beginning their 
evacuation and was waiting in congestion on the stairs on the 100th floor of WTC2 
[Experience 793]. The second and more extreme were from a couple of colleagues 
that were eating breakfast at the 44th floor sloi lobby. They described travelling 34 
floors upwards in a lift to collect one of their wallets: 

"But Ramsundar had left his wallet at his desk and was afraid that (fl they left the 

building, without it, he wouldn’t he able to get back in to retrieve it. Thqv found 
their 8Orb,floor o,[fices deserted except for two security guards." 

[Experience 2159] 

Collecting personal belongings/items clearly took place during the 

evacuation. Whilst in some instances this action can be accomplished quickly 

in other instances the action can take considerable time and involve 

significant additional travel - perhaps in the opposite direction to evacuation. 

As such the occurrence of this behaviour should be viewed as serious and 

potentially hazardous. 

6.10 BEHAVIOURS ASSOCIATED WITH THE SEEK INFORMATION ACTION 

The seek information action was redefined as an action in which an occupant began 
to physically seek information. Using this definition, the seek information action 
represented 72/268 (27%) of actions reported during the pre-evacuation phase. As 
discussed previously this represented a sizable portion of reported pre-evacuation 
actions. These 72 seek information actions were generated by 48 different occupants 
(25 from WTC1 and 23 from WTC2). Thus, 51% (48/94) of the surviving occupants 
that stated that they had undertaken pre-evacuation actions undertook a seek 
information action as part of their pre-evacuation. 
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[75%] 18172 %] 18 [78%] 

[15 ~] 5 [20 ~] 2 [9 ~1 
[4% 1 [4%] [4%] 

1 [2%] 1 [4%] 0[0%] 

0[0%] 0 [0%] 0[0%] 

214%] 0 [0%] 2[9 %] 

Examining the frequency of the .;eeh information action we find that 75% of 

occupants sought informaion only once (see Table 19 and Figure 23) and tl~at 

approximately 15% of occupants reported seeking information on two separate 

occasions. Of those occupants that reported seeking information, 28% of occupants 

in VcFC1 reported seeking information more than once compared with 22% of 

occupants in VcFC2. 

40 
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Number of times an occupant sought information 

Within the database for each general experience category there is a more specific 

category. For the seeh information category, this is made up of the following sub- 
actions: 

Seek information 
a) Look out of window, 
b) Listen to radio reports, 
c) Watch television reports, 

d) Check adjacent areas, 
e) Check conditions in stairs, or 
f) Go to find colleagues. 
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Using these sub-categories the database suggests that by far the most common 
behaviour when seeking information involved occupants looking out of windows. 
Indeed this sub-category accounted for 54% (19/35) of reported seek information 
actions in ~q7C1 and 74% (26/37) of reported seek information actions in WTC2 

(see Table 20 and Figure 24). It is not surprising to note that more occupants in 
WTC2 looked out of the windows than in WTC1 as WTC1 was the first building hit. 
This may have enhanced their knowledge regarding the severity of the event and 

may account for the shorter pre-evacuation times found in WTC2 (see Section 6.1). 

INFORMATION a~on # INFORMATION a~ion # 
0                                              0 LOOK OUT OF WINDOW 19 [54;3 ~] LOOK OUT OF WINDOW 26 I74;3~1 
0 FROM RADIO 8 [22:9~] CHECK ADJACENT AR~S 7 [20~] 

CHECK ADJACENT AREAS 6 [17i1%] FROM COLLEAGUE 2 [5!7%] 

C HECK CO N DITI ON S 
O O IN STAIRCASE t [2i9 ~] FROM ELEMISION 2 [SiZ~l 

FRO U COEEEAGU E t [2i9 %] 

Total 35 fo~l 37 

[ ] pementages !n braCketS 

It is also interesting to note that televisions and radios served as a means of 
gaining information for 14% (10/72) of reported seek information actions. 
Some occupants described moving to check adjacent areas, i.e. corridors, rooms or 
the stairs. Within the database moving to check areas accounted for 21% (15/72) of 
the seek information actions. However, the need for occupants to look out of 
windows, listen to the radio, watch television or find colleagues (generally to ask 
what to do), accounts for 79% (58/72) of the reported seek information actions. 

48 

CLG10000080 0050 
CLG10000080/50



Collection and Analysis of Human Behaviour Data appearing in the mass media relating to ~he evacuation of 

The World Trade Centre Towers of 11 September 2001 

In the absence of good quality information from building security, the seek 

informalion action must be considered a rational precursor to any decision to 

evacuate. The seek information category is considered significant as, these 

behaviours might have been eliminated if occupants had been provided with 

sufficient good quality information early during the evacuation. Providing 

occupants with sufficient information so as to limit the need for personal 

information gathering should be considered an essential part of any 

evacuation plan. Measures should be taken to ensure that the building 

information system is sufficiently hardened so as to survive plausible 

assaults. In addition, suitable back-up conlmunications systems should be 

provided for fire wardens. This should ensure that the fire warden is capable 

of receiving situation information and is able to communicate to people 

under their care. 

6.11 OCCUPANT PERCEPTION OF THE EVENT 

This section describes the occupants’ perception of the event as it was unfolding. 
The database not only contains actions but any and all experiences listed in 
occupant reports. A relatively frequently cited experience was occupants’ perception 
or their assessment of the disaster, for example: 

"My fi~t thought was that there had been an earthquake, then I thought it might 

be a bomh, however the thought of a terrorv;st never crossed my mind." 

[Experience 3402] 

Whilst another example from the 79th floor of WTC2 during pre-evacuation stated that: 

’7 beard "a plane crashed" and I believed it. I believed it was an accident, one of 

those little planes that take of,/’at rinky dink airports. Not a 727 or 747 or the like. 

[Experience 684] 

A final example was from an occupant in WTC2 in the midst of their evacuation 
somewhere between the 65th and 70th floor at the point of T2 impact that stated: 

"Oh my god, they bombed our building now!" 

[Experience 315] 

The database was interrogated for references of occupants’ assessment of the event 
duringpre-evacuation. In total this revealed 98 accounts of occupants making an 
assessment of the event. These 98 assessments were from 91 occupants (this includes 
both survivors and fatalities). An attempt was made at determining whether 
occupants perceived the events as serious. Unfortunately, the database contains little 
information concerning this issue and so this analysis revealed little of any 
significance. Consequently an approach was taken that focused on what people 
thought had caused the disturbance. The overall assessment of event category was 
subdivide into the following 9 sub-categories: 
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Aircraft impact The occupant stated that they thought that an aircraft had 
impacted the building. 

Aircraft impact 
(Terrorism) 

The occupant stated that they thought that an aircraft had 
impacted the building and that it was an act of terrorism. 

Bomb The occupant stated that they thought it was a bomb that had 

exploded somewhere in the building. 

Did not know The occupant reported that they had no idea what had caused 
the disturbance. 

Did not think 
it was aircraft 

This category represents occupants who stated that they did 
not think an aircraft had caused the disturbance. 

Earthquake The occupant stated that they thought that the building 

disruption was the result of an earthquake. 

Explosion          The occupant stated that they thought that an explosion had 
(Unknown source) occurred somewhere but also stated that they did not have any 

idea what it may have been. 

Unintentional 
explosion 

The occupant stated that they thought that an explosion had 
occurred somewhere but also stated that they did not think that 

it was intentional. 

Routine noise This category was used when an occupant specified that they 
thought that the disturbance was caused by routine noises. 

Table 21 shows the frequency of each of the assessment sub-categories cited by 
occupants during pre-evacuation. The most frequently reported assessment was that 
the incident was the result of an aircraft impact (53% (52/98) of all accounts). 
Indeed this is true for both survivors and fatalities from either WTC tower. Some 19% 
(19/98) believed that the incident was the result of a terror attack, either by an 
aircraft or bomb, while some 17% (17/98) of occupants did not know what had 
caused the disturbance. If we compare this by building, this suggests that 32% 
(10/32) of the people in WTC2 for which we have data, believed that the incident 
was a result of a terror attack, either by an aircraft or bomb, while only 13% (9/67) 
of the occupants in WTC1 believed that they were subjected to a terrorist attack. This 
belief may have contributed to the rapid response times recorded in xgqTc2 in 
comparison to WTC1. 
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mpaCt [33%] 10156%] 7125%] 1 [33%] 

Aim~aff impact (termfi sin)4[8 %] 0[0%] 3111%] 1 [33%] 

Bomb 3(6%] 21t1%1 51t8%] 1 [33%] 

Did not know 8 [16%] 4[22 %] 5118 %] 0[0 %] 

Did not think it w asplane 112 %] 0 [0 %] 0[0 %] 0[0 %] 

0 Ea~hquake 3 [6~] 116~] 1[ ~] [0~] 

Ex p losian (unknown) 6112 %] 1 [6 %] 4114 %] 0[0 %] 

Other (see notes)51t0 %] 0 [0 %] 0[0 %] 0[0 %] 

Routine noise 0[0%] 0 [0%] 3111%] 0[0 %] 

0 0 0 0 O n i n t enti o hal eXp I o si on %] 0 [0 0[0 % ] 0[0 %] 

Total 49 t 8 28 3 

~oug~ it was som~hing else 29 [59%] 8144%] 18164%] 1 [33%] 

0 0 0 0 ~ought it was ~ air~ im~ 20 [4~ %] 10156%] 10136%] 2 

It is useful to group the categories into those that indicated that they thought the 
incident was the result of an aircraft impact and those that did not. This 
categorisation is shown below: 

1 Thought it was aircraft 
a) aircraft impact 

b) aircraft impact (Terrorism) 
2 Did not think it was an aircraft 

a) Bomb 
b) Did not know 
c) Did not think it was aircraft 
d) Earthquake 
e) Explosion (Unknown source) 
f) Unintentional explosion 
g) Routine noise 

Using these categories we find that during their pre-evacuation phase some 41% 
(20/49) of survivors in WTC1 reported that they thought the incident was the result 
of an aircraft impact. Similarly, 36% (10/28) of the survivors in WTC2 believed that 
the incident was the result of an aircraft impact. Thus in both towers, while a large 
number of people suspected that the incident was aircraft related, the majority of the 
survivors did not believe that the assault was the result of an aircraft impact. This 

suggests that all survivors did not have accurate information regarding the event. 

It was also possible to interrogate the locations of occupants and relate this to their 
assessment of the event. Given the limited number of data points available for 
analysis, the location of occupants has been categorised into the following four 
distinct zones and depicted in Figure 25. 
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Above impact Above the impact zone of the tower, i.e. above 98th floor in 
WTC1 and above the 84th floor in WTC2. 

In impact zone Between the 94th and 98th floors in WTC1 and between the 

78th and 84th floors in WFC2. 

<10 below 

impact zone 

Between the 83th and 94rd floors in WTC1 and between the 

67th and 78th floors in WTC2. 

>10 below impact Floors lower than the 84th in WTC1 and below the 68th in 

Based on this scheme the following data was extracted from the database (see Table 

22 and Figure 26). A significant majority 22/29 (71%) of occupants from WTC1 
situated more than 10 floors below the impact zone thought the impact was caused 
by something other than an aircraft. In contrast a majority 11/18 (61.1%) of surviving 
occupants 10 floors below the impact zone suspected that the incident was the result 
of an aircraft impact. 
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This suggests that knowledge of the event was linked to proximity to the 

disaster in some way. In WTC2 many occupants had access to windows and would 
have been able to see the unfolding events in WTC1. As a result, survivors from 
most locations within WTC2 suspected that the incidents were aircraft related. 

Above impact 

In impact 

> 10 below I 
impact ::::: ".:11       I 

< 10 below 
impact 

20% 40% 50% 80% 100% 

% of population 

WTCI: Survivors 

Above impact 

In impact 
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impact 

< 10 below 
impact 

0% 20% 40% ~0% 80% 100% 

% of pooulation 

WTCl : Fatalities 

Above impact 

In impact 

t 0 below 
impact 

< 10 below 
impact 
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INSUFFICIENT DATA 
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6.12 RELUCTANCE TO BREAK WINDOWS 

From a number of accounts from fatalities it was noted that occupants described 
being unsure whether they should break windows. This confusion generally arose 
from trapped occupants that were seeking shelter in the WTC towers. Some of these 
occupants reported an initial reluctance to break the windows, presumably 
recognising the threat to those on the ground below. However as the fire developed 
and the conditions in their vicinity progressively worsened, most of the occupants 
that were initially reluctant decided that their survival depended upon gaining access 
to fresh air and thus decided to break window’s. 

7. Data analysis:Evacuation 

The previous section of the report focused on pre-evacuation issues, here we focus 
on the actual evacuation phase. Recall that in this work evacuation is defined as 
starting once an occupant begins to take decisive action that results in the occupant 
leaving the floor from which they started. Movement from one room to another 
room on the same floor to seek shelter and wait for rescue was grouped into the 
pre-evacuation phase. Essentially, we are considering the descent phase of the 
evacuation. 

7.1 OCCUPANT ASSESSMENT OF CONGESTION AND 
TRAVEL SPEED ON DESCENT 

In their accounts of the evacuation, a number of occupants provided a description of 
both congestion and travel conditions on the stairs and sky lobbies. Here we review 
the occupants assessment of these conditions. Within the database experiences were 
recorded when occupants described the flow conditions and/or level of congestion, 
for example an occupant from WTC2 who was descending the stairs somewhere 
between the 44th and 32nd floor stated that: 

"We went down a<gain. Nobody on the stairway at all. Easy travel, .i,z~t the two 

Of IAS. " 

[Experience 496] 

Another example, this time from an unknown location on the stairs in WTC1 stated that: 

"Now they were moving incredibly slowly, step by step." 

[Experience 2438] 
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Using actual occupant assessments it is possible to form a picture of the flow 
conditions within the building as gauged by the occupants themselves. To facilitate 
this analysis, it was necessary to divide the building into five distinct regions (see 
Figure 27); 

1. The area above the 78th floor sky lobby. 
2. The area below the 44th sky lobby. 

3. The area between the 78th and 44th floor sky lobbies. 
4. On the floor of the 78th sky lobby. 

5. On the floor of the 44th sky lobby. 

Using these regions the database was interrogated to find occupant descriptions of 
the flow rates and level of congestion within each of these zones. A more detailed 

analysis in which each individual staircase was considered and/or specific blocks of 
the stairs was not possible as in most cases, occupants did not state which stair they 
used. Furthermore, some occupant reports that described using specific stairs later 
gave contradicting statements that invalidated their claims. In addition some 
difficulties arose in determining occupants’ exact location within the building, hence 
the rather broad categorisation in Figure 27. 

7.1.1 Congestion at sky lobbies 
Only a handful of reports described conditions at the sky lobbies (8 in total) and 
these provided little information (see Table 23). The only finding considered 
significant is that all of the accounts at the 78th sky lobby of WTC2 described "lots of 
people". For example, one occupant stated that: 

"By now, 60 to l OO people had gathered at the 78tbTfloor shy lobby" 
[Experience 1077] 
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Whilst another occupant again at the 78th sky lobby in WTC2 stated that: 

"But he looked into the marble-lined lobby, more than halJ’a city block long, and 

saw people were standing shoulder to sboulde< waiting.for elevators. 7his is 

pointless, be thought." 

[Experience 2182] 

These quotations from WTC2 were made prior to that building being hit. It is not 
clear why these people were gathering in the sky lobby. Most likely they were 
awaiting the express elevators, but some of those in WTC2 could have been resting 
and assessing their situation, trying to decide whether or not to continue to evacuate 
the building or return to their desks as suggested by the next quotation: 

’7 asked Carol, "~7~at do you think about that announcement? Do you think we 

should stay here and see what happens?" She replied, ’7 think we need some fresh 
air. "I responded, ’7 think you’re right- I need some fresh air too. Fm with you. 

We’re out of here." 
[Experience 205] 

Another occupant who was using an elevator to evacuate, stated that: 

"As she approached the 78th,floog where the sky lobby is "something made me 

stop on 78. I don’t know what it was. I thought, at 78 maybe, we would get some 
i~formation. There was the communication desk there. Igor out, other people got out." 

[Experience 725] 

These accounts are indicative of others that suggest that the 78th floor sky 

lobby was used as a staging point where occupants decided what to do, while 

some transferred to elevators to exit the building. As the impact to WTC2 was 

between the 78th and 84th floors this proved to be a very dangerous place to 

congregate and reassess evacuation options. 
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7.1.2 Perception of stair flow rates for WTC1 
Examining the stair flow rate for WTC1 (see Table 24) suggests that the flow was 
relatively uncongested on the upper floors (with 5 reports of "not many people") 
whilst for similar time durations the stairs were described as being full of occupants 
(with 4 reports of "lots of people"). If it is assumed that these statements do not 
contradict each other then we can conclude that either the conditions on the stairs 
changed rapidly over time or that the occupants were describing different stairs or 
locations on the same stairs. There is some evidence to support the view that the 
reports of ’not many people’ on the stairs may have originated predominately from 
the later part of the evacuation, while the ’lots of people’ observation may have 
originated from the earlier part of the evacuation. Unfortunately, due to the amount 
of data and thc naturc of thc data, it is not possiblc to clarify thc situation. 
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Between the 78th and 44th sky lobbies occupants described the flow as being slow 
(4 reports), orderly (3 reports), with people sat on the stairs (3 reports) and their 
being lots of people (2 reports). The general conclusion from these reports is that 
the stairs were more packed than those above the 78th floor lobby. The flow may be 
categorised as slow but orderly. Unfortunately, there is insufficient information to 
determine when the majority of these observations were made. 

Below the 44th floor sky lobby the data is more consistent with occupants describing 
the flow as slow (9 reports), there being lots of people (8 reports) while being 
orderly (4 reports). The number of reports may suggest that the flow in this area of 
the building was slower than other areas. Furthermore the flow could be categorised 

as being slow, heavily congested and orderly. 

Nopeop!e 0 0 0 1 No peop!e 0 1 0 

1’,40peop!e 0 0 0 0 1’,4opeop!e 0 2 0 4 

Not many peoPie 0 1 0 1 Not manypeoPie 0 0 1 t 

Nopeop!e 0 0 0 1 Nopeop!e 0 2 1 5 

Little~iowded i 0 0 1 Littieciowded 0 0 0 0 

Eotsofpeop!e 3 0 0 8 Eotsofpeop!e 0 0 0 2 

Moveds!ow 2 1 0 9 Moveds!ow 0 0 0 0 

Mo#edfast 0 0 0 1 Mogedfast 2 0 0 3 

~ Peopie sitting on stairs 0 1 0 1 Peopie sitting on stairs 0 0 0 0 

Met passable biodkage 0 0 0 0 Met passable bio~Rage 0 0 0 0 

Oederly 2 0 0 40ederly 0 0 0 1 
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7.1.3 Perception of stair flow rates for WTC2 
The most common reports of flow conditions on the stairs in ~FC2 above the 78th 
floor sky lobby (see Table 24) were that there were not many people (3 reports), 
that some kind of blockage was met (3 reports), that the flow was orderly (2 reports) 
and that their were lots of people (2 reports). The contradiction in this dataset may 
refer to a change in flow conditions throughout the evacuation and/or different flow 

conditions on different stairs. Once again, it is not possible to determine which 
staircase people used and at what time, hence the possible contradictions in the level 
of crowding. 

Between the 78th and 44th floor skT lobbies reports of flow conditions were that 
there were lots of people (6 reports), no people (4 reports), that the flow was 
orderly (3 reports) and that the flow was slow (3 reports). Reports of crowding 
appear to have been made early in the evacuation while the reports of small 
numbers of people were made in the later part of the evacuation, possibly 
explaining this contradiction. 

Lots of people 

(6) 

Slow (3), f 
orderly (3),J 

people sitting ~ 
on stairs (3)L 

Lots of people 

(6) and slow (3) 
becom ing 
No people (4) 
and fast (1) 

No people (5), 
fast (3) 
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The examples of congestion that were reported suggested quite severe congestion, 
for example: 

"Somelimes lbe line iy~ lbe slairwell slopped coM. Congeslion on Ibe lower.floors. 
We’d be standing in the stairwell, not moving forward, with ~oices above 
screaming, "No! Don’t stop! Go down! Keep moving! .... 

[Experience 2588] 

and, 

"People were jam-packed on the 66tb,floor. Anthony was starting to get nervous." 

[Experience 2640] 
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"Eve~T so often tbe procession of people would come to a halt, which was not 

pleasant. I didn’t know ~f it would ever sta~ up again. 779an~/hlty it always 

would, albeit a minute or two later." 
[Experience 1128] 

Reports from below the 44th sky lobby were that there were no people (5 reports) 
and that they ’moved fast’ (3 reports). This data suggest as fast moving flow below 
the 44th floor. 

To summarise, while data is scarce and in some cases contradictory, there are some 
tentative conclusions that may be drawn from the data. The data suggest that the 

stairs were packed and moving slowly below the 44th floor in WTC1 and slow 
between the 44th and 78th floors. In WTC2 the data suggests that there were lots of 

people at the sky lobby on the 78th floor. The stairs in gqTC2 may have been 
initially packed and slow moving between the 78th and 44th sky lobbies but later 
may have become less packed. The stairs below the 44th sky lobby were not 
densely packed and fast moving. Most flows were described as orderly even those 
that were slow and heavily congested (see Figure 28). 

7.2 OBSTRUCTIONS TO STAIRS 

A number of occupants reported obstructions to the stairs in both towers that 
hindered the progress of their evacuation. In this section we examine the nature of 

these obstructions. 

7.2.1 WTCI: The passage of injured occupants 
Accounts in the database suggest that the passage of injured occupants down the 
stairs constricted the effective width available to the mobile occupants and caused 
the flow to stop in places. For example: 

"We bad to stop many times for the injured to pass by. Sometimes we would be 
stopped for at least 5 to lO minutes. When an injured employee would come down 

the stairs, we would have to stop and get totally still and,fiat against the wall. At 
one point. ’~ 

[Experience 3433] 

While it may be reasonable to assume that occupants would consider this type of 
incident to be a serious event warranting mention, only two accounts actually 
describe the flow as totally stopped. More common was a restriction to the effective 
width of the stairs. For example, the uninjured occupants would form a single file 
using only one side of the stairs allowing the injured to pass by. For example an 
occupant described streams of people on the stairs but all on the right hand side, so 
as to leave the left side free for the injured and firefighters. This behaviour was 
corroborated by another occupant who stated that: 

"Eve~3:body was staying on the right-band side of tbe stairs and letting people tbat 

were severely burr go down on the other side." 

[Experience 3173] 
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Unfortunately there is insufficient data within the database to quantitatively 

investigate this further. However, the data does highlight instances of 

evacuating injured occupants completely stopping the flow down the stairs 

and restricting the effective width on the stairs. This altruistic behaviour 

supports the view that the evacuation was calm and non-competitive in nature. 

7.2.2 WTCI: The passage of firefighters 
Another important factor that may have reduced the effective width on the stairs was 
the passage of firefighters making their way up the stairs. Indeed, some 9 accounts 

describe firefighters as presenting some sort of blockage to occupant evacuation on 
the stairs. One occupant described the flow of firefighters as, "non-stop coming up 
the stairs from the 38th floor onwards" (Mike McQuaid). Other accounts suggest that 

the passage of the firefiglnters up the stairs slowed their evacuation, for example, 
Dharam Pal stated that at the 24th floor he encountered firefighters coming up the 
stairs that slowed his downward flow. This was corroborated by others such as Jan 
Khan who statcd that fircmcn scrvcd to tic up thc flow in thc stairs. 

7.2.2.1 Reduction to the effective width of the stairs 
Three accounts describe a reduction in the effective width, for example Peter 
Bitwinski stated that the firefighters asked them to move aside so that they could 
bring up equipment, which they did. Another occupant, Brian Stobbie, stated that at 
the 40th floor he was told to move to the right as firefighters were coming up the 

stairs. Other occupants described the reduction to the effective width as being 
continuous. For example, Juliette Bergman stated that there were streams of people 
on the stairs all on the right so as to leave the left free for the injured and 
firefighters." 

7.2.2.2 Taking breaks 
In addition resting firefighters may also have reduced the effective width of the 

stairs. For example, Genelle Guzman-McMillan stated that they saw "firefighters at the 
40th floor resting and taking a break". This was corroborated by John Abmzzo who 

stated that, "firefighters were exhausted on the side of the stairwell trying to catch 
their breath." 

7".2.2.3 Forcing occupants to wait 
One report describes firefighters as completely stopping the flow for a period of time 

"At the 12th,floor zve bad to wait to let a large group offirefigbters pass by. 

[Experience 418] 

To summarise, there a very few accounts within the database of the passage 

of firefighters up the stairs. However, the accounts that are available suggest 

that the firefighters may have hindered the passage of some occupants in 

WTC1. The available accounts describe firefighters as constricting the 

effective width whilst moving up the stairs and while recovering from fatigue. 

Several accounts describe the flow as coming to a complete halt. All of these 

reports were taken from floors below the 44th floor. These events may have 

contributed to the poor flow conditions in those areas of the building (see 

Section 7.1.2). It is suggested that as part of firefighter training, firefighters be 

instructed that during the ascent of tall buildings, prior to taking a rest 

period, they should move off the stairs, if considered safe, in order not to 

obstruct the flow of evacuating occupants. 
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7.2.3 WTCI: The presence of water on stairs 
Another possible obstruction on the stairs that may have contributed to the slow 
progress was the presence of water on the stairs. Four reports describe water on the 
stairs with some describing the water as being ankle deep, "After the ISth./loor there 

3 37]. Water was was water in the stai~, ankle deep." [Experience 4 reported by 
occupants only below the 44th floor. The presence of water would have served to 
slow occupant evacuation as movement rates would have been severely hindered by 
the presence of water and some occupants may have even slipped and fell in the 
treacherous conditions. For example Clair McIntyre described conditions as having 
water dripping down the stairs and there being no lights. She also described twice 
slipping and falling on the wet stairs [Experiences 1288-1312]. 

The origin of the water is unknown although occupants did describe sprinklers as 
being operative. Another potential source of water may have been from the 
firefighters’ attempts to extinguish fires. 

7.2.4 WTC2: The passage of injured occupants 
In WTC1 it was found that uninjured occupants tended to stand to the left during 
evacuation to let the injured past. This was cited by many occupants as a reason for 
the slow descent. Here we examine if similar conditions developed in WTC2. 

Accounts describing delays resulting from the passage of injured occupants were 
scarcer in WTC2 than in WTC1. This may result from the injuries occurring some 20 
minutes after T1 impact and the initiation of the WTC2 evacuation and the fact that 
many occupants used lifts instead of the stairs (see Section 7.3). Regardless of the 
causes, there were only five reports from occupants of the injured passing them on 
the stairs. Some accounts described occupants helping other injured occupants down 
the stairs, for example: 

"The critically injured were passing us" 

[Experience 3286]. 

"P~en we got below the thirtieth,floo< they started to bring down injured people 
from,flights above." 

[Experience 2614] 

Another account describes having to stop to let the injured past, 

"We just keep going after that~ not stopping until an injured ,nan needs to pass us. 
ff&en he passes us he turns around and says "bow you doin ?" We realize that it’s 
Keating Crown, a coworker injured when the plane hit the building. Blood covers 

him from head to toe." 
[Experience 322] 

Another account describes an evacuation regime in which occupants only used one 
side of the stairs. 

"Firefighters were coming up on the inside, people were going down on the 

outside, and the injured people went down the middle. " 
[Experience 3129] 
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This single account describes a regime with three flows, the uninjured on the inside 
(left hand side), the injured in the centre, and firefighters on the outside lane (the 
right hand side). 

Similarly to WTC1 this flow configuration would have reduced the effective 

width of the stairs and served to reduce the flow rate down the stairs. Also 

evident was an instance of the flow completely halting as a result of the 

evacuation of the injured. However, once again, there are very few accounts 

of this behaviour within the database. 

7.2.5 W1"C2: The passage of firefighters 
Reports of firefighters in WTC2 were also scarcer than in WTC1 although firefighters 
were present as indicated by three occupant reports. This primarily results from 
significant numbers of firefighters entering the building only after the WTC2 impact 
and some 20 minutes after the evacuation started. As in WTC1 they were described 
as carrying equipment and moving slowly: 

"It was somewhere in the 50s that they encountered the.first.fire.figbte< she said. 
They were moving in small packs, caro, ing a load of heavy equipment, which 

clearly slowed them down." 
[Experience 762] 

Another important similarity was that the ascending firefighters again narrowed the 
effective width of the stairs: 

"Firefighters were coming up on the inside, people were going down on the 

outside, and the injured people went down the middle." 

[Experience 3129] 

This was corroborated by the only other report of firefighters on the stairs from 
WTC2: 

"The exiting of the building slowed considerably at this point. People who bad 
been burned and/or injured were being brought down and tbe fi’refigbters were 
trying to get into different.floors of the building to make sure everyone bad been 

evacuated." 

[Experience 3380] 

While the reported frequency of firefighters in WTC2 is even smaller than that of WTC1, 
these reports are similar in nature. Namely that the effective width was narrowed and 
that on occasion occupants would have stopped to let firefighters pass by. 

7.2.6 WTC2: Water on the stairs 
Unlike WTC1 there were no reports of water on the stairs from WTC2. 
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7.3 USAGE OF ELEVATORS FOR EVACUATION 

This section investigates the use of elevators by occupants as a means of evacuation. 

It should be noted that not all of the elevators within the towers were continuous, 

running the total height of the building - most elevators ran only a portion of the 

building. The elevator system in each tower comprised local lifts that served specific 

floors and some express elevators that ran between sky lobbies and from the 

Windows to the World restaurant and the main entrance lobby. Evacuating occupants 

from the upper floors would have had to gain access to the sky lobby in order to 

take a lift to the bottom of the tower. 

Within the database there are no accounts describing the usage of elevators within 
DTC1. This is thought to be due to most lifts being disabled by the impact. However 
in WTC2 a significant amount of elevator use was described in occupant accounts. 
There are 95 occupant accounts reporting evacuation phase experiences in WTC2. Of 
these, 26 accounts (28.4%) of elevator evacuation usage are reported pre-T2 and 
represent some 38 elevator embarkations (see Table 25). Most of these accounts - 
16/38 (42%) - took place at the 78th floor sky lobby and most - 11/16 (69%) - 
involved taking the elevator all the way to the ground level. 

to unknown location Survivors 

781077 Su~ivors t 

861078 Su~i~o~s 1 

40100 SurvigoPs 3 

93 1o ~8 Su rv iVo#s 2 
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The average number of floors travelled by occupants using elevators was 46 floors. 
Two occupant accounts describe using elevators to travel upwards (from the 44th 
floor) to collect personal belongings on the 80th floor. This involved changing 
elevators at the 78th floor sky lobby. On their descent they only took the elevator 

from the 80th to the 78th floor. In total 5 occupants reported using an elevator more 
than once. All of these involved travelling to the 78th floor then changing to another 
elevator (2 to the bottom and 2 to the 80th floor; to collect belongings). 

Given that the majority of elevator use occurred at the 78th floor sky lobby it is 
important to assess, in more detail, the occupant accounts at this location. These 
accounts suggest that the sky lobby was densely packed (see section 7.1.1) w-ith 
people - most of whom were waiting for elevators for example, one occupant stated; 

"... be looked into the marble-lined lobby, more than balf a city block long, and 

saw people were .standing .shoulder to sboulde~ waiting for elevators. " 

[Experience 2182]. 

Other accounts substantiate this description of congestion and substantial elevator 
queues. It was particularly unfortunate that the assault on WTC2 took place just 
above the 78th sky lobby, a staging point where numerous occupants were waiting 
for elevators and assessing their evacuation options. 

The significant elevator use, in it.self, indicates that occupants did not follow the 
recognised protocol for evacuation. There seemed to be some confusion ~s to 
whether using the elevators was a permissible evacuation strategy, for example an 
occupant is reported to have said: 

"Shouldn’t we be taking the stai~ in an emergency like this?" which was replied 
lay her colleague with, "No! fi~st get in the elevator! C’mon!" 

[Experience 1172]. 

Another occupant stated that; 

"it was okay to take an elevator as they still had power." 
[Experience 1064]. 

The experience of some occupants of the 1993 incident made the elevators a much 
more attractive option then using the stairs. 

"They joined the nervous, milling crowd,filling the big elevator lobby, where a 

dozen room-size express elevators could make the trip to the ground,floor in 60 
seconds. " 

[Experience 2099] 

Other occupants explicitly stated that they did not relish the thought of evacuating 
via the stairs; 

"We got to the 78th Jloor and Judy said, "Let’s see gthe elevators are working. I’m 

thinking I shouldn’t be taking an elevatog hut I guess the thought of walking 
down 78th floors in my high heels was not exactly something I wanted to do." 

[Experience 3314]. 
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In addition some occupants were instructed to use elevators by emergency personnel 
at the 40d~ floor (Judy Wcin, Gigi Singer and Ed Nicholls [Experiences 2108]). The 
net result of the elevator use was that the sky lobby was crowded and that the lifts 
themselves were crowded. For example, one occupant at the 78th floor stated that: 

"[he] squeezed into an express elevator packed with 25people evacuating the south 

tower." 

[Experience 2030] 

Further accounts described 25-30 people being in elevators and that; 

elevators were all over capacity" 

[Experience 2389]. 

Regardless of their reasons, significant elevator use occurred in WTC2. 

Based on the reported usage of elevators in the database, it is not possible to 

conclude from this information alone that the elevators played a significant 

positive role in the evacuation success of WTC2. However, it is interesting to 

note that occupants in WTC2 reported low levels of congestion on stairs and 

relatively high rates of descent (see sections 7.1.2, 7.1.3 and 7.5). It would 

appear reasonable to assume that the heavy reported usage of elevators in 

WTC2 prior to T2 could have made two positive contributions to the 

evacuation. Firstly, heavy usage of elevators would have assisted clearing 

large numbers of people from the upper floors of WTC2 prior to the assault 

on that building. Secondly, the usage of elevators by significant numbers of 

people would have eased the congestion on the stairs in WTC2, making 

movement on the stairs more efficient. 

7.4 GROUP BEHAVIOUR 

Group behaviour is an important aspect of evacuation as groups have the potential 
to profoundly influence the overall evacuation dynamic. Groups are associations of 
people that form to jointly confront a hazardous situation. Groups can be made up 

of close friends, work colleagues or strangers. The group may be tightly or loosely 
coupled and the size of the group may vary., increasing or decreasing in size during 
the event. Groups can exert an influence on a range of evacuation parameters [4] 

such as; 

Response times: Being a member of a group may reduce or increase average group 
member response times as members of the group are either encouraged to react 
quickly or are forced to wait for slow responders. This may have an impact on other 
individuals or groups as they observe the behaviour of the group. 

Travel speeds: The group may travel at the speed of the slowest member of the 
group and may physically or psychologically assist the slowest member of the group 
to quicken their pace. Large groups of slowly moving people may also create 
blockages to other more rapidly moving individuals or groups within confined 
spaces. 
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Way Finding: Collective decision making by groups may improve the way finding 
ability of the individuals involved. It can also exert an influence on the decisions 
made by others not associated with the group as individuals may follow the lead set 
by larger groups of people. 

An example from the database of a group being slowed during pre-evacuation is 
provided by the experience of a disabled occupant from the 69th floor of WTC1. The 

disabled occupant was a member of a group of 10 work colleagues. During the pre- 
evacuation phase all 10 colleagues waited whilst an evacu-cbair was collected and 
the disabled member of the group was loaded into the device from his regular 
electric wheel chair. They then proceeded down the stairs together as a group. In 
doing so colleagues took it in turns to operate the evacu-cbair. Thus they all 
proceed slowly during the evacuation. 

Another example of a group slowing pre-evacuation was of two colleagues eating 
brcakfast on the 44th sky lobby of V~TC2. Having hcard thc impact into WTC1 thcy 
proceeded up the tower to the 80th floor so that one of them could collect his 
belongings. Again, both members of the group were delayed as a consequence of 
the desire to stay together. 

In this section the frequency of group formation during the evacuation will be 
examined. In this investigation, the types of people that formed groups, i.e. were 
they colleagues, friends or strangers, and the size of the groups that were formed 
will be studied. Group cohesion during evacuation, i.e. did the groups remain intact, 
will also be investigated. 

7.4.1 Group formation 

This section will focus on group formation during pre-evacuation. Within the 

database there are 250 reported accounts describing 260 people. Of these 120 people 

were located in WTC1 and 119 were in V~TC2, the remainder were from unknown 

origins. All these accounts will be examined in this analysis. 

Of the 120 accounts of people from WTC1, 57% (69/120) specified sufficient detail to 
allow a judgement as to whether or not they were part of a group while 17% 
(20/120) provided insufficient information. The remaining 25.8% (31/120) occupant 
accounts were from occupants that could not evacuate as they were above the 
impact floors or within close proMmity to the impact zone. Since we are interested in 
formation and cohesion of groups these people have been excluded from this 
analysis. Of the 119 accounts of people from WTC2 we could make a judgement 
concerning 66% (78/119) of the accounts. The remaining 34% (41/119) either 
provided insufficient detail or were not able to evacuate and so are not considered 
in this analysis. 

Of the WTC1 accounts that allowed an assessment of group formation to be 

made, 90% (62/69) suggested the formation of some type of group during the 

pre-evacuation phase. In WTC2 a similar trend was noted with 88% (69/78) of 

the population describing forming some kind of group. Only 10% (WTC1) 

and 12% (WTC2) of occupants that made an evacuation reported evacuating 

by themselves (see Figure 29). 
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Of those occupants that reported forming groups within WTC1, 24% (15/62) did not 
report the size of the group. The remaining 47 occupants formed 16 distinct groups. 
In WTC2 28% (22/78) did not report the size of the groups formed while the 
remaining 56 occupants formed 21 distinct groups. 

2 3 

3 0 3 

4 t 2 

5 3 1 

7 0 1 

8 0 

11 2 0 

12 t 0 

13 1 0 

2 
0 

The group size formed during the pre-evacuation phase is summarised in Table 26 
and Figure 30. Clearly group sizes varied considerably both within the towers and 
between the towers with group sizes varying from 2 up to 30. In order to analyse 
the distribution of group sizes we arbitrarily define three categories of group sizes. 
Groups with less than 5 people are defined as small, groups consisting of 6 to 10 
people are classed as medium and group consisting of more than 10 are large (see 
Figure 30). 
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Using this system, it is noted that 90% (19/21) of the groups in WTC2 were 

sniall and very few large groups fornmd. Indeed, 62% (13/21) of the groups 

that formed involved only two people. In contrast in WTC1 we find that 

group sizes tended to be more evenly distributed between small, medium and 

large (see Figure 30). 

[] Tower 12 
[] Tower 

Group size 

5 or less 6 to 10 more than 10 

Group size 

This is reflected in the average group size (see Table 27) where the average group in 
WTC1 consisted of 10.6 while in WTC2 the average group size was 5.0. In WTC2, 

apart from one reported group of 25 people, the next largest consisted of 7 people. 
If we exclude the 25 person group, we find that the average group size for WTC2 is 

3.4 people. 
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Clearly the evacuation dynamics in both towers were different. In XVTC1 the 

evacuation was more concerted having started directly as a result of d~e attack on 

their building. People formed large groups for mutual support and protection. In 

~TC2, the majority of the accounts in the data base concern individuals who started 

the evacuation prior to WTC2 being attacked. These people were not subjected to 

direct danger and so there was less need to find security in large groups. 

Onown [10%] 9 12%] 

0 lag oup 62 [90 ~] 69 [88%] 

Numbe~ of groups 31 43 

Unknown size 15 22 

Known sizes 16 21 

Average group size 10;6 5:0 

7.4.2 Group composition 

The nature of the group make up is examined in this section. Unfortunately, 

insufficient detail is available within occupant reports to form firm conclusions 

concerning this aspect of group dynamics. It was not possible to make a judgement 

on the relationship between group members for 55% (34/62) and 58% (36/78) of 

accounts that reported group information from WTC1 and WTC2 respectively (see 

Table 28). 

Of those that did provide information regarding group composition, 79% (22/28) of 
accounts from WTC1 and 81% (34/42) of accounts from WTC2 described groups 
consisting of employees from the same office. A further 18% (5/28) and 5% (2/42) of 
accounts from WTC1 and WTC2 described groups consisting of a mixture of 
colleagues from the same office and individuals from other offices. 

Same offiCe ~other offiCes 5[8 2[3 i~] 

0                             0 Diffeie5t office 0 [0~1 3 [5~] 

Othe~ i[2%] 315%] 

Insuff cent n form at on 34 [55 %] 36 [58 %] 

Tetal 62 78 
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Whilst informative, some of the accounts came from the same group and referenced 
each other, i.e. for a group containing A, B and C, A was colleague with B and C, B 
was colleague with A and C, etc. This may have unduly biased the data towards a 
particular finding and given to much weight to a particularly detailed account of a 
particular group. Given this it is perhaps more meaningful to consider a group as a 
single entity rather than each individual account within a particular group. In this 
manner we would assign one description to each group based on their composition. 
In essence we treat the group as the unit of analysis rather than the individuals. 

If we treat each group as an entity we find that 80% (12/15) and 71% (20/28) 

of groups in WTC1 and WTC2 consisted of employees from the same office 

and 13% (2/15) and 18% (5/28) of groups consisted of a mixture of office and 

adjacent office employees (see Table 29). 

The data suggests that initially groups predominately comprised of colleagues 

from the same offices rather than mixtures of employee from other 

locations. This information combined with the group size information may 

suggest that in WTC2 evacuation decisions were taken on a local/personal 

basis perhaps involving small localised groups of colleagues. In contrast, in 

WTC1 larger groups tended to form and this may have been based on 

collective decisions centralised on an office basis. 

~]12180%] 
0 0 0 0 Same office ~ othe~ offices 5 I81~] 518%] 2113~] [18~] 
0 0 0 0 Othei [2~] [5 %] [7 ] ] 
o o Ins Offi ~ient i nfo em at ion 34[55~] 36 [58~] 

Total 62 78 15 28 

7.4.3 Group leaders 
A number of accounts identified individuals that took control of the group. These 
individuals appear to have taken responsibility for the group and instigated the 
evacuation process. Unfortunately for most groups there was insufficient data to 
identify group leaders. For 71% (44/62) of the accounts from occupants in groups in 
WTC1 it was not possible to determine the identity of the group leader. This was 
also true for 79% (49/78) of occupants from WTC2 (see Table 30). 

For the groups that did provide sufficient information, 67% (12/18) of accounts 
described their line manager as leading groups for WTC1 and 76% (22/29) in WTC2 

(see Table 30). However, some of these accounts were from individuals within the 
same groups. If we consider the number of groups for which we have sufficient 
information, then 58% (7/12) of these groups in WTC1 and 67% (12/18) of these 
groups in WTC2 were led by senior authority figures. From the available accounts it 
was only possible to determine that one of the line managers was a formal line 

manager. This suggests that the vast majority of groups, for which there is 
sufficient information, were led by their line manager during pre-evacuation. 
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Clearly, organisational managers and authority figures are likely to be figures 

of authority in enmrgency situations and so they should be well versed in 

emergency procedures. 

Between a third and a half (42% (5/12) for WTC1 and 33% (6/18) for WTC2) of 
the groups for which we can identify a group leader were not led by their line 
managers. This was mainly due to the composition of the groups (see Table 31). 
In WTC1 five groups were not led by line managers. Two of these groups were 
composed of office staff from the same office and were led by a colleague from the 
group. The group composition of another group could not be determined although 
the data suggests that a line manager did not lead the group. The remaining two 
groups appeared not to have a leader. 

No~ line manage~ 3[5 %] 6 [10%] 

No eade~ 3[5 ~] 
o o I ns ufficient infoPm a ti on 44 [71 ~] 49[~ 

"l’etal 62 78 

In WTC2, six groups were not led by line managers. Three of these groups were 
comprised of people from different offices and were led by regular employees. 
1 group contained visitors who formed a group to evacuate - again the leader was 
not a line manager but a visitor. A fifth group was comprised of people from the 
same office and other adjacent offices. Again this group was led by regular 
employees. The final group did not appear to have a leader. 

0 0 0 0 Eine Manage~ 12 [6~ %1 22[~6~1 ~ [58 ~1 12 

Notl nemanage 3I 7~] 6 [21 ~] 3 [25~] 5 
0 0 0 0 No !eade~ 3 

"retal 18 29 12 18 

7.4.4 Those that evacuated by themselves 
The majority of people within the database suggest that they evacuated as a member 
of a group. The data in Table 27 suggests that, of those that gave an indication of 
who they were with, only 10% (7/69) of the people in WTC1 and 12% (9/78) in 
WTC2 suggested that they evacuated on their own. 
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The accounts from WTC1 suggest that those occupants who evacuated on their own 
were not in their normal work areas and thus not exposed to friends, colleagues or 
acquaintances. Most were alone or with total strangers at the T1 impact. For 
example, Brian Bernstein was located on the 38th floor of WTC1 in an office on his 

own. Having heard and felt the impact he grabbed a few items and immediately left. 
Another, Tom Canavan was on the 47th floor of WTC1 and also evacuated by 

himself. He was with colleagues at the time of the impact but delayed his evacuation 
to "helpput securgties back in the vault". He sent his colleagues on without him. A 
third example came from Richard Prescott Stearns who worked in a windowless 
server room on his own. 

7.4.5 Group cohesion during descent 
An attempt was made to determine whether or not once formed, groups remained in 

tact throughout the descent, expanded is size or contracted and if so, whether or not 
this occurred voluntarily or as a result of events during evacuation. The following 
categories were used to aid the analysis. 

Expanded Indicates whether a group increases in size with occupants 
other than those that initially set out together. 

Rejoined Indicates whether a group that separated was later rejoined by 
the people were separated from the group. Separation of group 
members could be due to presence of smoke or congestion. 

Intact Indicates that a group remained intact throughout the descent 
without losing or gaining group members. 

Reduced Indicates that a group decreases in size, whether intentionally or 
unintentionally. 

Intentionally split Indicates that a group made a conscious and intentional 
decision to split. This includes behaviour such as some group 
members deciding to take a break, change stairs or return to 
their office. 

Unintentionally 

split 

Indicates that a group unintentionally decreased in size due to 
events. An example of this would be a group being separated in 
dense congestion. 

Clearly, some of the above categories are not mutually exclusive. For example, a 
group may have expanded, then contracted intentionally then further contracted 
perhaps unintentionally. Thus a single group may have experienced a number of 
cohesion categories during the descent and so be entered into several categories. 
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# ~grou~ m~ did n~ pro~de useful inform~ion 2142 

~nd~ 2120%] 11155%] 

Rejoined 11t0%] 0[0%] 

n~ 4140%] 4120%] 
Reduced 6160%] 8140%] 

Intentu~ally split 4[ 0~] 4120~] 

Unintentional ly split 2120%] ~[5%] 

[i repre~e~ percentages of p~p~ lai ion ~ ~ ~h iCh in~O~ ~ti 0 n avaiiabi e 

In WTC1, 60% (6/10) of the groups split at some stage during their evacuation and 
40% (4/10) remained intact throughout the evacuation. Of the groups that split, 67% 
(4/6) did so intentionally. The reasons cited were, some occupants deciding to use 
another stairwell, one occupant deliberately slowing their speed but ushering others 
onwards (this occupant later joined another group), one occupant deciding to rush 
on ahead of the group; a reason could not be determined for one of the instances. 
A third (2/6) of the groups that split did so unintentionally. One group split as a 
result of group member(s) getting lost due to heaw congestion resulting in the 
"human chain" breaking. Only one group separated and rejoined. This was a 
relatively small group of four colleagues who regrouped at the 78th floor. A further 
two groups separated but were joined by strangers. The first incident involved a 
woman who became tired and urged her group of 11 to go on ahead whilst she 
rested. She was picked up reluctantly by twc) strangers whc) stayed with her for the 
remainder of the evacuation. Another group of office workers (unknown size) 
became separated whilst moving through smoke, they later joined with strangers for 

the duration of the evacuation. 

In WTC2, 40% (8/20) of the groups split at some stage during the evacuation and 
20% (4/20) remained intact throughout. Some 55% (11/20) of the groups expanded 
at some stage during their evacuation. Of the groups that contracted in size, 50% 
(4/8) split intentionally and 13% (1/8) split unintentionally. The precise rationale for 
38% (3/8) of the groups that split could not be determined. The unintentional split 
occurred in smoke conditions whilst attempting a rescue effort on the stairs. The 
intentional splits occurred for the following stated reasons: a group split due to one 
member not wanting to wait to use an elevator, another group split while some 
group members assisted an injured women, another group split as a result of hearing 
the announcement over the PA (saying that there was no need to evacuate) and the 
remaining group split at the sky lobby as a fire marshal decided to go back to the 
offices to assist more people. 

In WTC2 there were 11 reported instances of groups increasing in size during the 
evacuation. Of these 5 groups were joined by strangers, 1 by a small (eight year old) 
child and the remaining 5 groups were all joined by colleagues that were known to 
the group members. There were no reported instances of groups rejoining after 
having been separated. 
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The strongest conclusion from this analysis is that group sizes were dynamic 

in nature, expanding and contracting during the evacuation. When groups 

contracted in size, the predominate reason for this was the deliberate action 

of a group member, not adverse environmental or situational conditions 

forcing a group to split. In WTC1, the groups that formed tended to be large 

with a significant number splitting during the (6/10) descent, primarily for 

deliberate and individual reasons. In WTC2, the groups tended to be smaller 

in size with a smaller proportion of these groups splitting during the descent 

(8/20). Here again, the predominant reasons for breaking the group were 

based around deliberate actions by groups members. 

7.5 ESTIMATING A RATE OF DESCENT 

In order to calculate a descent rate it was necessary for occupants to specify 

approximately where they were at a two different times, preferable some distance 

apart. Unfortunately in most instances occupants were unable to define the time that 

they begun evacuating and/or where they were at specific times. Indeed, only 24 

reports provided enough detail to attempt a calculation of descent movement rate. 

Furthermore, most of these accounts failed to provide a suitable time reference at a 

specific location. For many accounts a time range could be determined. As such, 

these accounts had both an upper and lower bound to each time reference, i.e. 

’7 was at,floor 24 sometime between 8..46 and &ill ". Two measures were devised for 

these occupants. One measure was termed ’conservative’ and represents the 

difference bet~veen the earliest estimated departure time and the latest estimated 

arrival time (see Figure 31). This measure represents the estimated ma~mum 

reported time to travel be~veen the two locations. The second measure is termed 

’optimistic’ and represents the difference between the latest estimated departure time 

and the earliest estimated arrival times (see Figure 31). This time represents the 

shortest reported time period to travel be~veen to locations. 

Minimum of range 

Maximum of range 

Time range at Time range fbr arrival 
departure f?om at location Y 

8.46 ~ 9.31< Optimistic 
8.51 .~~    -~- 9.54 < Conservative 
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Another difficulty was the degree of variability in the level of detail provided in 
occupant reports. Whilst some accounts may have specified d~eir action at a specific 
time marker they would only provide a vague description of their location (for 
example, between the 2nd and 44th floors). Similarly, reports that specified precise 

markers and locations for departure and arrival (for example "I left floor 102 at 9:02 
and evacuated at 9:45") may include numerous non-movement actions during the 
descend (for example, leaving the stairs to make a phone call in a conference room, 
stopping to get a drink, etc.). Wl~ere the data was grossly- unreliable (e.g. 7 was 
somewhere between the 2nd and 44tb,floor), it was excluded from further analysis. 
The remaining data was assigned a level of reliability according to the accuracy of, 

the markers and locations specified for departure and arrival and the number of 
obstructions and non-movement actions undertaken during evacuation. 

Based on these factors each data point was classified as either: 
¯ Reliable: Markers and locations well known and there was little extraneous 

actions e,~ route. 
¯ Less reliable: Markers and/or location were not well known but time references 

had relatively small ranges and/or there were some extraneous actions en route. 
¯ Unreliable: Markers and/or locations were not well known and time references 

had large ranges and/or there were numerous extraneous actions en route. 

Some occupants specified a single departure time but had a range for arrival times or 

vice z,ersa. The optimistic measure was taken as the shortest travel time and the 
conservative as the longest travel time. Occupants that specified exact timings for both 
departure and arrival were included in both the conservative and optimistic datasets. 

Finally for some occupants a time estimate based on the event markers provided 
within the database were available as well as a time estimate provide by the 
occupant in their account. For example, John Balcer stated that it took 15 minutes to 

descend from the 61st floor. In addition to his estimate of the travel time, it was 
possible to use event markers within the database to estimate his location at various 
times. Using this approach, it was determined that Balcer started his evacuation 
shortly after T1 (S>T1 i.e. between 8:46 and 8:51) and arrived at ground level some 
time after T2 (>T2, i.e. 9:08 to 9:31). Thus his travel time using the markers was 
optimistically 17 minutes and conservatively 46 minutes. When estimated data from 
the database is available in addition to stated lengths of time both have been 
included as different data-points for analysis. 
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7.5.1 An estimated rate of descent measured in floors/minute 
Using the above scheme it was possible to calculate an approximate measure of the 
rate of descent for 1-7 occupants in X~TTC1 and 12 occupants in WTC2. Furthermore, 

in some accounts sufficient time/location references existed to sub-divide their 

movement into two portions, i.e. time from X to Y and then from Y to Z. These are 
referred to as movement phases. In total 4 reliable accounts were available for ~q?C1 
and 4 for ~TC2. These accounts yielded 5 distinct movement phases for WTC1 and 

7 distinct movement phases for WTC2. Of the less reliable data, 8 accounts yielded 
10 distinct movement phases for XYiTC1 and 3 accounts yielded 4 distinct movement 

phases for XvcFc2. For each tower there were 5 unreliable accounts that yielded 5 

distinct movement phases {see Table 33). 

Reliable 

Less reli~ 

Unr~iable 

Thus from the 17 suitable occupant reports in WTC1, some 20 distinct movement 
phases and time measures were available (see Table 34) for analysis and from the 
12 suitable occupant reports for WTC2, another 16 distinct movement phases and 
time estimates were available (see Table 35). 

It is apparent from the data available for ~FC1 (see Table 34) that numerous non- 
evacuation movement actions were undertaken during most occupant’s descent. 
They ranged from having to back track due to a locked door(s) or having to stop to 
let firemen or injured past to suffering fatigue symptoms and stopping to take a 
break. Most accounts described congestion and some also described changing 
staircases. In addition, some encountered water and smoke on the stairs. For WTC2 
some left the stairs after hearing the P/A announcement while others met occupants 
making their way up the stairs (see Table 35). Some also back tracked and climbed 
stairs during their evacuation, some encountered firefighters and or/injured on the 
stairs, whilst others took breaks and rested. 
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Num~ Name (min~s) (minutes) Floors fllmin fl/mn conditions notes 

fla!! me~ firefigh 

~edB 

Reii~bie D~a#~ 4~ 45 ~ ~6i ;8 C6hgeS~#d Met ~6~ge~idh 
P~i stairs crowded 

Coagesti0n S~airS 
crowded 

Re!iab!e Bdaa Z 22 35 i~ 6 2;~ CO~ g ested stop P ed 

met firefigh ters 

MCWade fi[efigh 

68 
M~yb!am f! OOr, Mad e 

fer injured ~ad 

unre!iable s~e~e 5668 88 !, con g~st ed M e!fi r~fighlers 

M#!nt~re Changed s~ai~s~ 
switched stairs 

Of s~ai~ Well 

uam!i~b!e ~ ~hi~am 29 29 35 !~2!;2 u n knOW a n 0 d e!ays stated 

!ye~ 

u~mii~bie shiga~ i52 # i 2 0~5 0~8 U ~ kh6~ ~ 6 delays 

unreliable ~veHe 6373 84 i~2 i ~3 un knOWn Met Io~ked d 
~hempson on stai~s ;me~ 

fi[efigh 

ce m! ng UP 

Uare!iable ChdS~ian 3535 36 !~2 !;2 c~ngested s~at~ exa~ly 
;aeb0e all h0ur te 

e~a~ uate; m et 

big 

U~re!iable (80 ~. 23 �~agested et c0ng~sti~n 
Allen met lOCked dUO 

m#t firefigh 

u~re!i~bie C!~di~ 51222 !.84~3 U ~ k~O~ ~ CO~!d ~0~ t eiift ~ai 

m~t~o Clearly 

Unreliabie Cl~Udi~ 5 2827 i, 0 &5 U n know n Gou Id not te lift n a i 
R6bi~haBd tim~i6O 

LabdOl8 injured stepped 

~CCaSiaaa!!Y;~et 

D~bi#~ C!aire 4045 88 1:9 2:2 C65geS~d #ros~i 5g ~t 

M~i~t~re th6~ f~Ste~ transfer 

DUbiOUS Tom 3340 45 !. ] c0ngeS~ed GOt S~U~k i fi 

cona~an h ea#y Congest ion 

DabiOa~ Jeiiette 4045 80 1.8 z0 Fa~t s a fferee 
Be~gmaa ga~e way 

injured 

Dabi0aS Cathy 3340 64 !. 6 ~ ;9 U a kfi~ a Met firefigh t ers 

DUbieUS Jan Khan 3340 80 2.0 2 ;4 Canges~ed Met firefigh~ers 
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From the data presented in Table 34 and Table 35 stair descent rates (floors/minute) 
can be calculated. These are summarised in Table 36 and presented graphically in 
Figure 32. Most accounts yielded two data-points which are both presented in Figure 
32. The first represents the optimistic estimate (shown as a white marker) and the 

second the conservative estimate (shown as a black marker). For accounts that 
specified precise timings only the optimistic values are presented. Finally the x- 
values of the data-points merely spread the plots to aid legibility. 

It can be seen from Figure 32 that the reliable data for WTC1 is tightly clustered at 
1.8 floors/minute (conservatively) and 2.1 floors/minute (optimistically). The fastest 
descent rate was 2.5 floors/minute and was achieved by an occupant (Genelle 
Guzman-McMillan) who began her evacuation at 10:08 and moved under essentially 
free-flow conditions. Jake Pauls [5] suggests that a stair descent rate of 3.0 

floors/minute would represent a slow-moderate speed in high-rise buildings. Clearly, 
the stair descent rates determined for xxq~c1 are significantly below this value. In 
contrast the data from WTC2 appears to bc less w-ell clustered with reliable data 
suggesting a mean conservative rate of 2.1 floors/minute and an optimistic mean rate 

of 3.0 floors/minute. 
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Num~ Name (min~s) (minutes) Floors fllmin fl/mn contritions notes 

aP! #~ ~imes 

R~!i~5!e R~Seii 3363 7 2.3 ~ st~Ped E eft 

ounoement 

Re!iab!e RUSSe!! 3030 7Z 2.6 2;6 c0ngested 
Mb~k~itZ ~Airs a~ WA 

nn 
s~ated ittoo 

3omiRutes 

Re!iab!e JOha Z N/A 59 3~5 i;3 congested sta~ed t h 
BAi~e~ tS~ 25 mi55t~ 

Re!iab!e John 25 25 59 2. Z4 coagested s~ated l hat it 

Balce~ took 25 rain utes 

Re!iab!e OhdSt0phe~ 2 ~2 53 4~# COn g es~ ed s ai d it tO0 k 
Wi~5~ i 5~i55t~ 

Reii~5ie 0h¢ist#ph~ i 5 ~5 53 3~5 3~5 U 5 kS~ said i~ t~# k 
wieRer 15miRQtes 

LeSS Eric 3363 6 i i. 8 ~ g eStedi so rgiag f! 

reiiaSie Levihe ~tb eldw 
30 ~6ppage; had 

8sthma 

Less RiChard 235t 82 &6 i~6 Few in Met d e b riS; had 

~#~ Gigi Si6g~ 23 23 25 ~ i u 5 k66~ s i~#d i~ t66 
reliable 10 minutes to 

descend to 
he 78th 

Ee~ GigiSi"g~ 23 23 38 i~ i~7 U" k5 ~" Met debriS; 

U~ii~b!e Jady 4068 63 i~ 6 &9 U ~ k~0~ Loft stai 
met firemen 

ud~ii~bie o~ra 3363 98 3~0 i~6 Eittie To6kdhSed Off; 
EaTo~re congesti 

nnouncemen 
~atigue effec~ 

Unreliable Kelly 3363 98 3.0 1 ~6 un known Left stairs (twioe) 

ReYhe~ 

U~reii~ble D6~nA 4068 98 2~5 ~ ~4 U h kh6~ B ackt 
spir~ wear ap~ardS 

s~ai~s;met 

phySiCa! blockage 

u~re!i~bie Bp/a~ 4068 68 !.~ i;0 COageSted Ei~w St0pped 
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iiii[i]i i~i CiOnS e r~a~iive e s! ii m !! e;ii(i) i #iioptimiiis!i#i est! m iate iiiiii 

The increased descent rate in WTC2 may have resulted from reduced levels of 
congestion on the stairs (see section 7.1) and the absence of significant amounts of 
water at the time that the accounts were made (see section 7.2.6). Here it is 
important to recall that 45% of the WTC2 accounts relate to occupants who 
commenced their evacuation prior to T2 (see section 6.1). 
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Most of the reliable and less reliable data used in estimating the descent rates in 
WTC1 originated from evacuations that started early in the evacuation process, just 
after T1. It is likely that these people would have encountered hea-~T congestion on 
the stairs. In WTC1, 53% of the people started their evacuation just after T1 and 81% 

started their evacuation just before T2. Indeed, most of the people in this sample 
reported delays and some undertook non-descent actions. The main reported delays 
were meeting firefighters (9 accounts) and congestion (6 accounts, 4 from the 

reliable data set). Other less frequently reported delays involved encountering locked 
doors along the evacuation route and having to move aside to let the injured pass. 
Only one person in this group described experiencing no delays. 

In estimating the descent rates in WTC2, all of the reliable data originated from 
evacuations that started shortly after T1 and before T2. However the data from the 
less reliable data set originates from much more varied evacuations, some starting 
prior to T2 and some after T2. There were only 2 accounts in the WTC2 dataset that 
reported meeting fircfighters coming up the stairs and 6 accounts of congestion on 
the stairs (5 of these were from the reliable data set), a further 4 data points involved 
little congestion. 

7.5.2 An estimated rate of descent in metres per second 
A more general measure of movement rate is the average movement velocity or 
travel speed. To estimate the movement speed it is necessary to estimate the travel 
distance that each occupant traversed between two locations. Unfortunately, the data 
avail~ble from the occupant accounts made this rather difficult. Indeed, in most 
accounts it was not possible to determine which staircase was used, yet alone 
whether occupants travelled down the inner or outer path on the stairs. 
Compounding this difficulty, some occupants undertook non-evacuation movement 
actions during their descent. 

Given these limitations an estimate was calculated based on the assumption that 
occupants moved down the centre line of the staircase and includes non-evacuation 
movement time but not additional distances that may have been incurred. As such 
the estimate of travel speed in this study represents an ave, age travel speed in a 
continuous line down the centre of the stairs from location X to location Y. As 
detailed floor plans of the buildings were not available for this study, estimates of 
stair geometries were made from various published sources containing the 
dimensions of stair geometries. 

From published literature the slope of the stairs was 38.3 degrees and that the height 
of non-machine floors was 3.65 m and machine floors was 4.27 m. Using these 
figures the diagonal length from floor to floor as 7.55 m and 6.46 m for machine and 

non-machine floors respectively. The width of the stairs varied, Staircase B had a 
width of 140 cms and staircase A and C both had widths of 110 cms. The stairs 
themselves were dog-legged with a landing between each run. The width of the 
landings was 300 cms on staircase B and 254 cms on staircase A and C. Given the 
width of the stairs and landings it is assumed that there was a space between each 

run of 20 cms on staircase B and 34 cms on staircases A and C (see distance 6 in 
Figure 33). The depth of the landings could not be found in the literature and so it 

was assumed that the landings were as deep as the stairs were wide (i.e. depths of 
140 cms for staircase B and 110 cms for staircases A and C). 
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Floor x ........... 
= assumed path 

g 

Floor x - 1 

The distance through the landing onto the stair runs is calculated as (1) _ middle gap + (2) _ landing width 
+ (3)_ landing depth. The distance down the first run of stairs is calculated as (3) _ diagonal length. The 

distance through the landing is then calculation as (4) _ landing width (away from the stairs) + (5) _stair 
width ÷ (6) middle gap + (7) _ a stair width (moving across the landing) + (8) _landing width (towards the 
stairs). The distance down the second run of stairs is then calculated as (9)_diagonal length and the 
distance onto the landing so as to finish the same point as the start is calculated as (10) _ landing width 

(moving away from the stairs and onto the landing) + (11) _ a stair width + (12) _ and middle gap (moving 
across the landing). 

Total !andiag tia#e~sai distances if using stai# B 3; 2 32 

Total !andiag iiaVemai distan#es if using stair A ot C 2i88 2;88 

Tota! distance if using stair B 10i Z5 9;66 

Total distanCe if using sta!r A or C 10;43 9;34 

A£ePage distance of B andA 10i59 9150 

The idealised route taken by occupants is assumed to consist of travelling down the 
centre of the stairs and passed through the centre of the landings (see Figure 33). 

Similarly, the length of the stair transfer corridors (protected horizontal corridors used 
to reposition stairs within the building) were not known. Based on material 
published in USA Today, it is estimated that these transfer corridors were between 

10-35 metres in length. 
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Confi~ Distance ~avel time tra#el rate movement Flow mowement 
den~ Name (m) (min) time (rain){m/s)rate (m/s)conditions notes 

Reliable Genelle 20 2 04 0:4 F r vived 

iire~eh ~6~i 

UP stai[s 
usedB 

R~iiaBie Dhamm 679 ~0 #5 028 0i25 C#hg~i~d Met 

S~ai[SC 

Re!iab!e Dhamm 679 40 ~0 0~28 0~28 c~ng~Sted EXp!iCi~ 
40 minute 

congestion 
stairs crowded 

R#ii~b{# B~iA~ 335 22 0~33 o~25 C~Sg#~#d st#~ 

timeS~met 
firemen a 

cangestion 

Re!iab!e B[endan 35~ !~ 22 o~35 o~27 c~ngested M~de WaY 
firem 

LeSS AaamMay Z9~ 6 68 022 0;2 C~oeS~d USedA~ 
reiiAbi~ 53#dfib~ 

M~ae 
f~[ iniured 

842 86 68 025 0:2 ~ G~hge~d M~t fireme~ 

reiiaBie M~!~t~re ~h~ged ~tai 

SWitUhed StairS; 
opened dOOrS 

O~ stair Well 

re!iab!e !Ye~ s~a~ed 

Eess sh!~am !~ 6 ! 5 24 3 o ~o8 unknown no de!ays 

re!iAbb !Y~ 

E#~ Yvett# 804 63 73 0:23 o i 8 DSkd~5 M e~ 

[eliab!e saebee half hOUr tO 
evacuate; m et 

big queues 

~66 35 ~ 036 0;26 Met 

re!iab!e A!!en congest ion 
met ioCked 

dOOr; m et 
fireme~ 

EeSS G!aUdi~ 22!5 !2 0 ~4 0;3~ G~nges~ed C0U!d no~ tell 
reiiable R0biChaUd finai t imetoo 

clearlY 

E~ Ci~6di~ 2~9 5 28 083 0~5 U6k66~6 C~6i~ 66~ t~ii 
reliable RobiChaUd final ~imet0o 

clearly 

Less John 650 33 63 O: 33 0:1 U n k~owR Met fire m ea 
reiiabi# Eabd6ia iS j~red StO#p6d 

b##aSiOflaiiy, 

s~ai/s 

83 

CLG10000080 0085 
CLG10000080/85



Collection and Analysis of Human Behaviour Data appearing in the mass media relating to the evacuation of 

The \Vorld Trade Centre Towers of 11 September 2001 

Co~i~ Distance travel time travel rate movement Flow moven~nt 
<ten~ Name (m) (rain) time (rain) (m/s)rate(m/s)~n(litions notes 

Unre!iab!e clai 8 ! 4 ~0 45 0;3# 0;3 congested ~mssing at 

MC!ntY~e t~ansfe~ 

Unreliable To 432 33 40 0i22 0 !8 congested Got StUCR 

~onge~ion 

u, re i i~5 i~ 3eii~te 766 ~o 45 0:32 028 Cb,g~t~d S,ff~red 
Bergman cr~mp; g~e 

way for i nj Ured 

un re!iab!e C~thY 6 ! 2 33 40 03 ! 026 EaSt Met 
pa~e!e~ firefigh~e~ 

USreiiabi~ 76633 40 0:39 032 UhkS~w5 M~t 

Khan firefight~ 

However, as it was not possible to determine which staircase each occup~nt used it 
was decided to ignore these distances in the travel speed estimates. Whilst not ideal, 
the impact of this omission is only likely to be small given the large distances that 
occupants travelled. Finally, for those occupants for which it was not possible to 
determine which staircase was used (i.e. most occupants), an average of the travel 
distance for the larger staircase (B) and the smaller staircase (A or C) was taken. A 
summary of the data used to calculate the distances down a run of stairs is presented 
in Table 37. The total estimated descent distance from the 110th floor to the stairwell 
exit on floor 2 was calculated as 1061 m when using staircase B and 1026 m if using 
staircases A or C. 
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Confi~ Distance ~avel time tra#el rate movement Flow mowement 
den~ Name (m) (min) time (rain){m/s)rate (m/s)conditions notes 

Wi~e~ ~ii~hed ~ai 
opened dOOrS 

01~ stair Well 

L~ E~i~ 58~ 33 63 029 0 ~ ~ 5 U"""~" "0 deiaY~ 
reii~bi~ E~i~e 

EeSS RiChard 785 23 5 ! 057 0 ~26 U n kno~n n0 d e!aYS 
reiiabie Fern stated 

Eess Gigi 23Z 23 23 ~ 0 ~ i U~k~0~ M e~ lOCked 

met fimfigh 

C0 mi ag UP 

EeS~ Gigi 365 23 23 026 0~26 C~ngeS~ed s~a~ed 
re!iabie siSge~ h ~!f 

evacuate; m et 

big queues 

EeSS JUdY 603 40 68 025 0~ 5 c##gested Met 

reiiaSie Wei5 ~e~ i~ 
do0 

me~ firemen 

937 33 63 oJ~7 0:25 unknown COUid not tell 
reii~#~ E~To~re fib ~ ~t im~ 

c!eady 

un~li~b!e Kelly 937 33 63 0:4~ 0~25 unkn0wn COUld no~ re!! 

t0~ Clearly 

U~re!iable D~a 93~ #0 68 039 0 ~23 C~geS~ed Me~ fire 

SPi~8 !njured~ 
st0pPed 

0n stairs 

Ud~ii~bie B~A~ 650 #0 68 0~27 0~ i 6 C~ge~ted ~ro~i#g ~t 

Ch~ti#~ theft ~t#t tra 

s~!ra 
c0nges~ 

ud~ii~bie B~A~ 650 68 ~ 0 0: i 6 0 ~27 F 
ChSdes cramp~ 

way for injumd 

The calculated travel speeds for WTC1 and WTC 2 are presented in Table 38 and 

Table 39 and summarised in Table 40. The summarised data points are presented in 

Figure 34. Most accounts yielded two data-points which are both presented in Figure 

34. The first represents the optimistic estimate {shown as a white marker) and the 

second the conservative estimate (shown as a black marker). For accounts that 

specified precise timings only the optimistic values are presented. Finally the x- 

values of the data-points merely spread the plots to aid legibility. 
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Examining the reliable dataset for ~q~c1 suggests relatively slow movement speeds. 
The mean estimated average movement velocity is optimistically calculated as 

0.33 m/s and conservatively calculated as 0.29 m/s. An occupant (Genelle Guzman- 
McMillan) that began descent at 10:08 and described her descent as 
only attained an average estimated movement speed of 0.41 m/s. This average 
movement speed is below Pauls estimated movement velocity in his optimum 
density zone, i.e. 0.52 m/s [6]. All of the movement speeds are above Pauls crush 

density velocity of 0.22 m/s (see Table 40 and Figure 34) [6]. The spread of 
calculated movement speeds is 0.25-0.41mis. 

~im~ed ~im~ed E~im~ed (m/s) excluding 
average average average u~ng un~i~le 

(ms) (m/s) (m/s)alld~ d~ 

Min [0!25] (0!28)[0!08] (0i13) 

WTC1 Max [0:41] (0:41)[0:31] (0:83)[0:32] (0:39) [0:41] (0:83) [0:41] (0:83) 

M~n [0:29] (0:33) [0:19] (0:34) [0:27] (0:32) [0:2~] (0i33) [0:22] (0i34) 

D~ poi~ [5] (5)[10] (10)[5] (5)[20] (20)[15] (15) 

Min [0:2](0:37)[0:15](0;17)[0;16](0;16) [0; t5](0;16)[0;t5](0;17) 

M~ [0:33] (0:49) [0:21] (0:34) 

D~ points [6] (7)[6] (6)[5] (5)[17] (18) [12] (13) 

[ ] ~ �~#Se~ati#e eSiimaie; ()~ O#~imiStiC estimate 

The average estimated velocities in WTC2 are faster than those in WTC1. The mean 
average movement speed using only the reliable data for WTC2 was optimistically 
estimated as 0.49 m/s and conservatively at 0.33 m/s. The mean for WTC2 is broadly 
equivalent to Pauls movement rate in optimum conditions i.e. 0.52 m/s [6]. In WTC2 
the range of velocities is broader then in WTC1 (0.2-0.7 m/s) with some occupants 
having relatively fast estimated velocities. These travel speeds are consistent with the 

implied conclusions that the available data for WTC2 is strongly focused on 
occupants who commenced their evacuation prior to T2, and hence prior to adverse 
physical conditions developing. Crowding of people on stairs would also have been 
reduced by the considerable number of people using elevators. 

86 

CLG10000080 0088 
CLG10000080/88



Collection and Analysis of Human Behaviour Data appearing in the mass media relating to the evacuation of 

The World Trade Centre Towers of 11 September 2001 

WTC1 

WTC2 

7.6 CHANGING STNRCASE DURING DESCENT 

A number of occupants reported leaving the staircase in which they started their 

descent. This behaviour is considered significant since of the 177 occupant accounts 

within the database describing movement on stairs, 32% (55/177) reported leaving 

the stairs at some point during their descent. Here we attempt to determine why this 

action was taken. 

Occupants were found to leave the stairs during their descent in both WTC1 and 

~TC2. Of the 55 occupants that reported this behaviour 47% (26/55) were within 

~X/TC1 and 5~% (29/55) were within WTC2. 
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Of the occupants in WTC1 who reported using the stairs, 32% (26/81) reported 
leaving the stairs. Of these it was possible to determine a reason for this behaviour 
from 42% (11/26) of the cases. In total 20 distinct ’leave stair’ events took place, with 
some occupants reporting leaving a particular staircase more than once (see Table 41). 
Examining the particular cases reported indicates that there was no single dominate 
reason for this behaviour but numerous different reasons. For example, 15% (3/20) 
of the occupants stated that they left the stairs to initiate a rescue of another 
occupant. A further 15% (3/20) stated that they were forced to leave the stairs as 
they met a locked door. Other less frequently reported reasons were: the stairwell 
ending (10% or 2/20), meeting congestion (10% or 2/20), darkness (10% or 2/20), etc. 

Met locked door 3115 %] 

Stai~weiiended 2110%] 

Congestion 2110%] 

Daikness 2110%] 

o Attempted to Usee!evato# 1 [5~] 

S aw an e! eV ato 1 I5 %] 

Smoke 1 I5 %] 

Eimfighte~ 1 [5%] 

Toase teiephone i [5 %] 

Evaoucha r impeded 1 I5 %] 

To iest 1 I5 %] 

check !eia!i#e 1 I5%] 

No data 

0 At P/A anno unc em ent 2 [8~] 

i To !nvest gate 2 [8~] 

To ieseue 2 [8%] 

(] Toase telephone 2 [8 

0 Due to0ong estion 

o Due to debPis 1 [4~] 

40 At s~ !obby 1 

To rest 1 [4%] 

Sta! we!! ended 

0 To get a aii n k 

I ns~ffi eient de~ai! 3 
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Of the occupants in WTC2 who reported using the stairs, 30% (29/96) reported 
leaving the stairs. Of these it was possible to determine a reason for this behaviour 
from 90% (26/29) of the cases. In total 27 distinct teave stair’ events took place, with 
some occupants reporting leaving a particular staircase more than once (see Table 
42). Unlike in WTC1, the majority of these events were in order to attempt to use 
elevators, 38% (9/26). Of these four did so of their own volition and four were 
ordered to by emergency personnel. Other reasons provided for leaving the stairs 
were less frequent and more random. Reasons ranged from deciding to stop having 
heard the PiA announcement (8% or 2/26), stopping to rescue someone (8% or 
2/26), to use a land line telephone (8% or 2/26), to investigate what was going on 
(8% or 2/26), etc (see Table 42). Some of the occupants stated that the stairs ended. 
These reasons suggest that occupants were prepared to break with stair evacuation 
for numerous reasons. 

7.7 FIRE WARDENS 

It was reported that each tenant in the towers was required to provide at least one 
fire warden. Tenants that occupied large areas of the building were required to 
provide one fire warden for every 697 m2 of occupied space. In addition, the WTC 
had 25 tire safety directors who assisted in the coordination of fire safety activities in 
the buildings. Throughout the towers there were six satellite communication stations 
that were staffed by deputy fire safety directors. The fire safety directors also 
organised ~o yearly fire drills and trained the building fire wardens. 

From accounts in the database, 94 occupants were identified as not being fire 
wardens, 7 were identified as being fire wardens while it is not clear if another 6 
occupants were official fire wardens or not however, they appeared to undertake fire 
warden roles within their respective companies during the disaster. For the purpose 
of this analysis, these 6 individuals have been identified as unofficial fire wardens. 
A role could not be determined for 137 occupants within the database. 

The data summarising fire warden actions is presented in Table 43 and Table 44. A 
coding scheme is used within the table that uniquely identifies each individual. The 
coding scheme is interpreted as follows, TOWER - FLOOR - STATUS - NUMBER, 
thus a fire warden who perished and was originally located on floor 84 of WTC1, 
would be tagged 1-84-F. Should more than one marshal be present in a particular 
group then they are assigned a unique number. Thus a second fire wardens that died 
who originally located on floor 84 of WTC1, would be tagged 1-84-F2. A survivor 
with similar details would be tagged as 1-84-S. 

Of the official fire wardens 71% (6/7) perished in the disaster while 17% (1/6) 

of the unofficial f’tre wardens perished. The unofficial fire wardens mainly 

assumed responsibility for rounding occupants together and issuing instructions to 

evacuate in their office or on their office floor. Official fire wardens had more 
defined roles and were in contact with emergency personnel via walkie-talkies 
(4/7, 1-E-F, 2-84-F1, 2-84-F2 and 1-80-F) and/or phones (1/7 - 1-59-S). 
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None of the identified official or unofficial fire wardens reported evacuating 

without having undertaken their assigned (or asSUllied) responsibilities. 

There was no indication to suggest that people disobeyed the conlmands of 

the wardens. The wardens also appear to have been effective in getting 

people moving quickly. 
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Did people 
Occupant e~erience! follow doing 
code Tower Floe r ~tus trainin~ Reported Activities instructions? ~u~es? 

Sh~d ¢~nmi~ "~’e~ No 

nn pre~!OU they 

E~a~0At~d ~tAff ih hi~ 

said d0n~t use iift 

C hOCked fl ~0 r, 

2#i05~F 2 i05 Pe6Shed Fire Tol~pe~le Ye~ No 
M~Sh~! ~e~p!esion !ea#e 

2~X~S 2 ? SU[~i~ed Membe~ of Ye!!ed ~time to go~ N0 dat~ N0 
company 

operate us e s~ai~s net !ift s 

2~80~s 2 80 S~£i£ed N~ bOt ShbO~ed NOdat8 NA 
�ompany tit,sa bomb get ~Ut~ 

hadiSSSed 
e£a~u ation 

gear t0 

! ~40~S ~0 s Ur~i~ed Had ShOuted~get OUt as NO data No data 

emergency She got straight out 
~it~ti6h h6r~elf 

~i~i~g 

7.8 OCCUPANT PERFORMANCE ISSUES 

A number of accounts highlighted personal performance issues that influenced the 

progress of individual evacuations. Listed in Table 45 are descriptions of physical 

performance and fatigue issues that were highlighted in occupants. These are 

examined in this section. 
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M ale 0 ~ u p a n/a 1 Ti #e d leg Assist 

F e ma!e oc cup ant nia 1 91 Fe!! tv¢iC e (wet stai ~s) 

Fern!a e oC c u pant n/a 191 Twisted Ank!e 

Femai e oOcu pant nia 181 ~i redl egs 

Femal e oCcu pant n/a 1 Ti redl egs 

G u id e dog nia 1 78 ~iied 

a leO cc u p a n t n/a 171 Peopie siipping 

F ema! e oc c u pant n[a 1 Z 1 Hyper Ventilating Rested 
(5~10minutes) 

Firefighte[ n!a 10 Ti~ed Rested 

FimfighteP nia 10 Ti~ed Rested 

FiPefighte~ n/a 164 Ti~ed Rested 

Fema!e occu pant n/a 164 H u~ing feet Took off shoes 

Fema!e occu pant n!a 2 64 Was on C~utches Was he!ped by 
two oCCupants 

e ntire j ou ~ hey 

F e maie o~ cup ant nza 2 ! 00 Ti!ed shoes h u~ To o k offsh o es 

Fema! e oC cu paBt B/a 2 !02 ~hought shoes Used iift 
wo~ i d h U~ i n stead of st ai ~s 

M a leO #C u p ant n!a 2 70 s! i pped down ~ he st !! ~s 

Rema!eoccupant n!a 2 92 had asthma so Stopped e~e~ flight 

Femaie occupant nZa 2 93 Saw p#egnant o~ Mo#ed slow 
siow mo#ing 

Fema! e o#cu pant n/a 2 86 Unknown issue Was he! ped down 

stairs entimj ou r hey 

M aleO Cc u p a nt n!a 2 64 Had asthma Stopped frequently 

7.8.1 Reports of slipping on the stairs 
Three instances of people falling on stairs (3 accounts) are reported in the database. 
Two falls were due to an occupant slipping due to water whereas the one slipped 
due to building vibrations on impact. 
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7.8.2 Reports of people removing foot wear 

Several accounts of fatigue reported by female occupants were due to the 

nature of the foot wear worn. Three accounts from women evacuating in high 

heels described them having to remove their shoes as they were causing their feet or 

legs to hurt. For example an occupant initially located on the 64th floor described 

removing her shoes at the 13th floor thus: 

"Now they are on the ldth,floor (Pasquale believes they were actually about nine 

,floo~ higher, but Genelle remembe~ 13), and she stops to take her shoes qfl,/; She is 

wearing black leather heels today, and they hurt. It will be easier in bare,feet. As 

Genelle is unstrapping them, she~s holding Rosa’s hand." 

[Experience 673] 

Similarly, another occupant from the 82nd floor described removing her shoes for 
similar reasons: 

"By the time she reached the 3Orb Floog Juliette zvas in trouble. Nozv her legs zvere 

cramping up. She took the shoes o.ff[ but that just made things worse. She thought 

about throwing the shoes away, but decided against it. Still clutching them and 

the handbag, she urged those behind her to go on ahead." 

[Experience 26931 

The account of a male occupant suggests that many other women followed a similar 
course of action and completely discarded their shoes: 

"On some landings there were women’s shoes and clothing that people had 

discarded." 

[Experience 1130] 

Some women sought an alternative evacuation route so as to avoid the long descent 
in inappropriate foot wear: 

"We got to the 78th,floor and,Judy said, "Let’s see if the elevato~ are working." 
I’m thinking I sbouldn’t be taking an elevato< but I guess the thought of walking 

down 7~4th,floors in my high heels was not exactly something I wanted to do. 
,Judy was now a,few people ahead qf me. I followed her out onto 78th." 

[Experience 3314] 

These accounts suggest that it would be useful for high rise occupants to be 

instructed to remove inappropriate footwear in the event of evacuation. It 

would however be beneficial for occupants not to discard their shoes but to 

carry them in the event that potentially dangerous debris, such as glass, is 

present along their route. 
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7.8.3 Reports of people suffering asthma attacks 
Two reported accounts were from asthma suffers. The asthma suffers described 
having to stop frequently. One account from an occupant initially located on the 
64th floor described their asthma experience as follows: 

"we began to smell jet fuel and a lot of it. I have asthma and it began to become a 
little d{fficult to breathe- 25smelt lots of jet fuel- By the time Igor down to the 

2orb.floor I was having an asthma attach. A woman stopped to help me - by the 

i fith.floor" 
[Experience 605] 

The only other account is from an occupant who started her evacuation from the 
92nd floor. She described stopping more frequently: 

"She had asthma so we had to stop at every.flight because she couldn’t breathe. " 

[Experience 3285] 

7.8.4 Firefighter suffering fatigue 
There were three accounts within the database of observations of firefighters who 
were suffering from fatigue and who stopped to rest. 

7.8.5 Other issues 
Several other factors were briefly reported by occupants, these included, 
observations of people using crutches, people twisting their ankles and the 
evacuation of a pregnant woman. 

8. Concluding Comments 

In reviewing the findings of this report, it must be remembered that the data on 
which the analysis is based was not collected in a scientific manner but from 

accounts in the public domain, primarily press accounts. As such it is difficult to 
generalise many of the findings. However, as much of the data was reported days 
after the incident, it provides a unique and insightful glimpse into the human 
response to such emergencies. 

While the available information was far from ideal, the study has provided useful 

insight into the following issues: occupant response times in high rise buildings; 
natm-e of occupant pre-evacuation activities; the use of telephones and other 
electronic devices for communications by the occupants during the evacuation; 
retrieval of items by occupants prior to evacuation; occupant assessment of the 
incident; occupant travel speeds on stairs during the evacuation; occupant interaction 
with firefighters during the evacuation process; usage of elevators for evacuation; 
group formation, cohesion, leadership and behaviour; response of fire wardens and 
fatigue issues. 

94 

CLG10000080 0096 
CLG10000080/96



Collection and Analysis of Human Behaviour Data appearing in the mass media relating to ~he evacuation of 

The World Trade Centre Towers of 11 September 2001 

Several of the key findings of this research are: 

OCCUPANT PRE-MOVEMENT TIMES: 
Of the 115 people who provided information on which a pre-movement time 
(also referred to as response time) could be estimated, 60% responded within 5 
minutes of the assault on WTC1 and some 13% took longer than an estimated 17 
minutes to respond. Occupants in WTC2 responded quicker to the assault than 
occupants in WTC1 - the first tower to be attacked. This occurred in WTC2 
despite instructions issued over the PA system in WTC2 instructing occupants that 
there was no need to evacuate WTC2. It is important to note that even under the 
extreme conditions of the terrorist attack on the WTC, occupant response times 
can be quite long. A lack of data prohibited a meaningful analysis of the speed 
of occupant response and proximity to the incident. While it is difficult to 
generalise due to the lack of data, the rapid response times of occupants in 
WTC2 relative to WTC1 may have contributed to the smaller death toll 
cxpcricnccd in WTC2. 

OCCUPANT PRE-EVACUATION ACTIONS: 
(i) State of mind: 
On the whole the description of personal behaviours provided by the evacuees 
can be categorised as rationale. In describing their own actions and behaviours, 
none of the interviewees reported Extreme Behaviour or behaviour that fits the 
academic view of ’panic’. However, occupants did describe witnessing 5 events 
that ,nay be interpreted as panic behaviour. This is a surprisingly small number 
of incidents given the gravity of the event. 

(ii) Nature of pre-evacuation actions: 
On average, occupants reported undertaking 3 distinct actions prior to 
evacuating. The dominant pre-evacuation action was to seek infom~ation. Some 

72% of the reported pre-evacuation actions were concerned with communications 
or with physically attempting to obtain situational information. In attempting to 
collect information, occupants attempted to make use of television, radio, email 
and telephones as well as simply moving to widows. Clearly the occupants of 
both towers were operating in an information deprived state. This is considered 
significant as the requirement for this action could be removed if occupants 
could be provided with appropriate information. Reducing the need for gathering 
information may assist in reducing response times and overall evacuation times. 
Improved communication systems and procedures for disseminating information 

will allow occupants to more rapidly make appropriate evacuation decisions. 

(iii) Knowledge of the event: 
Of the survivors who reported their perception of the event during the pre- 
evacuation phase, some 41% (20/49) of survivors in WTC1 and some 36% (10/28) 
of the survivors in WTC2 reported that they thought the incident was the result 

of an aircraft impact. Thus in both towers, while a large number of people 
suspected that the incident was aircraft related, the majority of the survivors did 
not believe that the assault was the result of an aircraft impact. This further 
supports the observation that all survivors did not have accurate information 
regarding the event. 
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(iv) Usage of telephones: 
Of the people who provided information relating to their actions, 20% stated that 
they made telephone calls. A significant number of these calls (75%) where not 
to emergency services or colleagues but to family members and the majority of 
the calls made by survivors were in the pre-evacuation phase. Surprisingly, most 
of these were to assure family members that they were OK - not to secure 
further information or advice. The propensity of occupants to make telephone 
calls is considered potentially significant as it is an action that slows occupant 
evacuation, especially as the majority of calls involved providing rather than 
receiving information. While it may be considered natural to inform ’loved ones’ 

of ones safety, undertaking this action is ill advised while still exposed to 
potential danger. It is suggested that as part of regular evacuation training and 
safety briefings, participants should be advised not to make personal calls until 
they have safely e~ted the building as this can prolong evacuation thereby 
jeopardising their chance of survival. 

(v) Collecting Items: 
Some 26.5% of the surviving population within the survey (94 people) reported 
collecting personal items (79% of collected items) or work items prior to 

evacuating. Most occupants that reported collecting items described collecting 
items from their desk whilst at their desk or within the immediate local vicinity. 
However, 6.4% of the surviving population explicitly stated that they had to 
return to their desk or office from a distant location. Whilst in some instances 
this action can be accomplished quickly in other instances the action can take 
considerable time and involve significant additional travel - perhaps in the 
opposite direction to evacuation. As such the occurrence of this behaviour 
should be viewed as serious and potentially hazardous. It is suggested that, as 
part of regular evacuation training and safety briefings, participants should be 
advised not to attempt to retrieve personal or work items but to evacuate as soon 

as possible or as soon as instructed. 

EVACUATION PHASE 
(i) Flow conditions within the towers: 
What little data that is available suggests that the stairs were packed and moving 
slowly below the 44th floor in WTC1 and slow between the 44th and 78th floors. 
In ~q~C2 the data suggests that there were lots of people at the sky lobby on the 
78th floor. The stairs in WTC2 may have been initially packed and slow moving 
between the 78th and 44th sky lobbies but later may have become less packed. 
The stairs below the 44th sky lobby were not densely packed and were fast 
moving. Most flows were described as orderly even those that were slow and 
heavily congested. Unfortunately, due to deficiencies in the available data, such 
as clear indications of time frames, location on stairs and which staircase was 
used, it is not possible to provide a more detailed analysis. 

(ii) Obstructions to flow: 
A number of accounts from WTC1 highlight situations in which non-injured 
occupants progressed down the stairs in single file, allowing injured occupants to 
be assisted down the unobstructed lane. This altruistic behaviour supports the 
view that the evacuation was calm and non-competitive in nature. A few 
accounts also describe the passage of firefighters up the stairs. The accounts that 
are ~vailable suggest that the firefighters may have hindered the p~ssage of some 
occupants in WTC1, but it is not clear if this had a significant impact on overall 
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evacuation times. The available accounts describe firefighters as constricting the 
effective width whilst moving up the stairs and while recovering from fatigue. 
It is suggested that as part of firefighter training, firefighters be instructed that 
during the ascent of tall buildings, prior to taking a rest period, they should 
move off the stairs, if considered safe, in order not to obstruct the flow of 
evacuating occupants. Several accounts describe the flow- as coming to a 
complete halt. All of these reports were taken from floors below the 44th floor. 
These events may have contributed to the poor flow conditions reported in these 
areas of WTC1. Water was also reported by occupants below the 44th floor of 
WTC1. The presence of water would have served to slow occupant evacuation as 
movement rates would have been severely hindered by the presence of water 
and several occupants reported slipping in the treacherous conditions. Reports of 
the injured and firefighters impacting the flow conditions in WTC2 were far fewer. 

(iii) Usage of elevators as a means of evacuation in WTC2: 
There are 95 occupant accounts reporting evacuation phase experiences in 
WTC2. Of these, 28.4% (26 accounts) report elevator evacuation usage prior to 
the attack on gqTc2 and represent some 38 elevator embarkations. While this 
represents a significant usage of elevators, it is not possible to conclude from this 
information alone that the elevators played a sign{fi’cantpositive role in the 
evacuation success of WTC2. However, it would appear reasonable to assume 
that the heavy reported usage of elevators in WTC2 prior to the assault on that 
building could have made two positive contributions to the evacuation. Firstly, 
heavy usage of elevators would have assisted clearing large numbers of people 
from the upper floors of WTC2 prior to the assault on that building. Secondly, the 
usage of elevators by significant numbers of people would have eased the 
congestion on the stairs in WTC2, making movement on the stairs more efficient. 
However, a significant number of people also delayed their evacuation - some with 
fatal consequences - waiting for elevators. Clearly, more research is required in 
exploring how elevators can be effectively used in large scale building evacuations. 

(iv) Group Behaviour: 
Of the WTC1 accounts that allowed an assessment of group formation to be 
made, 90% (62/69) suggested the formation of some type of group during the 
pre-evacuation phase. In WTC2 a similar trend was noted with 88% (69/78) of 
the population describing forming groups. Only 10% (WTC1) and 12% (WTC2) of 
occupants that made an evacuation reported evacuating by themselves. In WTC2, 
90% (19/21) of the groups that formed were small (less than 5 people) and very 
few large groups formed. Indeed, 62% (13/21) of the groups involved only two 
people. In contrast in WTC1 we find that group sizes tended to be more evenly 
distributed between small (less than 5), medium (6 to 10) and large (greater 
than 10). 

Of the groups in WTC1 and WTC2, 80% (12/15) and 71% (20/28) respectively, 
consisted of employees from the same office and 13% (2/15) and 18% (5/28) of 
groups consisted of a mixture of office and adjacent office employees. This 
information combined with the group size information may suggest that in WTC2 
evacuation decisions were taken on a local/personal basis perhaps involving 
small localised groups of colleagues. In contrast, in WTC1 larger groups tended 
to form and this may have been based on collective decisions centralised on an 
office basis. 
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Group size was found to be dynamic in nature, expanding and contracting 
during the evacuation. When groups contracted in size, the predominant reason 
for this was the deliberate action of a group member, not adverse environmental 
or situational conditions forcing a group to split. In WTC1 a significant number of 
the groups that formed split during the (6/10) descent, primarily for deliberate 
and individual reasons. In WTC2, a smaller proportion of groups split during the 
descent (8/20). Here again, the predominant reasons for breaking the group were 
based around deliberate actions by groups members. 

The vast majority of groups for which there is sufficient information were led by 
their line manager during pre-evacuation. Clearly, organisational managers and 
authority, figures are likely to be figures of authority in emergency situations and 
so they should be well versed in emergency procedures. If possible, line 
managers should receive fire warden training. However, due to the nature of 
their organisational roles, line managers and authority figures are likely to spend 
a considerable amount of their time away from the office. Thus, they should be 
considered an additional resource rather than the sole fire trained asset. 

The observations relating to group behaviour are considered significant. If 
substantiated by more detailed studies into the WTC disaster, they should have a 
profound impact on evacuation planning and modelling as groups can exert a 
significant influence on a range of evacuation parameters such as Response times, 

Travel speeds, Way Finding and overall evacuation efficiency and time. 
Furthermore, clue to its nature, the type of group behaviour noted in this study is 
unlikely to occur in evacuation drills or exercises. The study of real incidents 

such as the WTC disaster provides the opportunity to study group behaviour that 
is extremely difficult, if not impossible to reliably reproduce in ’laboratory’ or 
controlled experiments. 

(v) Stair Travel Speeds: 
Stair travel speeds for occupants in WTC2 were faster on average than those for 
WTC1. Mean stair descent rates of between 1.8 floors/min and 2.1 floors/min 
were estimated for WTC1. In contrast, the data from WTC2 suggests a mean 
descent rate of between 2.1 floors/min and 3.0 floors/min. Analysis of this data 
suggests that in WTC1 optimistically, mean movement speeds could have been as 
low as 0.33 m/s with a spread in travel speeds of 0.25-0.41 m/s. In WTC2, the 
mean average movement speed using only the reliable data for WTC2 was 
optimistically estimated as 0.49 m/s with a spread in travel speeds of 0.2-0.7 m/s. 
These travel speeds are consistent with the implied conclusions that the available 
data for WTC2 is strongly focused on occupants who commenced their 
evacuation prior to the assault on WTC2, and hence prior to adverse physical 
conditions developing. Crowding of people on stairs would also have been 
reduced by the considerable number of people using elevators. 

(vi) Fire Wardens: 
Of the official fire wardens 71% (6/7) perished in the disaster while 17% (1/6) of 
the unofficial fire wardens perished. The unofficial fire wardens mainly assumed 
responsibility for rounding occupants together and issuing instructions to 
evacuate their office or office floor. None of the identified official or unofficial 
fire wardens reported evacuating without having undertaken their assigned (or 
assumed) responsibilities. There was no indic~tion to suggest that people 
disobeyed the commands of the wardens. 
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(vii) Fatigue: 
Several accounts of fatigue reported by female occupants were due to the nature 
of the foot wear worn. Discarded female footwear was also reported on the 
stairs. These accounts suggest that it would be useful for high rise occupants to 
be instructed to remove inappropriate footwear in the event of evacuation. It 
would however be beneficial for occupants not to discard their shoes but to 
carry them in the event that potentially dangerous debris, such as glass, is 
present along their route. 

This study has provided insight into the response of people subjected to extreme 
emergency conditions in high rise buildings. The information is useful in its own 
right in understanding how the evacuation of the World Trade Centre Towers 
evolved on 11 September 2001. More significantly, the insight gained will be useful 
in shaping our building codes and devising emergency procedures for evacuation. 
Furthermore, the information collected will be invaluable in assisting the 
development of bchaviour models that arc key components of evacuation models 

used in performance based building design and in providing data for model scenario 
specification. 

However, it should be noted that the data on which this study is based is far from 

ideal. Reliance on published press accounts and accounts that have appeared in the 
public domain has meant that: 

¯ Survey participants were not scientifically selected, potentially producing a biased 
sample. The information that was available meant that the population sample 
was focused on occupants from the upper portions of both towers. 

¯ Due to the amount of published information, the sample population size 
was small. 

¯ Survey participants provided incomplete information, either because the journalist 
did not ask the appropriate questions or if the information was collected, the 
journalist did not believe the information was sufficiently news worthy and so 
was not published. Examples include: 
- From the information that was available, it was not possible to determine 

which staircase people used. 
- It was not possible to determine when or where certain reported experiences 

occurred. 
- Many people within the sample did not provide response time information. 
- Not everyone who encountered firefighters necessarily described the incident. 
- Insufficient information relating to usage of elevators. 

¯ Inability to pursue specific research themes such as observations of panic, group 
formation and behaviour, role of fire wardens, usage of elevators. 

These limitations will be addressed in a much larger study into the evacuation of the 
~?TC. The project, called HEED - High-rise Evacuation Evaluation Database - funded 
by the UK EPSRC (project GR/$74201/01) and involving the Universities of 
Greenwich, Ulster and Liverpool, aims to interview 2000 survivors of the WTC twin 
towers evacuation. The data collected and analysed in the BDAG study will be used 
as the starting point for HEED. 
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ANNEX 1: 

9. The database structure 

A Microsoft Access database served as the repository for the information that was 
collected. The database represents a flexible qualitative research tool that allows 
the operator to categorise occupant experience during the data input process. 
Traditionally qualitative analysis tools allow users to categorise details from textual 
accounts during the input process. A feature of the database is that it is not only able 
to store experiences but also the location of the experience and a time reference of 
the experience. It is in this context that the tool developed for this study differs from 
typical qualitative research software. The developed database is however ideally 
suited for evacuation analysis. 

..................... .:: ====================== 

=================================== .: ...... 

The rationale for the database was that all information was cantered around an 

occupant experience. Branching from the occupant experience (Marked 

Experience in Figure 35) a specific location, a time reference, the evacuation phase 

and details of the occupant that described the experience. These components each 

contained data elements that were used to store information relating to the occupant 

and their experiences Each of the core components that comprise the database are 

summarised in the remainder of this annex. 
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9.1 THE ’PERSONAL DATA’ DATABASE COMPONENT 

The personal data table contains singular personal information that may be unique to 
each person. Demographic data such as Name, Gender, Age, DOB or pre-existing 
disabilities are recorded in this section of the database. Also the floor that they 

occupied at the start of the evacuation, the ’normal’ floor that they work on, the 
organisation that they work, their job title and the internal landscape of their offices. 

This was followed by their safety responsibilities, previous evacuation experience, 
whether they have participated in any evacuation drills and if so their perception 
of them. 

In addition some simple details about an occupant’s evacuation, such as whether 
they evacuated in a group of on their own and/or whether they sustained injuries. 
In addition a feature of this evacuation was that accounts from dead occupants were 
sometimes available. Typically these accounts constituted phone calls to friends, 
relatives or reporters. It was therefore necessary to record the final status of the 
occupant (i.e. FATALITY or SURVIVOR). Finally for audit purposes, the name of the 
analyst entering the data is included, as are the complete textual data source, 
references to sources and the type of account upon which the entries were made 
(i.e. FULL INTERVIEW, INFERRED ACCOUNT, etc.). 

9.2 THE ’RELATIONSHIP’ DATABASE COMPONENT 

This table was used to define the relationships between occupants (i.e. FRIEND, 
COLLEAGUE, etc.). The type of relationship, a brief description usually a quote from 

their transcript and the occupants involved were also recorded. 
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9.3 THE ’EXPERIENCES CATEGORIES’ DATABASE COMPONENTS 
(EXPERIENCE TYPE/EXPERIENCE SUB-TYPE) 

The analysis phase of this project required the human experience data to be 
categorised in some way. A master/child or main category/sub-category approach 
was deemed most suitable given the quality of the data. This scheme involved 
grouping specific experiences, such as experienced DIZZINESS or DIFFICULTY 
BREATHING into more general categories such as SMOKE EFFECTS (see Figure 37). 

In this way specific details of each experience could be recorded in addition to a 
more generalised description of the experience. The advantage of this approach was 
the more general aspects could be analysed where specific information was limited 
and conversely a more fine analysis of sub-categories was also possible where the 
database contained sufficiently detailed information. 

Generalised 
< ~ categories 

EXPERIENCE CUE or SMOKE EFFECT -) 

_ HEARD EXPL OSION _ DIZZINESS L                 Specific 

_ HEARD NOISE _ DIFFICULTYBREATHING [- sub- 
FEL T B UILDING SHAKE EYE IRRITA TION __J categories 
etc’. etc’. 

9.4 THE ’EXPERIENCE’ DATABASE COMPONENT 

The main experience component stores all of the information about a particular 
experience for a person. Within the database an experience entry would comprise 
of a: 

¯ general category for the experience, 
¯ specific category for the experience, 
¯ evacuation phase for the experience, 
¯ order that the experience took place relative to other experiences, 
¯ a marker reference, 
¯ the location of the experience, and 
¯ a brief description of the experience. 

The general category of the experiences was selected from pre-defined categories 
or created by the user during the data entry process. A general category for the 
experience was first required, for example "EXPERIENCED CUE" or "SMOKE 
EFFECT", etc.). Having chosen or created a general category for the experience a 
more specific sub-type category for the experience was either selected or created. 
The user could then type in the actual textual description of the experience from 
the account. 

Having defined the type of experience it was then tied to a particular phase 
of the occupant’s evacuation (i.e. PRE-EVACUATION, EVACUATION and POST- 
EVACUATION) assigned a location in the building that it took place, (i.e. WTC1, 
Floor 87, Office space) and a time marker. Locations were either selected from 
those already entered or the user had the option of creating a new one. 
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Finally, each experience was assigned a number denoting the temporal order of the 
experience relative to others within the account (i.e. 1st experience, 2nd experience, 
nth experience etc.). Where experiences represented the same experience order, i.e. 
in a fire felt heat, coughed, felt dizzy, they were all tagged with the same experience 
order. Whilst not providing specific times for experience this technique would allow 
the order of events to be analysed. 

9.5 A METHOD OF CAPTURING TEMPORAL INFORMATION 

A method was also required for determining some temporal information for each. 
Within the WTC disaster there were four key event markers that were experienced to 
some degree by most occupants. As shown in Figure 38 they are the: 

1. Initial impact into T1 at 8:46am, 2, 
2. Second impact into T2 at 9:03am, 

3. Collapse of WTC2 at 9:59am, 

4. Collapse of WTC1 at 10:28am. 

Most occupants had some indication that these events took place. Occupants felt 
impact effects. Some reported feeling the building sway, shudder or described 
hearing a large explosion. For example, 

"It was at that moment that United Airlines Flight 1 75 bit the South Tower. They 

heard the dull sound of impact but couldn’t see anything. Again the building 

swayed, but much less than the,f!~t time. The radio announcer sounded 

desperate. "We >e being attacked!" he shouted." 

[Experience 2889] 

In some cases occupants were able to see the impacts directly. Regardless of the 
method most occupants were able to report what they were doing at the time of the 
impacts. Similarly the collapse of the towers was characterised by a loud noise 
and/or lighting failure and/or the sudden loss of vision, for example: 

’Juliette was pitched off her feet, one of her escorts landing on top of her. There 

was a deafening roa~ like an ungodly wate~flall. The entire building felt like it 

was going to shake off its foundations. The lights went dead and the concou~e 
went pitch black. " 

[Experience 2724] 
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Furthermore many occupants were able to report their location and actions at the 

point of the WTC2 collapse. Some occupants reported the ~XTFC1 collapse from 

outside of the building: 

"From there, the [my]people slowly descended out of the South Tower. They 

escaped the building about 12 to 15 minutes before it collapsed." 
[Experience 847] 

Although in some case occupants were still inside the building when it collapsed: 

"Something big comes through one wall at Genelle and Rosa and pushes them 

back. They fall, but Rosa recovers her,footing. Genelle stays on the,floor and starts 
to crawl downward. All this happens quickly, but there is time for them to 
separate. Rosa moves as if she is headed back up the stairs. Genelle is jostled like a 

pinball and struck by debris from everywhere. As the great noise begins to subside, 
she is lying on her right side, and her right leg is ph~ned hard. Her head is now 

caught between something, the,floor maybe?, and some concrete. Finally, it’s all 
quiet, and it’s dark, but somehow she is here. She is alive." 

[Experience 679 and 2971] 

For most occupants it was possible to attribute their location and actions at 8:46, 

9:03, 9:59 and 10:28am. This was very important as it enabled a time reference to be 
inserted into their evacuation accounts that could be used to determine: 

a) How long it took to perform certain phases of the evacuation (i.e. response times) 
b) How long it took to perform certain actions 

c) And also travel speeds through various portions of the building. 

Using these time makers it was also possible to determine those experiences that 
occurred shortly before the key event markers. For the purpose of this work we 
defined shortly before/after as being within 5 minutes of the key marker. This 
yielded the following additional 6 markers (see Figure 39): 

S > T1 = Shortly after the T1 impact (i.e. between 8:46 and 8:51) 
S < T2 = Shortly before the T2 impact (i.e. between 8:58 and 9:03) 
S> T2 - Shortly after the T2 impact (i.e. between 9:03 and 9:08) 
S < T2C = Shortly before the T2C (i.e. between 9:53 and 9:59) 
S > T2C = Shortly after the T2C (i.e. between 9:59 and 10:04) 

S < TIC = Shortly before the TIC (i.e. between 10:23 and 10:28) 
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This left time periods between 8:51 and 8:58, 9:08 and 9:53 and 10:04 and 10:23 as 
unaccounted time ma~-kers (see Figure 40). These were used as additional categories 
within the database. However, to enable a more accurate estimate of timings the 
largest of these categories (i.e. 9:08 and 9:53) was divided into two time periods. In 

essence a judgement was made, "did the experience occur closer to T2 impact or 
T2C?" The following four additional time markers were used within the database: 

> T1 = Some time between S>T1 and S<T2 (i.e. 8:51 to 8:58) 
> T2 - Some time between S>T2 and <T2C (9:08 to 9:31) 
< T2C = Some time between >T2 and S<T2C (9:31 to 10:04) 
> T2C = Some time between S>T2C and S<TIC (10:04 to 10:23) 

The final list of markers that were used within the database and their related time 
periods are as follows: 

T1 = WTC1 impact (8:46), 
T2 = WTC2 impact (9:03), 
T2C = WTC2 collapse (9:59), 
TIC = WTC1 collapse (10:37), 

S > T1 = Shortly after the T1 impact (i.e. between 8:46 and 8:51), 
S < T2 = Shortly before the T2 impact (i.e. between 8:58 and 9:03), 
S> T2 = Shortly after the T2 impact (i.e. between 9:03 and 9:08), 
S < T2C = Shortly before the T2C (i.e. between 9:53 and 9:59), 
S > T2C = Shortly after the T2C (i.e. between 9:59 and 10:04), 
S < TIC = Shortly before the TIC (i.e. between 10:23 and 10:28), 

> T1 = Some time between S>T1 and S<T2 (i.e. 8:51 to 8:58), 
> T2 = Some time between S>T2 and <T2C (9:08 to 9:31), 
< T2C = Some time between >T2 and S<T2C (9:31 to 10:04), 
> T2C = Some time between S>T2C and S<TIC (10:04 to 10:23). 
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9.6 THE ’PHASE’ DATABASE COMPONENT 

This database component was used to define different phases of the overall 
evacuation. Only three phases were defined within this study, Pre-evacuation, 
Evacuation and Post-Evacuation. These are defined below: 

Pre-evacuation This phase was used to tag occupant experiences that occurred 
prior to the physical act of evacuating. In this work this includes 
all activities undertaken by occupants prior to taking their first 

step to evacuate from their current floor. Pre-evacuation 
activities include occupant actions such as turning back to 
collect to collect belongings prior to reaching a staircase. 
Similarly, occupant actions involving moving to a different room 
to seek shelter are classed as pre-evacuation activities. The 
distinction made is subjective but allows the differentiation of 
actions and experiences that occurred during descent or in 
some cases ascent and activities that occurred more locally to 
occupants’ work places. 

Evacuation This tag was applied to occupant experiences during occupant 
descent and evacuation. In this analysis the evacuation phase 

was defined as the period post pre-evacuation during which the 
occupant actively attempted to evacuate. Once begun an 
occupant was deemed to be in evacuation mode until they 
either perished or exited the building. Experiences from 
evacuating occupants who cease movement and seek shelter are 
classed as evacuation actions. 

Post-evacuation This tag was applied to occupant experiences fl~at occurred 
once the occupant had left the building. 

9.7 THE ’PERSON/PHASE’ DATABASE COMPONENT 

This database component is an intermediary table required in a relational database 
that relates a particular occupant to a particular phase. 

9.8 THE ’MARKER’ DATABASE COMPONENT 

This component was used to define time markers within the database. Only defined 
time markers could be assigned to an occupant experience. Users could however 
define time markers during the data input process. A more detailed description of 
time markers was given in Section 9.5. 

9.9 THE DATA INPUT PROCESS 

The analyst entering the data would the account from start to finish as many times as 

necessau to familiarise themselves with and understand the events that were being 
described. The analyst would then begin to enter the experiences in the order 
described in the account. 
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9.10 THE DATABASE CONTENTS 

Reports were gathered from the literature published in the open domain. Material 
sources ranged from printed newspaper reports collected at the time of the disaster, 
online newspaper reports, web sites of survivor accounts and books about the 
disaster itself. 

In total 260 occupants were identified from accounts. Of these 120 occupants were 
located in WTC1 and 119 in WTC2 (see Table 46). Unfortunately it was not possible 
to identify a tower for 21 of the occupants. This was due to the relatively short 
accounts supplying insufficient detail. All of the accounts in which a tower could not 
be identified fell into the ’poor’ quality category. 

In total the database was populated using 125 occupants whose details were rated 
as being of ’poor’ detail, 75 of ’average’ detail and 35 of ’exceptional’ detail 

(see Table 47). 

1 1201;8 

2 119 1;411 

Total 260 3;291 

Avenge qual 4530 

Ex~,epti~l qual~ 20 !5 

Total 

The database records each experience cited by each occupant, in total some 1869 
distinct experiences were recorded from reports of occupants in WTC1 and a further 
1,411 distinct experiences were recorded from reports of occupants in WTC2. The 
database therefore contained 3280 experiences. A further 11 experiences were 
recorded from occupants whose tower could not be determined - these originated 
from 21 occupants. 

The reports mainly came from occupants that begun their evacuation in the upper 
floors of either tower. Within the database, 73 (61%) and 91 (76%) of the occupants 
from WTC1 and WTC2 respectively were initially located on or above the 78th sky 
lobby (see Figure 41). These represent some 59% and 79% (1,106 and 1,109 
experiences respectively) of accounts contained within the database. It is likely that 
this bias originates from the medias natural desire to focus on accounts that 
described the most extreme conditions during the disaster. 
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Floors 110-78 

Accounts Experiences 

110 1 0 

109 

108 

107 1 9 1 25 

106 11 4 1 1 6 3 

105 4 4 49 13 1 1 7 25 

104 5 2 22 22 3 1 60 7 

103 7 95 2 2 82 24 

102 4 39 2 48 

101 1 1 1 1 

100 8 193 1 19 

99 1 1 

98 1 4 45 22 1 19 

97 1 4 1 35 4 3 122 50 

96 

95 1 2 3 48 

94 3 3 8 42 

93 5 67 1 1 

92 2 5 17 46 1 9 

91 7 4 134 64 1 47 

90 4 26 1 9 

89 7 4 169 21 

88 1 1 18 10 1 24 

87 11 7 267 29 

86 3 6 57 24 

85 2 47 1 14 

84 12 198 

83 1 35 

82 3 69 

81 2 1 57 76 

80 3 4 42 44 2 25 

79 1 35 

Floors 78-44 Floors 44-1 

Accounts Experiences Accounts Experiences 

T1 T2 T1 T2 T1    T2 T1 T2 

1 8 1 12 

9 

8 

7 

6 

5 

4 

3 

2 

1 

2 52 

1 17 

12 

22 

13 

2 13 
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10. Annex 2 

10.1 DESCRIPTION OF DATABASE FIELDS USED IN THE 
OCCUPANT-DETAIL TABLE 

PR E EVAG What giou p d id the o#cupant be!ong toi Aibit~ary but 

GROUP unique designation 

GROU P~I D What g tou p didthe oCcu pant belong to d uii ng KVACUATI ON i Uses 

sam e asPRE~EVACUATI oaif possi b ! e oth erwi sear bit!a~ but un iq ue 

ID~TAG ~here tag string TOWER~ FLOOR,OCCUPANT 

ABSFkOOR ~he f!oo~the occu pant was on when they beganthei iepo~ 

Impact Zone The impact zone that the occupant was positioned in at the sta~ of 
the!r ~epo~ 

Towe~ ~he tower tha~ the occupant was !oCated in at ~he sta~ of their ~epo~; 

Name ~he name of the oCCupant 

PCODE 

Gende~ Thei# gender 

Age Thei age 

DON Their BOB 

Status T heir status: SU RVI VO R/FATA LI~ 

Disability D eta i ls of any d isab i i ity t hey may ha#e had 

F!oo~ The rico #that they us~a!wo~k on 

IFIoo~ F! oo~ pod !ng Us edi n the analysis andrepo 

F!oor Group F!oo~ Cod ! ng ~sed!n the analysis andrepo 

E!ooremup2 E!oo~ Coding Used in the analysis and repot; 

Org a nisation ~ he o#ga nisation that they ma~ work for. 

Data Extractor The nameof the researche~ who entered the data into the databasei 

Nat rati ~e (d u ~i ng T he c om plet e na~ rat ive of t hei r EVAC UATI ON 

e~acuatioB) 

Estimated How !ong we estimate that it took them to reach a place of safety 
t!me to safety 

Estimate speed TheiP estimate f!oo~sZminute 
(Floor~Min) 

Nairat!#e (pm~ The com plete narrati ~e o~ t he! PRE~ EVAOUATI Q N 
ev aCu at io~ sta~) 
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landsCape dest ~u ctioni e 

Safety Whet hei the o~c u p ant had any p ie defi~ e d safety iespo nsi biiitiesi 

responsibilities 

Narrative The co mp ! et e narrative P O ST-EVAC UAT!O N 
(post e2it) 

IVla~ker ~ime(s) 

SoUrCe(s) The info~matio sources from wh!Ch the repot(s)Came; 

ACC O U N T-~P E Th e ty pe o~ac C ou ntiN ewsp a p er, i nterv i ewi w ebb ased; p o! i C ere p o 

Pie2! ous Wh ethe~ t hey had a n~ p#evi o u s e£ acu a tic n ex pe ~ien co: 
e~a~uation 

Ddl!s Whet he~ the oCCu pantpa~! C ! pared ! n any d [i ! ! s p ~! o~tot he 

pa~iCipation e~ents of 9/11 

Porte#ion What was the occU pants percepti onof thed rills 
of d~iiis 

~ULL Th of u!! t ~ansci! pt of thei ~ repots:Where a~ailable f~om sources 
TRANSCRIPT that can be cut and paste: 

INJURIES Whethe~ the o~cu pant had sustai ned any in] udes d u r!ng the 
e£aCuation 

EVACUATED Whethe~ the oCCupant e~acuated as a g~oup; Boo!ean ’t’esZNoi 
AS GROUP 

ACCO U aTj~ PE:2 

TOTA EJ EXPS The totai numbe# of o CO u pan~ ex p e de n#es 

PREZ~PS The totai numbe~ of PRE EVACUATIONo~CUpa~t e~pe~ien~es 

EVAC EXPS Th e torn! nu m be~ of EVACUATION o CC u p a ntex p e ~! en Ce 

POS~EXPS The torn! numbe~ of POST-EVACUATION oCCupant experience 

P R ECAC~ ~h e totai nu mbe # ef PRE EVACUATION occ B pa ~t ac ti ons 

EVAC_ACT The total hum be# of EVA CUAT ION o ~cu p a nt ac tio ns 

POST~CT Th e total nu m bet of POST-EVAC UATI ON oCCupant actions 

10.2 DESCRIPTION OF DATABASE FIELDS USED IN THE 
PERSON-PHASE TABLE 
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10.3 DESCRIPTION OF DATABASE FIELDS USED IN THE PHASE TABLE 

POST-EVACUATIONi 
I n s ubsequ e nt # eisi o n of th e d at abase: OP E RATIO NAL w as add ed i 

10.4 DESCRIPTION OF THE DATABASE FIELDS USED IN THE 
MARKERS TABLE 

Ma~ker ~ he desig nat! o n of t h e rna~ ke i n erms of: Slow/IVIod eiat e/R a p! d 
DesCription 

E~entO~deP ~he tempo~a! orde~ of the ma~ke~ ~eiati#e to othe~ ma~kers in the tabieL 

10.6 DESCRIPTION OF THE DATABASE FIELDS USED IN THE 
LOCATION TABLE 

stai ~s~on the stai~s at fioo Z8 

Eocatiom A description of the !ocation 
DescriPtion 

10.6 DESCRIPTION OF THE DATABASE FIELDS USED IN THE EXPERIENCE 
SUB TYPE TABLE 

ExperienCe# T he n ameof t he exper i e nc e typei i: e:S M O K EE F FE CT, 
sub#Type~Title OBSERVATION (E~REM E BEHAVlOUR)i ACTION (MAKE CALL); etC 

Expeiience A b~ief description of the mean!~g of the sub expeiience type: 
su b~Type~ Desc 

Expe~ience Whethe~ the expeiien~e is cui~ent!Y in use within the database 

Sub-Pvpe! St a~us has been ma ~ked as not used; 
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10.7 DESCRIPTION OF THE DATABASE FIELDS USED IN THE EXPERIENCE 
TYPE TABLE 

ExpedenCe~ Th e ham e of the experience type;i:e: DI EEICU LTY BREATHI N G 
Type SAW R U N a I N G ;MADEPH ON E CAEL; etci 

Expedence~ A b i! ef desC ~! pt! on of t he m ean i ng of th e ex p er!e nee type; 
Desc 

Expedence~ Th e fore!g Bkey from the sub,type tab!e; !i e; the master catego 
Sub~TypeqD for the eXpe~ienCe; 

Exp ed e nee Whet he#the e× p ei ie n#e is � u~#entiy in use wi~h! ~ the data base 

Type S~atus has been ma~ked as ~ot used 

10.8 DESCRIPTION OF THE DATABASE FIELDS USED IN THE 
EXPERIENCE TABLE 

ExperienCed D Th e p~i ma~ key fo~ the ~PERIEN CE table 

Expedence~TypeA foreig n key fiom t he EXPERI EN CE TYPE table 

Expeiience Whethei the e×peiien#e is c u~#entiy in use withi~ the database o~ 
Desc h asbee n ma~ ked as ~ot used 

Expedence~ A bi!ef des#~! pt!on of~he m ean ! ng of the experience type; 
Notes 

ExpedenCe~ Th e order of theexpe [! en Ce as repo~ed in the oCCupant account; 
Order 

Marker-ID A foreig n key fmm t he MARKE R table 

Expedence A foieig n key fiom the EXPERIENCE SUB TYPE tabie 

SubTyue 

DateG~eated The date that the expeden#e was ente~ed 

No~ma!ised~ The no~ma!ised order of thei~ e~pedence; i;e; orde~ has a range 0M 
Order 

N o#ma iisedPie The n o ira ai ised oide# of thei# P R EEVAC U ATION e2peii e n~ es 

iie;PRE EVACUATIONorde~shaVea~ange0~l 

No~ma!ised Post The noima!ised o~de~ of thei~ EVACUATIO a experiences; 
ii e;EVAC UATIO N o ~ders hav ear an ge0~ t 

Norma!ised E#ac The norma!ised o~der of their POST-EVACUATI ON exped ences; 
i ie; POST-EVAC UATI ON ordeis ha~ea ~ange0~t 

N oimPieAct The n oim aiised oide # of theii expeiien ce; ie: oidei hasa iange 01 

113 

CLG10000080 0115 
CLG10000080/115



Collection and Analysis of Human Behaviour Data appearing in the mass media relating to the evacuation of 

The World Trade Centre Towers of 11 September 2001 

10.9 DESCRIPTION OF THE DATABASE FIELDS USED IN THE EXPERIENCE 
MODIFICATION HISTORY TABLE 

Ex p e ri en � eM o d s T h e p r i m a~key f o r t h e EX PE R IE N C E M O D I E ICATI O N H ISTO R¥ t ab!e: 

OidType ~ he old fo~eig nkey of th e EXPERIE N C E ~P E 

N ewType The new foreig n key of the EXPERI EN CE ~PE: 

E×perienCe~l D The EXPE RI ENCESU B-I-YPE foreig n key 

TimeDate The date that thechang e was m adei 

EntrylD ~ he data ext ~actoi th at made the c ha n ge 

10.10 DESCRIPTION OF THE DATABASE FIELDS USED IN THE 
RELATIONSHIP TABLE 

Ex p e r! e n CeM od s Th ep r ! m a~key f o~ t h eEX P E R I EN C E M O D I FICATI O N HI S~O RY t a b! e: 

OIdType T he old fomig nkey of th e EXPERIE N C E TYP E 

NewTy pe ~ he n ew f o reig n key of the EX P ERI ENCE "I’Y P E: 

Expe~ience ID The ~PERIEN CESU B ~PE foiei g n key; 

TimeDate The date th at the chang e was madei 

Ent~lD ~he data ext [aotoi thatm ade the changei 

10.11 DESCRIPTION OF THE DATABASE FIELDS USED IN THE DB 
CATEGORIES TABLE 

CATEGORY A �lassifiCation f o thetitie 

NOTE: these are used for populating combo boxes 
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